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SCIENCE POLICY IMPLICATIONS OF DNA
RECOMBINANT MOLECULE RESEARCH

. TUESDAY, M_ARCE 29, 1977 '

" House or REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,
SUBGOMMI’I’IEE oN SGIEN CE, RESEARGH AND TEOHNOLOGY, "
Washington, D.C. _

The subcomm1ttee met, pursuant to adjournment, at 9:38 a.m. in
room 2318, Rayburn Honse Office Building, Hon, Ray Thornton,'-
(chairman of the subcommittee)’ presiding. :

Chairman TuornToN. The hearing will come to order. '

This morning the Subcommlttee on Science, Research, and Tech- _
nology begins Tta hearings on the science policy 1mphcat10ns of the
DNA recombinant molecule research issue. I have a prepared state-
ment which I will insert in the record and then abbreviate my intro-
ductory remarks. o

True science always stands upon a frontier, It probes at the edges ,
of our knowledge and our ignorance, and we accept its contributions !
as valuable, its continuation as a necessity. Perceived as a gradual
extension of the sphere of knowledge, science is accepted and pralsed
as both our benefactor and our servant. o

'This is the science with which we are most, comfortable, the science:
which explains how things work, which promises bealth phys1ca1 Well—
being, and material progress. - -

But the boundaries of the physical and biological sciences are not
so easily contained. From time to time we find or come upon a field of
inquiry which fundamentally challenges our concepts of life and na-
ture, which confronts us too directly for our collective comfort. or con-
vemence, and yet intrignes us too greatly to ignore. :

It is on this meeting ground of science and philosophy where man
has made his greatest scientific advances. It's also here that science has
caused its greatest strains upon our social, political, and religious
mstltutmns )

When Galileo offered the theory that the Earth revolves around the . -
Sun, it was bad enough to his contemporaries that he committed scien-
tific error. It was worse that he commtted heresy as well. :

Yet Galileo probed only the physical universe, As science has pro-
gressed and transformed our lives in so many ways, we have rejected
many of the dogmas of an earlier day. And yet I suspect.that many
of us have harbored a feeling of security that there is at least one ”
element of existence, the nature of life 1tself ‘that eludes scientifie
inquiry and control :

)
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It is in this context that we've mv1ted some of the most outstandlng
sclentists in the United States to help us with this endeavor. We be-
lieve it’s most appropriate to have the individual, who stated in the

1973 Gordon Conference on Nucleic Acids that “[these] experiments
raise moral and ethical issues because of the potential hazards such

[research] may engender,” to lead off our hearings on this subject.

It is with great pleasure that I introduce Dr. Maxine Singer of the -

National Cancer Institute of the National Institutes of ¥ealth.

And I would like at this time to recognize the ranking mmoﬁty,_ g

member of the subcommittee, the gentleman from New Jersey, Mr
Hollenbeck, for such statement as he may wish to make.

Mr. HorreNeecxk. Thank you, Mr. Chairman. '

Mr. Chairman, I'm hopeful that this series of hearings we beg'm
today will help separate fact from fiction on recombinant DNA re-
search now underway in the United States. It was only » generation

ago that Watson and Crick made their discovery of the. precise mo-
lecular structure of DNA, the substance which carries the determmmg_

hereditary chemicals or genes

Since then, research on DNA has progressed almost. at an expo- -

nential rate. The prospect of DNA recombinant molecule research or

genetlc engmeermg con]ures ap mlxed feehngs among' the O'eneral_

public.
A large:part of the dilemma facing most citizens is thelr honest

desire to understand the benefits and hazards which surround. the -

scientific endeavor without the distortion or theatrics which 30-second

spot news features sometimes attain, Whatever the pros and cons of -

recombinant. DNA research may be, the public’s interest has been

sparked and can only be satisfied biy & thorough review of What, thls '

emerging science holds for usin the future.

The issue contains elements of both science per se and public pohcy
The purely scientific questions focus on the development of recombi-
pant DNA research, what it offers in terms of improving the human
condition, as well as agrlcultura.l appllcatlons "The apprehension lurk-
ing in the back of many persons’ minds is that the same powerful

technology which produces such genetic breakthroughs might one '

day backfire and cause irreparable harm to our environment or to
the humanrace.

One purpose of these hearings is to try to shed light on Whether_ -
such an apprehension is well-founded or is exaggerated. Tf the ap-

prehension is well-founded, then the next step is to search for a means
of containing any possible adverse reactions without ]eopa,rd;lzmg our
use of any beneficral applications of genetic engineering.

These considerations cause substantial public concern and requ1re

corresponding i 1n%u1ry The evidence presented during this series of =~
ape the future direction of Amerlcan pohcy on- .

bearings could
recombinant DN A research. :

I'm sure, Mr. Chairman, that we are all ]ookmor forwa,rd to 1earmng
more about this intricate field in the coming months such that we can

make a well-informed contrlbutlon to lecrlslatlve oons1dera,t10n in the '

future on the future of genetic englneerlng
Thank you.
Ohaax*man THORNTON Thank you, Mz. Hollenbeck.
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HIsToficéI:Peerécfivéi Scientist 1nvo|vément

Talk by Maxine Singer, NAS Forym: Researcn with Recombinant DA’ (March 7, 1977) .

. It.ls-élmos+ four years since’ the mqrning'in Neﬁ Hémpshfféaiwhénwagu.
?°¢?3‘f@5"-°f fhg ﬁnnpéi_Géfqéﬁrqdnfﬁrencé;onANhéieFé Agids;ljsaid:tq &y
col leagues: "We ali.shérm the excl+eménf‘and enthusiasm of yesterday monnlné's :.
speaker who pointed out that the. sclentific developments.reported then wouid
permit interesting experiments Ihvo!vlng the linking together of a variety of
DNA molecules.. The cause of the excltement is +w?.jpld. First, there is our
fascination with an evolving understanding of these amézlng nolecules and #hel%
biolegicak aéfion-and second, there is the ldea thaf.such manipulations may lead
to u;eful tools for alieviation of numan health prodlems. Nevertheless, we are.
21| aware that such experiments raise moral and efhical issues. becavse of +he.
potential hazards such molecules may engender.....Because we are &oing these . -
experiments, and because we recognize the potential difficulties, we haQe a
responsibility To:coacern ourselves with the safety of our coworkers and
laboretory personnel as well as with Tﬁe safety of the public, We ar; asked

this morning To consider this responsibility.”

As a result of The dlscussion and vote later that morning a letter was sent




that the di;cussion'ﬁusf be open and publlcized.
Much of what has‘happenéd slnce 1974 has been in response to the

requests made by the Ad Hoc group. The Asitomar conference in Febriary 19757

was the ‘first attempt, bj'an tnternatiohal group with vérl;d'exper%isé, to look "

at mary types of recombinant. DNA expariments -and try to rank them as'to pofential

i

danger. The Asilomarn reqom@endatIous again advised that ¢ rtain experimenis
oight not ba’carried out and, for other e&perlqeh?s, affemptéd‘+6 dafins tevals™
of containment appropriats to +h% estimated risk.

l; Tgls countty, the NIH alone anéng governmental organizatlohs sarly assimed
resporsibTFTty for sérious and 5u5+éih;d considération of the protlem.  The NIH
effort resulted in the publication, ‘in June 1976, of'Guidéllhes for Research on = *
Recomhlnan+'DNA. The NIH Guidel ines are b;;;d on analyses that are stilé fo b

more datailed,’ than, the Astlonar réview and have expticit contaiament requife- * "

ments for most Tethnicaily feasiple eéxperiments. -

o Publication of the Guidelihes was not, as Some have implied, a'"gd! signal @'~

for ali recombinant DNA research.  Contrary to publlc belief, the vOlun%éry

deferral that started in the summer of 1974--=-11 has been referred to as'a




thus far, no indication that hazardous orgaaisms have resutted from any
of the experiments. Ind.ee_d., with the sxception of certain ‘exper Iments
Involving antibiotic resistance and Toxins, we still do not kiow that hazardous
ofganisms can In fact be'prnducéd from recombinant DNA ekperlmenfs; we'cénno+
accurately descr ibe fhé‘ﬁrobaSiliTy of, or the precise nature of the conjecfuréd
hezards. Statements implying that uncentrollable epidemic of snvironmental
disaster 15 a certainty are as misleéding and useless as sfatements Tmplying
that no pessible hazard can come from fhe expsriments. lnsuffiéient knoﬁie&gé_
Is the reason why the public is faced with a range of different 6pinéons from
within the ééien*ific comSuany. ‘Insgfficien¥ knowledge is also +he'rea$on

. why the recommendations in The NIH Guidelines were necessarily :based on‘judé?nén‘i‘
and consensus.

Tne.adequacy of the containment requiremsnts mandated by +he MIH
Guldelines for pernissible experiments is a vseful focus for discussion. |n
This way the very different issves raised by differen+ experigents can be
considered. Mlsleadiné and sweeping statements réferring-fo all recombinant

DNA experiments can be aveided. Most scientists and lsymen who hava studisd




HI . 11
Debate aslde, there has been substantia) endorsement of the NIH Guidel lnes

both within The scientlific community and by responsible representative pubtic

bodies Including the Cambridge City Councll, the University of Michigan Regents,
and the Senate Subcommittee on Health. All work supported by fedaral government
funds Is now covered by the Guidelines. The Guidelines are viewed as mandatory -

by grantees and gfanfors,: The threat of removal of research support is a

power ful sanction not a trivial one.  Institutional Biohazards Committees are
funcrioning at grantee Iﬁs%i?ufibns and at Nlf. Reports from'fhe Commi¥?eés
indica*ela ditTgent énd ser lous- comnitment to Tﬁe provisions of the Guldelines. ) j
-Most dramatlc evidence of +hls compliznce comes from +he.wl§¥ing desTrﬁct{on
of materials construcfed in accordance with the As}lbmar reconmendations

but prohiblfed by the NLH Guidelines and from the stralghtforward discussions

Df risk and coﬁTalnménT now appearing in pubiishea scientific pape?s.

There remains an urgent n;ed to extend fhe provisions of the Guidelines
“In an enforceable manner to work carried out with ncn-Fédaral.funds. The NIH
does not have such enforcémen% author [ty and, as a principal research sponsér,

iz not on a propriate agency for such a fask. Intensive Federat efforts to
approp gency )




Scientific progress with recombinant DMA techniques has been slow. Meeting
the requirements of the guidel Ines...from prior approval and certification
before Inltiating exper?i_menfs to the demanding contalinment requl'r;e'rnenfsﬁ---_—- e

has slowed the pace of work. Cerfain permissiole éxperiments are not

presently feasible because of the lack of required physical faciliities,

or the lack of appropriate certified hosts and vectors. T3 Committes advising

the director of NIN on certification of blolegically con'l;a_lnéd'hdsfs and vectors °

has been rlgc?rdi.is Tn its evaluations, = Ce

This slow-down Is useful. It atlows time for prudent ‘avaluation of 1'hé-
" aceumu fating’ ‘e'iiﬁer‘imeﬁ"i'al.r'e'sul‘l's'arl‘d the Impilcations of those results relevant’
to potential hazards. The slow=down Iszallsq"fr.'usfrai' ing-rot oniy because 1+ has
delayed acquisition of infermation, bu+.' also bécause research 1573 creative. -
as well as a technical ende'avc-r-. In spccessful, Innovative work -'l-he'impe-h.is

of enthusiasm, of acting aulckly upon an exciting idea, is undentable;

As | ‘mentioned before, certaln recombinant DMA research has continued ‘
durlng the last few years. Those experlments have confirmed fhe initiat

enthusiasm for the value of the method.

93-481 O -7 -2




In bacterial c;lls. These rasuf+§ Indicate that some inltially specqlafive
practical app}icaf[ons of reccmbinant DNA technlques will be realizabie..-

Taken altogether these results confirm the unity of nature voth in sfructure
and function.

i+ u;s not easy for the scientifle community to raise the issues implicit
In recompinant DNA research, The actions involved signifi.ant divergence from
historical practice and belief. The actors were unaccusfom;d to consensual

undertakings and the wisest course was not clear. Doudbts stil) persist about

tha wisdom of each sTép that was ftaken. Those coileaguas whe warned tha¥

unéon+ainabie and Irraticnal publi¢ respénses might follow wera‘carrecf. But - . é
thelir counsel was set aside because otner considéra+ion; were overriding.
(R} i; worth making these other consideratlons explicit.

Scientists today recognize their responsibility te the public jhaf
supports scientific work in the expectation that the resuits will have a.

signlficant pasitive impact on society, To describe the sclentific .community

of the late twentieth century otherwise is to Ignore or misunderstand the . .




it Is clearly unacceptabl e Bﬁowlpg|y o cause harm to others in fpe process
6f trying fo obf?in,an answer. Thus the recombinant DNA prpplem was ot iginally
posed and has begn dea!f wlfh_as a problem In the safety of living things.

Some have érgyed.fhaf fhrs def!nljlon of the problem was too narrow,
1+ Is sald That sclentists an the pgbll; should canFder'fhe moral and sthical
implications of fufyre_appllca+lons of the knowledge o be ?cqqlre¢ from this
research, ﬁnd 50 they should....but in broader confgxfs and_with_even w}der
participation *h;n Was gngaged in Qéallng with the technical maft?rs of safefy-
and laboratory pracfice.

Furthgr, it has bgap argued that sclentists should not only consider-
but should in fapf agsume responsibiljfy for~the eventual application of
any knoyle@ge they may acquire In the cburée gf rgsearch. That sfa+emeﬁf7raise5
canplex.;nﬁ dlfficult tssues—;nd varied responses. |t can be a subject for
reasonable debate only 1f the distinction betwesn acquisition of know]gdge
and appllcation of knowledge is not ohscqred. Thus, any exercise of such
responsloility cén'logtcally come only after the acquisition of the knowledgs:

to cal! for such an exercise prior to the research Itself is a sham becauss




A
Emily DickInson wrote in 1862:

The Brain is just the weight of God .
For--Heft them—---pound for pound
And they will differ...it they do...

- As Syllable from Sound.

"Most sclentists foday also recognize the neeq to parfic[pafe,'+oge+her with

the public, Tn declsions about research areas ripe for encouragement or areas
where knowledge is desired, or areas in which safeguards may be needed. The

worthy repert of the Cambridge Experimentation Review Board must surely quist

doubts about the ablll?yrof the lay public to deal [Intelligentiy and forthrigntly

with compiex technical issues. Future public reviews of such matters will be

' Judged agalnst the stepdard set by that Cambridge Revlew Board. But cooperative

deliberations petween scientists and public bodies is d1fflcult because sclentists

have not educated others adequately in the past. It should not then be surprising |

1f deep fears anq amb?ggl*ies arise lﬁ.?he minds. and heqrts of.+hose.uho spddgnly
learn ‘the depfps of m?dern ins!?hfs into the -nature of Ilvlqg things. On fhg :
ofher'hand,hfhose responsfb[e for @aqug puplic policg shouid.recognize +h§+
levels of anxiejg arg often unrelated to levels of risk. A continuing search

for affective means to inform and educate the public about science s sssenfial.
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A
sctence from technology must be made.and, 1n the continuing diaiog, the distinct
values and. problems.laherent In each must. be carefully ar+,lculafs__d,. . Final ly.
¥ SCIeants,coi:ij-. themselves To their unique opportunities to serve as
an early warning system,. soclaty can proceed with prudence and caution as..

- sclentific knoytladger arows. e I S T T




turn them on; and later on, when it doesn’t require these functions,
it should turn them off again. B

Now, this is a general description of an information system in living
things. But the work of the last 20 years, starting with that of Watson
and Crick, has permitted us to be able to describe this information
system in chemical terms, that is, in terms of the molecules involved.
The most central molecule is the molecule that’s called DNA, which
is ?,éilmply an abbreviation for the very long word deoxyribose nucleic
acid. - : :

It is this molecule which is the respository of all of the information
in every cell, which allows the cell to carry out whatever functions
are necessary at whatever times they are necessary. It’s a very long
molecule; it’s very complicated molecule, It can be described as the
very famous double helix of Watson and Crick. o .

I think it’s probably more useful for us to look at this helix as a
straight line. The reason for that is that the information in the DNA
molecule is arranged in a linear fashion, just like a sentence in a book.
So we can look upon the DN A molecule as a long straight line, remem-
bering that in reality it’s & complex double helix and that every cell has
a DNA molecule of its own type. This single cell, a bacteria cell for
. example, has a DNA molecule specifically for itself and this fish also
has a DNA. molecule specifically for itself., o

We've come to know a great deal about the way the information sys-
tem of DNA operates and are able to describe it in some chemical
detail. For small bacteria which have a relatively small DNA mole-
cule, say about a millimeter in length, we have even come to know
something about the way the on-off switches operate, in terms of turn-
ing on genes when you need them and turning them off at other times.

But the DNA from complex organisms is many times as long as
that. It’s about a meter long instead of 1 millimeter, and it is much
more complicated. In fact, we don’t know a great deal about the way
the molecule operates and the way the controls for the on-off switches
operate, or anything of that sort. This is one of the things that gives .
impetus to the desire to use recombinant DNA methods, because it.
does permit the study of these much more complicated molecules.

In a bacteria cell, as well as in the cells of more complex orga-
nisms, there are also very often smaller DNA molecules that are car-
ried along as separate inclusions—and I have drawn them as circles.-
because they are very often circular in shape. These DNA: molecules
may be what are known as plasmids, or they may be DN A molecules
that contain the genes of a particular virus that lives as a parasite in .
the cell. These are also important in recombinant DNA technology.

I brought along these beads, because they’re a favorite tool of mo- ..
lecular biologists [indicating pop-it beads]. They may seem silly, but
this really does enable us to obtain a very good idea of what a DNA .
molecule would look like. . : T :

Say that this is the DNA molecule from this fish. It’s about a meter .
long and each of the beads represent a gene—the red beads represent .
one kind of a set of genes, the green beads another set of genes, and-.
the yellow beads that appear every once in awhile represent. control
signals; that is, they are the signals that are built into this information..
system that say turn on this group of genes and let them be expressed,
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T’ve left out certain problems along the way, but this is a general
viewof the process. =~ " IR

The discoveries which were crucial to develo inglstchis technology
came in the early part of this decade. One was the discovery of these
very special enzymes, which allow one to split molecules so that they
have special kinds of ends which can be stuck back together again.
Another crucial finding was the discovery of ways to take such small
recombined molecules and put them back into a large bacterial cell.

These two findings were really the two things that came together
‘to permit these experiments. There are now other ways of doing
things, and there are modifications which allow you to do slightly
different things, But basically, the methods are the same. ,

One of the questions T was asked to address was: What are the alter-
native methods of doing these kinds of experiments? In order to do
that, I think first I should list for you what you can do by these ex-
periments. And then we can ask whether there are other ways to
achieve the same results. o o T

The first thing, as I mentioned before, is that you can isolate and
study small pieces of DNA corresponding to one bit of genetic infor-
mation. This single bit is called a gene, and the study of the chemical
structure of that gene is now made possible. One is enabled to study
not only the normal structure, but also the structure of a gene which
~ has mutated or changed and therefore does not function as well as the

normal gene. S . S

Another thing that one can now do is to isolate the switches that turn
the gene on at the beginning of the readout of this information sequence
and turn it off at the end. One would then be in 2 position to study
the control mechanisms, control mechanisms which are believed to be
operative in the way hormones act in cells, the way cells of complex
organisms respond to different environmental situations, or the way
the normal progress of development occurs. Knowledge of the chemical
nature of these switches is of extreme importance. :

If this recombined molecule is in the bacterial cell and it has the gene
from, for example, the fish, then it’s possible that this genetic infor- .
mation, this gene from the fish, will actually be expressed. That is, the
information stored in the gene will be used in this bacterial cell to
make 2 particular product called a protein. Therefore, one could study
the manner in which this fish protein is made in a very isolated situa-
tion, something we could never do in a whole fish. : S

So, these are the three kinds of things that one can do: Study the
structure of the gene; study the nature of the control mechanisms that
switch genes on and off; and, study the manner in which proteins are
madeinacell. - ' , _

The question then is whether there are any other ways to study these
things. Well, in studying bacteria there are alternative methods for
some of these kinds of questions and, in fact, it is those alternative
methods which have been used in the past 20 years to develop our very"
extensive knowledge of genetics. Because of the complexity of higher
organisms, however, most studies have been restricted to bacteria.
And, in fact, it’s important to recognize that we really don’t know
how genes work in'complicated organisms. We make a very big
theoretical jump from what we've learned about bacteria to say
that complicated organisms work more or less the same way. There
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Tl stop there, Mr. Thornton. = o o L
- CHARMAN. TrorNTON. Thank you very much, Dr. Singer, for a

_very. excellent presentation. We will proceed to hear from the other

witnesses and reserve our questions until we can ask them of the panel.
Some people are very concerned about the possibility of a recom-
bined DNA molecule might escape.from a laboratory and contam-
inate the environment. There are a couple of scientific methods which
are presently being employed to keep this from happeningl;on,e being
‘physical containment and the other being alteration of the makeup
of the gene itself, the molecule itself. .. - ‘ i

To speak about the first of these, the _physicél containment, we're
pleased to have with us today Dr. Emmett Barkley, who is the Direc-
tor of the Office of Research Safety for the National Cancer Institute,
NIH, Bethesda, S ’ Lo

.. Dr. Barkley. :

[A’biographical sketeh of Dr. Barkley follows:]




1961 ' Staff Englneer, Water Supply and Pollution Control, PHS, DHEw;
Region III, Charlottesville, Virginia. .

Responsiblé for the evaluarion of design eriteria and review of
engineering plans and specifications of sevage f.satment plants
which were supported in part by Federal grants upder the Con-
struction Grants program.

Professional Society Membarships:

American Public Health Assocfation
Comuissioned Officers Association B
Amarican Association for the Advancement of Science

Porfessional Honors and Awards:

Technical Program Chairman, American Association of Contamination
Control, 1968 — 1969.

. Consultant, International Agency for RESearch on Cancer, Lyon,
'Franc.e, February 1570.

Consultant, Amexican Imskitute of Biological, Sciences, Study:
fhe Role of the Lunar Receiving Laboratory in Post-Appolo . -
Blological and Biomedical Activities. .Member Study Group
I: Application Invelving Microbiologlical Containment Tech-
nology. 1970. .

Vice Cha:.rman, Bichazards Contyol and Contzinment Segment,
Special Virus Cancer ‘.Frogram, National Cancex Institute
1968 ~ 1570. .-

DHEW, PHS Commendatiom Medal, 1972, For defi_ning ths engineering
exiteria for biomedical programs and concepts that led to the
establishwent of the Bichazards Control and Coctainment Segment
of: the National Cancer Institute's Specfal Virus Cancer Program. -

Lecturer; Principals of Biohazard and Injury Control for the
Biomedical Laboratory, 1972 - 1975.

Outs:.de Service Training, PHS, University of )hnnesota, 1965 — 1967.
Member, BHEW Toxicology Subcdmmitiee for Carcinogen Standards, 1974. .
Chairman, NI Bichazard Committee, 1974. )

Chairman, Cancer Research Safety Committee, 1974
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Physical containment at the P2 level is provided by a combination
of the practices just mentioned and containment equipment. In addi-
tion to the practices mentioned, mechanical pipefitting aids are re-
quired ; eating, drinking, smoking, and storage of food are not per-
mitted in the laboratory, and laboratory garments are required.
Containment equipment is required to isolate operations that produce
a considerable aerosol. : : : o

The principal item of containment equipment is the hiological
safety cabinet. This is an open-front eabinet with an inward airflow
from the laboratory room of at least 75 linear feet per minute. The
cabinet serves primarily to protect the operator from aerosols that
may be created by the activities performed within the cabinet; it also
serves to prevent the release of airborne contaminants to the environ-
ment. The air, which is exhausted from these cabinets, is either filtered
by high efficiency, particulate air filters or incinerated. The high effi-
clency, particulate air filter is a filter capable of removing greater
than 99.997 percent of all microorganisms that may be in the exhaust.
air. :

At the P3 level, even more stringent laboratory practices are re-
quired in addition to those mentioned before. or example, long
sleeve, solid front or wraparound surgical gowns are required to be
worn by persons in the laboratory ; protective gloves are worn when
handling the research materials; hands are washed immediately fol-
lowing the removal of the gloves; only persons whose entry into the
laboratory is required on the basis of program or support needs can
be authorized to enter the laboratory; and vacuum systems are pro-
tected by filters and disinfectant traps. In addition, all operations
which . may produce aerosols must be confined to containment
equipment. . .

The ‘requirement for the use of contalnment is most Important.
Analysis of comprehensive surveys of laboratory-acquired infections
demonstrates that fewer than 20 percent of known infections can be
attributed to a documented accidental exposure. The knowledge that
most microbiological practices create aerosols suggests that inhalation
of undetected aerosols may contribute significantly to the potential
of occupationel illness among laboratory workers. For this reason,
agents that have béen assessed to be of moderate potential hazard are
to be handled only in containment equipment. o

The I3 laboratory is also equipped with certain facility safeguards.
These include double-doored entryways which facilitate the control of
aceess to the laboratory ; controlled airflow where air moves in the di-
rection of greatest potential hazard; discharge of general exhaust
from the laboratory to the outdoors and its dispersal to clear occupied
buildings and air intakes; and preparation of the surfaces of walls,
floors,. bench tops, and ceilings so that they are easily cleanable and
so that housekeeping and space decontamination arefacilitated. =

The level of protection provided by the P3 laboratory is appropriate
for the safe conduct of research involving agents of such diseases of
man as tubereulosis, brucellosis, tularemia, Q fever, and rabies.

Physical containment providing the greatest safeguards for reduc-
ing the potential for accidental release of microorganisms are used
at the P4 level. All research operations involving recombinant DNA

materials are confined to class III biological safety cabinets. These. -
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I would now like to direct your attention toward the value of theée

physical containment safeguards. . S -
Tt is difficult to assess the value of secondary facility safeguards in

providing protection to persons outside of the laboratory and the gen--
eral environment. Most research involving human pathogens has been -

conducted using primary safeguards consistent with P1 and P2

descriptions. Until the last two decades, few secondary safeguards.
were employed. Laboratory exposures do occur under these conditions. -

and a number of laboratory-acquired infections have resulted from
such exposures. . T
In some instances, multiple infections have been reported in a single

facility presumably resulting from a common source of infectious: .

material. Nevertheless, the use of pathogens under conditions. com-
parable to P1 and 2 has not resulted in infections among the general

public. There have been a few reported infections—less than 1 percent -
of all recorded laboratory-acquired infections—among persons visit-
ing a laboratory facility or who had:a direct association with a labo-

ratory worker having a laboratory-acquired iliness.
This experience led Dr. Wedurn to conclude that—and I quote—

“As far as biohazard outside the building is concerned, most second--
ary barriers are more for reasons of public relations than for anything .
else, except for pilot plants or other large-volume production, experi--

mental aerosols, use of tick or insect vectors. and agents capable of

spread to the animal or plant food supply. This view assumes that:

Inown infectious liquids, solids, animals, and animal wastes sre decon-

taminated before disposal, as has long beer; standard practic_e in all -

microbiological laboratories,”

The use of secondary facility safeguards, as is requil‘ed'fof P3and

P4 recombinant DN A experiments, will make the likelihood of po-

tential hazard to -the public and_ general envi_ronn_lent even more -

remote. i .

The first line of defense for protecting the laboratory worker, peI"-. ‘

sons outside the laboratory, and the general environmient is provided

by standard practices and primary containment equipment. An ex-:
amination of the record of laboratory-acquired infections at Fort De--

trick provides a basis for demonstrating the value of these primary
safeguards. - S St e Ca T ‘

From 1943 through 1945, most regearch with ‘human pathogens:
at Fort Detrick was conducted on the open bench. This condition was -
comparable to-what is now described as P1. The frequency of labora-.
tory-acquired infections during this period was approximately seven: .

infections per 100 person-years worked: ,

Primary containment equipment was not used extensively at Fort .

Detrick until after 1950, when this equipment became commercially

aviilable. During the period-1950° through 1960, this equipment.was. -
assigned on a'risk-priority basis to programs in which considerable -
aerosol exposure were likely to occur. Records from 1954 through: 1958,

when this equipment was selectively used, indicate that the infection

rate was approximately two infections per 100 person-vears worked.

This condition was comparable to what is now deseribed:as'P2. . ..

Most research involving: high-risk human pathogens at Fort De- -
trick after 1960 was conducted in open-fronted-biological safety.

cabinets. This period was comparable to our eurrent P3 descriptions.

|
|
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At the present time NIH is considering the rehabilitation of four facilities to
support recombinant DNA research. Two facilities ave located at the Frederick
Cancer Research Center and two facilities are loeated on the NIH.campus in
.Bethesda. - : R . o E

" Dr. BarrLey. I would like to suramarize by saying that we have de-
veloped in this country a capability which allows us to safely handle
the most hazardous micro-organisms known to man. This capability
does exist in & number of facilities and institutions in this ecuntry.

Our experience to date has demonstrated that work with known
human pathogens can be conducted in a manner which does not en-
danger the general public. o ' '

I would like to emphasize, however, that the success of physical con-

tainment measures is dependent on the attitude, training, diligence,
and proficiency of the laboratory worker in implementing these safe-

guards and understanding the potential risks associated with the

work. :

With this understanding, combined with the availability of ap-
propriate physical containment safeguards, I think we do possess the
capability to protect the public from the potential hazards that may
be associated with recombinant DNA research. o
~ Chairman TrorNTON. You point ouf in the balance of your pre-
pared testimony that at Fort Detrick there was one accident which

~occurred when a- glove was penetrated by a needle puncture, ap-
parently. That points up the importance of biological containment
which can be employed in connection with physical containment.

T want to thank you very much, Dr. Barkley, for your testimony and
for your summarizing your prepared and excellent statement. Our
next, witness will deal with the question of biclogical containment.

Dr. Curtiss is professor in the department of microbiology at the
University of Alabama Medical Center, Birmingham, Ala. Dr. Cur-
tiss, we do have your prepared statement before us. Without chjection
it. will be made a part of the record.. - o o

I would like to ask you to proceed to highlight that statement as
you may see fit. : : S ‘ :

[A biographical sketch of Dr. Curtiss follows:] .

Roy Curriss IIT

Roy Curtiss II1; place of birth: New York, N.Y.; birthdate: May 27, 1934;
age: 42; edueation: Cornell University, Ithaca, N.Y.,  Agriculture, B.S, 1956;
University of Chicago, Chicago, I11., Microbiclogy, Ph.D. 1962,

Present position : Professor of Microbiology ; Senior Scientist, Cancer Research
and Training Center; Senior Scientist, Institute of Dental Regearch, University
of Alabama in Birmirigham. o . . Co

Research interests: Microbial and molecular genetics (1956-present). A prin-
cipal research activity during the past 17 years has concerned the mechanism
of conjugational gene transfer in Hscherichia coli X-12. In 1969 this was ex-
tended to include the machinisms of replication, expression and transmisgion of

plasmids conferring antibiotic resistance -and other traits contributing to baec- -

terial virulence. Studies on the genetics and biochemieal basis of pathogenicity
of oral Streptococci commenced in 1973 and a principal activity since 1975 has
been the design, construction and testing of safer strains of K. coli X-12 for re-
combinant DNA research. This latter endeavor has been intermeshed with studies
to elucidate and evaluate the likelihood of survival and transmission of recom-
binant DNA molecules contained on non-conjugative plasmid cloning vectors.
There have been 46 publications resulting from this research, No research ufiliz-
ing recombinant DNA molecule technologies is currently underway, but such
experiments are likely to commence later in 1977, i
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years, there was great concern expressed by some individuals both
within and outside the scientific community, This concern was because
Escherichia coli, or E. coli for short, is a normal inhabitant in the in-
testinal tract of all warmblooded animals, is occasionally associated
with causation of diseases like urinary tract infections and is also
rather ubiquitous in our environment, very much because of the pollu-
tion due to the human species and our societal habits, '
However, the strain of E. colé that is used for this research is a strain
that’s called Escherichio coli K-~12, and it became a popular research
organism in the forties due to basic studies by Lederberg and Tatum.
A lot of people think that Z. coli K-12 is just like all other £. colé’s,
and that’s about like saying that all automobiles are. Mercedes-Benz.
There are E. coli’s and there are other . coli’s. And E. coli K-12isan
attenuated strain: It’s been in the laboratory environment since 1922.
During many studies, it’s been shown that when £, coli K-12 is fed
to a diversity of normal organisms, whether they be mice or humans,
the E. coli passes right through without ever establishing itself in the
intestinal tract. It is known, however, that &. coli K-12 can survive
passage through the intestinal tract and actually can stay there longer .
1f the person is debilitated in some way by malnourishment oris being
given antibiotic therapy. ' _ o
Some of the plasmid. and virus vectors that Dr. Singer talked about
are quite well contained to £. coli K-12. There are really two types of
plasmids, and I need to distinguish between them: One 1s called & con-
Jugative and the other a nonconjugative plasmid. R
Bacteria can engage in sex just like most other organisms, although
they do so very rarely. And some plasmids have the ability of pro-
moting a cell-mediated gene transfer called conjugation, and these
are called conjugative plasmids. On the other hang, those plasmids
that can’t do this are called nonconjugative plasmids, and these are
the types of plasmids that are used in recombinant DNA research so.
as to minimize the likelihood that a piece of cloned DNA on such a
plasmid would be transmitted to some other organism encountered
in nature. : ' ' S
The virus vectors used are also ones that grow on E. coli K-12 and
most strains of £'. coli encountered in nature are resistant to that virus.
So, both nonconjugative plasmid and bacteriophage cloning vectors,
are quite well contained. Consequently, £. cold K-12 with these two
types of vectors is considered to afford a moderate level of biological
containment. It is thus usable for those experiments that have low
or minimal risk, according to the NIH guidelines. ' :
However, there are other experiments that are riskier, or at least
we think they might be riskier. Nobody really knows. And these re--
quire different types of £. coli host-vector systems that are designated
EK2-—the “E” for Escherichia and the “K” for K-12—and EKS3.:
The EX2 host-vector system is one in which the probability of
survival of the recombinant DNA by survival of the bacterium or the
transmission of the vector to some other organism is reduced 100--
million times over what one would observe with standard Z. coli K~12
strains. o - C
Since March of 1975, our laboratory has been working to design
fail-safe strains of £, coli K-12 for this research, and we have used
a variety of approaches to do this. _ : '




BICLOGICAL CONTAINMENT IN RECOMBINANT DNA RESEARCH
Testimony Presented by Roy Curtiss TII
Before the Subcommittee on Science, Research.and Techno1ogy
March-29, 1977

Mr. Chairman, ladies and gentlemen, you have just heard Dr. Emmett Barkley
describe the types of physical containment facilities, equipment and procedures-
that have been traditionally used in research with bichazardous materials so
as to protect.the scientific investigator as wel) as other members of scciety
outside the laboratory environment. Recombinant DNA research, however,. by its
very nature lends itself to a new type of containment that further reduces the
Tikelihood of harm should an organism containing recombinant DNA escape- the
laboratory environment. This new type of containment is termed “biological
containment" and refers to the use of viral and plasmid cloning.vectors that’
‘have been genetically altered so as to make their perpetuation dependent upon
propagating host strains that have also been genetically aitered to make them
less able to survive.or transmit recombinant DNA to other microorganisms out-
side of the carefu11y controlled Taboratory env1ronment.

Recombinant DNA mclecu1e research grew out .of basic studies on the mechan1sms
of antibiotic resistance specified by circular extrachromosomal DNA elements
called plasmids that are ub1qu1tous among bacteria in nature and the mechanism
of a process termed "restriction", which acts as a barrier.to-gene transfer be-
tween bacteria in nature. These classic studies were performed using the bacterium
Escherichia ¢oli, which has been since 1940 the workhorse for molecular bivlegy
research, Indeed, we knew more about the physiology, genetics and cell biology -
of E. coli than about any other living organism. Concern about the potential
biohazards of recombinant ENA research derives from the fact that strains of E.
colj are inhabitants of the intestinal tracts of all warm-blooded animals,
are "abnormal" inhabitants of our streams, rivers, lakes, estuarine waters,

. etc. and of soils in urban and agricultural areas and cause the majority of
urinary tract infections and are often associated with infections of patients
whose normal host defense mechanisms are compromised by surgery, transplantation.
ar disedses such as cancer. Not ali strains of E. coli are alike, however, and
this.species contains a diversity of types as varied as found in the spec1es
Gallus gallus {¢hickens) or Canis familiaris (domestic dogs) with which we
are more familiar. The enly strain of E. coli permitted for use in recampinant
DNA reséarch 1s a strain designated K- 12 wnich became popular for genetic and
melecular biclogy research in the mid-i%4G's due to the classic studies of Ors.
Joshua Lederberg and-Edward L. Tatum on the mechanism of gene transfer in bac-
teria. E. coli X-12 was isolated from a human patient at Stanford Medical Center
in 1322 and has been cultivated ir the laboratory since that time. During its
laboratory sojourn, it has undergone genetic changes so that it has bacome better
adapted, if not semi-addicted, to the foods and environments provided in the
micrehiology laboratory.  In so ‘doing, E. coli K-1Z has -become guite dissimilar
from E. coli strains that normaily iphabit i.e., c010n1ze) the lower intestine
of warm-blooded animals. Thus, in numerous experiments in which E. goli K12
has been fed to healthy, well-nourished mice, rats, chickens, pigs, calves and
humans, it has not been possible to demonstrate colonization of the intestinal
tract. It is known, however, .that E. cgli ¥-12 survives passage through the
intestinal tract and is able to coloniZe animal species that hdve been fasted
for a day or two before feeding and also in human volunteers who have been
treated with antibictics to eliminate the normal intestinal floraz. I should




Since March of 1975, our own laboratory group has endeavored to design,
construct and test safer, more usefyl host strains of E. coli K-12 for recom-
binant DNA research.  We have used three approaches to reduce the probability
for survival of a recocmbinant BNA molecule should the ‘erganism containing it
inadvertently escape the laboratory environment. First, we introduced a con-
stellatjon of genetic defects (i.e., mutations) that resulted in the destruc-
tion of the bacterial cell and its genetic informatien if it should attempt to
grow outside its carefully controlled testtube environment. Second, we intro-
duced another constellation of mutations that caused the strain to be axtremely
sensitive to various environmentally encountered substances or physical envivon-
ments that would cause ¢ell death independent of the attempts of the arganism to
grow. Third, we introduced a consteilation of mutations that reduced the 1ikeli-
hood of transmission of recombinant DNA to other. robust microorganisms that could
be encountered in nature. Wherever possible, we used mutations in which all or
part of the gene specifying the function was. removed so that the function could
not be restored by reverse mutation, In other instances, we used two separate
mutations to eliminate the same function. In January of 1976, our laboratory
campleted the construction of an E. coli K-12 host strain that would be useful
for recombinant DNA molecule research in conjunction with non-conjugative plasmid
cloning vectors and which possessed the safety features cited above: ' This sérain,
which contains 15 separate genetic defects, was designated 41776 in celebration of
the bicentennjal. Bacteria have a rigid cell wall which is composed of unique
building blocks that are found only in bacteria and not in higher organisms.

x1776 is-unable. to synthesize one of these building blocks and in its absence the

cell wall splits apart and the cell lyses. - 1776 is also unable to synthesize
its DNA unless supplied with one of the essential.building blocks of DNA, a sub-
stance termed -thymidine, - In the absence of thymidine, x1776 rapidly undergoes
death with the destruct1on of its genetic information and displays a total in-
ah111ty to transmit that information to other -microorganisms. 1776, unlike
normal E. coli strains, is extremely sensitive to bile, which s secreted -into
the smaTW intestine, and- consequently this strain has never been observed to sur-:
vive passage through the intestinal tracts of rats except whan the animals had
been treated with antibiotics the day before feeding of the strain., x1776 is
extremely sepsitive to detergents and thus less 1{ikely than normal E. coli
strains to survive in sewage and-during sewage treatment, and is also extremely
sensitive to many chemicals, carcinagens, antibiotics and other substances. that.

might 1ikely be encountersd in polluted rivers, streams, ete. It 1is unable to -

repajr damage to its genetic information inflicted by-ultraviolet 1ight and is
thus much more sensitive to sunlight than normal strains of E. coli. Finally,
x1776's cell wall has been altered by numercus genetic mutations so as to very
much reduce its ability to transmit recombinant DNA o other organisms by either
transduction or conjugation. Since x1776 can Tyse in the intestinal- tract,
numerous individuals have wondered whether the released DNA might -be taken up

by cther microorganisms by a process termed transformation even though this
process s not known tg-normally occur in enteric bacteria. We have recently
demonstrated that the intestinal tract of both conventional and germ-free rats
kas a very high content of enzymes that very rapidly degrade DNA, thus further
minimizing the 1ikelihood of this route of escape of recombinant DNA. This
conclusion, of course, is based on the reasonable assumption that the intestinal
tract of humans is similar in this respect to that of rats. Drs. Herbert Boyer
of the University of Caljfornia at San Francisco and Donald Helinski' of the -
University.of California at.San Diego and their colleagues have constructed a

number of improved non-conjugative plasmid ¢loning vectors that are less likely -
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Cheirman TrorxToN. Thank you, Dr. Curtiss. ‘

Many have remarked that one of the most immediate possible ap-
plications of DNA research might be in the agricultural or plant sci-
ences. For that reason, we have invited 4 witness from the agricultural
research community to testify today, Dr. Charles Lewis, who is a
stafl scientist with the Agricultural Research Service at Beltsville.

Dr. Lewis, we have recelved your prepared testimony, and without
objection that prepared testimony will be made a part of the record.
Wo would like to ask you now to proceed. o _

Dr. Curtiss, before recognizing Dr. Lewis, I do want to commend
you on your very excellent sumamary of your written paper. Thank

oL '

Y Dr. Lewis.

[ A biographical sketch of Dr, Lewis follows:]
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STATEMENT OF DR. CHARLES LEWIS, STAFF SCIENTIST,
AGRICULTURAL RESEARCH SERVICE, BELTSVILLE

Dr. Lewzs. Thank you, Mr. Chairman,

The potential significance of recombinant DNA research for agri-
culture can be assessed better if it is placed in perspective with regard
to genetic knowledge, to natural history, and agriculture.

I think it’s important to read the definition of recombinant DNA
as you find it in the guidelines. It’s defined : .

Ag molecules thaf consist of different segments of DNA which have been joined
together in cell-free systems, and which have the eapacity to infect and replicate
in gsome host cell, either automomously or as an integrated part of the host’s
genome. _ .

This is what Dr. Singer demonstrated so clearly at the outset. It is
important to realize that this refers to one way to recombine DNA’s,
and it is by no means the only way.

Agricultural scientists believe that recombinant DNA technology
has great potential for the future, although it has had no impact on
practical agriculture to date. Now, the science of genetics has been
used in agriculture to improve the productivity and the quality of
the plants and animals that provide food, fiber, forest products, nurs-
ery crops, and many other useful produets.

Genetic improvement has accounted for a significant part of the

at increase in agricultural production over the past 30 to 40 years.
his advancing technology that recombinant DNA represents should
lead in time to Pract.ica.l applications. .

This technology represents a recent development based on an in-
creasing understanding of the nature and the function of hereditary
materials. Knowledge of heredity began I suppose with ancient people
who observed that “like begets like.” The understanding of heredity
advanced with the discovery of Mendel’s laws of dominance, inde-
pendent assortment and segregation of characters. : ,

. This was followed by the discovery of threadlike structures in cells
cglled chromosomes, and to the fact that the hereditary traits were
located on the chromosomes. Later the chromosomes were. found to be
composed of deoxyribonucleic acid, DN A. And, finally, as you’ve heard
this morning, the molecular structure of DNA was discovered and the
genetic code was broken. ' : =

Molecular biclogists, working primarily with micro-organisms,

learned how to artificially manipulate DNA in cell-free systems to

produce the recombinant DNA molecules. ) :

In discussing this with people who are not geneticists or molecular
biologists, I have found it useful to use analogies. A DNA molecule
might be thought of as a twisted ladder where the two sides are com-
posed of phosphate and sugar groups, and the connecting rungs being
pairs of bases connected by hydrogen bonds, There are only four bases
and only two pairings—adenine with thymine (A-T) and quanine
with cytosine (G-C). There’s one analogy.

Another analogy is.useful in explaining the code. The English al-

phabet has 26 letters. Words are formed by putting the letters together

in linear combinations. Sentences are formed by arranging words in
linear sequences. You can write the Bible, the Constitution of the
United States, a legislation, Shakespeare’s works, or the daily news-
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you mention transduetion and transformation. Each of these cate-

gories it seems to e is very closely related at least to the use of.

the technology which has been previously described here today : using
a filterable agent as a bacteriophage ; or transformation of hereditary
material from a donor bacterium to a recipient bacterium by plasmids.
ing which has been described to us today. Does it not?
r. Lgwis.: It’s getting on the borderline, but——
Chairman TaorNTON. Some of these—— o i .
Dr. Lewis. ‘Some of these things may not have been combined with
anything, such as she described. . . o L
Chairman TaorntTon, QK. But these are borderline incidences
which are asexual, but. not cell-free, recombinant DNA technology?
Isthat correct? ... . : S
Dr, Lewis. Yes. o -
-~ Chairman TaorxToN. Thank you. : :
Dr. Lewis. Now, with the possible exception of the cell-free, asexual
technigque, nature employs all the technigues which I have listed under
human-directed recombination. The. differences are that humans can

speed up the process, and humans can direct the efforts toward goals

of advantage to people. , : o
Agricultural scientists recognize that recombinant DNA technology
expands the range of life over which DNA can be manipulated. This
allows DNA’s to be recombined among organisms which do not ordi-
narily exchange DNA. As the science advances, it should increase the
precision with which DNA can be manipulated. g
Now, objectives for agricultural research are set primarily by the
needs of people and by the problems faced in the production, harvest-
ing, storing, transporting, processing, and marketing of agricultural
products. Sometimes objectives are set as new scientific information
reveals new opportunities which did not occur to anybody before the
discoveries were made.- -
Recombinant DNA technology will not make any major changes in
the objectives of agricultural research. It offers another approach to
achieving these objectives, and it may allow objectives to be reached
i1;\:}hic%11_ could not be achieved otherwise and it may make others easier
achieve. '

Some possible uses of recombinant DNA technology in agriculture -

are under preliminary investigations, but most of them are in dis-
cussion or speculative stages.
Nitrogen fixation is mainly achieved by an interrelationship of

certain bacteriz and legumes. In view of the energy crisis and the

use of fossil fuels to make nitrogen fertilizer, it would be highly de-
sirable if bacteria could be found to fix nitrogen with plants other
than legumes. Nitrogen fixing bacteria in grasses have been reported.
Now, it’s not too farfetehed to imagine that recombinant DNA tech-
nology might be used to enhance this ability.

Biological control of pests is needed in order to reduce the depend-
ence on chemical pesticides. For example, there is Bacillus popiliiae,
which attacks Japanese beetles and certain other white grubs. The
difficulty is it cannot be readily grown in an artificial culture, An-
other bacteria, Bacillus thuringiensis, can be readily mass produced
in eulture, but it won’t attack the pests. Recombinant DNA technol-

I would assume that that does fit within the technology of recombin-
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The potential SLganlcance of recombinant DNA research for agrxculture can

be assessed better if 1t is placed into perspect1ve thh regard to genetic
knowledge, ;o natural hlstory? and agr1cu1tuxe. Recomblnant DNA molecules
have béen defined in the Natiomal In;titutes-sf Health (ﬁlﬁj Guidelines

"as molecules that conslst of dlfferent segments of DNA Whlch have been
joined together in cell free systems and which: have the capaclty to

1nfect and repllcate in some host cell elther autanumously or as’ an
lntegrated part of the host 3 ‘génome " At the outset, 1t is lmpartant to
real:ze that thlB refers to one way to recomblne DNAB‘ 1t 15 by no means
the'only way.

Agricultural science believes recbmﬁiﬁ;ﬁtiDﬂA'teEﬁnbloéy?h;s gre;;
potential fﬁr the future although it ‘has had no impact on:practigal agri-
culture to date. The science of gemetics has been used {ﬁ ggricﬁl;ure té:
improve the productivity and quality of plants and animals. that provide
food, fiber, forest, nﬁrsery, and other useful products. Genetic improve-
ment has accounted for a significant part of the great increases in
agricultural productioﬁ over the past 30 to 40 years. The advancing
technology that recombinant DA représents should lead to significant:

practical applications.




of expressing. So it i_.s=, in a way, with the genetic code of life. There
are only four letters _(_A, T, G, C) and all_the words are three letter
words. The arrangement ;of "wo_rds", or genetic codes, in linear sequence
imparts to all living things their genetic potential. The infinite ways
the code may be constructed gives to the four bases the capability of
producing all forms of iife frt.)m_viruses to humans.

One way ko place recombinant DNA technology into matural history aad
agricultural perspective is to utilize an outline; bea; in mind th_i.s
outline is conceraed w:'.i.:h the recombination of DNA in general, not just
that narrowly defined as recombinant DNA.

Recombination of ﬁeoxyribonucleic Acid (DNA)

I. WNatural recombination.

In the history of the earth DNA is as old as life; DNA has been
recombiniag é:‘.nce the beginning; modificatic.m_‘through descent by
variation and natural selection fomed the array of genetic diversity
a'niong and within specie_s.

IX. Human directed recombination.

This activit}; has been ﬁracticea for acientific investigal‘;io.ns_ and
to achieve useful objectives through ;;lant_ and animal breeding.
A.. Cellular
1. Sexual
a. Selection (genetic shift at population level)
The fJ_'.rst agriculturists began to tend those plants
aud_anirqals ugseful to them. They doubtless selected
for their new breeding stocks those plants and animals

which, gave them the best production and quality of




(2)

(3}

4

(5)

(6)

Crossing-over (recombination within chromosome level)
Also at meiqaia, chromosomes may eXchange segments
of DNA resulting in recombination within chromosomes.
Mutation (genetiE change within‘chromosomes) .
Mutations occur naturally and also may be induced

by ioniéing radiation or by treatment within
Qbemical muﬁagens. They represenf sudden genetic
changes not brought about by Menéelian recombination.
Ploidy (replication at whole genome Level)

Whole sets of chromosomes whether from different
species (allepolyploids) or from the same speciés
(autopolypioids)'are replicated in the same organism,
Interspecific and intergeneric‘gene.transfer

Genetic maéeriél from one species can be
introgressed into the genome of another if they

are closely enough related for hybridizat?on to oceur.
Cytologicai abnormalties o
Unuéual cytological arrangements such as inverted,
duplicated, deleted, and translocated chrum;sume
segments;:irregular chromosome numbers such as

one extra (trisumic), one missing (momoscmic) ete.
have been used to advance the undefstanding of

hetedity and to achieve desired objectives.
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With the possible exception of the cell-free, asexual technique, which has

been defined as recombinant DNA, nature employs all the techmiques listed

under human directed recombination. The differences are that humans can

speed up the proceés, and direct the efforts toward goals of advantage

to people.

In this total perspective of recombining DNA, recombinant DNA appears as

a cell-free, asexual approach. Agficultﬁral scientiats recognize that
recombinant DNA technology expands the range of life over which DNA can
be manjpulated. This allows DNAs tc be recombined among organisms which

do not cordinarily exchange DNA. As the science advances it should

increase the precision:with which DNA can be manipulated.

Objectives for agricultural research are set prima;i}y by the needs éf
people and by tﬁe probiems faced in the production, harvesting, storing,
; ; transporting, processipg, and markgting of agricultural products. Objeec—
tivesg are often set aginew scientific information reveals new‘opportunifies

which did not occur to anyone befora the discoveries were made.

‘Recombinant DNA.technology will nﬁt make any major changes in ﬁhe objec—
tives of agricultural research. 1t offers another approach to achieving
these objectives. Perhaps it will allow objectives'to be reached which
could not be achieved otherwise and it may make others easiér.to achieve.

Scme possible uses of recombinant DNA techuology in agriculture are
under pre1iminar? invéstjgations, but most are in discussion or speculative
stages. - -

Nitrogen fixation is mainly achieved by an interrelagionship of certaiﬁ
bacteria and legumes. In view of the enﬁrgy érisis aﬁd the ﬁse of fogail

fuels to produce nitrégen fertilizer, it would be highly desirablg‘if
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understand its functi¢ns. Recombinant DNA techrology would be viewed

Agricultural. scientists would observe safe practices during all tﬁese
i E inve;tigations.' .

Agricultural écientistg have made good use of the increaéing
understanding of the nature and function of hereditary materials,

Recombinant DNA technology represents a major new development and has

l : great potential for agriculture.

i
i
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P as a supplement to, not a replacement.of, many traditional approaches.’




Stgtement Before the House commlttee on Science and Technelogy
: George Wald
(Higgins Professor of Biology, Harvard University)

It is sometimeé gaid that those 6pposed to the gene—splicing
technoleogy are threatening toc stifle free scientific inguiry, Not at
all. The inquiry is fine. All bioclogists are asking the same guestioas,
and would like to find ansvers to them. The problem involves only this
specific technology for answering those questlons. ' T

And not even w1th all of that. One way of practlslng this tech~
nology arouses little concern. That is to restrict it to exchanging
genes within single species or ameng species thai regularly exchange
genes in ratuze —— such as al; the tacteria that inhabit the human
large bowel.  This is what the NIH Guidelines call the Pl level. The
argunent is that agything an eagerimenter xight do at this level-would
have slready happensd innumerable t9mes naturally. Hence there should "
be no novelties, no.surprises-

Yet this P1 1evel offers one way to get at some of cur most ba51c'
‘biological questlons- how genes are turned on and off, gene control mech—
anisms, position effects (how the position of a given gene on a chromo-
some affects its expression), and the like.

There already exists a second available technique for getting at
such questions, wiin complete control and ne apparent hazard: the total
synthesis of genes and their contrel mechénisms, such as recently per-
formed by Har Gobind Khorana and his co-workers at MIT. This technigue
cffers a degree of precision and control far beyond the gene-splicing
technology; but ‘it is laborious and slow. '

. Undoubtedly: other rolatively riskless ways of approaching these
issues will be developed. The main arguments for plunging ahead with’
the gene-splicing techﬂolcgy at once are ease, convenience and speed.

I think that everyone concerned =~ including NIH -- now agrees on
three things: (1) the context of ignorance in which the present NIH
Guidelines were deéigned; the Introduction. to the Guidelines says: “unQ
fortunately, the needed -data were, more often than not, unayvailable",
(2) The potential biochazards; and 3) that if trouble should arise in
the form of new pathogens, it will be spreaed abread principally by the
laboratory workers. :

It is ﬁrequently said that opponenfs of this technology exaggerate
its dange¥s: that fhey are having bad dreams, All ope can say to that is
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the NIH.Environmental Impact Stateméit“(p. 38435) makes a.very atrong .-
case for such segregation, follewed by an aslonishingly feeble case for
diffusing this reéearch widely, as is ncw happening. UNote also that the
pattern that is develcping in Great Britain and the European. countries
is tending strongly toward segregation rather than diffusicn of facilities.

{4) VWhatever else is done, if this technology does become widespread,
what is now called the P2 level {transferring genes from cold-blooded
organisms into host bacteria) should be merged with and should be made to
assume all the restrictions of the P3 level (now involving only the trans-
fer of geneé from warm~blooded animals excepting primates, which are P4).
NIH concedes that this distinetion is "controversial" (p. 38435). It has
in fact littlg. if any biological basis. It should be voided, making P3
the lowes% level of containment.

(5) I¢ is essential also to bring the work done in industry under
control. Fortune magazine in its February 1974 ‘issue .already saw fit to run
a long article pointing cut that a multi-billion dollar industry might well
lie in this direction; and that a number of the scientists invelved had'_
already éstablished_corporate connections. The pharmaceutical industry
in an early meeting:with_Dr. Frederickson of NIH anncunced three.sources
of difficulty with the Guidelines: (a) that it hoped they would not become
enforceable regulations; {b) that for competitive reasons, they could not
reveal what they were doing; and (c)} that whereas the Quidelines kept
recombinant DNA experimehts down to volumes of 10 liters, they would have
for production purposes work at levels of 1000 gallons or over. Last
November the industry,.in a meeting with Ma. Anker-Johnson of the Commerce
Department, rejected the NIH Guidelines. In a recent apparent reversal of
position, they have.announced acceptance of the Guidelines, ‘and of vhe:
inevitabdlity of 1eglslat10n to enforce them.

There may however be a gimmick in this new position: a hidden dis-
tinction between industrial "reseasrch" and "production"., The industry
may indeed be ready to accept the Guidelines for what it designates to be
"research"; but may try to avade those.restrictions for what it chooses
to call "production®.

{6) Particular atfeniion needs to be directed %oward what the armed

forces may do with the gene=-splicing technology. The Federation of American

Scientists (formirly the Atomic Scientists)} says in its Public Interest
Report of April, 1976:"Not only common sense, but the biological. treaty
of 1972 to which the U. S. and 110 nations have become signatory, demands
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Chairman TaornToN. We would be pleased to hear from you right

1 now, to summarize that statement, or to make such comments as you
' feel are appropriate. . '
Dr. Wawn. Well, perhaps I should begin by summarizing the state-

j ment, and then see where we come out.

! Chairman TraorNTON, Fine. Please proceed.

i Dr. Warp. Yes. ‘ '

First of all, I should like to say something that involves what to me,
as a lifelong biologist, is the major problem that is hardly ever ad-

; dressed at all. That is that this recombinant DNA technology puts

| into human hands the possibility of redesigning technologically the

P products of 3 billion years of evolution on this planet, crossing the
widest barriers that now separate living organisms—in fact beginning

* by crossing such a barrier : that between bacteria and higher organisms.

And it’s a genuine and very serious question, whether we wish to put
into the hands of any group of persons an unlimited capacity to
tamper with, modify, redesign, in fact technologize, living thingson.
this planet, That T do regard as the major issue. R

But, as T say, it hardly comes up, and very possibly will not arise”
within the work of your committee. . :

Chairman TaornTon. Well, I think that we are making an effort
here to address the broad public issues which are involved in this.

Dr, Warp, Yes. S

Chairman ToornTON. And we're not limiting our inguiry to specific
legislative proposals, but we are seeking an input of thoughtful analy-
sis and reflection, and we appreciate your contribution. '

Dr. Warn. ' Well, I'm happy to hear that.

It’s often said that persons like myself, who are opposed in various
degrees to the widespread use of this new technology, are inhibiting
free scientific inquiry. I think that’s a misunderstanding. ) '

The inquiries are fine. All biologists are asking the same guestions.
The only conflict involves the use of this specific technology to try to-
answer those questions. ‘ S

T was very grateful for Maxine Singer’s careful presentation of al-
ready-existing alternatives. I think she is a superb teacher. I say that
as a teacher. I hope she goes on teaching, T think that the statement of
the present position of the alternative procedures is absolutely fair.

One should not by any means shut off the probability that shortly we
will have further procedures and further, relatively riskless proced-
ures. That is an important consideration. Meanwhile, the term re-
combinant DNA is bandied about as though it were just one thing and
you either took it or left jt. No, :

As T hope everyone gathered from her presentation, there is a level
at which there is little concern with recombinant DN A work, and that
is the level designated by NIH as P1. As long as one keeps these ex-
periments restricted to exchanges of genes within one species or among
those species that regularly exchange genetic material in nature, such
as all the bacteria that inhabit the human bowel—as long as one eon-

fines this research within those boundaries, there is little concern with =
it, ’ : '

And second, as she quite fairly said, we can approach some of the -

. most important biclogical questions at this level; and I would hope
shortly perhaps approach at this level work with higher organisms.
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the Cambridge Review Board, startled me as this human. genetic
engineering possibility was brought up, by saying with a little irrita-
tion: “Why talk about that now? That may be 10 years off !” Ten
years seems a long time to hime,  ~ '

I've tried to say in my prepared statement, what it is I think needs
doing. I want particularly to stress a few points,

One of them is that—and I must say I’ve heard this argued back
and forth and become more and more convinced—the necessity, what-
ever else is done, to apply all the restrictions now on the P3 level, to
apply them all at the P2 level. S

You understand, I think P1 is sort of home free; that is what I
defined betfore, exchanging genes within one species or between orga-
nisms that regularly exchange them in nature. The argument. there,
incidentally, 18 perfectly simple. It’s that no surprises are to be ex-

pected, that anything an experimenter does within this limitation

will have happened innumerable times in nature,

I don’t agree with Dr. Lewis on some other things that he has said, .

but on that degree I think this is true. So, to jack up the P2 level
to P8 I think is a very serious need. :

The NIH environmental impact statement singles out this distine-

tion between P2 and P3. Perhaps I should say what thege terms mean.
The P2 level means shifting genes from coldblooded organisms into
some bacterial host, say Z. coli. P38 is shifting them there from warm-
blooded organisms. - g ' :

The NIH: environmental impact statement concedes that this is a

controversial matter, and I think myself, as a lifelong biologist, that
it has no substantial biological basis. ' o

Second: I want to say also that one should not concentrate one’s

thinking upon what goes on in medical and university laboratories.
There are 86 such laboratories, incidentally, now contemplating doing

recombinant DNA research, and at least nine pharmaceutical com-

panies.

I want to say a few words about this -industrial,tiéup, because it
involves a constderation that I think needs very much to be clarified

factually. - o
It is this: Early on, leaders in the pharmaceutical and chemical
industry met with Dr. Frederickson, then Director of NIH, and
pointed out that though they were for the guidelines in principle, that
they had three things that they objected to. One of them was that
they hoped that the voluntary guidelines would not become enforceable
regulations. The second point was that they could not live with the
restriction of recombinant DNA experiments within the guidelines to
10 liters, approximately 10 quarts; that for production purposes they
had to go at the level of at least 1,000 gallons. S _
Third: That for competitive reasons they could not say what they
were doing. . .- ' c

Very recently, they seem to have reversed this position, and it’s

that that gives me particular pause. They seem to regard legislation
as inevitable now, and if I understand correctly what they've been
saying, they are ready to accept the NIH guidelines. So that puzzled

me very much. : :

At the National Academy of Sciences meeting about a week and a

half ago, T tried to get this'clear. I did it in personal conversation;
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Dr. Wedum—1T hadn’t heard, and T’'m sorry to hear that Dr. Wedum is
no longer with us—but Wedum wrote o report on the operations at
Fort Detrick for the DNA Advisory Committee that. de81gned the
guidelines.

In that report, he said that there were 423 infections and three
deaths in 25 years of operation. Everyone, all the proponents at this
point, point out that there exists no clear instance of a transmission
of disease beyond the laboratory workers at Fort Detrick. Well, that’s
a good argument for keeping this kind of research in Fort Detrick,

But let me say, in addition, that there has been a startling lack of
information in this regard. There is no system whatsoever—it’s never
been asked for—of reporting diseases that might have had this kind
of origin, nor any checkups. We simply don’t have the information.
And you have to estimate as best you can a situation in which we have
no solid information, and none has ever been sought. There was never
a system, as I understand it, of checking up on the health of either
workers or their families systematically, or keeping reports, as I un-
derstand it. That kind of in formation has not been sought out. Perhaps
Mr. Barkley would care to refute that view, but that’s the situation
as I understand it -

Now, I want to say one thing more, terribly important it seems to
me, and that is along the general theme which I’ve heard endlessly:
“Everything’s under control, we know how to handle diseases;” and
so on. I want to say three smlple things:

Statement 1: This technology is going to put into the hands of
biologists all over the country the possibility of dealing with patho-
genic organisms which they have no experience with and no previous
training. We are turning over this possibility of having to deal with

pathogens—I’'m talking of my colleagues in my own Department at-
Harvard-—to people who have no experience and no trammg in this’

direction.

Second point: We're not talking of old pathogens. We're talking of

brandnew pathogens

Third point: When a new pathogen arises, the most expenenced
workers with pathogens die like flies, and—-—

Chairman TaornToN. Dr. Wald———

Dr. Watp, Yes?

Chairman TwuoerNTow. Is experimentation in recombinant DNA
allowed to proceed with regard to pathogenic organisms?

Dr. Warp, Well, first of all, no one knows what to expect. I'm about
to say that, .

But, second, as NTH and everyone has recognized from the start,

among the potentla,l dangers is production of new pathogenic-——-
Chairman TrHorNTON. Isn’t experimentation with pathogenic or-
ganisms strictly prohibited?
Dr. Warp. But. the possibility is oﬂ'ered by this techmque We don’t
really know——
Chairman Taorxron, Right.
Dr. Warp [continning]. What makes an orgamsm pathogenie. .
Chairman TuaorNTON. And—0

Dr. Warp. Nor do we know at this point—nobody knows—hovv:

epldemlcs start or, even more interesting, stop. So we are talking of




That brings me to Dr. Lewis, and there I think—forgive me, Dr.
Lewis—but I think you’ve perhaps confused a little the natural situa-
tion and the artifictal ones that have previously involved crossing
organisms—so-called artificial selection, in which one breeds animals
and plants to satisfy human desires and needs—that is, animal and
plant breeding in domestication. '

I think all that stuff I've ever heard of is P1. That is, these opera-
tions are conducted within one species, or within very closely-related
s}[l)lecies, in order for them to work at all. Perhaps you can straighten
this out. . ‘ ' : _

Dr. Lewis also mentioned among the possible benefits one that has
turned out to be not probably feasible. You understand that both
benefits and risks are said to be in the category of dreams. But we
recently had an article in Science magazine that pointed out that three
really dangerous things have already come up in recombinant DNA
work. I say that in my presentation. But I didn’t tell you what they
were. And since Dr! Lewis, if I understood him, brought this up as one
of the hopes, I'd like to spend the last 2 minutes to tell you what it is...

It was the work of Chakrabarty, the man who works in the research
labs of General Electric, and his first triumph was to produce—not
E. coli this time—but another bacterium, Pseudomonas, that could
completely digest petroleum. : :

It was pointed out at once how useful this might be to clean up oil
spills, As T pointed out elsewhere, how about o1l that hasn’t spilled? .
‘We have to worry a little about letting loose a bacterium that feeds on
petroleum, But Chakrabarty had another success.

He suceeded in putting into E. coli the gene for the enzyme cellu~
lase, that can digest cellulose—cellulose, the stuff of wood, the stuff of
paper. Your first thought is, “Oh, great!” The unit for making wood
and paper, as it is for making starch; is the sugar glucose. Your feel- .
ing is, “My heavens! We could all have our lunch just eating Kleenex.”
Then the second thoughts come up. Chakrabarty had those second
thoughts. After all, that E. coli lives not in the small intestine where
glucose is absorbed, but in the large intestine where the absorption
has stopped so it would not be absorbed. Meanwhile, it would clean
out all the roughage, and we can’t live without the roughage in the
intestine. There would be hopeless diarrhea as a result if we didn’t have
that roughage. ' ' -

So it would digest the roughage, producing glucose which we can’t
absorb; and then other bacteria in that gut could turn that glucose
into methane, an illuminating gas, With that, Chakrabarty realized
that was a pretty dangerous organism, and he destroyed his cultures.
It’s an interesting example of another supposed benefit gone wrong. -

Thank you, Mr. Chairman. - '

Chairman TrorNToN. Thank you very much, Dr; Wald,

I am pleased to note that what I had thought to be an original
thought of mine at some hearings some weeks, or perhaps months, ago
about the possible concern of getting up and going out to the automobhile:
and finding a tankfull of harmless bacteria was one that you had also
been speaking of. - : ' c

I think it is also important to recognize that cattle, for example,
are enormous manufacturers of methane. The four-stomach system of
a cow and the bacteria which live there produce something like 50




. So we're left, with the problem of discussing the classifications and
our concerns about the risks of other experiments, the ones that fall-
in the middle. '

I think it is possible for any one of those experiments to construct
a scenario which leads to an effect which we would all agree is undesir-
able. But simply saying that that effect is a possibility is not enough.
One has to look at the likelihood that it will happen. I don’t think’
that it’s enough to say that we all have bad dreams. We have to try
to deal with those dreams in a realistic way. :

And so, while we can all agree that certain scenarios might oceur,
we really need to address ourselves to the possibility that certain things
may occur. This gives us some basis for action, for saying these.
experiments we don’t want to do, these experiments we can do, certain
other experiments we need to do but do very carefully, and then trying
to mateh the level of containment with the likelihood of indeed pro-
ducing a pathogenic organism in a given experiment. o

I feel that gﬁs is an appropriate way to ocnsider the problem
because it allows you to make decisions about different kinds of ex-
periments based on the relative benefits and the relative risks. :

Chairman TrorNTON, Thank you, Dr. Singer.

Dr. Curtiss? S '

Dr. Corriss. Thank you, Mr. Chairman. ' :

I share agreement with much of what Dr. Singer has said, but T
would like to address myself to a couple of speciigic points raised by
Professor Wald, - ' ' ' '

One of these is the likelihood of converting E'scherichia coli K-12
into a pathogen. There is a substantial amount of experimental data
that are available and published, as well as much new information
which is not yet published, which I think is unfortunate at times
like these. Lo o , .

Pathogenicity can be construed to be a composite of three attributes:

One is the ability to.be communicable; that is, for the organism or
infectious agent to go from one individual to another. Enteric or-
ganisios like . cold and enteric pathogens like Salmonella typhi which
causes typhoid and Vibric comwma which causes cholera, are trans-
mitted by ingestion of contaminated water. Most such enteric diseases
are quite well controlled by sanitary engineering in this country. We
have very few problems with diseases like cholera, dysentery, typhoid,
et cetera, and certainly not any epidemics of major proportions. - -

Ancther attribute essential for pathogenicity is colonizability. That
is, the organism that is going to cause disease must establish itself in
some ecological niche so that it can do its harm. In the case of enteric
pethogens, this means that they must establish and reside in the in-
testine, or gain other atiributes so as to occupy a new ecological niche
such as by penetrating the cells of the intestinal mucosa and thus get
into the civculatory system. , ' IR

In the case of £. cold K-12 it is a laboratory-adapted strain—in
faot, it%s even addicted to the food in the research laboratory. It lacks
certain properties on its cell surface which are normally found on
E'. coli strains that inhabit the gut. And, indeed, when we add genetic
information to £ colé K-12 that should facilitate colonization of the

_ intestine, and which does so in Z. ¢oli pathogens that infect pigs,
* humans, and calves, E. coli K—12 does not colonize,




may include 50 percent of all such infections that have occurred in this
country over the last 50 years. :

The information we have acquired, however, from these reports has
helped to indicate the manner in which infections have occurred, and
they have demonstrated the need for development of effective control
measures. Also, the 25 years of experience at Fort Detrick has con-
tributed greatly to our understanding of the causes of laboratory-
acquired infections. Accidents were reported, were recorded, and were
investigated. It was through the occurrence of laboratory-acquired
infections that methods for control were developed. This experience
and knowledge can be used to select appropriate safeguards for han-
dling recombinant DN A molecules. It is also true that we do not know
if organisms containing recombinant DNA. molecules have the poten-
tial to cause disease, ' ' . o

The selection of safeguards must, therefore, be dependent on an as-
sessment of the potential to create a hazard. The appropriateness
of physical containment measures to serve as effective safegnards is
therefore not only dependent on the proficiency, knowledge and
training of the laboratory worker, but is also dependent on the ade-
quacy of the classification of potential hazards. It’s this subject that
so many scientists have been debating over the last couple of years.
I feel that those scientists who have been debating this issue have
all attempted to err on the side of safety, so that maximum appro-
priate safeguards would be instituted.

I also want to emphasize again that physical containment measures
are not infallible, In my testimony I indicated that the most sophis-
- ticated means of control are subject to human error and so it is im-
portant that training be an integral part of this effort. I think it’s also
important to recognize that training is even more important for
scientists involved in recombinant DNA technology because many
of these scientists have not had formal training, nor have they ac-.
quired experience, in handling hazardous biological materials. They
have also not had experience in using physical containment equip-
ment. But this has been recognized, and I think efforts are at hand to
pursue this important area. ‘ -

I feel that the knowledge that we have acquired from the study of
human disease agents provides us with a framework for selecting
appropriate physical containment safeguards and a framework for
assessment of potential risks of newly_(%:covered micro-organisms. .

Chairman THorNToN. Thank you, Dr. Barkley.

Dr. Lewis? . :

Dr. Lews. Thank you, Mr. Chairman. . :

I think the reason I tried to put an outline in my prepared remarks
was to show that recombinant DNA is not the only way that we can
recombine DNA, As a matter of fact, DNA’ been recombining, as
Isaid, since the beginning. = L R

_ Agricultural scientists, at least, have been directing that recombina-
tion certainly throughout this century, with the knowledge of the
chromosome theory of heredity. _ -

It is true, as Dr. Wald suggested, that we have been limited in what
we can combine, pretty much to what we can hybridize sexually. But -
within those limits we have a wide range of recombinations that. we
can make, and this extends as far out as what taxonomists call species
and genera. ‘ ‘ o ' ‘ )
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esis you mentioned will or will not be borne out, but I think there
15 related information that is relevant to the discussion of apprehen-
sions about recombinant DN A research. '

The point is that during the course of evolution, there is a tendency
to throw away or alter that which is not needed and to maintain that
which keeps the organism’s Iifestyle most suitable in terms of the
environment at that time. Thus, one could introduce many types of
genes specifying many different types of proteins into an organism.
It’s not, likely, however, that an Z. coli synthesizing hemoglogin, for
example, is going to find much need for hemoglobin ; in fact, the hemo-
glgbn& might clog the system so as to make the organism very sick,
ndeed,

In this regard, there are some experiments that are relevant. Dr.
Ronald Davis, at Stanford, and also Dr. Stanley Cohen, at Stanford,
have independently done a number of experiments in which they have
put random DNA: fragments from a variety of organisms, includin%
the fruit fly, yeast, and certain other bacteria into either bacteria
virus or plasmid cloning vectors, and then introduced those into bac-
teria to see how they compete with each other. o

They probably tested over 1 million recombinant molecules in this
way, and in no mstance did the plasmid or bacterial virus vector con-
taining a foreign DNA insertion out compete the original vector that
did not have the recombinant DNA. -

These observations, although from a very limited sort of experi-
ment, gives me assurance that it is not likely when a gene is intro- -
duced 1nto an organism that the organism is going to want to keep
it and to become bhetter adapted for survival in the environment.

There would be some probability in which a gene will contribute
better survival potential, but it may well be less than 1 in 1 million,
and that is. an additional margin of safety in recombinant DNA
research. ' . o

Dr. Sineer. I don’t know what Dr. Ryan spoke about. I have read
a preprint of the paper by Crick, Klug, Brenner, and Pieczenik, and
it’s my understanding that if their hypothesis turned out to be true, it
would be basic to the function and structure of all DNA’s and not
distinguish between different organisms, Therefore, I'm not sure it
would be relevant to the current problem with regard to the general
discussion of the possibilities of longrange evolutionary changes re-
sulting from the inadvertent release of organisms containing recom-
bined DNA from distantly related species. . RO

That’s an argument which I have heard, and which I have tried to
study. But I have a great deal of trouble myself in thinking that
through in scientific terms. If the argument is related to the evolution -
of bacteria only, then it’s simpler to understand and it presumably.
would have to doiwith the ability of the recombined genes to be trans-.
ferred to other bacteria, - L

But if, as seems to be implied very often in the argument, the con-
cern is with evolutionary changes in whole comaplex organisms, then
T have a great deal of trouble understanding the mechanisms by which
it might arise. The primary reason for this difficulty is that, even if-
recombined DN A were to get out of a bacterial cell in someone’s gut,
for example, into the cells of the living organism and do damage to
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Mr. Kruecer. Thank you, Mr. Chairman. . .

dvge certainly thank this distinguished panel for appearing with us
to . : ] \

I guppose that, in part, what we are doing is this: That some of
us who have had freshman chemistry and not much more are trying
to sit in some sort of judgment on probabilities. And as T assess these
probabilities, I notice that two of the five panelists, including one
from the National Cancer Center, are both smoking. And, therefore,
T assume that people are willing to engage in a variety of probabilities
and possibilities with regard to health. Of course, that is generally
self-directed rather than externally directed, and, therefore, it’s prob-
ably not of such a large significance.

But I wonder whether I could get some people on the panel to try
to give some kind .of sense to those of us laymen who are trying to
participate in these decisions, some sort of percentage of what kind
of chance you think there is of some sort of grave geénetic damage
being done that would or could be passed on or be inheritable, and
might then, in turn, affect human life in an adverse way. .

I realize that you are going to be wild guessers, but so are we if we
try to legislate. And so I would ask if you could at least hazard such’
a guess—a couple of the people on the panel might hazard that. -

Dr. Wald? ' . ' o

Dr. Warp. T’'m in no position o hazard such a guess at all, and I
wonder what other members of the panel would say in that regard.

I don think, realistically, that the possibility exists for answering
your question. But I'm barging in only to point out a close parallelism -
with the situation involving nuclear power. We had a thing called the
Rasmussen report. from the chairman of the committee who drew it
up, Rasmussen at MIT. It was to try to do exactly this, exactly this,
estimating the possibility of major accident in 2 nuclear powerplant.

It was called Wash-400 as I recall. It ended up as a government doe-
ument. Of course, it cost a lot of money, and most. of us paid no atten-
tion to it whatsoever because, there again, the intangibles are so many
and so strong that the possibility of making a reliable estimate doesn’t’
exist, ! '

Mr, Krureer. Dr. Singer .

Dr. Sincer. Yes. I heard the question as a very circumscribed one.
You asked specifically the likelihood that such experiments conld lead
to some change in human genetic constitution. : .

Mr, Krureer. Yes. :

Dr. Smveer, Talking strictly about the kinds of recombinant DNA
experiments that I described, and leaving out for the moment the sorts
of experiments that Dr. Wald just recently alluded to involving the
purposeful mixing of nucleii and cloning of whole humans, involving,

I would say, the likelihood of making a permanent genetic change 1n

whole human organisms is vanishingly small. However, I can’t. put a
number on it.

I think this is very different, however, from the possibility of cre-
ating an organism that might make living things, human or otherwise,
ill. This has a higher probability of occurring, but, again, I would be
unable to put a very hard number on it. '

One can go through an exercise of identifying the events that need
to oceur between the laboratory experiment and an illness in some spe-
cies in an effect to arrive at such a number. '
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Mr. Krurcer, Eighty-six plus nine. .

And of these two have P4 protection facilities? Is that correct?

Dr, Warp. No. Aren’t the P4’sjust being built ? ' o

Dr. Baksrey. There are no P4 facilifies that are currently being
used for recombinant DN A studies. - : R

Mr. KruzGer. 1 see. : ' Lo

Dr. Bargrey. The NIH is currently rehabilitating four facilities
that will be used to support such work. Two are located at the Cancer
Research Center and two are located on the Bethesda campus of NIH.

There are two facilities that are currently operating in the United
States at this time under conditions comparable to the P4 level. One is
at the Center for Disease Control in which they are currently studying
Lassa virus and Marburg virus; and the second is the Walter Reed
facility at the Fort Detrick location, which is currently studying
Machupo virus. All three of these viruses are classified by the Center
for Disease Control as high-risk human pathogens.

Mr, Kruregr. If these 86 plus 9 were to be required, for example, to
adopt P4 kinds of protection facilities, what kind of costs are we
talking about? That is my first question. ' o

The second question would be, once the costs are themselves in-
curred, is the sheer process of going about the research made more
difficult? In other words, I might feel safer crossing Independence
Avenue if I wore, you know, a medieval coat of armor, but I might not
necessarily wear that medieval coat of armor because it would make
me miss too many votes because I'd get there too late, or something
like that. And I’'m wondering if this is a kind of medieval coat of armor
which if we required it of all these laboratories, the rate at which they
cofllliid{lfa,rry out the research would be very much smaller and be more
difficult. ' G

Dr. Warp. Could I say something ?

Chairman TrORNTON. Dr. Wald.

Dr. Warp. At the end of my prepared remarks there is something
that threatens the whole of American experimental science. It is that
the common direction of the thoughts involving legislation in this re-
gard—and, incidentally, everybofy now concerned considers legisla- -
tion to be inevitable—that the kinds of legislation that I hear being
discussed, if that sort of thing is really instituted, I think scientists
of every kind in this country haven’t quite taken in what it will mean.

Tt will mean setting up a new bureaucracy for investigating, licens-
ing, supervising, and controlling what goes on in research labora-
tories, First of all, one can foresee that once that happens it will stay
with us, in all likelihood, indefinitely. _ 5

Myr. Krurerr. Bureaucracy has a very long genetic life. [ Laughter. ]

"Dr. Warp. Right. o ‘ :

And, second, it will by no means confine itself to recombinant DNA
research. Its expansion to all other kinds of laboratory research has in
fact been invited by proponents of gene splicing, who have repeatedly
said that all exploration of the unknown is risky, all scientific research’
is dangerous. And if not challenged, this goes down very well.

Now, I have challenged it a few times by saying, “So far as I know
T’ve never done a dangerous experiment in my life.” And I’ve had the
reply, “Oh, no? Don't you use alcohol for extractions? Isn’t that
inflammable ¢ Like the gas in everybody’s automobile. o
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Mr Kruzecer. So, in summary then, from two different perspectives,
we're hearing that to expect anything like P4 facilities for all of the
places who would like to do this research would really be unreasonable,
both in terms of scientific freedom and freedom of movement, and also
in terms of cost.

And Dr. Wald suggested that it would be appropriate perhaps to
restrict such research to specific institutions.

Dr. Waip. I was talking about P3.

Mr. Krueeer. Oh. You——

Dr. Warp. I was talking about P3. I would assume these people don’t
really need P4.

Mr. Krueeng, P4is—

‘Dr. Wawp, I would like to see the P2 restrictions jacked up to the
P3 level. Also, from the beginning it has been my view, as that of Prof.’
Robert Sinsheimer at Cal Tech, that this work should be segregated
outside of centers of population. :

Mr. Krueeer, So these—— .

Dr. Warp, Outside of crowded cities, and as :fa,r as I’'m concerned, .
outside of universities, The trouble there, as I see all around me, is
that the workers regularly go out of the Jaboratory to teach classes of
young students. I think that is impermissible.

But it’s P3 I was talking about segregating. And ra.1smg P2 to P3
sothat is segregated too, :

Mr. Krureer. Thank you for the clarification, :

Finally, I wonder to what extent this kind of research is going on
largely in the United States of America and to what extent it is spread
across other countries, and whether they have substantla,lly dlﬂ?erent: '
precautions. :

If this was covered when I was in another commmte,e meeting, I
apologize,

Chairman THORNTON. A very brief reference wis made to research
going on in seven countries. I think it might be useful to expand upon
the policy considerations which they are undergoing.

Dr. Smveer. There is research going on in several countries in West-
%rn Europe, in the Soviet Union, in, Japan, probably in Australia and -

anadsa. :

Three countries—the United States, Great Britain, and Canada—
have separately evolved sets of guidelines. The guldehnes are based
on very similar principles in terms of assessing the risks of different
experiments and also in establishing the principles of physical and bio-
logical containment, although the emphasis given to one or another
differs from one set of guidelines to another,

In fact, if you look at the three sets of guidelines, they are very
similar in the ranking of experiments according to risk and in terms
of the containment requirements. They are not, however, identical.

It appears that in other countries there will not, be independent at-
tempts to devise sets of guidelines, that there will be a decision to use
one or another of the existing sets of guidelines. And it isn’t perfectly.
clear whether the British guidelines or r the American guidelines will be
adopted by one or another country at the present time.

The procedures:for implementing the guidelines and for controlling
work will differ substantially in other countries from the procedures -
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and cause perhaps lesg-well-controlled recombinations to oceur in very
rudimentary laboratory facilities ? :

Is that possible? )

Dr. Wawp. Well, now, I confidently expect this sort of thing to ap-
pear very shortly at high school science fairs.

Chairman Tmornton. This is what I’ve been told, that we're deal-
ing with techniques which on a very rough and unguarded level can
be accomplished in very limited laboratory facilities.

Am T getting an agreement generally across the board on that?

Dr. Sineer. I would say that it is relatively easy to sit down and
try to plan the experiment. You come across certain barriers where
certain kinds of equipment would be ideal to have. But I think one
could make the attempt without it.

There are, however, other kinds of experiments that I’ve seen at
high school science fairs that I think ought not to be done by high
school students. And T might just tell you a very brief anecdote that
happened to me this week. I have a 13-year-old daughter in the seventh
grade who did a project in which she tried to isolate from tap water,
milk, and air, the bacteria that would be resistant to penicillin. There-
fore, she had plates with bacterial colonies growing on them.

This is not a dangerous experiment, and it failed because it’s not very
easy to isolate such resistant bacteria.

But she did have plates with organisms on them that were un-
characterized, and I said to her that I thought that she ought not to
bring these into school for the science fair, that we ought to destroy
them because they were uncharacterized organisms. We were able to
take good care of them at home in the kitchen but they certainly
shouldn’t be taken to school and perhaps be opened up.

She was given a failing grade on her project becanse she didn’t
bring in the evidence that she’d actually done the experiment. And
she’s very angry with her mother. [Laughter.]

Chairman THornToN. I want to thank you for sharing that with us.

I do appreciate so much the appearance of each of the members of’

this panel, and unless there are further questions from either members

of the committee or staff, the hearing will be adjourned to meet again -

tomorrow morning at 9 a.m.
[The hearing in the above-entitied matter was adjourned at 12:30
p.m., to reconvene at 9 a.m., Wednesday, March 30, 1977.1




SCIENCE POLICY IMPLICATIONS OF DNA
RECOMBINANT MOLECULE RESEARCH

WEDNESDAY, MARCH 30, 1977

House or REPRESENTATIVES, -
COMMITTEE ON SCIENCE AND TECHNOLOGY,
SUBCOMMITTEE oN SciENCE, REsparcH Anp TECHNOLOGY, -
Washington, D.C,

The subcommittee met, pursnant to adjournment at 9:06 a.m., in
room 2318, Rayburn House Office Building, Hon. Ray Thornton
(chairman of the subcommittee) presiding.

Mr. TaorxnToN. The hearing will come to order. .

We're starting some 30 minutes ahead of the usual scheduled time
this morning in order to accommodate a meeting of the full Com-
mittee on Science and Technology at 11 o’clock. ' '

We very much appreciate the early arrival of our distinguished
group of witnesses this morning, Dr. Cape, Dr. Nathans, Dr. Signer,
Dr. Cavalieri and Dr. Baltimore. We are looking forward to your
testimony. '

We have received prepared statements which as each of you give
your presentation will be made a part of the record. - :

In order to afford an opportunity for discussion between the mem-
bers of the Iﬁm‘ﬂ who are testifying this morning and questions, I am
going to ask that each of you make an effort to summarize your .
prepared statements, knowing that your statement will be made a
part of the record. In suggesting that, I do not mean to suggest that
you abbreviate it so much as to make it difficult to understand, be-
cause I think each of the other members here is going to want to be
able to have an exchange of views, '

Qur first witness this morning is Dr, Ronald Cape, who is president
of Cetus Corporation, and he’ll be discussing the issue of the potential
risks and benefits associated with recombinant DNA research. Qur
hearings today will center upon this question, an assessment of risks
and benefits, and we are looking forward to the views of each of the
witnesses. At this time I would like to recognize Dr. Cape. :

[A biographical sketch of Dr. Cape follows:]

Dr. Rovaip B. Carg .

Ronald E. Cape, president of Cetus Corp., Berkeley, Calif. AB (chemistry),
Princeton University 1958; M.B.A., Harvard University 1955: Ph. D. {bio-
chemistry), MecGill University 1967; post-doctoral fellowship, University of
California, Berkeley, 1967-70—Molecular Biology and Virus Laboratory. .

(89}
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These are not idle platitudes. Let me cite two examples: First, as we
all know, the NITH Guidelines presently lack clout with any institu-
tion, group, or company not presently receiving NIH funds. Compli-
ance with the guidelines will cost money, a lot of money, and it has
to be spent now. Most of the more appealing commercial applications
of recombinant DNA technology won’t be profitable for many years
to come. Yet it is true for us, and I hope for other companies, that
there is utterly no intention of undertaking any work at all in this
field except in full compliance with those guidelines.

Mr. Chairman, I would like to present an important clarification of
a subject alluded to repeatedly in yesterday’s testimony. The work at
General Electric by Dr. Chakrabarty did involve some clever manip-
ulations of plasmid in pseudmonas but it did not involve what we
all agree is meant by recombinant DNA. -

Further, many of us feel, apprehensive though we may be about
bureaucracy, that Federal legislation closing that loophole is in the
public interest, and very. much to be desired. However, I would add
that because I believe that there is no likelihood of hasty, inappro-
priate industrial activity, that such Federal legislation should not be
precipitate. We feel that full public discussion should precede pas-
sage of any act. We support the legislation proposed in last week’s
report to HEW Secretary Califano by the Interagency Committes
on Recombinant DNA Research, chaired by Dr. Fredrickson. If that
report has not, already been submitted for the record, I would like do
80, - - :
Mr. TraorxToN. We’ll be pleased to receive the report and to con-
sider its inclusion in the printed record. We do not wish to duplicate
printing of a report which is already widely available.

Dr. Capr. The second observation regarding our public responsibil-
ities concerns a popular misconception sbout our plans, We cannot,
and we will not, make plans at the specific level, until the legislative
and regulatory environment is clarificd. We regard our possible ave-
nues of behavior as being very dependent upon what makes sense
after the public discussion has culminated, as we hope it will, in legis-
lation which we will regard as a public conclusion. Then we hope it
will be clear to us how to intelligently plan for the future.

Our hope is that it will be a very exciting future. The beneficial out-
comes of this work fall into two categories: (1) Fundamental under-
standing of processes of life and disease, and (2) facilitation of hereto-
fore impossible products and processes. I will dwell mainly on the
latter. We are already making commitments in the hope that there will
be many beneficial outcomes. This involves building teams, ordering
equipment, and discussing many possible applications. As I said before,
if we are wrong, and the work never gets started or successfully com-
pleted, we will have gambled and lost. But we will not gamble with
1ssues of safety and prudence. We are not yet doing work with recom-
binant DNA. But we hope to. If it is accepted that in this field, as in
other fields, the practical application is the role of industry, what
sequence of events can we look to? . L

First, it is important to stage any proposed sequence of activity with
several thoughts in mind. : : ' o

(a) Safety: Looking ahead to any commercial application of recom-
binant DNA technology, we must be aware that production organisms
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There are, however, some less long-range programs—less likely to
create newspaper headlines, less likely perhaps to alarm critiés of this
work, but very likely to provide benefit in today’s world of industrial

fermentation—which gives us antibiotics, beer, cheese, and & host of
industrial chemicals. By and large, we have historically accepted that
a new compound discovered in a particular organism must be produced
commercially in that organism. If penicillin is discovered in the mold
penicillium, then that’s the organism we’re stuck with for commercial
production. Recombinant DNA technology renders it possible to move
these capabilities into safer and more economical production or-
ganisms. This is particularly important today when microbial proc-
esses could in many cases produce chemicals which today must be
made from petroleum sources. Even now, some microbial processes,
if more efficient, could further reduce our dependence on foreign oil.

It is to these applications, far removed, we think, from the glamour
and from the public concern with manipulation of the genes of viruses
.and humans, that the first industrial attention should be directed. We
hope to do so. . ' S T

Mr. Chairman, we’ve been asked to comment on patent questions, It
is our belief—and I’m speaking only for our company here—that the
only changes desirable 1n present patent Jaws would be those which
would remove the catch-22 dilemma confronting those who wish to
patent developments in this field. It is my understanding that at
present there is some learned opinion that compliance with the NIH
guidelines constitutes publication, which very act of publication pre-
cludes ever-receiving patent protection. That’s a “no win” situation,
Mr. Chairman. As a separate subject, in the patent area, if—I say
“if”—it is deemed to be in the public interest to grant accelerated treat-
ment to patent applications so that whatever secrets are contained in
these applications could be made public as quickly as possible, that’s
fine. But we do not agree with any use of accelerated patent processing
as an inducement to anyone to comply with any regulations or guide-
lines. I'll repeat—such complianee should be the subject of legislation,
and we support the Interagency Committee’s suggestions.

I don’t wish to take up the subcommittee’s time reciting again the.
litany of benefits and risks attendant on work in this field, The Decem-
ber 1976 Supplemental Report X1 prepared for this committee deals
fully and very well with these issues. I would like to make several brief
points, however, and then I'll close, '

My brief pointsiare: '

First. The assessment of unknown risks compared to benefits, some
of which are certain and some of which are freshly speculative, cannot
be made by debate. Methodologies must be developed to evaluate both
experimentally. The categorization of risks and the absolute pro-.
hibition of certain experiments and the assignment of biological and
physical containment levels deemed appropriate to various kinds of
experiments is wise. Let’s be sure, however, to regard the process as one
of genuine feedback. The guidelines are today’s perception of where
prudence lies. Many experiments should be designed, and the results -
of these experiments should be used, to consider changes in the guide-
lines, in either direction, as the facts dictate. Who is to make the
determinations, and with what balanced input remains to be estab-

93-481 O -7 -7




o Uebruary 11,1977 i

~ Dr. John ¥. Finklea, Director

" National Institute for Occupatlonal Safety and Health
5600 Fishars Lane

‘RoCkVLlle, Mb 20852

Denr br. Flnklea:

Thank you for requestlng our conments and prapcsals in your letter of
December 27 1976

I am very sorry that I've beén almost constantly away from my desk since
December .18.. When you called I had just returned from Germany, and I
must apolegize for the delay in responding to your very welcome request
for comment. I reiterate this apolagy. because, as 1 have wrltten to Lr.
Fredrickson, ‘'we eagerly look forward to all opportunltzes to lnteract
with respons;ble authorltles in this’ fleld.

Cetus Cprporatlon 1s‘currently-planning and organizing a recombinant
molecule research facility for the purpese of exploring the -applicability
of this new technology to industrially relevant projects.. We feel
"establishment of guidelines and suagested procedures relating to occu-
pational safety, health surveillance and control measures would be. most

- useful o

We agree w1th the establlshment of a central reglstry

We agree that a program of medical examination of recombinant DNA
research ihvestigators and personnel prior to initiating thls type of
research and - perlodlcally thereafter is a sound 1dea.

_Some‘lssues come to mind.. What speclfically would a consultlng physxclan
be locking for and what types of records should he kept? Clearly, ade-
quate labeling and posting should be a mandatory requirement (as in
radicisotope work). Similarly, segregation of facilities (already in

the gquidelines for P2, P3, and P4 work) may be useful for preventing
inadvertent cross—contamination, ete, It is not cleaxr what type of
general area monitoring and routine screening procedures are applicable
to recombinant DNA research. The services and measures already in
existence for investigators working with radioisotopes (area monitors,
film badge and TILD dosimetry ring services, blood and/or urine analysis)
or specific viruses {serum samples and antibody testing)} do not readily
lend themselves to routine, general survey procedures for a variety of
microorganisms that may contain recombinant DNA, While the use of )
genetically marked strains {e.g. XI776) certainly facilitates the datec--
tion of contaminant microorganisms within a transformed microbial popu-
lation, it must be determined how one can routinely monitor exposure to
recombinant DNA in unspecified microorganisms, particularly if one is
using complementation of an auxotrophic mutation rather than antibiotic
resistance as the selective marker in the cloning wvehicle.

Cetus Lorparation, 600 Banuoll Way, Berkeley, Calilornia 94710 Phune, (415) S49-3300
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DEFPARTMENT OF HEALTH, EDUCATION, AND WELFARE
' PUSLIC HEALTH SERVICE
CENTER FOR (MWSEASE CONTROL

NATRDNAL INSTITUTE FOR OCCUPAT IONAL
SOAFETY AND HEALTH
5600 FISHERS LANE
ROCKVILLE, MARYLAND 20642

Decénmber 27, 1976

Mr. Ronald Cape

President o

Cetus Corporation

600 Bancroft Way

Berkeley, California 94710

w Dear Mr. Capei’ ': —

The Secretary of HEW has asked Dr. Fredrickson .of the National
Institutes of Health (NIH) to chair an Iateragency Commpittee ‘on
Recombinant DNA Research., OGovernmental agencies, universities:and
industries in:this country and abroad are interested in recombinant . -
DNA research techniques. NIH has developed and published in the . .
Federal Register (Volume 41, No. 176, Thursday, September 9, 1976,
page 38426 through 38444) a Draft Environmental Impact Statement
entitled Recombinant DNA Research. It 15 my understanding that the
Congress of the United States will be closely examining the findings
of the Ianteragency Committée during its next session..

The Recombinant DNA Research Guldelines developed by NIH did not
address potential occupational safety and health problems. We hope
that the revised guidelines will provide more attention to workplace
health.and safety lssues in laboratories in which recombinant DNA
/ reasearch would be performed. In many cases the involved laboratories:

,/ are already covered by the Consensus Standards promulgated under the
Occupaticnal Safety and Health Act., One exception would.be research
undertaken in public universities in States not having State occupa- |
tional safety and health plans that provide coverage for public workers.

Our Institute, feels that revised Guidelines should provide for the
establishment of a central registry of all workers engaged in recom
binant DNA research or the coperation and maintenance of laboratories
and pilet plants where recombinant DNA research 1s carried out. We
believe that there should be provision for a program of medical
examinations for such workers prior to placement and perilodically
thereafter. We believe that all workers should be adequately informed
about potential health risks assoclated with recombinant DNA research
and that there should be adequate labeling and posting in each work
area, Because our concern about diseases with a long latency pericd,




March 11, 1377

the Honoxable Jacob K. Javits and
the Honorable kdward M. htnncdy

United States Senate -

Washington, D. C, 20510

Dear Senators Javits and Kennedy:
Thank you for your lettar of Fobruary 14, 1977.

i. Latus Corporation is not engagsd in, nor has it been
angaged in the conduct of :cconbinant DHNA raesearch
anywheze. ;‘ .

2. We do, howaver. shl:o the oxcitam-nt of other- rogatdinq
_the pot-ntlal benefits of knowledge and pussible prac--.
tical applications of this technology. We hopa that it '
will be pxactical and generally acceptable that private
companies participate in this adventurs, and if so we
very much intend to be ocounted among them. Sufficlently
80, that we are presently hiring staff and plauning
potential projects. No final decisions have. been nmade
a8 to the precise nature of thesse projects, nor will
thay be made before this public discussion has resulted
in clarification. However, wa will certainly begin with
experiments gensrally considerad to ho of very low risk
or of no risk whatsoever,

3. We are indeed willing to register and have already publicly
expressed full willingness and intention to comply with
the NIH guldelines. We welocome this opportunity to re-
jiterate that intention.

4. We can comply; we suggest no quxdolino changel at presant.

5.' Our company has not nbtlinad any plt.ntl for recomblnant
DNA ressarch.

Gentlemen, I would‘like to take this opportunity to ask for your
help in connaction with one major difficulty. We very much wish
to participate in this important dialog. It is, however, not
clear who apaaku for the government, who speaks for the "public,"
and it is clear that no one c¢an, or indead should presume to
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Alniled &l.alcz SHenafe

WASHINGION, (LS, 20510

February 14, 1977 v

ny. I!onald (‘npe Presdient

Cetus Corporation” : .
&N0 Bancroft Way- e o
ferkeley, California ’ T

Near Nr. fape:

As veu know, -the conduct of recomhinant DHA research has hecome the suhinct of
increasing debate and concern hoth within the sclengific community. and more. recently., -
in public forums, The Subcommittee on Health has maintained an intemse interast in tie’
1ssues which have prompted the controveray over such research and has held two nublic
hearings conceming these issues over the past two yeara.

At the last hearing on Septenber 22; 1976, the NMrector of the National Tasti-
tute of llealth, the Assistant Adminlstrator for Research and Development of the Fnyviron
mental Protection Agency, a panel of eminent sclentists, and the President of the Phar-
maceutical Manufacturers Agsociation, provided thaughcful testimony concerning the
status of recombineat DNA research and the puildelines recently premulgatad by the
National Institute of Health for the conduct of such research. As expressed by the
Director of WIH, the object of the puidelipes is o minimize the assoclated risks while
permltting appropriate types oE this research to contfnue with its great potentlal bene-
fit to mankind. .

The WIH guldelines are now belng adopted by all federal agancles conduckting or
supporting such research. My, Joseph Stetler, the President of the Pharmaceutical
Mapufacturers Aggoclation stated at the subcommittée hearinp that pharmaceutical gom-
panigs intended to conform with the NIN puidelines and that the P!IA would continua to
wotk closely with NIH:to werk out minor problems so that compliance could be achicved,

Tt was the consensus of the witnesses befors the subcommittea char the 1T
suidelines should be extended to all sectors cf: the research communicy conducting rewan
binant -DNA research, including the prj.var.e gector and the international commmnicy, The:
auhconlmittee shares this view.

We wrote to:President Ford on July k9, 1976, pointing out the necessity for sue™
an extension and urglog expleration of the means of fmplementation, including sunprestad
tepislation {f necessary. President Ford's reply of September 22, 1976, indicated that
the Inceragency Comultitee on Recombinant DNA Research would be formed to reviow the
activities of all povernment agencies performing or supporting such research and co
conrdinate activitiea with non-federal institutions, The first meeting of the Tnter-
asency Committee was held on November 4, 1976 and there have heen geveral subsequant
meetdnps. The Committee has discussed, amonp other things, tha need to establish a
central repistry of all recombinant DNA research and existing legislative authorfty for
repulation of such research.




September 28, 1976

Dr. bonald &, Fredrickson
Directoxr

Hational Institutes of Health
Bathesda, Maryland ' 20014

Dear br. I-‘redricks:on H

Thank you for requesting our views on the question of patent applications
1n tha area of :ecombinant DRA reseaxch activicy.

Wa feel that there are two quita distinct reasons why this matter ‘deserves
the ca.reful al:\:e.nt.lcm wiich you ara giving it.

First, the profound and far-reaching nature of the patent claims, as we
understand them, are such that should the patent be granted and be found
valid, it seems that any applicahion of vacombinant TNA technology in the
United States will require a license. There are serious gquestions :espectinq
bLoth the fairness and practicability of implementation of this kind of control.
There ara also public interest issues regarding the policing of this work in
the United States and the effect which the limitation of at least the existing,

. far-reaching patent to the United Statas would have, encouraging. nonlicensess
to practise t'.he imrentions outside t.h'e United States. o

The other major issue. aga:l.n primarily one of public inte::est. concems the
environmental and other safety issues adlressed by the recently published
guidelines and the extent to which the way 1n which the patem:s are handled
1mpinyes on devélopments in this area.

Let us ar.at-.e our conclusions and :Eollcm them with some paragraphs of ezmlana-
tien.

We feel that alt.arnaciva 4 on page 3 of your 1et.|:er is the most
sensible way to proceed with two very important stipulations..’
First, we believe that any exclusive license, granted to anyone on
any specific application of thia tachnology, no matter how narrowly
defined; and no matter for how short a period of time, would ba .
extremely unwise. Secondly, using compliance with the HIN guidalinen
as a condition for licensing is a splendid idea, but the specific =~
way in which this is implemented could be either the best ox the
worst feature of tha program. We feal that the special needs of

. induatry, shiich have not yet bsen propexly considered* rust be
addroessed in a fair and delibsrate manner because it/ is from industry
that the license fees are expacted to cows. We AlED have aAoma
concexn about the nature of the enforcement of this compliance.
Buraely tha universities are not set up to do thia properly.

* Qur strong views on this subject have already been compunicated to. you.
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public interest is now pavamount. The way in which the licensing is imple~ -

mented, therefore, must encourage this prudence in every possible way. Open

licensing is one such way. Careful consultation with' industry prior to. R
announcement of any particular g-uidalines is ancther way. ’

it is our feeling that the practise of these inventions .1.n the tUnited States
is likely to be siore stringent and proper than elséwhere, ~ This will serve no
useful purpose if the corellary is that most o! mch mxk is therefora dpne
outside the United States.

Anothex distinction which must be clarified arises from the second pa:agreiph T
in the public relations release attached to your letter. It is said that the
patent would cover commercial use of the process, but not academic or indus-
trial research. I think it's clear that same of the nightmares which the
guidelines are intended to obviate, if they were Iin fact to happen, could
just ag easily happen in industrial research (not covered by the patent) as
in subsequent "cormerelal use." In fact, one c¢ould even surmise that the
cotmercial use would be safer having been extensively tested during the
period of industrial research for safety, among other paraneters. FEow does’
one intend to police this industrial research? Could one circumvent the '
patent by ¢onducting the industrial research (not covered) in the United
States and then implement the commercial use in some other country? A not
very difficult acenario for a multinational corporationl

So there are certainly some very loose ends and it ia prabably unreasonable to
expect the granting of a patent to tie them up. It is even more unruuliatic
to Justify the patent as a means of tylng them up. - .

We feel quite difEerently about subsequent patents of a nal‘rwer nature, of
wvhich we beliove tha University of Alabama patent to he an example. Whethex ox
not it is, one last point comes to mind. One can anticipate that & category of
patents which would issue from this work would address the specific industrial
procesces. {such as those mentioned in the press release to produce insulin and
other hormones) made possible by the developuent of “new" bacteria. This is
the real commercial payoff, the objective of the industrial rescarch., As is
the case with current microcrganism -strain development and selection programs
in the antibiotics industry, the companies can be expected to Jealously guard
their unique microorganisms as being integral to the patented cormarcial pro—
cesa. The nature of vecombihant DNA research means that these micreoorganisms
will alse have to ko vehicles of an EX2 or more stringent type.. The present
guidelines inslst upon the free availability of all such vehicles within the
sclentific community, It is unlikely that industry will want to lnvest much
money and many years toward the development of puch microorganismg if they are .
xequired to make the end result of all this work freely availablae. :

Woe have probably nn:].y scratched the surface. We are carefully studying a wide
variety of posalble comnercial applications of recombinant DHA technology and
it i8 clear to us that large scale profitable industrial use 18 many years
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Recombinant DNA: Fact and Ficﬁon’

Almast 3 years ago, 1 joined with 2
group of scientific colleagues in publicly
calling attention 1o possible biohazards
of certain kinds of experiments that
could be carried out with newly devel-
-oped technigues for the propagation of
genes from diverse sources it bacteria
(). Because of the newness and relative
simplicity of these techniques (2), we
were concerned that experiments in-
volving certain genetic combinations
that seemed 10 us 1o be hazardous might
be performed before adequate consid-
eration had been piven to the potential
dangers. Contrary to what was believed
by many ckservers, our concems per-
tained to a few very specific types of
experiments that could be carried out
with the new techniques, not 1o the tech-
niques themselves.,

Guidelines have long beer available to
protect laboratory workers and the gen-

Stanley N. Cohen

come the breeding ground for 2 horde of
publicists—most poorly informed, some
well-meaning, some self-serving. In this
article 1 attempt o inject some relavant
facts into the extensive public discussion
of recombinant DNA research.

Some Basic Information

Recombinant DNA research is not a
single entity, but rather iz is a group of
techniques that can be used for a wide
variety of experiments. Much confusion
has resulted from a iack of understanding
of this point by many who have written
about the subject, Recombinant DNA
techniques, like chemicals on a shelf, are
neither pood nor bad per se. Certain
experiments that can be done with these
techniques are likely to be hazardous
(just as cenam .experiments done with
cambi s of chemicals taken from

eral public against known h asso-
ctated with the handling of certain chem-
izals, radivisotopes, and pathogenic mi-
croorganisms; but because of the new-
ness of recombinant DNA techniques,
no puidelines were yet available for this
research. My colleagues and ! wanted to
be sure that these new techniques would
not be used, for example, for the con-
stniction of streplococet or pneumo-
cocci resistant to penicillin, or for the
creation of Escherichin coli capable of
synthesizing botwlinum toxin or diph-
theria toxin, We asked that these experi-
ments not be done, and alse called for
deferral of construction of bacterial re-
<ombinants containing temor virus genes
untit the implications of such ¢xperi-
ments could be given further consid-
eration. ’ .

Duiring the past 2 years, much Betion
has been written about “‘recombinant
DNA research.’” What began as an act of
responsibitity by scientists, including a
number of those involved in the devel-
opment of the new techniques, has be-

The aulhorls a molecuiar geneticist and Professor
of Medicine ar the Stanford University School of
Medicine, Stanford, California 94303, “Thia article
is adapted from a statement prr for a meet-
ing of tht Committee on Environmental Healtk of
:I;%Cabrerma Medical Association, 18- November
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the shelf will be hazardous], and there is
universal agreement that such recombi-
nant DNA experimeats should not be
dene. Other experimients in which the
very same techniques are used—such as
taking apart a DNA molecule and putting
segments of it back together again—are
without conceivable hazard, and anyone
who has looked into the matter has ¢on-

<luded that chese experiments can be :

done without concern,

Then, there is the area “‘in between.”
For many experiments, there is no evi-
dence of biohazard, but there is also no
certainty that there is not a hazard, For
these experiments, guidelines have been
developed in an attempt to match a [evel
of containment with a depree of hypo-
thetical risk. Perhaps the single point
that has been most misundersicod in the
controversy about recombinant DMNA re-
search, is that discussion of *"risk" in the
middle category of experiments relates
entirely to hypothetical and speculative
possibilities, not expected consequences
or even phenomena that seem likely to
oceur on the basis of what is known.
Unfortunately, tuch of the speculation
has been interpreted as fact.

There ts nothing novel abeut the prin-
ciple of matching a level of containment

with the Ievei of anticipated Iw:ard the’
comtainment procedures used for patho-
genic bacteria, 1oxi¢ substances, and ra-
divisotopes atiempt to do this. However,

"the containment measures used in these

areas address themselves only to known
hazards and do not attemps 10 protect
against the unknown. If the same prin-
ciple of protecting only against known or
expected hazards. were followed in re-

. combinant: DNA research, there would

b¢ no containment whatsoever except
for a very few experiments. In this in-
stance, we are asking not only that there
be no evidence of hazard, but that there
be positive gvidence that there ‘is no
hazard. In developing guidelines for re-
combinant DNA research, we bave at-
tempted to take precantionary sieps to
protect ourselves against hazérds that
are not known to exist—and this unprec-

. edented act of caution is 5o novel that it

has been widely misinterpreted as im-
plying the imminence or at least the likeli-
kood of danger.

Much has beeri mads of the Bact that,
even if a particulzr recombinant DNA
molecule shows no’ evidence of being
hazardous at the present time, we are
unable to say for certain that it will not
devastate our planet some years hence.
Of course this view is correst; similarly,
we are unable 1o say for certain that the
vaccines we are administering to millions
of children do not contain agents that
will produce contagious cancer some
years henee, we are unable o say for
certain that a virutert virus will not be
bretght to the United States next winter
by a traveler from abroad, causing a
nationwide fatal epidemic of a hitherto
unknown disease—and we arg unable to
say for certain that novel hybrid plants
being bred around the world will not
suddenly become weeds that will over-
come our major food crops and cauvse
worldwide famine.

The that'p ial h d
could result from certain experiments
involving recombt DNA technig
is akin 1o the statement that a vaccine
injected today into millions of people
coirkd lead 10 infectious cancer in 20
years, a pandemic caused by a traveler-
horne virus could devastate the United
States, or a new pfant. species coufd un-
controllably destroy the word's food
supply. We have no reason 1o expect
that any of these things will happen, but
we ar¢ unable to say for certain that they
will not happen. Similarly, we are unable
to guarantee that any of man's efforts to
influsnce the earth’s weather, explore
space, modify ¢rops, or cure disease will
not. carty with them the secds for the
ultimate destruction of civilization.. Can
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not destroyed by the amtibiotic in-
activating enzymes responstble I'ur drug
resistance in bacteria, ©

In the area of vaccine producl.mn we
can anticipate the construction of specif-
ic bacterial strains able 10 preduge de-
siced antigenic products, eliminating the
present need for Emmunization with
killed or attenuated specimens.of dis-
ease-causing viruses.

One practical - application - of recom-
binant DNA technology in the area of
vaceing production is afready close to
being realized. An £, coli plasmid ¢coding
for an’ enteric toxin fatal to livestock
has been taken apart, and the toxin
gene has been separated from the re-
mainder of the plasmid. The next step
is to cut away a small segment of the
toxin-producing gene so that the sub-
stance produced by the resulting gene in
E..coli will not have toxic pmpenies but
will be immunologically active in sllmu-
lating antibody production.

Other benefits from re:umbmant DNA
research in the areas of food and energy
prodaction are more speculative. How-
ever, even in these areas there i$ a scien-
tifie basis for expecting that the benefits
will someday be realized. The limited
availability of fertilizers and the potential
hazards associated with excessive use of
nitrogen fertilizers now limits the yickls
of grain-and other ¢rops, but agriculturat
experis suggest that transplantation. of
the nitrogenase system from the chromo-
somes.of certain bacteria into plants or
into other bacteria that live symbiotically
with food crop plants:may eliminate the
need for festilizers, For many years, sci-
entists have modified the heredity of
plants by comparatively primilive tech-
niques. Now there is ' means of doing
1his with greater precision than:has beer
possible previgusly. == -

‘Certain algae are’ known 10 pruduoe
hydrogen from water, using sunlight as
energy. This process potentially can
yield a virtually limitless source of pollu-
tion-free energy if technical and biochem-
ical problems indigenous to the known
hydvogen-producing organisms can - be
solved. Recombinant DNA iechniques
offer a possible means of soltion to
these problems,

It is ironic that some of the most vocal
opposition to recombinant DNA re-
search-has come from-those most con-
cerned about the environment. The abili-
ty -to manipulate microbial genes offers
the promise of more effective utilization
of renewable resousrces for mankind's
food and ‘energy neads; the status quo
ofters the prospect-of progréssive and
continuing dévastation -of the environ-
ment. Yet, some envirorimentalists have
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been misled into taking what [ believe to
e an antienvironmental position on the
issue of recombinant DNA.

The NIH Guidelines

Even if hazards are speculative and
the potential benefits are significant and
convincing. wouldn't it stilk be better to
carfy out recombinant DNA experi-
ments under conditions that provide an
added measure of safety—just in case
some of the conjectural hazards prove to
be real?

This is exactly what is required under
the NIH (National Institutes of Haalth)
guidelines (5) for recc DNA re-
search:

1) These. guidelines pmhtbll experi-
ments in which there is some scientific
basis for anticipating that a hazard will
peeur. [n additfon, they prohibit experi-
ments in which a hazard, although it
might be entirely. speculative, - was
judged by NIH to be potentially serious
enough.to warrant-prohibition of the ex-
periment, The types of experiment that
were the basiy of the initial **moratori-
um"™ are inchuded in this ¢ategory; con-
trary 1o the statements of some who have
written about recombirant -DNA re-
search, there hus in fact been no fifting of
the original restrictions on such experi-
ments.
~ 2) The NIH gundelmes requu‘e that a
large: class of other. experiments be car
ried out in P4 (high level} containment
facilities of 1he type designed for work
with the most hazardous naturally occur-
ring microorganisms -known to man
(such as Lassa fever virus. Marburg vi
rus, and Zaire hemerrhagic fever virus).
It is difficult to imagine more hazardous
self-propagating biological agents than
such viruses, some of which lead to rear-

trances, negative air. pressure, and spe-
cial air filtration deviges. Facilities
where P3 experiments can be performed
are limited in number, but they exist at
som: uﬂlVel‘SlllES. .

4) Experiments jn which the hazard is
considered unlikely to be serious even if
it occurs stifl require. laboratory proce-
dures (P2 containment), that have for
years been considered suffictent for.re-
search with such pathogenic bacteria as
Salmonella typhosa, Clostridiuns. bor-
ulinum, and_Cholera vibrio. The NIH
guidelines require that P2 facilities be
used for work with bacteria carrying in-
terspecies recombinant DNA. molecules
that have shown no evidence of being
hazardous—and even for some recombi-
vant DN A experimends in which there is
substantial evidénce of lack of hazard.

5) The Pl (lowest). .level. of con-
tainment can be used only. for: recombi-
nant DN A molecules that potentially can
be made by ordinary biolegical gene ex- -
change in bacteria. Conformity :to.even
tiis Jowest level of ‘containment in: the
tuboratory requires -decontamination -of
work surfaces daily and after spills:of
biological materials, the use of mechani-
cul pipetting devices or cotton plugged
pipettes by workess, a pest control pro-
gram; and decontamiration of liquid and
solid waste Jeaving-the laboratory.

In other areas-of actual or potential .

bivlogical :hazard, physical containment
is alf that microbiclogists have had: to
rely upon; if the Lassa fever virus were
to be released inadvertently from a. P4
facility, there would be no further basrier
to prevent the propagation of this virus

- which is kniown to be deadly and for ’

which no specific therapy exists. How-
ever, the NIH guidelines for recombi-
nant DNA research kave provided for an
additional level of safety for workers and
the public: This is a syst:m of biological -

Iy 100 percent mortality ir infected indi-
viduais, The P4 containmens: requires a
specially buik-laboratory with airlocks
and filters, biological safery cabinets,

that is designed to reduce
by many orders of magnitude the chance
of propagation outside the laboratory of
microorganisms tised ds hosts Eor TS~
eombi DNA molecul

clothing ch for 1, auto-
claves within the faclhty ‘and the like.

This levet of containment is required for
secombinant DINA' experiments for
which there is at present no ¢vidence of
hazard, but for which it is perceived that
the hazard might b2 potentially seriousif
conjectural fears prove to be real. Theré
are at present endy four or five installa-
tionis in the United-States where P4 ex-
periments could be carried out.

3 Experiments associated with a still’

lesser degree of hypothetical risk can be
conducted in P3 containment facilities.
These are also spectally constructed lab-
oratories requiring double door en-

An inevitable consequerice of - thesc
containment procedures is ‘that “they
have made it-difficult for the public to
appreciate that most of the hazards un-
der discussion are conjeciural: Because | )
in the pust, govémmental agencies have
often been slow to respond ta clear and
definite dangers in otker areas of tech-
nology, it has been inconceivable to sci-
€ntists working in other fields and 1o the
public at large that ‘an- eXtérisive and
costly federal machinery would have
been established to provide protection in
this area of research unless severs haze
ards were known to exist: The fact that
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Mr. TaorNTON, As we proceed this morning, if any members have
any questions for clarification, particularlﬂ relative to the testimony
jlllst given, I will be pleased to. recognize them for questions as we go
along. : o _ . o
. T do have one such question with regard to page 2 of your testimony,
where, in the last full paragraph before the bottom of the page you
state that: “We cannot, and we will not, make. plans at the specific
level, until the legislative and regulatory environment is clarified.”

Then within about eight lines you state: “We are already making
* commitments in the hope that there will be many beneficial outcomes.”

Can you please clarify that ! ' :
- Dr. Care. I'll be glad to, Mr. Chairman. I’ve been asked that ques-
tion several times, : o

‘When people ask us, “What are your plans?”, I gather they’re
usually asking us, “What are you going to do?”, and in that sense I
can’t say yet what. we are going to do. I know that there are certain
things which we will have to do, regardless of specifically which pro-
grams we undertake. We must hire staff. To get the best possible peo-

le requires long leadtimes. To get the necessary equipment requires
ong leadtimes. To build the proper containment facilities requires
long leadtimes, . - o
.- It’s in that connection that I said we may be gambling, and we may
lose, If it turns out that this work will never take place in the in-
dustrial community, then that money will have been wasted in large

Mr. TrHorNTON. I appreciate that clarification, I thought it was ap-
propriate to have it immediately follow your testimony.

I will want to come back later on to your views on patent matters
and on other aspects of your testimony. ' R

Mr, Brown. Q : : :

Mr. Brown, Mr, Chairman, one of the difficult questions of policy
that is going to arise in connection with private industry work in this
area is the mode, if any, for regulating the activity. As I think you
and others have pointed out, the NIH guidelines basically don’t apply
to industry, or they have no muscle in terms of their application to
industry because they’re basically guidelines that could be implemented
by the withholding or not withholding of Federal grants. ~— =

I understand that in Britain there 1s 2 much more unified approach
to this matter of regulation, that it’s handled by the National Occupa-
tional Health and Safety Commission, which would make it applicable
in any situation. g : ' S

Do you have any suggestions as to how we could simplify this
process of policy, regulation, in this area if it’s determined necessary
to go into it? We have OSHA ; we have EPA ; we have the Food and
Drug Administration; we have all sorts of regulatory agencies. We
seem to create new ones at the drop of a hat, which I regard as highly
undesirable. What suggestions would you offer in that regardf. .

Dr. Care. Mr. Brown, the report to which I referred by Dr. Fred-
rickson, which was sent to Mr, Califano last week, addressed the point
that the suggestion has been made by many people who think that
perhaps we can move more quickly; that existing laws, OSHA, EPA,
that sort of thing, do, in fact, cover many of the things about which
people have expressed legitimate concern. , _ S
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Mr. TaorNTON. Thank you, Dr. Baltlmore

As I was about to mention, we've now looked at some of the com-
mercial applications of the research, and want to turn to an assess-
ment of various possible risks that ‘have been attnbuted to this
research technigue. -

I had the privilege of hearmg the next witness, Dr. Daniel Nathans,
at a National Academy of Sciences forum on March T th describe some
of the benefits of this research.

Dr. Nathans, we are very pleased to have you with ug today to
provide us with an analysis of the risks involved in this research.

Dr. Nathans is from the Johns Hopkins University School of Medi-
cine. ' We do have your prepared statement before us, and I would like
to ask, if possible, that you summarize that statement at this time.

[A blographlcal sketch and prepared statement of Dr, Nathans
follows:] .
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Testimony before the Hop.s_(_e. _Subcqmnittee on, Science,Research, anfi fi.‘eor::hnca'.l.c:igyT
March 30, 1977, _ A .
Daniel Nathans, Professox a:-u?. Direetor, pe-partxuent of }ﬁcr__c:biolog}',’.

Johns Hopkins University School of Medicine,

I wa.nt: to thank the meml;ers (':)f tﬁe Comittee for giving me this
opportunity fo express. my views on recombinant DNA research, Befére
getting to the substance of what I Ha\?e_-. to say let me identify myself,

I am a microbiologist with past training in internal miedicine and’, R
-molecular biology, For ‘the last six year;s' 1 have been Prbféé's_or and
Difector of the Department of M:Lclrobiology at the Johns Hopkins
University School of Medicine in Baltimore. In addition to téachiﬁg
medical rﬁicrobiology, molecular biology, and ganet:lic‘:ls, I do research

on tumor viruses. BRecently, one of my‘ students and I have been li.sing
" recombinant DNAs in our research. My .research has been supported: by
the National Institutes of Health, the Américan Cancer Society, and

the Whitehal}."!'oun&ation; and ny salary isr paid by the Johns Hopkins - .
University. I have served on Advisory Committees of the Natiomal
Institutes of Health,' and the American Cancler Sociei:y, and' T was-a -
member of the National Acaciemy of Sciences Committee on Recombinant

DNA that called for a volﬁntary moratorium on certain recombinant DNA
experiments and for the develogment of research guidelines. I am now -
2 member of the Advisory Committee for the Virus Cancer Program of ‘t.he' :
National Cancer ¥mstitute, The main points I want to make in this
testimony are:

1) Recombinant DNA methodoiogy represents a truly majot development .
‘holding high promise for understanding normél and abnormal life -
processes of complex organisms inecluding man, and for the solution

of certain important medical. problems,
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general comments on microbes and microbial pathogenicity. We live
in a microbial woxrld, Microbes are all about us, packed within our
digestive: tracts, on our skin, in the air we breathe, in- the food
we eat, The earth is populated with a wonderful variety of microbes, -
Each kind is & specialist and lives where it does because it has
adapted bo its enviromment over long periods of time, and thereby:
outgrows or accommodates to competing microbes, Each has its own turf,
That tiny fraction of microbes that cause disease is also made up
of extreme specialists.  In the course of evolution they have acquired.
a c&mplex genetic makeup that allows them te overcomé the body's
defenseés in one way or another and in some cases also to spread in .
populations. = When grown artificially in the laboratory, pathogenic
microbes commonly lose their disedse producing power by mutation;
What was once a virulent organism become harmless,

What is the relevance of this to the question Bf hazards of
recombinant research? Well, one of the basic concerns is that vhen
an animal or a plant gene is put inte the handess laboratory strain
of E. coli K12 (a bacterium derived several decades ago from humar'r.-
feces and used widely for recombinant stﬁdies) that I:hié strain might
become pathc-:genic, and indeed that it might' cause serious epidemic
disease.- In my judgment, and in the judgment of experts in the field .
of intestinal infections this is a highly:unliﬁely possibility,
First of all, E. coli K12 aftelr. decades of growth in artificial
media has lost its ability to colopize the bowel except un&et very
unusual circumstances &s shown by direct feeding tests. Unless

conditions ate rigged to give it a growth advantage, it doesn't
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the rizk of c.ancer? We cannot give an e.xpe;rimentally vei‘ified answer
to this questionm, but a ‘reasonable judg_uﬁer;ﬁ is that such defective -
recombinants would not be as infectious and therefore nor; as hazardous
as the natural pal.thogenic viruses to which we have already been- '~
exposed and to which we continue to be exposed. As I indicate later,
the uncertainty in this area is taken into acecount in the NIH guidelides,
.Another type of potential risk diseusse& with poetic force_ by
Robert Sinsheimer is ‘the long term risk of altering microbigl
evolution in‘ways. inimicable to ourselves and to our environment,
As Sinsheimer put it, ""Natuxe has developed strong barriers sigainst_
genetic interchange betﬁeen -Qpecies. What do we know of the conse-
quenceg:b.reaching these barriers? In particular and specifically,

what may in time ensue if we introduced genetic intercourse between

‘ourselves ... and the ubiquitous microorginisms with which we live so ’

intimately-?" ‘A‘lthough I know of mo sure answers to this concern, 1
would point out that the intimacy between microbes and other life
forms might alfeady include genetic interchange. Mjicrobes decompose
us when we die, They are e};posed to the plant and animal foods we
eat', and to large numbers of cells shed in our :.'Lnt'estinal tracts or
on ouf body surfaces, In certain common diseases ll:nacteria ox other ™
microbes persis: for years inside human cells, ll And some cellular
organelles are widely 'thought to have evolved from intréce.llular
bacteria, It therefore seems likely, but by no means certain, that
sgme bacferia regularly take up DNA from animal andl plant sources.
In the case of viruses, natural recowbination with cellular DNA- is

an established fact, Perhaps experimepts can be deviséd to determine
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of the unce:tairn:ty, researcheré are required under the guidelines _tq use
levels of physicél and biologiéai containmenE far in excess pf what.

has been common and succ;essful practice for many de=cade§ in the safe y
) .handling of kndv_m.pathogenic mici'oorgani.sms, such as fhosé !ﬁéusi;ng .
typhc'uid. fever, or c}ipﬁtﬁeri_g, ox pngtngonia; In this sense the

guidelines are conservative, providing a margin of safety beyond what

is probably needed. Given the uncertainties and the preeminent need

to protect the public and those involved in recombinant DNA research,

‘such conservatism 1s clearly warranted,

Thank you.



128

of all, £ coli K12 after decades of growth in artificial media has lost its
ability to colonize the human bowel except possibly under very un-
usual circumstances, as shown by direct feeding tests. Unless conditions
arerigged to give it a growth advantage, ingested Z. coli doesn’t have a
chance against the bacteria already there. '
- Second, the ability of a microbe to cause disease, and particularly
epidemic disease, is dependent on its having an appropriate set of
specialized genes, each of which is needed for pathogenicity. More-
over, the spread of intestinal bacterial pathogens is clearly dependent
on poor sanitary measures or improper sewage disposal, It would
therefore be very difficult, perhaps not posaib%e, even purposély to
turn K12 into some sort of plague bacillus. A
There are more subtle hazards that also need to be examined. One
of these is based on the demonstrated ability of £. coli K12 to transfer
genes to other £ ¢olé strains already in the bowel. Could harmiful re-
combinant genes be spread in this way? Conceivably, yes, and that is
why multiple defective K12 strains with very low survival and ex-
ceedingly low potential for gene transfer have been developed and
why we need to minimize the persistence of recombinant genes in other
ways as well, But even were recombinant genes to be transferred in
spite of these precautions, unless these genes helped their host bacteria
to grow better than their natural competitors, available evidence indi-
cates that such genes are likely to be quickly lost. C .
. Another subtle possible hazard first raised in the “moratoriam
letter” has to do with the spread of cancer-producing genes either in
recombinant bacteria or recombinant viruses, We know there are such
genes in many viruses, that almost all of us have been infected with
these viruses, and that we generally harbor them in a hidden form
throughout our lives. Would similar genes present in weakened F. colé
K12 or in recombinant defective viruses be likely to increase the risk of
cancer? We cannot give an experimentally verified answer to this
question, but 2 reasonable judgment is that such defective recombinants
would not be as infectious and therefore not as hazardous as the natural
pathogenic viruses to which we have already been exposed and to which
we continue to be exposed. As I indicate later, the uncertainty in this
area is taken into aceount in the NIH guidelines. I
Another type of potential risk discussed with poetic force by Robert
Sinsheimer 1s the long-term risk of altering microbial evolution in
ways inimicable to ourselves and to our environment. As Sinsheimer
put it: . .
Nature has developed strong barriers against genetic interchange between spe-
cies, What do we know of the consequenees of breaching these barriers? In par-
ticular and specifically, what may in time ensue if we introduced genetic inter-
course between ourselves * * * and the ubiguitous micro-organisms with which
we live 50 intimately? . : o
Although I know of no sure answers to this kind of concern, I would
point out that the intimacy between microbes and other life forms
might already include genetic interchange. Microbes decompose us
when we die. They are exposed to the plant and animal foods we eat,
and to large numbers of cells shed in our intestinal tracts or on our bedy
surfaces. In certain common diseases bacteria or other microbes persist
\ for years inside human cells. And some cellular organelles are widely
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But I did want tv recognize you, and we appreciate your being here,

Mr. Orrrneer. I will wait for members of the subcommittee then.
I just wanted to thank you very much for this opportunlty to par-
ticipate.

Mz, TeoRNTON. Thank you.

While most of the risks and benefits which have been perceived so-
far seem to be associated with problems in the blomedmal sciences, it's.
not the only concern.

Yesterday, Dr. Charles Lewis testlﬁed with regard to certa,m bene-
fits that might be derived from agricultural research.

Our rext speaker, Dr. Ethan Signer, who is professor of biology at
MIT, has worked in the past on related research in.nitrogen fixation.
We had some very good testimony recently in the Agriculture Commit-
tee on that subject Wlth regard to the agricultural research bill, which
I sponsored.

Dr. Signer, we Would like to ask your perceptmns of some of the
risks associated with DNA recombinant research; extending beyond
the biomedical sphere of discussion.

Again, we do have your prepared statement, which, without objec-
tion, will be made a.part of the record. I would 11ke to ask you now to
proceed to summarize that statement. ;

[[A biographical sketch of Dr. Signer follows:]
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[The prepared statement of Dr. Signer is as follows:]

STATEMENT OF HTHAN SIGNER, PROFESSOR OF BIoLoGY,
MASSACHUSETTS INSTITUTE 0F TECHOLOGY

RECOMBINANT DNA Is No Miracte CURE

My name is Ethan Sigper. I am Professor of Biology at the Massaehusetts
Institute of Technology.

I want to thank the subcommittee for giving me the opportumty to speak. ThlS
issue has brought us 'to a critical point with regard not only to genetic research
but to the role of science in our society. We scientists don’t necessarily know
best. These are larger matters than we can handle alone. We need the publig,
working through Congress in the democratic process, if we're to resolve them
in a way that's productwe for all of us.

My own field is the molecular genetics of bacteria and their viruses. Until a
few years ago, I worked with the colon bacterium E. coli, in the fundamental
areas of gene regulation and recombination. Then X decided to change my focus
to an arey that, while still basie research, had more direct application. I started
to work on mtrogen-ﬁxatlon the process by which microorganims take nitrogen
out of the air, and convert it to a form that can be used by plants and ultlmately,
threough what we eat, by us.

Our group was eager to transfer the genes for mtrogen ﬁxatlon from the
bacteria directly into plant cells. With those genes, the plants might fix their
own nitrogen, and so not have to depend.either on bacteria or on chemical
nitrogen fertilizer. This is the same experiment some scientists want to do now
with recombinant DNA technology, but at the time we had only the tedlous,
uncertain biclogical methods.

Recombinant DNA seemed ideal. for us when it came along. Yet after a Iong
series of discussions we decided to stay away from it. It seemed too hazardous,
in ways I'll discuss in a moment., 8o we. continued with the old methods, but
then we stopped even that. Our methods were safe, but the results smacked too
much of the image of science that had become associated with recombinant DNA
technology. We felt a bit too uncomfortable working on what was being billed as
a miracle solution for the world food problem. Thiz was at a time when the
previous miracle solution, the Green Revolution, was turning out to be a failure
in Asia, not feeding people, but rather making the rich richer and the poor even
pocrer. So we went back to pure research, though with these same bacteria. And -
as it happens, what we're finding now might bave deep implications for nitrogen
and fertilization. ) )

As for the world food problem, I don’t think it's going to miss us. There are a
billion malnourished people on the planet, a quarter of us all. Yet, according to
a World Bank study, the number of calories needed to feed them all amounts to a
mere 4 percent of the world annual grain production. Learning to do without
fertilizer won't change that. That malnourishment has to do with the distribu-
tion of income and political power, with relations among sectors of society within
nations and among nations themselves. These are political problems, so of course
technological solutions, while perhaps changing their terms somewhat, can’t
possibly solve them,

In other words, to consider this as a case in point regarclmg the benefits of
recombinant DNA research: they’re hot the ones we really need; we ean get
ghem other ways; and baving them won't really solve the problems they’re meant

Or.

It's the same for nearly all the benefits the advocates of this research claim,.
It's supposed to give us more insulin, But it would bhe much simpler to improve
the isclation methods for the hog insulin that works very well right now; and
recombinant DNA won’t give us cheaper insulin, since as we know the drug in-
dustry doesn’t pass on savings to the consumer. Another case—a notable and
promising example”, Dr. Nathans has called it—is the use of this technology to
develop a vacecine against cholera. The real solution to that problem is proper
sanitation, which would completely control cholera. That would be cheaper and
easier, and much more beneficial to the people who are subject to this dizease,
In that way it’s like the cancer problem. The consensus now is that meost if not
all cancers have environmental causes and ean in principle be prevented. Yet we
keep hearing that it’s recombinant DNA technology that will bring us a solution.

What we really need in medicine is more doctors and hogpitals, 4 more humane
and dignified approach to treatment, a more equal distribution of what we have
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the way spectaculars like recombinant DNA are promoted. That can't help but
raise false expectations and end by gwmg science a bad name. People are told
over and over about swine flu vaccines, war on cancer, heart transplants, re-
combinant DNA and so forth, But these are hard to reconcile with what you can
actually get in the way . of practical medical care. So perhaps the public is
begmmng to say, “Enough propaganda, enough mysterious doubletalk, encugh
promises, enough miracle cures, enough spectaizulars” Perhaps people aren’t so
eager to trust us to tinker with their genes in the name of their welfare.

As I said earller, we're at a critical point regardmg the role of science in our
society. Hven in this country the social and economic situation is clearly more
tenuous than it was back in the days when our largest city wasn’t nearly bank-
rupt and when a nationwide fuel shortage in peacetime was unimaginable: The
phenomensal expansion of our overall scientific ‘endeavor.that was touched off

by the Soviet Sputnik only 20 years ago has developed €Nermous momentim, 1t

may well become an independent, gelf-sustaining, ungovernable enterprise if it

is not soon integrated with the rest of sociely and made, if not more responswe '

to, then at least more consistent Wwith its needs.
At this point, our government has-an unusual opportunity to exercise leader~
ship that would be bold, creative, original and constructive. By banning the use
~of recombinant DNA technology, by prohibiting’a hazardous techmque that isn't
what we really need, we have an opportunity to break the succesgion of ever more
spectacular-miracle cures and technological fixes that ean't work. We have g’
chance to move toward a scientific enterprise, both bagic and applied, that is
sounder, more in tune with the other realities of our society, and ultimately more

beneficial to us all, and that reflects the best, rather than the gamhest of Amen- .

can viger, spirit a.mi ingenuity. :

I want to close by quoting an eloquent statement by Dr. James Watson, one of
our country's foremost scientists. He is an advocate of recombinant DNA, which
he works on. Six years ago he had this to say before the Panel on Science and
Technology of the House Committee on Science and Astronauties, about another
tool for genetic engineering, called cloning, which he wasn't working on: -

“This is a matter far too important to be left solely in the hands of the scien-
tific and medical communities. The belief that . . . [it is] inevitable because
science always moves forward respresents a form of laissez-faire nonsense dis-
mslly reminiscent of the credo that American business if leff to itself will solve
everybody’s problems. Just as the success of a corporate body in making money
need not set the human condition -ahead, neither does every scientific advance
automatically make our lives moere ‘meaningful’, ., . A blanket declaration of
worldwide illegality might be ocne re'sult- of a serious effort to ask the world
in which direction it wishes to move. . [if] we do not think about the matier
now, the possﬂ)lhty of havmg a free chome will one day suddenly be gone "

STATEMENT 0F ETHAN SIGNER PROFESSOR OF BIOLOGY MASSA _

CHUSETTS INSTITUTE OF TECHNOLOGY CAMBRIDGE MASS

Dr, SIGNER. Thank you, Mr. Chairman.

My name is Ethan Signer. I am professor of blology at the Ma.ssa--

chusetts Institute of Technolo gy,
1, too, wa,nt to thank the subcommlttee for g'lvmg me the opportumty
to speak

- This issue has brought us to a critical point with rega.rd not only to.

genetlc research but to the role of science in our society. We scientists
don’ - necessarily know best.  These are larger matters than weé can
handle alone. We need the public, working through the Congressin the

democratic. process, if we're'to Tesolve them in wa,y that’s productlve :

for all of us.

My own field is the moleculfu’ O‘enetlcs of bacteria. and their viruses. _

Until a few vears ago, I worked Wlth the colon bacterium . cols, in the

fundamental areas of gene regulation and recombination. Thén T de-’
cided to.change my focus to an area that, while still basic research, had .
.more direct application. I started to work on, nitrogen: ﬁxa,tlon, the.




how bad medical care has become, and. recombinant: DNA certainly -
won’t change that. : S
And as far as basic research benefits go, there are many, many others
" to be had. Recombinant DN A isn’t a truth, it isn’t a fundamental law
of nature, it isn’t pure knowledge. It’s not freedom of thought, as Dr.
Baltimore was claiming a moment ago. It’s a tool for getting at those
‘things, but there are other tools, and we will come up with still others. .
There are other ways to study what we're using re¢ombinant DNA
for, and for that matter; many other things--a whole biosphere—
left to study if .we're interested m basic research, Eliminating recom-
binant DNA research would be just like eliminating other tools that
are too dangerous, such. as vivisection, for example, or experimenting
on people without their consent.::-. - . S e
It is dangerous, not least because of leakage, breakdown, or human
error, which are always possible, but:for other, subtle reasons as well.
Whatever the guidelines, -the required levels for a given experiment
are bound to drift slowly downward as.time goes on; untilthe accident
finally happens. Competition in science is already ferocious. We scien-
tists are no different from anyone else; we're just as eager for suceess.
Dr. Cape’s Cetus Corp., formed specifically to exploit molecular:biol-
ogy, ackknowledges that: co ‘ PR
It iz still 'difficylt to find any really important mediecal or-industrial capability
-for'which it matters at all that we know the genetic codé: - DT
" Yet they go on to propose: ST o N
To create an entire new industfy to focus on those spéci.ﬁé problems that ap-
pear most amenable to solution and promise the best cost-benefit ragio.
That's not & very reassuring attitude toward a hazardous course of
action.. . . . : . T R
Recombinant DNA. is an extraordinarily simple technique to work
with, Anyone can use it. There is no way to deduce the level of con-
tainment used in making a particular hybrid, especially in a high
~ security -industrial laboratory, where sooner or later a.large spill
will éontaminate some unfortunate technician who didn’t even know
~what was in the vat. Nobody seriously believes it will be possible to
police the drug companies. And the longer we go without an accident,
the more used to this technology we’ll become. We’ll move from high-
level to low-level containment to large scale production, until one
day we find that ome of the recombinant DNA’s we've let loose has
some properties wWe hadn’t predicted. Perhaps it makes a crippled
bacterium infectious again, or triggers an unexpected digestive diffi-
culty or antibody response in people, or makes a further hybrid in
nature with aivirus we. didn™t even. know existed, and starts an
epidemic. Five years ago we. couldn’t even predict we’d be using
recombinant DNA technology. We know next to nothing. about
ecological balances, even among organisms we’re. familiar with, let
alone recombinants no one has madeé before. And there’s no way to
measure the risk of any of this, - o o
What’s more, there 1s one danger that’s quite certain, and that is
human genetic:engineering, This technique brings us.one giant step
closer to it, and the closer weé get, the harder it will be to stop, The
kind of attitude that’s going to malke it a reality is the one, for ex-
ample, of Edward Teller, father of the hydrogen bomb, who said:




sounder, more in tune with the other realities of our society, and ulti-
mately more beneficial to us all, and that reflects the best, rather than
the gaudiest, of American vigor, spirit, and ingenuity.

I want to close by quoting an eloquent statement by Dr. James
Watson, one of our country’s foremost scientists. He is an advocate of
recombinant DNA, which he works on. Six years ago he had this to
say before the panel on science and technology of this committee, then
the House Committee on Science and Astronautics, about ancther tool
for genetic engineering, called cloning, which he wasn’t working on:

This is & matter far too important to be left solely in the hands of the geien-
tific and medical communities. The belief that * * * [it is] inevitable because
seience always moves forward represents a form of laissez-faire nonsense. dis-
mally reminiscent of the credo that American business if left to itself will solve
everybody's problems. Just as the success of a corporate body in making money
need not set the suman condition ahead, neither does every scientific advance
automatically make our lives more “meaningful” * * * A blanket declaration
of worldwide illegality might be one result of a serious effort to ask the world
in which direction it wishes to move * * * [I] we do not think shout the matter
now, the possibility of having a free choice will one day suddenly be gone. -

Thank you very much, Mr. Chairman. .

Mr. Trornyon, Thank you very much, Dr. Signer, for a very pro-
vocative and interesting statement, I’m sure that there will be a num--
ber of questions as we get on further into hearing from the rest of our
witnesses.. _ _ S . ’ '

I would like to make one quick observation, and that is that I'm
always concerned when the institutions of Nazi Germany .are cited in
support of or in opposition to a particular course of behavior because,
just as that regime may have engaged in barbarous acts of human be-
havior, which could be likened to genetic engineering, it seems to me
that I recall they also burned books and tried to limit the expansion
of knowledge. So the citation is to be applied, I think, to both sides of -
the equation. : : ' B

Dr. Siewer. Definitely. .

Mr. Taornron, Thank you very much, Dr. Signer. RN

Our fourth witness has been quite outspoken in his concern about
the continuation of DN A recombinant research. Dr. Cavalieri is a re-
searcher at the Sloan-Kettering Institute for Cancer Research, and he
sees o number of risks in this area which he believes require serious,
thoughtful consideration. L o o

Dr. Cavalieri, we appreciate your being with us. We do have your
prepared statement, which will, without objection, be made a part of
the record. We invite your observations at this time.

[ A biographical sketch of Dr. Cavalieri follows:]
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STATEMENT OF DR. LIEBE CAVALIER], RESEARCHER, SLOAN-
KETTERING INSTITUTE FOR CANCER RESEARCH, RYE, N.Y.

Dr. Cavaciere. Thank you very much, Mr. Thornton. I thank you
for inviting me to participate in these hearings.

I am a member of the Sloan-Kettering Institute for Cancer Re-
search and a professor of biochemistry in the Graduate School of
Medical Sciences of Cornell University. I have been involved in DNA
moleclar biological research for 25 years, but I am not now nor do
I ever intend to carry on laboratory investigative work.in the field
of recombinant DNA." o o I

- You have heard Drs. Cape and Nathans extoll the virtues of re-
combinant DNA technology. I would emphasize that the only certain
scientific benefit is a better understanding of DNA function in animal
and human eells. You also have heard of the potential technological
benefits—those involving the production of insulin, hormones, and so
forth. You have heard very little about the long-range applications of
the technology and their possible bearing on human welfare, human
freedom, and human dignity. Scientists and industrialists are not espe-
cially qualified to speak on these subjects. However, we all, as members
of society, had better address ourselves to these questions very soon if
we are to arrive at a same solution to what is one of the greatest societal
dilemmas of the 20th century. - B '

I will start by stating my position quite positively: I am opposed to
recombinant DNA technology at present and until such time as ade-
quate, enlightened and disinterested consideration and discussion has
oceurred among various groups, including nonscientific professionals
and the lay public. These and other recent hearings represent first at-
tempts at sober discussion to be followed by deep reflection. As mem-
bers of what I hope is still a respected community—the geientific com--
munity—I hope that we can make a contribution to your understanding
of the problem, However, 1 believe that the final evaluations and deci-
sions must be made by society at large, and its representatives rather
than by scientists. ‘ ' o :

I will try to be as specific ag possible in my commentary since I am
sure you are all aware of and perhaps satiated with generalizations.

First, concerning the probability of an accident. In the normal
working day an investigator working with recombinant DNA proceeds
step by step through literally hundreds of operations. To attach a
probability value to a mishap in any one of these is to try to quantify
human error. This is imFossible. Tt can lead to no meaningful number.
As you know, biological containment has been proposed by the NIH
guidelines to minimize the dangers that could result from an aceident.
This means, at present, that a weakened strain of £. colZ is used for
recombinant DN A experiments. When these bacteria enter an inappro-
priate medium they are designed to commit suicide. They are expected
to behave in this way if they enter the human intestinal tract, but the
exact length of time required for the suicidal act there is not known,
nor has it been established whether it may sometimes be possible for
these cells to transfer recombinant DNA to one of the many other types
of healthy £ coli found there, Tf there were a transfer of DNA to these
healthier bacteria the recombinant genes could then easily become part
of the biosphere. The probability of this series of events is not known,
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Nonetheless, P3 and perhaps even P4 recombinant research facilities
are now being built in many medical centers. This represents to me the
height of irresponsibility. , - ,

I will conclude my commentary on accidental dangers by observing
that a very low probability coupled to a high-risk event leads inevitably
to the area of value judgment. When this occurs we have a public issue
which requires a political solution, not a scientific one. The low proba-
bility that a flame retardant would be confused with animal food was
of no consoclation to the large number of people in Michigan whose-
health and property were thereby damaged or destroyed. A nuclear
disaster could affect millions of people and must be still more carefully .
guarded against, however low its probability. o .

In the case of recombinant DNA technology we have even greater
cause for: concern, for a genetic disaster could: be. worldwide and
irreversible. . An esc,a,‘ped micro-organism, capable of multiplying. on .
its own,. cannot; be “cleaned up.” But.fortunately, we have the un-

precedented oppertunty, in the area of genetic engineering, to think .~ -

about action before the technology has become a fait accompli.. = . -

Turning to.the potential benefits of recombinant DNA technelogy,
we hear of its potential medical value, for example, in the curing of
genetic disorders. But let me point out that, of the 2,000 or so known
genetic disorders, only a fraction can even be imagined to be amen-
able to treatment by procedures evolved from recombinant DNA
technology. No single treatment is possible; each genetic disease is
different and each would entail an individual and specific approach.
Each would take time, effort, and a great deal of money. [ should .
emphasize that the effort would be monumental, s .

The genetic disorders most commonly mentioned are blood con-
ditions such as sickle cell anemia and certain types of thalessemia.
You may have heard that immature blood cells might be taken from
the bone marrow of a patient, and the cells kept alive in culture while -
introducing the correcting recombinant DNA into the cells.. The so-
called “cured” cells would then be injected back into the patient. This
is not an appropriate forum for technical discussion, but I can assure
you that the. feasibility of such a procedure is highly speculative.
There are about 1,500 newborns per year with eagfrx;of tﬂese blood
diseases—a small number when one considers the death rate due to
cancer_of all types, Since we do not have. unlimited sources of funds
it is clear that priorities have to be set. This is not an inhumane -
comment directed against those suffering from these relatively rare
diseases, but a.simple statement of reality. We can, however, find
consolation in the fact that there are alternative medical procedures
already under development for a number of these diseases. . - 5

I believe that it is unrealistic and irresponsible to dangle these and
other hypothetical medical benefits before. an unsuspecting public.
We are witnessing the proverbial carrot on a stick. It is true: that
recombinant DNA techniques may accelerate our understanding of
certain fundamental biological processes, and that this may help us
understand what goes wrong when:a cell becomes cancerous. We wexe
already learning these things before recombinant DNA technology, -
and we can continue to do so. But with or without the new technique,
1no one has yet envisioned a rational, specific cure. Cancer is indeed a2
problem worth attacking, and the solution is right before our eyes:

© 83-481 O - 77 - 10
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ers just like most other people. Industry, foo, wants to get in on the
ground floor. Competition 1s high both in industry and academia.
Whatever the future impact of this technique may be, let us recog-
nize the present facts. For one thing, research funds are easier to.
produce In this area, and in recent years we have all felt the crunch.
In addition, like so many powerful new techniques, this one seems at
first glance to promise. knowledge, power, pro%'lt,_ and glory. No one
wants to think of the long range. . '
Those of us who have opposed the precipitous rush into an area of
research whose dangers can, however dimly, be perceived in advance,
have spoken of the social responsibility of the scientist. That is,
responsibility in the whole context of life, not just in the scientific
sphere. But to many scientists, social responsibility seems to have the
ring of antiscience or even of anti-intellectualism. They respond with
cries about freedom of inquiry. I suggest that freedom of inguiry is
not a first principle; it is not a law of thermodynamics. It has come
to be treated that way, however, by the scientific community. This
is not a defensible stand in the modern world, where science 1s often
virtually an arm of technology. It is because biological science is just
entering this era that birth pangs are so palpable. In my opinion,
some of the proponents of recombinant research are they themselves
antiscientific for they refuse to.recognize the facts—a cardinal sin
in scientific circles. They see their own aims and responsibilities as
limited to the search for knowledge, ignoring the fact that their re-
sults provide the basis for industrial power and their choices will
determine the directions of social change. They are thus inviting a
public backlash against science in general, for the record of science-
based technology in this ecentury is not reassuring. I needn’t mention
the unforseen effects of thalidamide, DDT, and so on. The rush toward
genetic engineering, without full eonsideration of all of its conse-
quences, is an invitation to much greater disaster. L
In that context, the awakening of public and governmental coneern
is certainly encouraging. oo :
There are four bills before Congress at present. I hear there are
several more now—EH.R. 475%, H.R. 4232, S. 945, and H.R. 3181,
which is the same as S, 621. Unfortunately, all these bills are in-
adequate, and I am oppesed to them all in their present state. Two
of them, as I understood them, simply make the NIH guidelines
enforceable by law. Since the guidelines themselves are inadequate
and do not even touch on the long-range issues, these bills would
simply give the publie a false sense of security.
The bill proposed by Representative Solarz, ¥I.R. 4232, constitutes
a better beginning since it aims to bring together various public
representatives and specialists to reevaluate present laws and regu-
lations relating to recombinant DNA research. However, the view-
point is too narrowly concerned with immedate issues such as safety
procedures. . '
Bill S. 945 proposes a commission which would carry out 2 broader
study of the important questions raised by recombinant DNA re-
search. The charge of the commission is laudable, but its value is
negated by the proposed membership. The members are to be ap-
pointed by the Secretary of HEW with the advice of the National
Academy of Sciences, and are to be drawn heavily from among
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STATEMENT TO BE‘REAO BEFORE THE

CONGRESSIONAL SUBCOMMITTEE o SCIENCE RESEARCH AND TECHNOLOGY
March 30, ]977
1 ama member of the S]oan -Kettering Inst1tute for Cancer Research
and a Professor of B!ochem1stry in the Graduate Schooi of Medical

Sciences of Cornell Un1vers1ty. I have been 1nvo]ved in mo]ecu]ar

biological research for 25 years but I am not now nor do I ever intend

to carry on laboratory investigative work in the field of recombinant
DNA. ' '
You nave-heard Drs. Cape and Nathans exto]l the v1rtues of

reccmbinant DNA technology I would emphas1ze that the only certain

scientific beneflt 1s a better understand1ng of DNA function in an1ma] .

and human cells, You alse have heard of the potentaa1 techn01og1ca]
benefits - those 1nvo1v1ng the product}on of 1nsu11n, hormones and 50

forth. You have heard very 11tt1e about the 1ung range app11cat1 ons

of the techno1ogy and th91r poss1b!e bear]ng on human we]fare, human
freedom and human d1gn1ty This 1s naturat enough, since! sc1ent1sts
and 1ndustr1allsts are nnt espec1a11y qua11f1ed to speak on these
subjects. However, we all, as members of soc;ety. had better address
ourselves to thase questions Nery soon if we are to arrive-at a sane
solution to:what is one of the greataat éociéta1 dilemmas of the.ZOtn '
Century.

T will siart by stating my position quite positively: "I am opposed
to recombinant DNA.teahno1ogy at present and until such time as adequate,
en11ghtened and d1s:nterested cons1deration and d1scuss1on has occurred
among various groups 1nc1ud1ng non-scientific profess1ona1s and the Tay
public. These and_uther recent hearings represent_f1rst attempts at
sober discussion to be fo]iowéd byrdeEp refTection. As members.of what_
1 nope is still a respectéd aommunity - Che scientific community - I
hope that we can make a_contrabution to youn understanding of the .

problem. However, I believe that the fipal evaluations and decisions
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of danéeruus genes would bé present. In reality, howéver,'it is‘ﬁot
only very difficult to achieve th1s degree of purity, but it is

in the case, say, of human DNA.
essentially impossible to prove it,/ The methods available are just
not that refined. ‘I emphasize, therefore,_that fhe phrase "99% pure"
is open to individual interpretation, .and the guidelines thus‘creaté.a'
feeling of safety which is fiot.-warranted.

In this connection, there is an eVenJmore disturbiﬁg and Uhpredict-
able factor which cannot even enter any of the hypothetical ca1cu1at16hs
for risk. This does not concern merely the physical purity of the DNA
but, more importantly, its gemetic purity. In the February issue of the
journal Nature (261: 667 (1977)) an illustrious group at Cambridge,

England, headed by Professor Fred Sanger, has reported a surprising new
fact about the DRA of a bacterial virﬁs. Up te fhe present each
' section of a DNA molecule was bel1eved to contain the genetic 1nformat1on
for a single protein.  But these workers have shown that a pure QNA
rfragménf, coding for a specific protein, may contain overlapping
information that can also specify a second protein. If such a ."pur-e"I
- DNA fragmeht were used for recombinant DNA expériments, bacteria might
be produced which could manufacture not only the des1red product but
aiso ancther, unexpected one which mtght be dangerpus. The quest1cn

of the purity of'thé DNA féagment in such an instance would be meaning-
less., The wrxters of the NIH guidelines did not bargaln for th15
comp11cat1on. 1 bring up this point to 111ustrate the fact that thére
are hjdden traps everywhere = as any scientist'will attest; it is
axiométic'in science that such surprises are the ru]e.rather than the
exception. The qiscoVery of overlapping genes by:Professor'Sanger

and his colleagues represents not werely a new wrinkie 1ﬁ molecular
b]o]ogy but to my mind it emphas1zes most v1v1d1y the certainty of

uncertainty in an area wheré we can 111 affnrd to take chances.
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of mu]tiplyﬁhg on its own, camnot be ncleaned up." But fortunately, we
have the unprecedented opportunity, in the area of genetic engineering,
to think and take action before-the technology has. become a fait accomplf.
.Turning to the potential benefits of recombinant DNA:technoloéy;

we.hear of its potential medical value, for example in the curing of
genetic disorders. Byt let me point out that, of the 2000 ar so known
genetic disorders, only a fraction can even be immagined to be amenable
to eventual treatment'by'proéedures evolved. from recombinant DNA technoTogyf
No singte treatment is possible; éach ggnetic disease is different and
each would entail an individual an{ specific approach. "Each would take
time;'effort‘and a grgat-dea] of money. I shoul& emphasize that the effort
would be monumentai. o

7 The genetic disorders most conmon]y_mentioned are bloocd conditions
such as sickle cé11 anemia and certain types of thaieséemia. You may
have heard that ifmature blood calls might be taken from the bone
marrow of a patient, and the cells kept alive in cuituré white introduc-
ing the correcting‘recombfngnt DNAlintD the cells. The “cured" cells

would then be injected back into the patient. This is not an appropriate
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and evaluation of theis consequences leads to new problems, and'then to
thé frantic proliferation df/ggzgficial panaceas and more probleﬁs.

One final word about benefits. Yod.havé heard that this technology
may make possible the manufacture of rare drugs and industrial
products from bacteria. 1 do nof question thét this will be feasible,
and perhaps.in the all too near ?uture. Industrial firms all over.the
country are rushing into this profitable venture. It is possib]e,thét
some of these potential products could resu]f in true advances in
our health and well-being. But one théng is worrying me. Who will
decide when it is safe to release a specific recombinant orgamism, or
when it can be grown in labge quantities? On the basis of immediate :
benefits and quick profit, will 6.E. release the bacteria it is
developing to destroy oi1‘5b%1is,'on1y to find later that the eco1o§y
of the world's oceans has been irrevocably altered and many of its
resources destroygd? Should private industry be allowed 1o make
decisions that ﬁoqu affect the entire earth irreversibly? Should
anyone make such decisions before all of our human resources, from all
segments of soc{ety, have Eeen brought to bear upon the qUeétions?

1 ask, perhaps with many of jnu; what is the rush? We have been ’
th?ough the arguments about.the atom bomb and how it was essentiél.that
we build jt before the Germans, But nothing urgent hangs on the results
of recombinant DNA research, It is a new teéhnique which -excites a
group of molecular biologists. They plan to use it as 4 tool fnr.
determining the structure and funcfion of the.DNA of animal and human
cells. .This wou]d be a fair enough Qoa1'1f we were not faced with '
uncertainties, the magnitude of which we cannot even sensibly‘guéss.
Even the imost ardent proponents of the research agree that uncertainties
do exist. My own view about the rush s that it is both psychologically

and finanéial1y-motivated. Recombinant DNA is an exciting tool, and
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an invitation to much greater disastér., :
' In that context,_the_awakenihg of public'and governmental concern
is certainly encouraging. There are four bills before Congress at
présent: _HR 4758, HR 4232, S 945, and HR 3191 (which is the same as
s 621). Unfortunately, all thé_Bi]]é are jnadeqqate and I am opposed
to them all in theirrpresent state.. Two of them, as I understand them, ..
simply make the‘N[H guidelines enforceable by Taw. VSince.the guidelines
themselves are inadequate and do not‘even touch on the long-range
1ssue§, these Bills WQuid simply give the pubiic a false sense of.'
security. _ ' L . ‘ _ 7
The Ei'l_] preposed by Rep. sotarz HR 4_232, constitutes a better .
beginning since it aims to bring together various pdb]ic representatives
and specialists to re-evaluate preSenf'laws and regulations relating
to recombinant research. However, the viewpoint is too narrowly
" concerned with immediate issues such as. safety procedures.
The fourth biil, 57945? prop@ses a qommjssipn which would carry
out a broader study of the‘jmportant qugstions'raisedjby recombinant. .
DNA research. The charge of the commission is Taudable but its valug is.
negated by the proposed memberghip._ The members are to be appointed
by the Secretary of HEW with the advice.of the NAS, and are to be
drawn heavily from amecng scientists'actua11y engagéd in kecbmbinant
DNA reseérch. This is sheer conflict of jnte?est. (For exgmple, the
subtle influences which often prevent the NAS, in épitg of its good
intentions, from functioning fully in the public interest have bgen
documented by Phi11iﬁ Boffey in his recent book_"The Brain Bank of
America.“) 1 believe very strongly that there should be a commisﬁion
to sfudy the long-range public issues arising from recombinant DNA
résearch and from future develppments in genetic engineefiﬁg} but such
a commission must not include any scientists or anyone connected with

fhe scientific or industrial establishment. The exclusion of scientists




Mr. Tror~ToN. In order to proceed and have some time for ques-
tions, I'm going to proceed immediately and recognize our final wit-
ness, Dr. David Baltimore, who is a Nobel laureate from the Center for
Cancer Research, MIT, Cambridge,' Mass. Dr, Baltimore shared his
Nobel Prize with Dr. Howard Temin, of the United States, and Dr.
Renato Dulbecco, of Italy, for work on human viruses, and has
courageously discussed the potential applications of DN A recombinant
techniques during the recent forum at the National Academy of
Sciences. '

‘We do have your prepared statement, Dr. Baltimore, which, without
objection, will be made a part of the record I would like to m\nbe you
to give your testimony at this time. . .

[A b10graph1ca.l sketch of Dr Baltlmore follows 1]
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o ' BENEFITS FROM RECOMBINANT DNA RESEARCH
If we realize that recombinant DNA technology is only a tool of
modern biology and is not a science in itself, then we also will realize
that recombinant DNA. technology by itself offers no benefits. It is the
totality of modern biology which offers possibilities of benefit for the
future and recombinant DNA methods are one, albiet a critical one,
of the tools that the modern biclogist can use. So an analysis of the
benefits to come from recombinant DNA is like an analysis in 1940 of
the benefits that might derive from the electron microscope. When the
electron microscope was developed its powers were speculative—today
we know that it has been a critical element in our increased under-
standing of both normal and diseased tissues.
The appropriate question 1s not what are the benefits to come from
. recombinant DN A technology but what are the benefits to come from
modern biology 4n fofo. The Congress of the United States has for
many years strongly supported the notion that basic research in bi-
ology will bring with it critical understanding of those diseases that
plague the citizens of the United States. The Congress has funded
research without requiring specific justification for why one type of
research will be more beneficial than another. This was a very far-
sighted policy of the Congress because it represented-an understanding
~that it is impossible to predict with precision where critical advances
in modern science will arise. An investigator working on a worm or
a Tly may come across a principle which is central to all of life and
often such a principle will be more evident in a simple system than it
will be within the context of the complicated bioclogy of human beings.
Biologists have devoted.themselves to finding the truths of life and as
part of that search biologists have developed the methods of recom-
binant DN A research which can allow modern biology to better attack
problems of human cells. -
- 'What then are the benefits of basic research? They are, as they must
be, entirely speculative. We believe that deeper knowledge of cancer
will help to prevent it and cure it, but we cannot promise that that
is true. We can, however, say with assurance that without new knowl-
edge we will be extremely limited in our ability to prevent and cure
cancer. It is very fashionable tosay today that 80-90 percent of cancer
has an environmental or lifestyle cause. From that fact certain scien-
tists have. made the. facile conclusion that all we need do is search
around in the environment and in our lifestyles to find the causes of
cancer and so to allow their eradication. .
One of the great men in the search for the eauses of cancer has been
Sir Richard Doll. In a recent article entitled “Strategy for Detection
“of Cancer Hazards in Man,” he went through our present knowledge of
the causes of human cancer and concluded : : :
We cannot, of course, hope to detect hazards effficiently until we know how
cancer is produced, so-that a policy for detection must include the support of
basie biologieal research. Success in this field is dependent on the development of

ideas _anq is di!ﬂcult to foster except by providing the conditions in which out-
standing investigators are able to give free rein to their imagination. :

T have that article here, if ybu wish to put it in the record..

Mr. TuornToN, We'll be pleased to receive it, and without. objection

we'll consider it for nossible inclusion in the record.
Dr. Bavrtmore. Thank you very much.
[’I_‘he article referred tois as follows:]
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Table 1 Range of vaciation in the incideace of common cancers in men (ualess specified @)
Cumutative
Type of risk by 75 Range of Low Encidcnoe
canger High incidence area years 2/ )ag:‘ variationt
Sidn Australia, Queensland 30 . >200 Indiz, Br,-mba\
Oesophagus Iraz, NE - 20 300 Nigeria
Broachus England 11 35 X\zg:na
Stomach Japan 11 25 Ugal
Cervix .Colombia 0 15 Israel (Jewishy
uteri 2
Liver Mozambiqui ] ] Norway
Prostate USA, (hlal: 7 .30 Japan
Breast 3 USA, Connecticut 7 -5 Uganda

" ¥In absence of other causes of death,
¥AL ages 35-64 years.

palm of the hands associated with arsenicism; reticulo-
sarcoma of the brain following immunosuppression 10
prevent rejection of & renal transplant; and a peculiar type
of liver tumour ln women using steroid contraceptives.
The only known agents in this group that have caused
any - substantial number of cancers have been fonising
radiaticns, whick probably caused between 5 and 10 of all
¢hildhood cancers in ‘Western Europe and North America
during the 19505 and 60s, when used for diagnosis during the
pregnancy of the mother; and cestrogens, preseribed for
-post-menopause women, which may account for much of
the recent increase in the incidence of endemetria] cancer
in the USA. In both cases, the risks were overlooked
for a long time, because the tumours.did not differ
in any obvicus way from the tumours that oceurred quite
commondy as a result of other causes, and they were
:vcntuallv de!ecaed; only after large scale case-control
studies had been carried out with the object of investigating

the rale of the agents in the aetiology of the particuler -

disease*™",

Despite the number of tumours caused by these last two
agents, the total number of cases that are jatrogenic in
otigin is much less than readers of Illich’s Medical Nemesis
might suspect and cannot have constituted more than a
minute proportion of the total impact of cancer on society.

- Occupational hazards

Other. agents have caused hzzards in a wide variety of
occupations, These are listed in Tables 5 and 6. In three
instances the risks were discovered: after the agents
(4-aminobiplienyl, mustard gas.and vinyl ¢hloride) had been
shown to cause cancer jn animals. Other agents were dis-
covered incidentally in the course of investigating other
industrial hazar&s, as in the case of cancer of the prostate
m cadmium workers and cancer of the lung in rubber
workers. Most, however, were discovered becanse the in-
terest of a ciinician, an epidemiologist, or & pathelogist was
aroused by the observation of a cluster of cases that sected
too Targe to b casily attributabls {0’ chance. Sometimes

these clusters have been quite small, as when Dr John
Jones reperted that he was. disquisted to have seen wo
employees of the Mond Nicke! Company develop nzsal
sinns cancer within a year. Dften, however, 1ke risk has
been overlooked for a long time, particularly when the
same type of cancer was common in the general population
as a result of other causes.

Like the iatrogenic hazards, these occupational coes can.
not have been tesponsible for ‘more than 2 very “small
propertion of all cancers, as the total aumber of men who
have been exposed in the course of their work, other than
open air workers éxposed to ultraviolet light and, to a lesser
extent, the wide variety of workers exposed fo asbestos. is
small in propertion to the population as a whole, Thay are
imporiant, however, for two reasons.

First, they are important 40 the workers concernad who
have had a 50% risk of developing the disease in some
industries. Indeed, in one smalt group of I2 men employed
on distilling 2-naphthylamine, the risk proved to be 100%,
18 dying of bladder cancer and the last having been Xilled
in an accident shortly after the disease was dizgnosad.
Second, some of the agents concerned have found their way -
into the general environment, so thal millions of peeple
have been exposed to lhem unintentionally and sometimes
in an uncontrolled way. These agents are listed in Table 6.
Tt is zasy enough 1o dismiss the corresponding risks on the
grounds that the doses are minute; but we can no longer
assume that thresholds exist for chemicat or physical 2gents
and we ought neither to ignore nor-to condemn theem until
we have derived quantitative relationships between the doss
20 which individuzals are exposed and the resultant tncidence
nf the discase. Al present we can do this only very crudely.
Mevertheless, any quantitative svidence is bgiter than neae.

Industrial pollution - .
Consider, for example, pelyeyelic thydrocarbons and
asbestos. For the first, we have evidence that ths large
amount -of benzo{alpyrene inspired by gas rtetort houss
workers produced a risk of lung cancer only about 0%

Table 2 Range of variation in the incidence of common cancers in men (unlsss specified 9)

Cumulative L

Type of Tisk by 75 Range of Low Incidence

cancer High incidence area years(;)’f)age‘ variationt arez
Colon USA, Connecticut 1 14 . MNigeda
Buceal cavity India, part »2 =25 Denmark
Recturn Denmark 2 20 Wigeria
Bladder USA, Connecticut 2 Japan
Qvary © Denmark’ 2 g Japan
Corptr USA, Connecticut 2 10 . . Japan

wieri © O . .
Wasopharynx Singapore (Chinese) 2 An Engla-\d
Pancreas New Zealand (Maori) z 5 Uganda
Penis Uganda, part 1 ki) ismcl fJen :,h)

*Tn absence of olher causes of death.
1AL ages 35-64 1,
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Table & Oocupauanal causes of CARCET, comnbutmg 1o general
environmental pollution -

Agent Site of cancer
Lonizing radiations Bronchits
Skin
Bond .
Marrow {leukacmia)
- Polycyclic hydrocarbons Skin, serotem
in so01, lar, and <il Bronchus
Arsenic Skin
Bronchus
Asbestos Bronchus
Plevra, pesitoncum
¥inyl chioride Liver (angmsxﬂ:oma)

nearly 206 years to Scemmerung’s description of lip cancers
in pipe smoksrs'. Clinical associations, however, tend to
be overiooked if the conclusions suggested are socially un-
acceptable, and litile attention was paid to the possible
effects of smoking until the death rate from Jung cancer in,
men had increased 23-fold (Fig. 1). The conference that was
called by the Medical Researchi Council jn 1947 could not
decide whethey the increase was real or an artefact due to
improved diagnosis, but it did recommend -a study to seek 2
possible cause. The subsequient enquiry showed that patients
with lung cancer tended to smoke more than other paticnis,
and within 3 years it was possible- to ‘tonclude from the
‘human. evidence alone that cigarette smoking was'a cause
ol the disease't, Whether these observations, or any athers
that are ‘botk- prar:lmahl: and’ ethical to obtain,’ can be
regarded’ as constituting logical proof that a can:mogcmc
apgent has been detected is debatable and' is not' of great in-
terest. What §s-of interest is- ‘whether the evidence justifies
an atlempt at prexenllon and, if 5o, whether removal of the
agent is followed by the résult' we séek™ : .
Prevention should, of course, ideally be camed out in
a controlled way with random allocation of individuals, or
groups of individuals; 1o ‘experimezntal and control series. In’
practice, howevez, this is seldom possible as the experiment
is likely to require the cooperation’ of ‘a large number of
people ‘who have-to be convinced that'it will-be sugcessful
before it can be begun. Evéryone, therefore, will want to be
in the experimental group. This is what has alwd¥s hap-
pened dn industry; but when the disease” disappears, as $o
many occuparional ¢ancershave, Few peaple have chal-'
lenged the logic that led to the intérvention. ' ¢
Once smoking began to be studied seriously'as a cause of
cancer, data were soon toected 1Rat ‘confirgied the old
clinical observation’of & reldtioriship’ with cancer of theé
rnouth and thiére are now strong grounds for believing that
i{"also causes many cancers of the pharynx, larynx @nd’
cesophagus. Weaker, ‘but consistént; evidence—like “that
summarised it Table §—also suggcs?.: that it may play &
part in prodycing cancers of the bladder and pancreas,
That alcohal contributes to the causation 'of a‘large”pro-
portion of cases of cancer of the oesophagus, and to a
someéwhat -smaller proportion of cancers of the .mouth,
pharynx and larynx, in some countries, has been suspectad
ever since the mortality from these cancers was, found 1o.be:
unusuaily high in publicans, waiters and others. employed
in alcoheiic trades®. The subject has, however, " proved so
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unattractive to research workers that we still do not even
keow whether it 'is the alcohol itse)f that is responsible
(passibly by sclubilising. a specific agent) or whether it is
ancther component of aleoholic drinks that may vary in
amourt from one drink to another. That the subjéct has
been unpopular may have beer because pure alcohol is not
cat¢inegenic 1o laboratory animals or because the amount
consemed by the individual is difficult to assess with
accuracy—or even becanse of & natural aversion for inves-
tigating such an unpopular subject. Interest in it has, kow-
ever, been revived and studies are now being carried out
on oesophageal cancer in parts of France where the
characteristic ‘alcoholic drinks are cider and ciderbased
ligneurs™, If, however, alcoholic drinks are important in
the aznolugy of cancers of the upper digestive tract in
Europe and North America, they o:arlamly do not explain

1.000, Men
500
2 » Women:
i
s 100 .
=
2 sl At
E v MRC conforance
£ 4
a
lq"n.___-'g,”‘{‘
5 I 1 ) L 1 L
1911 192 1931 1941 1951, 1961 !971_'
Year .

Flg. 1 -Trend in crude death rate from lung cancer 1911-197),
- by sex, showing state at lime of MRC conference. -
the astroncmical figures For the incidence of the disease m
central Asm, where very little alcohel is consumed. .

Viruses -~ X .
Another put:nua] hazard is’ mrcctmn with an onwgemc.
virus, hut jt is Still an open. quesuon whether viruses can
ever cause cancer in man. Direct evidence of case-to-case
infection is eatremcly weak—no-one, for example, who has.
used adequate controls- has been able to repeat Vianna,
Greenwald. and Davies's’ . observation that patients with
Hadgkin’s disease have had unusually ¢lose personal contact
—and the laberatory evidence that cancers are associated
with viral infection is open 10 severai nterpretations,

Table 7 *Other envircnmenial causes of cancer

‘Agent”

Sunlight

Assccmwd with use of Kange' and "dhoit
*Reverse smoking’

Chewing berel, |oba:co lime

Smoking

Afatonin

Schistosomiasis

Associated with sexual intercourse

Site of cancer

E\pcxd skin (rodent ulcer,

Skin of abdomen, groin. and :hzgh (squumuus mrcmomn)

Palai

Mouth -

tmulh phazynx Iur;m hronchus ncsophagus, bladder_
iver

Bladder *

Cervix uteri

2 melar ) -

Rancreas -
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gens, of their reactive metabolites, -are commonly clectro-
philic, react with DNA and, in consequence, are able 1o
induce mutations, has suggested that it may be possible to
predict carcinogenicity by relatively quick and simple tesis
with bacteria. It is not certain that any.one test, or combi-
nation of tests, will pro\‘re to be adequate, but preliminary
results are encouraging™,
‘This, however, will not absolve us from making arrange-
.ments to detect hazards to man. Not only must we expect
some chiemiczls to-escape the net, particilarly if they are
hormones or act as promoters, enzyme inducers, or repair
inhibitors; but we shall also wish to use some, and pos-
* sibly many, substances that give positive resuls in animals,
if the benefits are judged to be great enough to outweigh
the harm, The coatinning chaflenge 1o laboratory scientists
is to discover entugh about matabolism and the mechan-
isms of carcinogenesis in man to enable us to. predict the
¢atent of the hazard if the substance is used in a parti-
cular- way. Meanwhile, we must either refrain from intro-
ducing such immensely useful materials as phenobarbitone,
isoniazid, DDT, saccharis, and the minute amounts of
stilboestrol that are used to fatten cattle, although they do
not have any detectable ¢fect in man, o7 arrangs %o detect
and quantify hazards to man at the earliest cpportunity,

Record linkage

meryo mechanisms sullable for this purpose already exist

in Britain, that are based on the records of the National

Health Service and the Office of Population Censuses and
Surveys, and to a varying extent in-other countres™ ',

Identifying - information about all people who develop

cancer is already intégrated into a single file in England

.and Wales, and we mow need to create similar fites of

people who are exposed o different chemicals, The

Registrar-General has begun to do this by maintairing &
file of a 1% sample of the population which & up-Gated at -
cach successive census in respect of births, deaths, im-
migrants and cmigrants, and by recording the cumulative

occupational experience aof the selected sample throughout

thetr lives. This file can be hinked within OPCS 10 the

occurrenice of cancer and so can provide-an automatic

assessment of ‘the risks associated- with any particular
industry, It will be necessary, however, io increase the

size of the sample to at Jeast 10% before it will be of any

Fig.2 Trends in monaluy from .£ommon Cencers ln men
19! l—l91! standardised for age.
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value for any but the-larger risks. Very lLittle information
is included about specific exposures and it will probably also
be necessary 1o require industry 10 maintain records of all
employees who are exposed to new chemicals, so that they
car be checked periodically against the file of cancer cases,
Sirmilarly, if we are serious in our desire to.contro} adverse
reactions to drugs, including reactions Iike cancer which
occur only infrequently or after a prolonged latent period,
we shall have to introduce some system for recording drug
usage such as Skegg™ is now doing on a pifot scale in 20
practices, or possibly create a new calegory of drugs that
can be prescribed cnly on special forms for a period after
they are introduiced, Data that {deotify the patients can
then be stored in a computer for subsequent matching with
simifar data in the cancer index.

. The conecept of linking records by computer has given

" rise to anxiety lest they are used to the detriment of the

individual, 25 has happened. when persenal records have -
been linked by credit organisations in the USA, and some
doctors have been worried by the apparent loss of con-
fidentiality. Confidentiality can, however, be protected in a
cemputer much more casily than in the standard case-
note, and I know of no instance where the provision of
personal information to a bona fide medical research
worker has been abused, Tt is, of course, for the public to
decide; but in my experience, most pecple understand
that we cannot protect them against diseage unless we are
allowed the necessary toefs. Record linkage of the type
required is, moreover, not expensive when the cssential
records have to be made for other purposes, as they now
all are—the only defect of the present system being that
the records are not organised in 2 way that enables them to
be used to detect hazards to health,

"Cancer incidence and mortality rates .

Record linkage is less useful a3 a means of detecting hazards
arising from environmental pollution or household matersals,
if there is no greater human exposure at the source of
their creatice or manufacture. In these circumstances
we-can fely only on cancer and death regisiries to arouse
suspicion by revealing changss-in the incidence of disease
with time or place. Such regisiries are, also, one of our
principal weapans for abtaining clues to other hazards that
ar¢ not iatregenic, occupational or attributable to. poliution
and which account for the mass of cancers that Al owr

hospitals today. Death rates for most of these and other .

cancers .that were common between 1911-and -1970 are
shown in Figs 2 and 3, The retes have been standardised
for age and are limited to ages under 65 years, as diagnostic
services for old people were so much less effective in the
earlier part-of the period. All the trends must have besn
affected by changing dizgnostic standards and many will
alse -have been affected by’ improving treatment, but we
cannot aveid- the conclusion, which zccords with climical |
cxperience, that cancers of the stemach, colon and rectum.
and cancers of the breast and uterus {though not of the .
avaries) have been common for many years so that if they -
are envirenmental in origin, as the evidence of geographical
and social variation suggests, the responsible factors must -
have been prevalent -at least beforé the hegmrung of the
century,

Investlgatmn of diet

One featuce of the British way of [ife that has distinguished
it from the Asiatic or African way.for the appropriate
Iength of téme is dts diet, and factors refated to diet have |
been suspected of contributing to the production of cancer
for many years. Until recenily, however, there Bas besn .
little precise evidence and very few promising ideas. Now, a
spate of fresh ideas enables distary factors 1o compete for
the intgrest of research workers on almest equal terms with
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tion, a rationa) use of meadical records, and conﬁ_nucd sup-

port for general biological research, I sec no reason why
causes: for the remairning common .cancers should not be
detected within one or twor de¢ades, That is not to say that
it will bz easy to prevent the disease. For if, as I suspect,
these hazards -are associated with- the common dizt of
deiqlopcd eountries,” the problems that we are now having
to face in preventing mbacc&mduced cancer w'][ scem
childiskly simple;
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Rapldly-formed ferromanganese deposxt
from the eastern Pac1ﬁc Hess Deep

William C. Burnett*

Department of Earth and $pace Sciences, Sme University of New York, Stony Brook, New York 11794
¥

David Z. Piper

Pagific-Arclic Branch of Marine Geology, US Geological Survcy, Mento Pack, Calil'orma 94025

A thick ferromanganese. deposit encrusting Jresh basaltic

glass kas been dredged from tihe Hess Deep in the eastern
Pacific. Contiguous layers within the Fe-Mn ¢rust have
been analysed for uranium-series isotopes and metal contents,
The rate of accumulation of the deposit, based on the decline
of wranium-unsupported *'Th, is caleulated to be approxi-
mrate(y 50 mmr per 16" yr. Based on hydration-rind daring
of the underlying glass and an ‘exposure age’ calewlation,
this rate is concluded 16 be too slow, and an accretion rate
on the order of 1 mn: per 16° vt is-more consistent with our
data.

. Present address: Instituto de Fisica, Universidade Federal da Bahia,
. Rua Caetano Moura, 123-Federagio 40,000-3alvador, Bahija, Brazil.

0

INDURATED metal-rich crusts assoctated with probable hydro-
thermal areas on the seafloor have been reported® ™, Ferro-
rmanganese encrustations, sampled on active spreading centres,
include those from the Mid-Allantic Ridge, sampled during the
Trans-Atfantic Geotraverse {TAG) expedition™® .and during
the FAMOUS project!, from the flank of a stamount at the
crest of the East Pacific Rise?, and from the Galapagos Sprmd.ng
Center®. These deposits have been atiributed 0 precipilation
from hydrothermal fluids which gained high metal contents

. during ‘interaction ef seawater with basaltic rock at elevared

temperatures. Although not conclusive. this 1xpe of genesis js
mote censistent with the gea.hemn:al and geotogical euidepce
‘than is a4 dizgenetic formalion By metal remotiliation and
subsequent precipitation within sediment or formatton by direg
precipitation from seawatér, Experimental evidence™-» showing
that seawater: bocomes greatiy enrwbaed i’ Fe and Afp during
interaction with fresh Tasilt at ches ated mperanune seems to
support the hydrothermal arrgen
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UNITED STATES ARMS CONTROL AND DISARMAMENT AGENCY
WASHINGTON, D.C. 20451

July 3, 1975

Professor David Baltimore
Massachusetts Institute of Technology
- Center for Cancer Research

77 Massachusetts Avenue

Cambridge, Massachusetts 02139

Deéar Professor Baltimore:

Dr. Ikle has requested that I respond to your letter of
May 22, 1975, in which you raise the question as to whether
the Biological Weapons Convention prohibits production of
recombinant DNA molecules for purposes of constructing biolog-
-ical weapons. In our opinion the answer is in the affirmative.
. The use of recombinant DNA molecules for such purposes clearly
fallf within the scope of the Convention's provisions.

I am enclosing, for your information,.a copy of the
transcript of the hearing before the Senate Foreign Relations
Committee. You will note that the Committee shared your con-
cern aboui? the scope of the Convention, as evidenced by the

. following question, appearing on p. 29:

"Question 15. Would the Biological Convention
prohibit future types of biological warfare which
might employ techniques beyond the current "state of
the art”, for example, some means of altering the
structure of genes so as to modify behavior?”

) ACDA responded that: "The Biological Weapons
Convention would prohibit any future type of warfare
which employed biclogical agents or toxins, regardless
of whenthe agent or toxin was first developed or
-discovered. This also applied to weapons, equipment
and means of delivery. In other words, the Convention
prohibits not only existing means of biological and
toxin warfare but also any that might come into
existence in the future.”
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY
' (CENTER FOR CANCER RESEARCH

# MASSACHUSETTS AVENUE, CAMBRIDGE, MASSACHUSETTS 02139

May 22, 1975

Dr. Fred Ikle

United States Arms Control
and Disarmament Agency

Washingtorn, D.C. 20451

Dear Dr, Tkle:

I am writing to you on behalf of the American mewbers of
the "Organizing Committee for an Yntermational Conference on
Recombinant DNA Molecules", a committee of the Assembly of Life
Sciences of the Natiomal Research Council.

It has become evident recently that a new technique of
molecular biology, the ability to construct recombinant DNA
molecules, could allow the design of new biclogical agents com—
bining characteristics from different organisms. The potential
fﬂr creation of new agents of biological warfare is inherent in
this technology. At the recent Conference on Recombinant DNA
Molecules in Asilomar, California, this question was not dis~
cussed bDecause we were mora concermed about the potential public
health consequences of current research using this methodology.

Now that the Asilomar Conference is behind us, we have become
concerned whether existipg Intermational treaties cover the use
of modern techniques of biology to design new weapons of war.,
Specifically, we wish to know if the Biological Weapons Conven-
tion 1Is relevant. BEecause the Convention appears to ban any devel-
opumental work on biological weapons, Lt would seem to ban use of
recombinant DNA techrology for such purposés. I refer to Article
T which says:

Each State Party to this Convention undertakes
never In any circumstances to develop...microbial
or other blelogical agents, or toxins whatever
thelr origin or method of producticn, of types and
in quantities that have no justification for pro-
phylactic, protective or other peaceful purposes;
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" Dr. Bavrimore, Genetic engineering is a phrase which covers two
types of possible activities. One is the use of genes to provide therapy
for an individual who is suffering from a disease caused by a genetic
defect. Such a procedure could lead to the amelioration of the symp-
toms of the disease but would not permanently alter the genetic pool
of the human race. The other form of genetic engineering would be
the replacement of genes in such a way that parents would now
transmit new genes to their offspring. Both of these forms of genetic
technology are still speculative potentials for the future, but recom-
binant DNA methods have brought those possibilities closer to de-
velopment. In a relatively short time it may be possible to consider
gene therapy solutions to gpecific diseases, but the permanent re-
“placement of genes is probably in the far future. In either case, how-
ever, it is important to realize that recombinant DN A technology 18
not the same as genetic engineering. It is a reality and is a problem
that we must worry about. You will often hear eritics argue that
recombinant DNA work should be stopped because of its implications
for genetic engineering. That is a possible strategy: of social control,
but you must realize if recombinant DN A work were not allowed not
only would genetic engineering be further in the future but also all of
the benefits that can derive from modern biology will be slower in
coming. : .

Thegother type of potential risk that may be a consequence of the
use of recombinant DN A methods would be a risk deriving from the
production of harmful organisms during the conduct of recombinant
DNA experiments. When I first participated in a public call for deep
consideration of possible risks, I had serious fears about what types of
hazards could occur if recombinant DN A methods were used without
appropriate caution. Since that time I have listened to evolutionists
and to infectious disease experts as well as to a range of critics who
have presented scenarios of what kinds of dangers could be brought
about by recombinant DNA work. I am today much less concerned
about the hazards than I was before I began to listen to the debates.
I have heard, for instance, how rare it 1s for an organism to sur-
vive the rigors of the natural world. I have realized how unlikely it
is that any gene added to an unfit microorganism might make that
microorganism suddenly capable of monstrous doings. I have realized
that for an organism to survive in the natural world its fitness must
be constantly tested by battles with nature and that laboratory or-
ganisms are poorly suited to the natural world because they have not
had to battle it. I have realized that single genes are not the deter-
minants of disease but that a whole constellation of genes must be pres-
ent for an organism to be considered dangerous. Only genes working
together and selected together can make an organism into a serious de-
terminant of disease. So I believe that the risks that are being dis-
cussed in the popular press are wildly overstated. _

When we first drew attention to the potential hazards of recom-
binant DNA work, we could see three areas in which single genes
might be dangerous. These included the acquisition by bacteria of re-
sistance to clinically useful antibiotics, the 1nsertion of toxin-produe-
ing genes into benign bacteria and the insertion into bacteria of genes
that may be carried in eancer-producing viruses. I can now see that
these were the appropriate areas of concern because there are situa-
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was a factor in the situation that arose when Adam and Eve decided
to test the health-giving properties of the apple, and I suspect the
problem will be with us for a very long time. :

That leads me to a question with regard to the ability of stopping, or
even seriously curtailing, this type of research in this country, in view
of two situations. One, can we control it .in other countries? And, two,
can we control it in the laboratories of some dedicated or fanatic re-
searcher, a Dr. Jekyll, who might want to proceed with this on his
own, or is such control even feasible? Are there any regulatory steps
that this Government can take, other than that of moral suasion, that
would effectively eliminate this if we decided that we wanted tof?

Dr. Bavrimore. 1 certainly believe that there are. With the appro-
priate legislation I would imagine that you could stop any open activ-
ities, probably any industrial activities also, in the area of recombinant
DNA research. I see no reason why not. The problem of fanatics is
with us all the time.. L SoE

Mr. Brown, This is specifically the problem that we face in the
nuclear field, where it’s now becoming possible theoretically for a
fanatic to construct a nuclear bomb. We have laws against it, but we
couldn’t stop it. . .. . . _ S _

Dr. Bavrrmore. No. I don’t believe anything can stop a fanatic, laws
or anything else. It’s not clear to me, however, that were I interested
in any type of fanatic activity that I would go to recombinant DNA.
techniques as a way of developing a weapon. There are commonly
available bacteria which are bad enough, and there are nuclear weap-
ons which are bad enough. - . -

I think you've probably heard the simplicity of these techniques
somewhat overstated. It does take a certain amount of sophistication
in microbiology, in enzymology, and genetics to handle these tech-
niques. L . - : .

%t is certainly true that as a professor I could work with a group of
students and get them to do such experiments, but were I working in
isolation in my basement I think I would have a pretty difficult job
constructing anything dangerous. So I don’t actually believe that the
terrorist scenario in relation to recombinant DNA is a terribly serious
one, at least at the present. I think there are much worse problems
along those same lines, = . :

Mr. Browy. When I use the term “fanatic” I mean somebody like
Galileo, or some scientist who decided to be a heretic. : :

But you haven’t addressed the “other country” problem. Can we
stop or regulate the British or French or Rugsian recombinant DNA
research ? e RIS SR

Dr. Barrisore.. We have certainly been the leading coumtry in
considering the hazards, largely because it was a committee of the
National Academy of Sciences that originally drew attention:to the
problem, and so the ball has been in our court allalong. - =~ =

If we went as far as to ban the research entirely, I feel certain that
at least some, if not many, countries would not go along with that, and
o the research would continue on in the world. But again, it’s cer-
tainly true that we could make a significant dent in the amount of
recombinant DNA work being done in the world if that. were deemed
. to be appropriate national policy. = - S e

LR P S R A




177

Nor do I think, in fairness to the views of Dr. Signer, Dr. Cavalieri,
and others, if it’s not an antlsolence posmon should 1(; be an-anti-
industry position., .. ..

Pm new to this pubhe debate, but I remember colIege debating.
You state somebody-else’s case, you set up a straw man and then you
knock it down. I could, but I'm-not going to debate the straw man
that the search for truth can’t.-be challenged, or the straw man that
proponents of this work believe it ' will solve some of the social prob-
lems, which clearly require- other social. approaches, -or the straw man
that U.S. industry is racing into this field—TU.S. industry is not racing
into this field. Many people think it’s racing the other way. Profits are
very far away,.and most:companies are shying -away from it—and
the straw man, that we have no options for control other than:to ban
the work altogether We ve crot the Food and Drug Admmlstratmn,
for example. .

There is one stra.w man, sort of that T would like, i£.1 can have 2 or
3 minutes to reply.to, which. has to do with the testnnony at NTH
and at.the Department of Commerce, and which we’ve heard a lot of-
hearsay about what went on there But I was there, and I don’t agree
with what, I hear. ;. .-

Mr. TrorNTON. Are you speaklng Wlth regard to the patent ques—
tion? You did summarize that in your testimony.

. Dr. Capr. No; I'm speakmo' with regard to U.S. 1ndustry’s, if it
can be so descrlbed, ‘position with- respect to the guidelines, the alle-
gation that’s been made repeatedly that T.S. industry is shifting its
p051t10n that it met with authorities on several occasions to oppose the
guidelines; and now somehow, for reasons that are perhaps all too
clear, U.S. industry is now fa,llmg into line, so to speak. -

AsT say, I.was present at: those hea.rmgs, and that’s very far from
what went on. .. .-

Mr. THORNTON. Are you referrmg to Dr. Wald’s dlstmctlon be-
tween research and productionin the NIH guidelines

Dr. Care, Partly. But I’'m also referring to Dr. Wald’s sta,tement
that back in June the representatives of industry met with Dr. Fred-
rickson.to oppose the guidelines and they met with Dr. Ancker John-
son in November again to take essentla,lly a hostile posrinon, and as 1
say, L have some remarks about that.

Mr. TeornTON. Is it your belief that the 1ndustry p051t10n has been
consistent? . . .

Dr.. CAPE Relatwely eonmstent W1th one mgmﬁcant shlft Whlch ‘
I think is worth-mentioning. "

Mr. THORNTON. Please. mentlon 11: ‘ :

Dr. Care. At NTH last June and again at the Depa,rtment of Com-
merce last November every industrial representative was asked, and
every one replied that the company that they represented a.pplauded
the Initiative of. the.scientists: who blew the whistle on themselves,
the extensive.work that.went into the promulgation of the NTH guide-
lines, and each representative endorsed the guidelines and indicated
that their firm would adhere to them——let me repeat: unanimous, ap-
plauded, endorsed, would adhere, and this goes back to last June.
This is not my 1nterpretat10n of a report I read or what somebody
told me. I was there. . ,
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nent and well-qualified scientists in this field, testimony such as you
have given, that. the risks are minimal, potential benefits are con-
siderable, and this is a field of knowledge that should be pursued; and
hearing from equally well-qualified distinguished scientists that the
benefits are very speculative, that the risks are very great. As legisla-
tors why shoull;lywe' not, being faced with that dilemma, err on the side
of caution; why should we not say, *Let’s stop and resolve these prob-
lems until we can get-a firmer determination of the risks,”

Mr. Tooenton, Dr, Baltimore. : .

Dr. Barnimore. Mr, Ottinger, I don’t think your formulation is
correct. I spent pages saying that the benefits are speculative. Now, I
guess I’'m an optimist in belleving that there will be benefits.

T used the example of the electron microscope, but I could have used
any other major discovery of the last few hundred years, which has
brought us from the dark ages of medicine into our present situation
where we have control over infectious diseases. We have yet to solve
the problems of cellular diseases, and I really believe that there will
be knowledge that will come that will help us solve the problems of
cellular diseases, but that’s speculative. _

Mr. Orrincer. The thing is, we have had a lot of very capable testi-
mony, including testimony from Dr. Cavalieri and Dr. Signer here
today, indicating that this is very dangerous stuff that we're dealing
with and that there really ought to be a better evaluation of the risks
before we proceed, certainly, to any kind of application. Perhaps in
some areas, befdre we proceed with research, maybe there is an area
of knowledge better left unknown. I would like to explore that 4 little
bit with Dr. Cavalieri: How far would you go on a moratorium ¢

But the thing is, we are facéd with a quandary which we can’t re-
solve because we are not scientifically qualified, and the eminent scien-
tists say—forget the benefits side—*“The risks are great,” and, “The
risks are minimal.” As legislators then isn’t our responsibility to say,
“Let’s wait until the sclentists get their act together. Let us err on
theside of safety,” = . . '

Dr. Bavriyore. Scientists will never get their act together, so youw’ll
be waiting forever, There are deep divisions, but I don’t think the di-
visions are exactly along the line that you state because even the deep-
est opponents of recombinant DNA research consider the risks mini-
mal, in the sense that they don’t think that every experiment, that’s
going to be done presents a hazard. They think that there will ulti-
mately be an experiment, done that presents a hazard, and that’s mini-
mal. but, in their view, not acceptable. ' ' .

Mr. Orrineer. But they’re already recommending that research work
with various kinds of these organisms be confined to fortresses, like
Fort Detrick, that have been known fo leak and that are by no means
perfect in themselves; but, nevertheless, they are sending in there
certain hazardous kinds of experiments that ought to be enshrouded
by the strictest kind of containment. _ :

Dr. Bavrimore. That’s what T was going to finsh up by saying, that
the proponents are for continuing forward with this research under
the NITH guidelines, which has somehow Dbecome a position that’s
treated as 1f it were lrresponsible, whereas in fact I think it is, if any-
thing, overly responsiblé. Péople in that position. will completely
agree that there are things that, should not be done, that there are
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~Dr, Cavavrrerr. ‘That eross the species barrier,

Mr. Orringer. Only. the P4 category, as defined under the NTH
guidelines at the present time, only commercisd applicatien? -~

Mr. THornTON. I believe his response was only tha,t DNA reaem’bl-
nant research which crosses the specles barriey, : :

- Dr. Cavarrerr. Yes., = .

Mr. TrEorNTON. And not the P1 tyrpe experiments? . ‘

Dr. Cavarerr. Essentially, yes. That would mean a stopping ef
research until one wanted to decide to do it, after a great deal of public
discussion. I'm not saying that it shouldn’t be done eventually. Maybe.
that will be the will of the people. All T would plea, for would be a
little bit of sober discussion before, before we act..

Mr. TrornToN. Would the gentleman yield?-

Mr. Orrivesr. Yes. - ,

Mr. TaornToN. In that rega.rd T was concerned with your extrzw—
tion from the body of your testimony of your suggestions for regula-
tion to extend beyond the area of recombinant DNA research to other
forms of genetic engineering, or manipulation. ]

"This might result from selective breeding from other vanetles of
plants, or such techniques which have been pursued aggressively over
many years in agriculture. I think it might:be useful to express
whether you really are concerned about developmg regulations for this
.. kind of experimentation or if you are hm1t1ng your remarks to thB
. reccmbinant techniques. -

Dr. Cavavmrr, T don't want to broaden them out to include—let me
clarify my statement.’

I modified my text: as a resalt of Dr Cape’s oomment T'm not
proposing a ban on all sorts of things. What I had in mind, when you
asked me during my testimony, waslooking seriously at all kinds of
things, like new’ pestmldes an thmgs like-tk 1at, Whm% we -are appar-
ently supposed to be doing. So I wasn’t thmkmg that all kinds of
genetic engireering, such as ‘conventionsl. types, plant genetics, et
cetera, would be cut outi No, I did not mean that.

Mr. TrornTon. I think it’s useful to clarify that. -

Dr. Nathans has been trying to get my attention. Y prom1sed Dr.
Signer I would recognize him to re.spond to Mr Ottmger 5 questmn

Dr. Siexer. Thank youn.* - _

1 want, first, to appla,ud as hea,rtllv as T can Mr. Ottmgers sug-
gestion that the  thing'to do is proceed conservatively when there’s a.
difference of opinion. It’s a rathér bizarre feature of the controversy
that the burden of proof seems to-fall implicitly. on the people who
want to slow. down or stop this research. It ought to fall on the people
who want to go ahead ; that is, until it’s proven safe, if it is safe. But
I don’t think it is sa,fe. I don’t think the risk is minimal. I’ve never

said that, and to characterize my position that way, as Dr. Ba,ltmlore
did, was ra,ther surptising, to say the least.:

There -are other surprising statements in Dr. Baltimore’s talk. Dr.
Baltimore said: “Our ability to prevent and to treat the dlseases is
limited by our knowledge of them.” We’ve wiped out smallpox; we've
wiped out cholera, and typhoid, and typhus, We don’t know very much
about how those diseases are caused, but what we do know is how to
prevent_them. We don’t have to lmow the basis of disedses in order
to prevent them. We haye to ' _how to Prevent them, and that can
be something very rhﬁerent it
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We would welcome your suggestions of additional people to ask to
appear either here or in the Health Subcommittee, I am sure, be-
cause we are struggling with what I consider a very difficult problem.
I have grave apprehensions about shutting off inquiry into this whole
field of knowledge where there may be beneficial results.

I think we have got to proceed with caution and the best advice we
can get.

Mr. Tuorntox. I would like to thank the gentleman. for his re-
marks, and to ask each of the panelists if you would agree to respond
to such additional guestions in writing as may be submitted to you.

I want to thank you for your appearance today and for your very
excellent testimony.

I do have some questions which I had wanted to ask. I don’t have the
time to do it. But I would like to leave the question open, and for your
submission in writing, asto whether the danger of acquiring too much
knowledge is the greater danger, or whether the danger of not seeking
additional knowledge is the greater danger.

I think this panel has generally agreed that the pursuit of knowledge
in basic science should not be impeded. I hope that’s the conclusion
from what has been expressed, and that what is sought here is a means
of exercising some restraint over an assessment of risks and benefits,
which is what this panel has been about.

Tomorrow at 9:30 we will meet in this room again to study the ac-
tions which the Federal Government and. the governments of other
nations have taken with regard to this research.

Thanking the members of the panel again, I now declare this hearing
adjourned, Thank FOU. -

[ Whereupon, at 11:07 am., the subcommittee adjourned, to
reconvens at 9:30 a.m., on Thursda,y, March 31, 1977.] :




SCIENCE POLICY IMPLICATIONS OF DNA
RECOMBINANT MOLECULE RESEARCH

THURSDAY, MARCH 31, 1977

House or REPRESENTATIVES,
CoyMMrrrer oy Science anp TecrwoLoGY,
SUBCOMMITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY,
- Washington, D.C.

The subcommittee met, pursnant to adjournment, at 9:30 a.m., in
room 2318, Rayburn House Office Building, the Honorable Ray Thorn-
ton, the chairman of the subcommittee, presiding.

Chairman T#ornTON. The subcommittee will come to order. This
morning we continue the Subcommittee on Science, Research, and
Technology’s hearings on the science policy implications of the DNA
recombinant molecule research issue. ‘

This morning we are very pleased to have a distinguished panel of
witnesses to assist us in our examination of actions taken by the Fed-
eral Glovernment and the governments of other countries regarding
DN A recombinant molecule research. o

Dr. Donald Fredrickson, who is the Director of the National
Institutes of Health, Bethesda, Md., is here as our first witness this
morning, : '

Dr. Fredrickson, you have with you I believe some additional staff
personnel. Would you like to introduce them ? '

Dr. Frepricgeon. Thank you, Mr. Chairman. I would be very glad
to do that.

To my far left is Dr. Bernard Talbot, who is Special Assistant for
Intramural Affairs at NIH, Next to him 1s Dr. William Gartland, who
is the Director of the Office of Recombinant DNA Activities at NTH.
And on my right is Mr. Joseph Hernandez, who is from the Division
of Legislative Analysis. And to my far right, at the far end of the
table, we are very pleased to be joined by Dr. William J. Whelan, who
is chairman of the department of biochemistry at the University of
Miami School of Medicine,

Chairman TrorNTON. We also extend our welcome to you, Dr. Whe-
lan, and I appreciate very much your being with us this morning.

I understand that you have some time problems, Dr, Fredricksen,
with regard to your own testsimony, and, accordingly, T would like
to ask you to go first. We might have some questions to address to you,
then, in order to allow you to leave if you do have a time problem, and
ask that Drs. Talbot, Gartland, and Mr. Hernandez might remain
aboard if possible if there are additional questions to be addressed
to them.

Is that acceptable? :

Dr. Freprickson. Thank you very much, Mr, Thornton, and T will
be very glad to leave my comrades here and to—to help you--and I
will stay just as long as T can. L B

Chairman TaornTox. Very fine. _

[A biographical sketch of Dr. Fredrickson follows:]

_ : (185)
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BIOGRAPUY - Dr. Domald 5. Fredricksen .

In the last five years, Dr. Fredrickson's laboratory has appreciably
contributed to knewledge concerning the apelipopretelins (rhe protein
portion of the particles in which all fars circulate in plasma)
including the description of several new apoproteins heretolore
unknown, and completion of the anino acid sequence of various
apoproteins and othey data concerning their function and structure.

Dr. Fredrickson has received recognition for all his fundamental
work, ineluding the CGeld Medal of the American College of Cardiolegy,
the McCollun Award of the Anerican Society for Clinical Nutritiem,
‘the James F. Mitchell Prize, and in 1973 was made a merber of the
Hational Acadeny ef Sciemces, In July of 1974, he became the
President of the Institute of Medicine of this Acadeay.
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petential medical benefits, a variety of other applicat:!;ons in science

and technology are envisioned. An example is the large-scale productien

of enzymes for industrial use; and potential benefits in agriculture
inelude the enhancement of nitrogen fixation in certain plants ‘and the.
biological control of pests, permitting increased food. productien, -

There may be risks in this new research area .as well as anticipated
benefits, A potemtial hazard, for example, is: that the foreign DNA
microorganism may alter.the host in unpredictable weys. Should the -
altered milcrocrganism escape. from containme;at, it might infect human
beings, animals, or plants, causing disease or modifying the .environment,._

Until the potential risks are better delineated and evaluated in light
of déve.loping scientific knowledge, the public should expect éuch research
to be conducted under strict conditiens eﬁsuring safety. -This was the .
fundamental principle that guided the National Institutes of Health and
the Fedel.;ial Interagency Committee in their deliberations. That is,-the .
desire to allow this significant research to coatinue while protecting :
humans and the E;wirnnman-t from the effects uf_po-tentlial hazards whose
nature and the occurrence of which is as yet uncertain. I would like
to review with the. Committee the activities of the NIH in developing
guidelines to govern this researc-h., and then de{réte the rest of ny

testimony to the work of the Intersgency Committee.
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wide range of views. Follow-up written comments were also solicited.

in Abril, the NIH Recombinant Advisory Committee considered these

comments from the February meeting, and & mumber uf.changes toe the

gulidelines were made. Concurrent..ly, meetings _fur'infomat:ior_t exchange

ware held with representatives from pther Federal agem;.ies and private
industry as well as with Congressional staffs. Finally, on June 23, 1976,
with the approval of the Secx:;et:ary of HEW and the Assistant Secretary of
Heall:h,. the NIH issued gu:l;delines to govern the research it supports j_:i{,gglving
recombinant DNA melecules. The NIH Guidelines established_ strict .

confiit:l.cms for the conduct of this research, prohibiting certain 't"ypes._

of experiments and requiring speéial safety conditions for other types.

" The provisions were designed to afford protection--with a wide maxgin

of safety--to workers and the environment. Two weeks later, on July 7,

1976, the NIH Guidelines--togethér with a document indic.ating the basis

of my decisions on principal issues~-were published in the 'Féderal Re.gisl:er.

for public comment. .
Over 40,l900'c0pies of the Guidelines have been _widely. d.:t.sﬂtrii_:-_t;t_ed 't.:o -

foreign embassies, medical and sclentific jourrals, NIH grantees and

contractors, and major professional research socleties.
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of the asseasment because they provide greater protectien for the

‘ publie and the environment than the Asilomar Guidelines or no guidelines.
. A Draft Environmental Impact Statez'nent was filed and published in
the Federal Register on September 9, 1976, to afford additiomal public
review and comment. The draft‘statement has been analyzed

and comments received are addressed in the’final Environmental -
Impact Statement. to be published soon. ‘

D. Department Patent Policy

In June, shortly before the release of the Guidelines, Stanford
University and the University of California asked WIH tc review DHEW
policies relafing to the patenting of imventians perfected thiough the
use of recombinant DNA techniques and f:l_.nanc-ed by NIH. Under_curreu.t-
‘DHEW patent regulations, invenl;ion rights to diBCDveriéS developed under
-the Department's research support are normally allocated in either of -
two ways:

e The Department may enter into an Iastituticnal ?atent Agreement .
{IPA) w1t:h a universitcy or"‘c!the:'ncnprof-it institutien that has-
adéqué.te mechanisms for administering pa‘tents on imventions.

The TFA pfovidés ‘the institution: the fi:st opticn to owm a1l

inventions mwade in-performance of Department grants or contracts, -

subject to a mumber of conditions deemed necessarylt'o'proteci: the )
 public interest. - .
e For those institutions that have not entered into a- patent agreement-
with the Deﬁartment, determination of ownership is deferred until
an in{'ent'ion has been made, at which time an institution may-petition

. the Départmant for ownership -of the invention.




LA

Two meetings:of. the Committee were held in November 1976. The f:irat
" of these, .pn November 4, was devoted to a review of the development of
the NIH Guidelines. The Committee .alsc reviewed activities in ot".h_er
countries on the development of guideliﬁes for this research. Recomb_inanf.

DNA research is belng conducted in a numberl of countries, including Canada,

the United Kingdom, the Scandinavian countries, most other parts of weaterm - - ‘

Europe, eastern Eurocpe, the So;riet Unicn, ﬁnd Japatt.

In'many countries, appropriate goverﬁmental .or écientific bedies have
reviewed tﬁe r.esea.rl_ch and.hav.e agfeed that it should pro;:eed. Several éf )
the ééuntries have acted to establiéii guldelines to rgc;vern the conduct of
this reae.ar;:h, :aniuding the Unii_:'éd Kingdc_nﬂ and Canada. In the -United
Kingdom, a parliamentary committee addressed the issug and indicated that
work in this a:rea élhculd continue under a.ppropriate saféty. c.c.md:.l.tic;ns.
Scieﬂtific .advisory coﬁmittees of inﬁerna.tional organizations, such as
the World Health Organiza:iu;:', the International Council of Séientific;
TUnions, and 4the. European Méiecul,:ixx.; Biology drganization, have made simflar
recammendatier..\s.- ! h

The.ELiropean Seience Foundation, represenfing member pations from
Western Europe”and Sé‘andiﬁavia; has recommended to its méutber's..tha't: they
follow the guid&ﬁnes of the Unifed -K:Ln.gd'um.- '.fhese gu'idel'-.tnes a:;e; in A
intent and substance, very similar té those of :the Natiomal Institut.eé
of Health. The N.IE.{ is currently mrking very closely witﬁ the Uniéed'

Kingdom and the Eurcopean Science Foundation to ensuré 1 coﬁm:onality of
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the ..l.Inited St'a.tes\ l(v.vl.let.h.q; or ‘not t'e.der;iily funded) and would include at
1east. the foilo&ing regul‘attry requirements' :
.(1l) Review of such research by an ipstitutional blohazazds cummittee
before 1t is undertaken.
(D . Cc;mplianc:e with ﬁﬁysic_él:: and biologicdl containment standards
:.a.t;dr prbhibitions 1n theNIH Guidelines. .
.(3) ‘ Registration of such researéh with a national regiatry at th.e' O
: ‘time this reaearch is undertaken (subject to appropriate

safeguards to protect proprietary interests).

[(3) Enforcent of the above requirements through monitoring, -

inspection, and sanctiens,

- It was the.conclusion of . the Subcommittee that present law could .

permit imposition of some of the above requirements on much labo‘rator)r_‘.
research involving recombinant DNA techniques, but that no single legal
authority or combination of authbrities cur'rently. existed that would
clearly reéch.all research and other uses of recombimant DNA techniques
a.ﬁdrﬁeet a-ll statéd i;equiremeuts. Although there 15 existing autherity
that might bé ihtetpreted br.oadly to cover-most of the research at issue,
it was generally aerEd that’ regulatory actions taken on the basis of any
such interpre.taticn would probably be subj ect to 1egal challenge.” The
Subcommirtee, in reaching this conclusion, réviewed the following laws

that were deemed to warrant detailed consideration:
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Several commitieerrepresentativés also reported on méetings with
other interested pa;ties whose views had been soliciﬁed on légisiation
to regulate recombinant DNA research. Those ﬁho‘were contactéd inéluﬁe
agricultural scientis:s; blomedical scientists, eavironmentalists, labor
unions, and private:industry. At my request, the Industrial Resea:cﬁ
Institute and the Pharmaceutical Manufacturers Association are surveying:
their member firms to determiné the scope of the research efforts in the
private sector. The Pharmacentical Manufacturers As;nciation has endorsed
the NIH Guidelines ;s standards for conduct of this research.

In considering:elements uf.proposed legislation, a number eof issues
were ralsed and dis;ussed fully by the Committee., After detailed delib-
erations at meetingé or March 10 and 14, 1977, the Committee agreed on a
set of elements for;propbsed legislation. The elemehts;agréed upen and
the various élterna;iﬁes reviewed by the Committeé were presented in an.
Tnterim Report transmitted to HEW Secretary Califanc on March 15, 1977,
Secretary Califano,, in releasing thé report on March 16, stated thaﬁ. :
"legislation iﬁuthis-aréa.would-réﬁresent an unusuai régulation ef
activities affectiﬁé basic science Eﬁt the potential hazards posed by
recombinant DNA techniques warrant such a.step af this time." He
went on to sa},."..;i believe é@ch a measure.is necessary not just
to safeguard thé.public but alsc to assure the continuation of basic
research in this Qiial sclentific area. We are not siying that research
sitould be halted. ?e are urging that it should proéeed under careful

safeguards unless and until we have & better understanding of the
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However, I have established a committee at the NIH, chaired by
Dr. Richard Krause, Director, NIAID, teo study and re_comend, if .
necessary, safety standards for other NIH-supported research imvolving
actual.nr potential bichazards. Tﬁe'preliminary Teport is m&pectéd
shortly, and I will keep the Committee informed of the progress on
this NIH review. -

Regulat;.ic;n of jusi the research aspects -of recom‘binant. DRA
techniques presents a problem because of the difficulty in de.termining
the border between research and pilot produc:ion. Therefore, t:he
Committee recommends that regulation cover .the' production or use of
recomblnant DHA moleculas.. Sugh hngdage would. incluc_ie research
activity, and mékes immaterial possible concerns whether a given
activity constitutes _reseaich, pilot preduction, or ma.nufacturel.

The Committee recommends that i'.he Secretary, _:Ln specific insténces, in
consultation _w:Lr.h ;pprnp::lat:e regulatory agencies, be allowed. te determine
the nature of. the activity and should defer to'a regulatory body that ihe
Seéretary’r ‘determines-is better empowered and equipped to deal ﬁith is.

There was generallagreement--l.ay the Committee that registration of
projects invelving the use or production of recombinant DNA molecules
was necessary. The Comuittee also recommends that facilities be 1icensed
and that the terms of the license include acceptance of responsibﬂ.ity
for the particular activities and individuals at the facility. The
Committee concluded that licensure of the facility and registrat:l.on of

projects would be more feasible and would more adeguately meet the needs
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Protection of workers was also considered by the Committee.
Training of workers in proper'laborator'y techniques and 1ong7ﬁerm nedical
monitoring are important aspects of worker safety and were endorsed by
the group. .

A number of cther recommendations are made, .and I can discuss them
further if you have questions. I would like to emphasize that the work.
of the Interagency Committee has bheen: done in a most cooperative and
helpful way. .

DHEW will continue to cooperate and coordinate with relevant

Federal Departments and Agencies in this important matter.

Iv. CONﬁL!ZSION

In conclusionm, this much is clear: the interﬁationél énd national
geientific communi‘t'_-.;. is in -s.u'bsta.ntial agr'ee:ﬁént t.ha.i:, -mit.il" the poteﬁ\‘:iai
hazards of réc.omﬁi;:aqt. DNA techniqués are better understoad, a dommon set
of sta.ndards musL; everywheré éxist for :l:he use of those techniques. The

question being debated now 1s how this is to be acéompli.shed. The

substance of all guidelines is sufficilently sim.:l.la'r;l kow to apply them
locally and nationally remains. the issue.
In the United States, this questien has attracted far mote public

attention than in other countries. A number of local jufisd'ictions or

states are engaged in action or debate.

93-481 G - 77 - 14
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Dr. Frepriceson. I should like to summarize briefly some of the
elements in that larger statement which has been submitted for the
record, ' '

Mr. Chairman, I am pleased today to be able to appear before you
to discuss Federal policies coneerning recombinant DNA techniques.

Specifically, I should like to tell you about the activities of two
organizations—the National Institutes of Health and the Federal
Interagency Committee on Recombinant DNA Research.

Recent scientific developments in genetics, particularly in the last
4 years, have culminated In the development of a powerful new tool
for research—that is the ability to join together genetic materials from
different sources in cell-free systems to form what are called recombin-
ant DNA molecules. I would like to emphasize the point; that recom-
binant DNA is a tool for a¢ccomplishing certain types of research that
scientists have been pursuing for decades. _ o

From the testimony already received, you are aware that this new
technology has generated great hope and -excitement and, concom-
itantly, many expressions of concern.

Research using recombinant DNA techniques offers great promise.
But there may be risks as well. Until these potential risks are better
delineated and evaluated in light of developing scientific knowledge,
the public should expect such research to be conducted under strict con-
ditions insuring safety. This wasthe fundamental principle that guided
the National Institutes of Health and the Federal Interagency Com-
mittee in their deliberations, that is, the desire to allow this significant
research to continue while protecting humans and the environment
from the effects of potential hazards whose nature and occurrence is as
vet uncertain.

I would like to review briefly with the committee the activities of the
NIH in developing guidelines to govern this research, and then devote
the rest of my statement to the work of the Interagency Commitiee.

The first step in the development of the guidelines was taken by the
scientific community. Scientists who were engaged in research using
recombinant DNA technology first expressed concern about the poten-
tial biohazards at a Gordon Research Conference on Nucleic Acid:
which was held in July 1973. '

At the request of the attendees at that meeting, the National
Academy of Sciences created a committee that called for a moratorium
on certain types of experiments and for an international conference to
consider the problem further.

The committee also called on the NIH to establish an advisory com-
mittee to study containment procedures and draft guidelines for the
conduct of this research. ' o

At the International Conference on Recombinant DNA Molecules
held at Asilomar, Calif., in February 1975, temporary guidelines were
issued including a continued moratorium on some experiments while
allowing others to proceed with appropriate biological and physical
safeguards, pending issuance of NITH guidelines.

The NIH Recombinant DNA Molecule Program Advisory Com-
mittee—Recombinant Advisory Committee—was established Octo-
ber 1974 to advise the Director of NIH. In December 1975, the com-
mittee, after several open meetings, recommended proposed guidelines
for my review and decision. - '
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If I might digress a moment I would like to expound a bit further,
Mr. Chairman, on the activities abroad, because they bear importantly
_ on activities at home, ' _

We have at NIH, through other agencies in our Government and
through many scientific societies, been in close contact with many of
the scientists and many of the officials abroad who engage in activities,
either research or administrative, that relate to the use of these

techniques, ; :

Last fall I was privileged to visit 2 number of molecular biology
laboratories in Europe. I stopped in Britain to discuss the Williams re-
port, which is the basis for the United Kingdom guidelines. T talked
to members of the Furopean Science Foundation, which is the or-
ganization within the European Economic Community that has taken
the lead in attempting to have a uniform type of procedure govern-
ing the use of these techniques throughout Europe.

‘We also have been in.contact with the genetic manipulation advisory
groups of a number of countries. These GMAGs are the operating
units that were established under the United Kingdom guidelines
adopted by the European Science Foundation as a structure for or-
ganizing control of these activities throughout the EEC. We have been
m contact with these GMAG’ from a number of countries and, most
particularly, we had very close contact with Sir Gordon Wolsten-
holme, who 1s the chairman of the United Kingdom GMAG.

Chairman TaorNTON. Is the formulation of policy in the European
countries a matter of public debate, or is this work being done pri-
mamlgy through the institutions of Government and scientific orgamza-
tions? : ' :

Dr. Freprickson. The work has been carried out almost entirely by
a group of advisory committees, some of them guasi-governmental,
some of them actually private but reporting to governments. There
has been very little public debate or press comment, about recombinant
DNA activities in Europe, nothing comparable to that which has oc-
curred in the United States. ' '

There has been one question raised in the Swiss Parliament, for ex-
amptle, in the last 3 years, which was quickly answered by the Govern-
ment. : - . '

There have been, on the other hand, almost none of the activities
that have attended the development of guidelines in this country. Per-
haps it’s just a different manner of approaching these problems in the
rest of the world. - ' . '

But I would say that the activities within the scientific community
have been ver{_uniform. That is complete agreement across the world
of molecular biologists and others who are using these techniques,
that its extremely important to have a uniform set of standards
throughout the world. o

_Chairman TmEoRNTON. Are you suggesting that the assessment of
risks of which experiments may be more dangerous and require in-
creasing levels of containment or might be prohibited altogether, that
these standards are rather uniformly accepted by the scientific com-
murity and the several nations which are conducting the research?

Dr. FrepricksoN. Yes I am, Mr. Chairman. The United States or
NTH guidelines, the United Kingdom guidelines, and the Canadian
guidelines, in general, as they deal with recombinant DNA research,
are all children of Asilomar. That is, they have been based on the ac-
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the committee were presented in an interim report which was trans-
mitted 4o HEW Secretary Califano on March 15, 1977,
The department is now drafting legislation in the light of the rec-
ommednations made by the committee, and the OMEB is reviewing
~comments on such draft legislation. This legislation should be ready
soon. X
Mr. Chairman, I would like to submit for the record the Federal
Interagency Committee’s “Interim Report on Suggested Elements for
Legislation,” along with a copy of the Secretary’s press release, which
accompanied it. '
Chairman TaornToN. Without objection, the material submitted
- will be made a part of the record. S
. [The material referred to follows] :
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"We are not saying that research should be halted. We-ar

that it should proceed under careful safeguards unleqs and until
& better understanding of the risks and benefits pesed by “5?:°f Fggombing?t ‘
DNA techniques without government regulaciom,' Califano said.. .
While agreeing with what he calied the prudent recommendations of
the Interagency Comm:.ttee in this limited and most exceptional area,
Califano reaffirmed his commitment to the prineciple of unfetterved Inquiry
that applies in scientific research.
The Interagency Committee is composed of fepresentatives of Federal
departments and agencfes that support and conduct recombinant DNA ;esearch

or that have present or potential regulatory authority in this area.

Tﬁe'lntéfagency Committee recommended that any iegislation should,
among other things:
* place primary responsibility for the administration of the act

on the Secretary of HEW;

require any perseon engaging in such reseaich, production, or
uge of DNA recombinant molecules to do'so only it a facility

licensed by the Secretary;

require any person engéging in such éétivity to do sc enly after

the project has been registered with the Secretaty; and’

the Secretary should have authority to inspect facilities, make
environmental measurements, and take other steps to ensure safety.
The Committee pointed out that this legislation would establish

uniform stardards for such activities throughout the Nation.
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. Or the altered bacteria might have 2 competitive advantage, enhancing

their survival in some niche within the ecosystem.

Until the potential risks are better delineated and evaluated in
light of developing scientific knowledge, the public should expect
such research to be conducted under strict conditions ensuring safety,
This was the fundamental principle that guided the Federal Interagency'
Cormittee on Recombinane DNA Research in its deliber&tions-—that iz, the
desire.to allow this significant research to continue while gimultaneously
protecting, as much as humanly pasaihlg, man and the environment from
effects of poteﬁtial hazards whose nature is 2s yet unknown,

The Canm;ttee formally adopted thies interim report by unanimous con—
sent, save for &bstentions.ﬁy the represéntgtives from the Council on

Environmental Quality and the Department of justice..

- I1I. Development of the NIN Guidelinea on Recombimant DNA Research
Approximately three years ago, beéausg of the perceived pocential

hazards, scientists engaged in this research voluntarily called for a
moratorium onm certain experimeﬁta pending ﬁn_asaeaement of risk and the
development of appropriate guidelines. These scientists called upon the
National Institutes of Health (Niﬂ), of the Department of Health,
Education, and Welfare, to create an advisory commitfeq to devélop auch
'guidelines. After what NIH considered to be exteﬁsiye scientific and .
- pyblie rgview,'it released é&idelinea ﬁn June 23, 1975, which esatablished
: st;ict conditions for the conduct of NIR-supported research in this
area, The NIH Guidelines prqhibit certain types of experiments and

require special safety conditions ‘for other types, The provisioms
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(2) determine the extent to which the NIR Guidelimes may
currently be applied to research in the public and
private séctors;

(3) recommend, if aéptoptiatq,.legislative or executive ackions
necessary to ensure compliance with the standards set for this
feaearch;.and’

(&) p:oviﬁe for :h; full commﬁnication and necessary exchange of
information‘én recombinanc-DNA-research programa and activities

.throughout the Federal sector.

Two meetings of the Committee uéré ﬁeld in November 1976. The first
of these, on November 4, was devoted to a review of the development of
the NIH Guihelines for Re;earch Invelving Recombinant DNA Molecules. The
Committee also reviewed activities in other countries on the development
of guidelines for this research. Recombinant DNA Tesearch is being conducted
in 8 number of countrie;, ineluding Canada, the United Kingdom, most of
Western Europe, the Scaédinévian coun:riés,'ﬁasterh Eurcpe, the Soviet
Union, and Japan.’ :

In many countries ;péropriate.goﬁernmental or scientific bodies have
reviewed the research and have agreed that it should proceed. Severél'
of the countries have aéted to establish guidelines to guﬁern the conduct

_of this research, inclﬁqihg the United Kingdom and Canads, In the
‘United'Kiquom a éarliaﬁentary commitiee addressed the issue and indicated‘

that work in thie area éhnuld continue under appropriate safety conditions.

geientific advigsory committees of international organizationa, sich as

the World Health Orgamization, the Idternational Councils of Scientitic




a5l

IV. - Subcommittee Review of Existing Legislation

At the Novémbgr_za.meeting of the tn;eragency Compittee, the Federal
regulatory sgencies also reported on their regulatory funcfiona;_ Following

that review, a special Subcommittee was formed to analyze the ‘relevant

“statutory anthorities for the péssible regulation of res

All regulatory agencies were represeated on the Subcommittee, gaaisted‘- :

by attorneys. from their offices of geﬁéral counsel. (See Appendix II for ~
the membership of .the Subcqmnittee.) The Subcommittee held meetiugs on
December 13, 1976,. and on January 11 and February S; 1977.

The Subcommittee was charged to determine vhether existing legislatife
authority would permit the regulatiom of all recamﬁinant:DﬁA resedrch. in the
United States (whether-.or.not Fedetallyafunded).and would include at‘least the
foilowing regulatory requirements:

. (l)l Teview of such research b? an institutional biochazards committee
. before it is undertaken,

(2} - compliance with physical and ‘biclogical cnntainmentidtandards;

and prohibitions in the NIH Guidelines,

(3} regiatfagion'of such research with a national registry at the

time the research is undertaken (subject to ﬁpprﬁpriate o
safeguards to protect proprietary interests), and

(4) enforcement of the abowe requirements.through monitoring,

inspection, and sanctions.
It was the conclusion of the Subcommittee that present lLaw could
permit imposition of some of the above requirements on much recombinant DNA

laboratory research, but that ne single legal authority or combiration eof

§3-481 O - 77 - 15
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would appear to be covered in most cases by the Act's Qefini;ion of
"chemicél substance." Section 3 of the Act, however, explicitly éxempts
regiéttation of chemical-substances used in small quantities for the
purposes of scientific experipen%ation or analysiz. This represents

a most serious deficiency, as the registration of activities was thought
to be an essential glehent of any vegulatory gffqrt! Alsp, in order

to meet the specifications of the Act, recombinant DNA research would
have.to‘be found to p;gsent‘"an‘ﬁnreasonable risk of injury to health
or thé environment.'l.

The Hazard:ua Materials Transportation Act (HMTA) and Section 361
of the Public Heaith.Service {PHS) Act give the Department of Transporta—
tion (DOT} and the Center for Disease Control {(¢DC), respectively,
authority to régulate thelsﬁipmeqt of hazardous materials in interstate
commerce., Both the DOT and the CDC, in implementing these acts with
respect to biological products, have essentially aimed at imposing
labeling, packaging, .and ﬁhipping requirements, and were gound to
be wanting for regulation of all recombinant DNA reseaxrch,

- The EnviroﬁmentaL Defénse Fund, in November 1976, petitioned thg
DHEN.to regulaté recombinant DNA research under Section 361 of the PHS Act.
{The petitior.l is-included in Appendix IV.) The Subcommittee carefully
reviewed thig section, which is 4itecte¢ to organisms that are communicable
an4 cause human disease, Thus, under this section, there would Have to
be a reasonable basis for concluding that the products of all recombinant

DNA research may cause human disease and are communicable.: Further, Section
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included in legiélation to regulate recﬁmbiﬁant‘DNA reéearch.' The Sub-
comnittee raferred the anai?sia of existing legialatiou and elemenis .

for new legislation to tﬁe full Committée at a meeting ﬁeld on February 25,
1977. The full Committee adﬁpted thé report of the Subcommittee on existing

legislation and agreed .that new legislation was required.

V. Suggested Elements for Legislation

In codsiéering the elements for:legislation, the Committee reviewed
Federal, State; and local aetivities bearing on the reéulation of. recombinant
DNA research. ' Among congressional proposals reviewed were Senate Bill 621,
"The DMA Research Act of 1977," introduced by Senator Dale Bumﬁers;.;nd the
companion ﬁeasure iﬁfrodﬁced by Repreaeﬁtative‘ﬂichard L. Ottinger in the
House {H.R. 3531). The Commitgee also noted the reselution (H. Res. 131)
-introduced by Rep;esentative Ottiﬁger on January 19, 1977, requesting DHEW

- ko Tegulate recdmbinant bﬁAfréseafch under Section 361 éf the PHS Act.‘.

Hearings held Ey.Sfate Qnd iocal governments, including sn;te legis-

. latﬁfes,“were among State and local aétivities reviewed, Recommendations
for State regulation by the New York State Attormey Ceneral's Environmental
‘Health Bureau, and for city regularion by tﬁe Cambridge. (Massachusetts) City
Council, were plso'considered.

Several committee representatives also reported on meetings with. .
other_interested_&arties whose views had been solicited on legislation
to.reéulate recombinant DNA research. iThaae who:were ;ontacteé‘include

agricultural scientists, biomedical scientists, environmentalists, labor
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standards, (c) the 11cen31ng requlrEmenta prescribed in the legislation
have been aatlsfled and (d) the reglatxatxon requirements prescribed
in. the legxslatznn:have been satlsfled.

The legialati;n should permit the Secretary to exempt activieies
from these requlrements (a) where the sctivity is for specific commercial
purposes found by the Secreta:y, after consultation with the regulsting
agency, to be regulated under other Federal law, or (b) wheze the Secretary
determines that‘tég activitf poses ﬁo unreasonable rigk to health Qr_tﬁe

environment,

3y St;ndarda:"
The Secretar} should be difected, as spon as practicable after passage
of the-lggislation; to promulgaté the NIH Guidelines for Research Invulﬁing
.Recombinant DRA Molecules as initial standards, with such clarifications
and modifications ;s the Secretary determines to be necessary. Standards
should assure, on the bgsia of the best currently available evidence,
that no employee wiil suffer material impairment of health or functional
cgpacit} even if guéh'gnployge engages in the production or use of recombinant
DNA malgcplea for an entirg working lifetime.
The'legjalgtio? §$ould a;thorize the Secretary to mpqify and revoke.
any of these ini;iaa standards aﬁd to promulgate new standards.
. The legislation should include an-appropriate proviaion for judicial

review.
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(7) Inapectlons, subpoenas, :ecurd-keeplng, and reports:

The Secretary, in. cartylng aut the 1eglslat10n, .should have authorlty
to inspect fac111t1ea, make envzronmental measurements, conduct medlcal

1nveat1gat1ons, 1nspec: medlcal recorda, issue subpoenas and cltanlons.

and require tecord—keeplng ‘and reports.

(8) Disclosure of infermation:

wihe legislation should prévide that all recordé submitted to, or
otherwise obtained by,_tﬁe Sectetary or his representatives under_the-
legislation shall be available .to the public upon request, except
. {a) information now exempt frem disclosure undex the Freedom of Informa-
tion.Act, and (b} other information the discloaure of which would cause
the loss of proprietary rights.

At the time of request, persons who have submitted records should .

be piven an opportunity to identify these portions which they believe

to be excepted Eram;discloqure,under the. preceding . paragraph, The Secretary
should not release guch portionms unless (a) he has found the portions

80 identified not to be excepted and has given the submitter advance

notice of this finding and an opportunity to rebut it, or (b) thé.public
need to know.so outéeigh; the intérest of. the submitter 55 to'réquire
release. . Where theSSecrétary reléases records or portionﬂ.fhéreﬁf because
of the public need éo know, he should nat#fy the submitter, setting

foréh the urgent—he%ith or environméntal needs which serve as the basis

for his actiom,

(9F Coordination:

The legislation should provide specifically for interagency coordination

in setting standards and avoiding.duplicative requirements.
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is the appropriate locus in prrn of
{a) NIH's role. as a lead mmmﬂow in setting nrm standards,
(b) the umnmnwﬁﬂ by the Hﬂﬁwuouamunww Defense m:un to DHEW
L to, issue regulations in nspw area,
(€3] the no=wnmwmwo=mw vncuommwm that placed ummcwmnOH% ﬂmmvonmﬁvapnw
in DHEW, and ‘ . ) S
(d} the ﬁuvmnwnunmm nm DHEW's Center for Disease Control in regulating
- infecticus agents, msn of its Bureau of uwopcmmmm (FDA} in Hwnm=mw=m
the mnnm:nnwon of wwomomwnbp products, in hwomm mmovmﬂwnwo=

with-other Federal Departments and agencies.

This recommendation was formally approved by all members of the Committee.
The Committee also urges close cooperation and coordination .im DHEW befween
the NI® snd regulatory: agencies to ensure effective implementation of the

standards set for this research.

{2) The Scope of Regulation: .

‘The mosswnnmm reviewed at mnﬁmn Hmnmn# the nature and mnmhm of
regulation. Consideration was given to regulation of mwﬁ vaonmnoﬁ%

.Wmmmmnhw where hazardous or vmnmanmwwww.ruumﬂmocm subgtances  were wEvHowmn.

Pr mnmﬂnun%mo= mmrwmsmm the mnnwrpnwmm om committees at the rmm onzmn
than the wmnoawwﬁmﬂn uz> onmncwm Program. bndwmouw ncEEwﬂnmm which :mqm
been numann to study wun nmnosamnnu if necessary, mmmmnw mnmsnmnmm
for other research involving actual or potential wHo?mNmﬂam.

There was general Committee.agreement that, for the present; Hmwwmwmnwma
should be restricted to recombinant DNA techniques, allawing for sound

adninistrative and scientific eapertise in developing safety standards




24

18

DNA moleculeé was an lmportant element of regulation. It wés‘the consensﬁs
of the,Coﬁﬁittee that registration:shculd.océur prior to the initiation
‘of the project, hl;lt‘ that appfovsl befor..'e commencing the project should

not ‘be required. Furtﬁer, tﬁe Committee recommeuds that the Secretary ’
have #he authoriﬁy to exempt cérta;n classes of projects from this .

requirement,

(4) Licensure of Facilities:

It was the consensus of the Committee that-the licensure provisien
should apply.only to facilities, and that the facility would, under the
terms of its license, -accept respogsibiliry for the particuiar activities
and individuals at the facility. The Committee concluded Ehat licensure
of the facility and r&gistrﬁtien of projects would meet the needs for
safety monitoring without extension of licensure to. the projects themselves,
The Committee discussed the possibilitry of revoking a license for serious
and willful violations.of the regulaﬁionh. There was concern expresseﬁ that
revocation was a very punitive medsure, but it was agreedwthat'tﬁe Secretary

may wish to consider it for serious violatious of the standards.

(5) -Disclesure of Information:

It was the. scientific community that brought to public attention
potential hazards of recombinant DNA reseaxch, and the NIH Guidelines, in
that spirit, promote disclosure and dissemination of scientific and safety
information, The Commitiee urges full disclosure to the appropriate
~regulatory bn&y of all relevant safety and scientific information on the

use.or production of recombinant. DNA molecules. However, the Committee
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the pﬁblic health from an imminent potential hazard, the Committee also
recommends that the Sécretary have authority Eo enjoin the use or productioﬁ
of te;oﬁbihaﬁt DNA;molecules when he deems it nécessary. .

The CQmmittee'also feviewed.che qﬁestion of ci;il liabiliry in
the event of 1njury to humans or the euv1ronment. It believés tﬂat actioﬁs
for d;magea should be left te State and local law. It is concerned that
the inclusion of standarda for strict liability as proposed in S 621
ecould place a Bevere constraint on the ability of an institutionm to obta1n
ligbility insurance. It was predlc;ed that, without 1nsurance, 1nst1tut10ns
might have to termznate their research efforts unless natlonal 1eg1alat10n '

were pasaed te 1ndemn1fy them ssalust adverse Judgments.

(8) Intexagency Cooperation:

Because of the wide potential use and productiom of recombinant-
DNA molecules .and the need for wniform development and ‘implementation
of standards, the bommittee recommends. that mechanisms be-established
b§ the Secretary to ensure cooperation -and coordination among. appropriate .
Federal Debartmenfs and agencies, The Rational Institutes of Health is
déveluping appropriate liaison between.its Recombinant DNA Molecule Program
Advisory Gommittee and ¥elevant ‘Federal research agencies, such as the
Department of Agriculturg, the National Science Foundation, and the Energy

Research and ‘Pevelopment Administration.

VII. Future Agenda
Pending action on possible léegislation, the Committee stands ready to
asaist DHEW or whatever agency is made responsible for regulaticn of

activities involving the use or production of recombinant DNA molecules.
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for all recombinant DNA laboratory research without regard to the

soprce.of fundipgi
SUMMARY CONCLUSION

Iﬁ.suﬁmary, the group conciuded that; while prgseh;.laﬁ would
per;:nf[f imposition of smﬁe. of ti‘lE. above requireme;xts on much recom—
binaﬁt DNA labnraﬁéry reéearéh,.nﬁ éingle'leéél authoriﬁy or comﬁina—
tion of éutﬁofifies curreﬁtiy ekisﬁs vhich wﬁﬁld cleariﬁ feach ail
such rQSEarch and all réﬁuirements. Although thera is.éxistiné
‘authority which could be interpreted to cover most of the fesearéh-
at issue, it wés.éenerally.agreéd that éegﬁlatory actioﬁs taken 5n
the basis of any such iﬁtérpretﬁfion would prébably be subjéc£ te

legal challenge,

LAUS_CONSTDERED
In reaching this coﬁcensus, discussion centered an Ehe following
laws:
1. The Oceupational Safety and Health Act of 1970 (Public
Law §1-596). .
.2, - The Toxic Sgbstances_Cont;ol Act (3ublig Law:9§7569).
3. -The Hazardous Matg;ials ffapspp:;ation Act (Public Law
93-633).
4., Bection 361 of the Public Health Service Act (42 U.S.C..

§264).
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or serfous physicai harm. . .." to the employees, and (2) ", . .comply
with cecupational safety;and health standards promulgatgd under thié .
‘Act." The aforesald Aet gives OSHA broad pawe; to enforce. compliance
with the Act, including a right of entry, authority to require record-
keeﬁing and reports, and sanctions. - In. addition, :he-Acg_specifically.”
directs. that trade secret information shall be treated by OSEA as
confidential, .
The term "employer" is defined in such a way, however, as to
_ exclude States and their political subdivisions, as well as :he-United
States. The Act contains ; separate provision requiring ?Ederal agencies
to follow OSHA sta#dards, but Stateg and their subdivisions are subject
to OSHA requirements only by ;aluntary agreeﬁént on the part of each
State. Only 2% Stétes have so agreed.and there is no immediate expec-
tation that this number will increase. Hence, such organizations. as
$tate universities in 26 States are not subject te OSHA requirements.
© In additiop,_dSHA.has autho?ity only in cases where an employment
relationsﬂip_éx;s:$.  Hén;e; if cﬁul& not.prevént a_sglf—e@pioyed
person froﬁ_Ebndﬁcting_reco@@ihaﬁﬁ DNA researéﬁ as leong as uo employees
would thereby. be affecteﬁ.

Turaing to the requirements themselves, since rgcombiﬁaﬁp DNA
resegrch'dﬁes not necessarily present'a "tehoénizgd haga:d" with
respect to all areas of that research, ahd_bgcguse of_p&ssiblg liti-
gation problems in;pfufing‘a récognized haza;d: ﬁhe:impqéitipn of
ail NIM Guidelines on employers can best be achieved by adopting them
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(2) i A requirement—— - . -

{(A) prohibiting the manufacture, processing,
ot .distribution-in commerce:of .such substance ot
‘mixture for (i) a particuiar use or' (ii} a
particular use in a concentration :in- excess of:.
a level specified by the Administrator im the -

- rule 'imposing .the requirement; or .

(B} limiting the amount of such substam:e
or mixture which may be manufactured, processed, -
‘or distributed in commerce for (i} a particular
use or {(ii)-a particular use in a concentration
in excess of a level specified by the Adminis-
trator in-the rule:-imposing the requirement."

The TSCA contains inspection and-penalty provisions, and-a section
liniting disclusure ‘of ‘data.

NIH scienl:ists_ agree that materials used in recombinant:DNA. research
in the laboratory; .aud the :meediate products of such research, would
appear to be covered in most cases by the definition of "chemical. .
substance" in. the TSCA. The term "manufacture" ie defined as meaning
¥, . .to Import. . ;.produce,.or ﬁ:anuﬂ_acture." The term "manufacture'
does not normally c:o'nnot:e scientific experimentation in' the laboratory.
'rhu_a, some questioﬁ c.ou].d be raised as to.whether section 6 has any
applicability to sdch research. However, another section olf the TSCA
{section 5), whicﬁ fe_i;uires mangfactﬁrerg, ll:o glve EfA_ad{ancé nqtice

of plans to manufacturé a mew chemical substance, contains an exgn:lptiun_
from the notice requirement for “. . .manufacturing or processing of
any chemical substance. .- »only in small qua'ntitiea.' . .solely for
purpoées of. . .scientific experimentation or analysis, . . " Thc_e

wording of this provision would seem to :Lndicate that scientific
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.. experimentation constitutes manufacturing under the TSCA, 2/ aqd also
the absence of a si;milz_u_:'provision in section 6 crez;tes a negative
dmplication th_a:: gsection & épplié.s to such experimentation. -Nevertheless,
this 1& -an ar.ea of some controversy‘.that could'vfel-l lead to future
litigation in the eveﬁt.l;?a.attempts to regulaté -iaboratury research.

In the event Eﬂk.cén repulate recombinant DNA 1aboratc_ty,research
‘under the TSCA, it can do se only if it-finds such research presents an
"unreasonable risk of injury to health or the enviromment." This
‘offers another area of potential controversy should EPA attempt to @ - -
regulate all such research through this mechanism.. 3/

,.The most serious deficiency in the TSCA, as a vehicle -for. .regulation
of recoml;inant -DNA--labnrar.ofy reselarch, is presented by section 5, -
noted above, which requires manufacturers to notify EPA when they intend
to manufacture a new chemical substanceé. As has'alréady been indicated,
geientific experimentation is specifically exempted from this requirement.

Si.nce. section '3 deals direcrly with nnti.ce,r and in effect registration,

2/ A point supported by the fact that section 5 has a separate
definition of "manufacture" solely for purposes of that section,
which is limited to manufacture "for commercial purpeses." The

. .quoted phrase does not appear: in the more general definition
applicable to section 6. '

3/ On the other hand, the T5CA authorizes any person to commence &
eivil action to compel EPA to perform any act or duty under the
TSCA which is not discreticnary. In some cases, this could lead

“to litigation regardless of what course of action EPA adopts.
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as standards, :ln‘ accordance with detailed rulemaking procedures spelled
out in the Act. Among the policy questi&ns- which would have ‘to be
resolve«i in contemplating-this step are: (1) whethef 0OSHA would agree

to an outright ban of .sume activities since it has never in tﬁe past
actually prohibited a‘:tutal activity, and (2) whether OSEA should give

' priority to establishment of these atandards over others that have been
lawait.ing promulgation, taking into acz;,nunt. the siatutnryl test of ™, ...
wurgency of the ﬁeed for mandatory éafety and health standards for

* particular industries, trades, c:ra.ft_s,= occupaiions, businesses, workplaces

or work environments."

ENVIRONMENTAL PROTECTION AGENCY.

-The Toxie Substances Control Act (TSCA), primarily adwinistered by'_
EPA, was enacted in OC_tober'll, 1976, effective January 1, 1977. Section 6.
of the TSCA states in paxrt that:

"1f the Adm.inistrator [of EPA] finds that there #a

a reasonable basis to conclude that the manufacture,

processing, ‘distribution in commerce, use, or disposal

of a chemical substance or mixture, or that any com~

bination of such activities, presents or will present

an.unreasonable risk . of :dnjury to health or the

environment, the Administraror shall by rule apply one

or more of the following requirements to. such subatance

or mixture to the extent necessary to protect adequately .

against such risk using the least burdensome requirements:
(1) A requirement (4) prohibiting the manufacturing,

processing, or distribution in commerce-of such substance )

or mixture, or (B) limiting the amount of such substance

or mixture which may be manufactured, pru_cessed, or

distributed "in commerce. o : o
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.’ puthorities of EPA under.the Clesn Alr Act, the Federal Water
= ‘E’glit.ltio’n Control Act. and. I:l‘le new Resource Conservation znd Recavery .
Ae ; uf 19?6 were mentioned 111 pass:l‘.ng. but it was felt they would

:Lf at all, only to late,d aspecta of recombinant DNA research

’ carried out in I:he laburatory.' The FDA was also discussed briefly.

"l-!wever. inasmuch as recomb:luant DNA research has not yet reached the
atage where 11: has practical applications in fields regulated by FDA,

’ _:LI: was agreed that FDA probalzly does not have authority -to impose

" requirements on luch research. The Departmen: of Agriculture's
-regulatory powers were also _touched upon, but not considered in depth
because they relate sblely to certein forms of non—-human animal life

and plants.
DEPARTMENT OF LABOR

Of the four statutes on which discugsion centered primary
attention was directed to f.he Occupatioual Safety and Eealth Act
and the Toxic Substa.nces Control Act, because each on its face would
give broad powers to the’ administering agencles,

The Occnpar.ionﬂ; Safety and Health Act, administered by the
Oecupational Safety and Health Aduinistration (OSHA) in the Department
.of Labor, requires every employer to: (1) furnish to each of its
employees ", , .employment and a pleee of employment which a}:.e. free

from recognized hazards that are causing or are likely to causze death
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Appendix III

BEGULATION OF RECOMBINANT DNA®
: BESEARCH IN LABORATORIES

: mcﬁccgcuun

on December 20, 1976 a- meeting was held at NI.H of attorneys 1/
-'from the Departments of Justice, Agriculture, H.EW Labor, and Trans-
portationand the Environmental Protiction Agency, for the purpose
of assess;{.ng whether lggislatiye authority currently exis!‘.'s for
:anosing at least the following regulacory.requirenents o'n all
tecombin.ant DNA laboratory research in the United States (Whether or
- not Federally fu-.nded)-_ . ' .

1. Review and api:n.:oval- of such .fesearch 'be.fo:i:e 'i-t: is undertaken
by a local bichazards committee. b

2. Compliance with rhe physicai and bislogical :éont.a_inmer_;t
standards and prohibitions in the NIE Guidelines. . .

3. Registraticn =of suci‘x r_ese‘arch with amatit;mal registry at the
time the research is Qn;ietéaken (5uﬁjec.t:. to apﬁrop;i;te safegua_rd.s to
" protect proprietary interests). . .

4. Enforcement of the above requirements _Ehr_uugh ﬁouituiing,
-inspection, and sanctions. )

It was gene;.—al'ly conceded for purpnses of the discussion that
i these. requirements could be mposed by funding agenc,ies on Federally
conducted 33 supported research, and primary attention was therefore

directed to. whethet authority now exists to mandate these requirements

1/ A list of attendees is attached.

21




R

sppendix 1t

Jenuary 11, 1977

'SUBCOMMITTEE OF 1HE
INTERAGENCY_CQM&IITEE ON RECOMBINANT DNA RESEARCH

Representaﬁives

DEPARTMENT OF AGRICULTURE

Charles F. Lewls, Ph.D.

Staff Scientist

Plant and Entomological Sclences
National Program Staff, ARS UsDA
BARC-West .

Beltsville, Maryland 20705°

General Counsels

Mr. Alexander W. Samofal
USDA Cffice of General Counsel
Room 2422, South Building
Washington, D.C. 20250

. DEPARTMENT OF COMMERCE

br, Vern Hartwell
Department of Commerce
Washington, D.C. 20230

John H. Richardson, .D.V.M,
Director

Office of Biosafety

Center for Disease Control
Atianta, Georgia 30333

John F. Finklea, H.D.

Direetor

Fatienal Institute for OccupationaL
Safety and Eealth

Parklawn Building, Room 3-30

‘Rockville, Maryland - 20852

Rebert L.. Eider, Sc.D.

Deputy Assoclate Ccmmisszuner
for Scilence

Food and Drug Administration

Parklawn Building, Room 14-57

Reckville, Maryland 20852

DHEW, CENTER FOR DISEASE CONTROL

Mr. Charles Gozonsky
Center for Disease Control
Building 1, Room. B-43
Atlanta, Ceorgia 30333

FOOD AND DRUG ADMINISTRATION

Ms. Caroline Forplin

Food and Drug Admindstration
GCF -~ 1 - Parklawm Building
5600 Fishers Lane

Rockville,. Maryland 20852

. DEPARTMENT OF JUSTICE

Mr. Anthony Liotta

Deputy. Assistant Attorney General
Land -and Natural Resources Division
Department of Justice -
‘Washingtoa, D.C. 20530

Mr. Byung Kwon
Occupational Safety and
Bealth Administracion
Department of Labor
Washington, D.C.

20210

25

Hr. Martin Green
Department of Justice
Room-2609

9th St. and Penn. Ave.
Washington, D.C. 20530

i DEPARTMENT OF LABOR

Ms. Joan Hnllenbach
Department of Labor
0ffice of Salieitor

Room 4414

200 Constitutdon Avenue, N.W.
Washingron, D.C. 20210




FOOD AND DRUG ADMINISTRATION (Cont'd)

John C, Petricciani, M.D.
Deputy Director.

Division of Patholugy
Bureau of Biclogics, FDA
NIH Building 29, Room 514
Bethesda, Maryland 20014, ..

DEPARTMENT OF INTERIOR ~

Mariano Pimentel, M.D,
‘Medical Director o
Department of Interior

18th and G Streets, N.W. Room 7045
Washington, B. G. 20240

DEPARTMENT OF JUSTECE

Mr. Anthony Liotta

Deputy Assistant Attorﬁey‘ General
Land and Watural Resources Division
Department of Justice .
Washington, D. €. 20530

DEPARTDENT OF LAROR

Morton Corn, Ph.D.

Assistant Secratary for
Occupational Safety and Health

Department of Labox

Washington, D,.C. 20210 .

Mr. Byung Kwon (A1t.)
Occupational Safety and
Health Administration. ’
Department of Labor. .
Washington, D..C. 20210,

DEPARTMENT OF STATE .

Oswald K, Ganley, PH.D; :
Deputy Assistant Secretary for

Advanced and Applied Technology‘ Affairs

Department ‘of State
2201 C Street; N.W., Room 4327
Washington, D. C. 20520

23

DEPARTMENT OF STATE (Cont'd) .

Mr. William J, Walsh, IIL
Science Officer-

OES/APT/BMP

Department of State

2201 C Street, N.W., Room 4333
Washington, D, €. 20520

DEPA_.RTHENT OF "TRANSPORTATION

Mr. William D. -Owens o

Deputy Assistant Secretary for
Systems Development and Technology
(IST-2)

Department of Transportation

400 7th Street, 5.W.

Washington, D. C.. 20590

ENERGY RESEARCH AND DEVELOPMENT
ATMINISTRATION

James L. Liverman, Ph.D.

Asgistant. Administrator for
Enviromtent and. Safety

Energy Research and Develophlent
Administration

Washington, D C. 20545

Charles E, Carter, M.D. (Alt.)

Manager, Biomedical Programs

Division of \Biomedical and
Environmental Research

Energy Research.and Development.
Administracion

Washington, D, -C.: 20545 )

Walter H..Weyzen, M.D, (Alt.)

Manager, Human Health Studies Progra

Divigion of Biomedical and
Environmental Research

Energy Research and Development

. Administration -

Washington, D. C.

20545 .




21

For example, regearch agenqies on the Committee are working in coordination
with theiﬂational Institutes of Health and its.Recombinant DNA Molecqie
Proéram Adlvis.ory Committee on s.lett;ing staadards am.i certli.fy:'l.:ng new ho-at—vec_tor
systems. The research.agencies have al;o beén éevel&%ing ; regisér#rof
projects sqﬁporged by Fede;al fund;. Tﬁe surve} being téke; in tﬁé private .
gector by the Pharmaceutical Manufacturers Associatioﬁ and.%he.industrial ‘
Research Institute wiil profide data on the iﬁduatry, in sﬁticipation of
fegistration Qnder a new.law. ' . ' -

Thé.Conigtee will céﬂgidgrlsuggesﬁions by the rep?eséntativeé froﬁ
the State Depax.'tmé.nt concerr::i.ng further mean.s to er{su;e intérna’tional .
control in the usé and prudﬁction ;f recéﬁbiuant DNA moléculeé. At
pregent, there is voluntsryfﬁoordination and.cooperatiuu aﬁong nationai
scientific bedies. The Bioiogical Weapons Convention is.considered by
the State Department .to proﬁibit development, production, or stockpiling
of recombinant DNA molecules for purposes:of biological warfare, The
Committee-will review: whether other measures need to be considered for
international.control.-. T - T R ‘ s

The Cowmittee will -also be reviewing current Federal policies.on
the matter of patenting recombinant DNA: inventions and other matters of
concern that may need to-be addressed before the Committee concludes its

business -and files.a:final-report,
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recognizes the important world-wide commerc?al potential of recombinant
DWA molecules in medi:c:i.l:LeJ _.agric:\..l;l.t!.lte, and .ol:het areas qf at.:ieuce and
éechnolagy. It believes tha; éhe potentia1 qom@ercial uses gf_recumbiqant
DNA techaiques require that information of a propriefar&iqgture anq L L
patent rights be given appropgiate protegtinn from #isclosure by the
regulatory ageney receiving.auéh information. Some Cowmittee members
expressed concern that univergities and inventors with timited resources
may be unable to adequately protect data of a proprietary mature if
the regulatory agency acts to'disclose such information: The regulatory

agency should consider the 'burden of its action on these inventors.

(6) Preemption of State/Local Laws:

The potemtial hazﬁrds posed by the use of recombipant DNA technigues
extend beyond the local to the natiénal and internatiqn;; levels. There—
fore, the CUmﬁit;ee recommenﬁ; that a single s%t of.na;ional_standards
must govern and that, accofdingly, local.law_shoyld be Preempted to
ensure national standards and régula;ions. ‘The Committee, however, took_
into account the activities at the State and local levels on rEguigtion
of recombinant DNA research., It was agreed that if a State_passes.a
law imposing requirements identical to those contained in the Federal
legislation, then the Seeretary may enter iﬁtn an agreement with the
State to utilize its resources to assist the Secretary in carrying out

his duties.

(7) Inspection and Enforcement:
The Committee proposes that there be inspection and enforcement

requirements to ensure that scandards are being met. In order to protect
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and regulation in other areas. The Committee comsidered whether, in
the proposed legislation, the regulations éhﬁuld be limited to research.
As noted above in Ese.analyéis of existing legislation, o Curreﬁf single,
legal authority reachéé all research under }eiﬁi:emeuts set for regulation
gy the Committge. However, the Occdﬁacidnnl Safety and Health Administration
and thé Environmental Protection Agenc} do have authority for IEguiation
of commercial applicagions of recombinant DNA molecules.

Regulation of research aleme péeseﬂts a problem because of the
difficglty in determining the botdéf between research end éilot production.
Therefore, the Caﬁﬁittee recommends that regﬁlaéion cover Che production
or use of recombinant DNA Qoleculea. Such language would include research
activipy, and makes immaterial any consideration of whether a given
‘activity constitutes reséarch, pilot production, or manufacture. The
Committee recommends that the Secretary, in c@nsulta;ion with apprqpriéte
regulatory agencies, be allowed to determine the nature of the activity
and should defer to a regulatory body he determines i§ better empowered
and equipped to deal with it. .

The Commitéee‘alsﬁ recommends as a suggested element for legislétign a
"aunset provision" for the régulatory authofity. -Thia pfdviéiun is intended
to maﬁdate a review of regulat{on in light of accumulated'ééiéntific and
safety information. Thié.ﬁrovision, the Committee wishes to.emphpsize,
does ﬁnt tefer.to reéordé an& other data felevant, for example, to medical,

occupational, or environmental surveillance.

(3) . BRegistration; '

There was general -agreement by the Committee that registration of

projects- and other activities involving the use or production of recombinant
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(10} Preemption:
The legislatioﬁ should specifically preempt all State and. local
laws regulating the prodiction or-use of recombinaut DNA molecules;
except that where a State passes a'law imposing requirements-identical
to those contained in the:Federal'legialation, the Sécretary should
have disecretion to enter into an agreement with the State to carry out

the Secretary's responsibilities under the legislation. '

(11) Enforcement: -’

The legislation should contain provisions for enforcement and sanctions.

(12} Emﬁlozee rights:
The legislation should contain protections for employees who cooperate

in the enforcement of these provisioms.

(13) Sunset:
The legislation should remain in effect for a period of five years

from the date of enactment, unless further action is taken hy Congress.

VI. Suggested Elements for Legislation: Committee Analysis
In considering these elements for proposed legislation, a number of
issues were raised and discussed by the Committee, The issues that the

Committee considered of importance aré described. balow.

(1) Definition of the Teim "Secretary": -
The Committee considered the appropriate locus in the Govermment for '
the regulation of the use and production of recombinant DNA molecules.

It determined that the Department of Health, Education, and Welfare.

i
|
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(4) Licensure of laboratories:

The Hmwwmwwmwom‘nwocwm bar any ummuoa from mswmwﬁsm in the vnonrnnwou
or use of recombinant DNA molecules except at a facility licensed by the
Secretary. A license should not be issued unless the Secretary determines
that the facility will be operated in mnnmumwnnm with standards promulgated
under the legislation and such other conditions as nwm woonmarmw deems’
mvvnovnwmnm.. : h :

‘The wmnnmnwnw should have m:nrmuwaw to mwmutn from the wmnmnnrnm
requiresent categories of activity which he nmmmm&m:fm pose no unreasonable
risk .to health or the envizonment. He should alse, at his mwmnnmnwmﬂ.
be able to utilize qualified accreditation or licensing vomwwm;no.wmmwmn
bim in carrying out this liecensing function. .

The legislation should have appropriate provisions for revecation,

suspension, and limitation of .licenses and for judiecial review,
b ; ¥

{5) Registration:

The Hmwwmwmnwrn should vru any umnwou from engaging in the mnnm=nnmn=
or use of recombinant DNA Eowmn:wmm =nwmmm the activity rbm wmmm registered
rwnv the mmnnmnmnwm.vn0<wnmn that the mmmnmwmﬂw should be mrwm.nc mwmavm from
the provisions of this section categories of vmoa:nnwnﬂ.nn uge srwwr he

determines pose no unreasonable risk to health or the eavironment.

(6) . Ionminent hazards:.

The Secretary should have authority to eue to enjoin the production:
or use of recombinant DNA molecules where he believes the activity would

constitute an imminent hazard to health or the enviromment.
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unions, and private indué;ry. At the request of the Chairman of the
Gommirtee, the Iudustrialrﬂesea!;h ina:itute'and the Pha;ﬁaceuticgl
Manufacturers As;ociatioﬁ are su;veying their member firms to QEtermiqe
the.acnpe of the reaea;cﬁ'gfforta ip the priva;e_sectoz: TherPha:ma-
ceugical Manufacturers Association has adepted the NIH Gui&%;ines
for safe coaduct bf.this research.

In light of this review, the full Committee recommends that the
following elements should be included in proposed legislation for the

regulation of recombinant DNA research:

n Deflnltluns.
"Recombinant DNA molecules" should he defined in 2 manner consistent
with the NIH Guldelxnes.
. Through an approp;iaté &efinition of the term "pérspn."_the_le?is;af
tion should cover gn; ;u&?*ingl, corparation? aggociatiqn} Federal,
State,_or local 1nst1tut10n or agency, or other legal entlty.

"Secretary” shauld mean the SeCretary of Health Educatlon and Welfare.

(2)’" ‘Géneral requirements: "

The Iegislation should bar any persén from engaging in the proQuctidn
or use of recombinant DNA molecules in a State of the United Staces,‘in
the District of Columbia, the Commonwealth of Puerto Rico, the Virgin
Islands, American Samoa, Guam, the Trust Territory of the Pacific Islands,
Wake Island, Outer Continental Shelf Lands as defined in the Outer ﬁontined-
tal Shelf Lands Act, Johnston Island, or the.Cénal-Zone3 unless (a) such
production or use is permissible under standards promulgated by the

Secretary, (b} such production or use is in compliance with amy such
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361 does not apply to plants, animals, or the gengral emvironment. It was
the conclusion of the Subcommittee that Section 361 lacked the requisite
nutho:it} to meet ;11 of the requirements:aet for the regulation of this’
research.

The Subcommittee also cdnaiﬁered the authority of the CDC to licease
and control the dperationrbf elinical laboratories under Section 353 of
the PHS Act, but this ﬁroviaion-wns'not considered to be applicable to
research'iéﬂoratories. .

Other authoritiea of EPA under the Cléan Air Act, the Federal Water
Pollution Control Act, and the Resource Conservation and Recovery Act
of i976 were considered briéfly and chought only to apply, if at all, ta
isolated aspects of recombinant DNA research, |The authorities of the Food'
and.Drug Administration (FDAj were also reviewﬁd, but it was concluded that
recombinant DNA research has not yet Teachéd the stage of commercial appli-
caéion that éémes under the FDA's jurisdiction. The regulatary pawers
of the U.S. Department of Agriculture (USDA) were also reviewed and found
applicable aulély to nouhuman animals and“plants.

In summary, the grouh ﬁonhludéd that no single legal éuthofity, or
camhinatioﬁ of auéhofities,‘curréntly exigts which would clearly reach
all recombinant DNA research in & manner deemed necegsary by the Committee.
Although there is existing authority.that might be broadly interpreted to
ca?ér‘moat of the research at iséue,‘it'was generally agreed that
regulatoiy.aéfioﬁé taken on the basis of any such interpretation would
probably be subject to legal challenge.

After completing An'analysis of existing legislation, the Sub-

-committee on February 8, 1977, considered elements which might be
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suthorities currently exista that ﬁnﬁld-clearly'reach‘all research
and other uses of recoﬁﬁinﬁnt DNA.teEhniques and meet all the requirements.
The complate Sugcommittee analysis is included in Appendix ITI. The
Subcommittee, in reaching this conclusion, reviewed the folloving laws
that were deemed most deserving of detailed conaideration:

(1)  the Occupational Safety and Héalth Act of 1970 (Public Law

91-596), "

(2) _thg Toxic Substancés Control hnt'(?ublic Laﬁ 94-469),

NE) .'the Hazardoud Matér;als Transportation Act {Public Law 93-633);
{4) *“Section 361 of the Public Health Service Act (42 U.5.C. Sec. 264).
The Dcéupationaltsafegy end Health Act givéh the dccupational Safety

and Health Administration (OSHA) broad powers to require employers to

‘ provide a safe workplace for their employees, The term "employér" in the
Act, however, is defined in such a way as to exclude Sﬁatés.and their
politicallsubdivisions unless the OSHA standards are voluntarily adépted.
Twenty-four States have adopted the standards, but twenty-six states are not
subject to them, Further, the OSHA standards do not cover aelf—employed.
persons, ' For these reasoms it was determined that OSHA .at present could
not regulate all recombinant DNA research.

The fnvironmental Protection Agéncy,'under.the Toxie Subananées

Control Act, is directed to control chemicala-that'méy'ﬁréaeht an

"unreasonable risk of injury to the health or the environment," The Sub-

committee determined that the waterials used in recombinant DNA research
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ﬁniona, and the European Molecular Biology Organization, have made similar
reconmendations. ' .

) The European Science Foundation, repfesenting.member nations from
Western Europe and Scandinavia, has recommended to its members éhat they
follow the guidelines of the United Kingdom. These guidelines ;re, in iﬂtent
‘Afd substdnie; vérjfsimiih%“to those of the‘NatiQnﬁl Institutes. of Health.
The NIH is currently working closely with the United Kingdom-and the European
Science F;un&ation to ensure a commonality of standards im the conduct of this
research. Thus far, there has béen very close cooperation and coordination
anong the various internatiomal and national ecientific bodies, with a view
to reaching & consensus on safety practices, programs, and procedures.

At the meeting of the Committee held on November 23, the Federal research
Iagencies discussed their activities and possible roles in the_impleméntatiun
-of the NIH Guidelines. _All Federal research sgencies endorsed the Cuidelines
te govern recqﬁbinanc.pNA research. At pggsenf, the NIH, the National
Science Foundation, the Veterans Administration, and the U,.S, Department
of Agriculture are supporting ov condggting such regearchp The NIH has
123 grants in which recaﬁbinant DRA reaeafch is_iﬁvolved. The National
Science Foundation has 52 grants supporting-auch research in whole or
in part. The-Vete;ans Administration has eight projects. Thé.Departmeut
of Agriculture and Agricultural Bxperimeng Stations will soon have an
estimate of the number of projects in their area. The Department of Deéense,
the National Aeronauticg and Space A&giniatration, aﬁd the Enérgy Research
and Development_Adminintration do not_a? present conduct such research,
but éll have endorsed tﬁe NIH Guideliﬁea to govern future research ehoulﬁ

it be undertaken.
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are designed to afford protection with & wide margin of safety to -workers
and the environment. The.NIH Guiﬂelines.were published in the Fédéral
Register on Juiy ?,.1976, f;r public comment.

The NIH also prepaved and filed in the Federal Register uﬁ
September 9, 1976, a Draft Environmental Impact Sﬁétement oﬁ the Guidelines
for public ;oﬁment; The finql NIH Environmenﬁal TImpact Stateﬁeht uill be
published shortly. In August 1976 the NIH published a volune contaiding,
the transcript of a public hearihg heid on Eﬁe Gpideliﬁes-aé well as th;
correspondence teceived by‘the ﬁIH Dirgctéf onlfﬁig ﬁatter pfior to the

release of the Guidelines in June. -

111, Federal Interagency Committee on Recombinant. DNA Research

The Interagency Committee on Recombinant DNA Research was created to
address extension of the NIH éuidélines beyond tﬁe NIH to the ?ubliq
and private sectors. . The Committee. was convened by.the Secretary of Health,
Education, and Welfare with the approval of the President. Dr. Donald S.
Fredrickson, Director of NIH, serves as chairmén at the Becretary's request.
" The Interagency'CommitFee is composed of representatives of Federal
Departments and agencjés that .suppoxt or conduct recombinant DNA research,
or fhat may do s¢ in the future, and ‘representatives of Federal Departments
and agencies that havepresent or petential regulatory authority in this .
area. (The membership of the Committee is included in Appendix 1) The
mandéte of the Committee is to

(1} . review -the nature and scope of Federal- and private-sector

activities relating to recombinant DNA research;
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INTERIM REPORT OF THE
FEDERAL INTERAGENCY GOMMITTEE ON RECOMBINANT DNA RESEARGH:
SUGGESTED ELEMENTS FOR LEGISLATION
March 15, 1977

I. Introduction

Recent scientific developments in genmetics, particularly in the last

four years, have culminated in the ability to join together genetic .

matérial-from different sources in cell-free aystems to form ragombinant

deoxyribonucleic acid (DNA) molecules., BDNA ia the material that determines

hereditary characteristics of gll known cells. Recombinent DNA research
offers great promise for better uﬁderatanding and .improved treatﬁent of
hunan diseases. Medical advances through use of tﬁis technology include
the npporﬁh#ity to explore complicated disease; and the functioniﬁg of
calls, to better underscand a variety of hereditary &efects, and possibly
lin the future, to create micrnnrganismsluseful in ptoduciné medically
important compounds for the treatment and control of disease. Aside from
the potential mﬁdi;al benefitE; a variety of other appli:ationa iﬂ science
anq technology are envisioned; An example is the large"gcale production
of enzymes.fur indusﬁrial uae. Potential benefit? in ggricultu;e include
the eﬁhsncement.of nitrogen Eixafion in certain plants and the biological
‘control of ‘pests, pernitting ipcregsed food producti&n. .
There are risks in this new research area as well as anticipated

benefits. A potential hazard, For example, ia that the foreign DHA in

a microqrganism may aite¥ it in.unpredictahle Qnd undesir;ble ways. Should
lthe altére& ﬁicroorganimm ;Scape from containment, it might infect human

beings, 4nimals, or plants, causing disease or modifying the environment.

|
|
;
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In addition, the Conmitt.ee recomiended that the NIH Guidelines for

Research Invoiving Recombinant DNA Molecules become the ‘mational standard,

" with guch modifications as the Secretary may consider necessary.

Califano stated that he asked HEW's General Counsel-Designate to
work w.ith Dr. Fredricksen, and the technical experts on the Interagency
Committée, and to consult closely with the relevant Congressional committees
in drafting legislation :for clearance with the Office of Management and

Budget and eventual submission to Congress, that would follow tﬁe Interagency

Comnittee's reccumendations.,




U.S; DEPARTMENT OF HEALTH, EQUGATION, AND WELFARE -

FCR RELEASE AT 1:00 P.M. EST Naticnal Institutes of Health
Wednesday; March 16, 1977° Storm Whaley (301) 496-4461

Mew legislation is necessary to regulate the use and production of
recombinant DNA molecules, according to a report transmitted today to
the Secretary of Health, Education, and_Welfare.

In accepting the report from the Féderal Interagency Commitiee on
Recomﬁinant DMA Research, Secretary Joseph A, Califano, jr., said that
the Department will immediﬁtely begin drafting legislation in the ligﬁt.
of the recommendationsg made by the Committee.

Califanc noted that he had been closely monitoring the recombinant
ﬁNA igssue since hils confirmation and that he had been in continuéus.
communication with Dr, Donald-s. Fredrickson, M.D., Director, Natiomal
Insiitutes of Health and Chairman of the Interagency Committee.

"I recognize that legislation in this area would represent an unusual
regulation of activities affecting basic science but the potential hazards
pegsed by recombinant DNA techniques warrant such a step at this time,"
Califano stated.

"But I believe that such a measure is necessary not just to safeguard
the public but also to assure the continuation of basic research in this

vital scientific area,.

(moxe)




ceptance of a generally uniform method of prescribing containiient for
experiments according to the same design as you see in the NIH guide-
lines, - . S . : . .

* Chairman Trorxron. Thank you, Dr, Fredrickson.

" Please continne with your statement. : o

Dr. Freprickson. In fact, this agreementf among scientists now
leaves us at the second stage of development in this problem, and that
is how to extend these guidelines throughout the world, how to compel
compliance with them. o ' o

“We find all nations dealing individually with this problem because -
a single country offers the largest political unit in which Jaw. can be
applied effectively in dealing with these problems. = = .

With the effective development of statutes or application of avail-
able and existing regulations, it should be possible to blanket the whole
world with a quite uniform set of standards of conduct for the use of
these technigques. '

We have also been in indirect contact, through the International
Council of Scientific Unions, with scientists, and molecular biologists
in the Eastern European countries, including Professor Bayev, who is
head of the Soviet Academy of Science Committee which is seeking to
* develop guidelines for use in the Soviet Union. Throughout all of

these countries, the NIII guidelines and United Kingdom guidelines
- are being used, together or alternately, and thus there is really a quite
uniform standard of conduct at the present time. '

In addition to reviewing the activities abroad, the Interagency
Committee at its November 4 meeting also had the Federal research
agencies diseuss their activities and possible role in the implementa-
tion of common guidelines. All of the research agencies endorsed the
guidelines. . :

At the meeting on November 23, 1976, of the Interagency Committee,
the Federal regulatory agencies reported on their regulatory func-
tions, as they might relate to the use of recombinant DNA techniques.
Following that review, a special subcommittee was formed to analyze
the relevant statwtory authorities for the possible regulation of re-
search involving recombinant DNA technology. Al regulatory
agencies were represented on this subcommittee, and assisted by attor-
neys from their offices of general counsel. _

It was the conclusion of the subcommittee that no single legal au-
thority or combination of authorities currently exist that would clear-
Iy reach all research and other uses of recombinant DNA techniques.

The full committee reviewed the findings of the subcommittee and
adopted its report, and agreed that new legislation is needed.

The committee then turned to considering the elements for possible
new legislation, and in doing so, it reviewed Federal, State, and local
activities bearing on the regulation of recombinant DNA research.

Additionally, the views of several interested parties were solicited
on legislation to regulate recombinant DNA research. Those parties
included agricultural scientists, biomedical scientists, environmen-

-talists, labor unions, and private industry.

After detailed deliberations at meetings on March 10 and 14, 1977,
the committee agreed on a set of elements for proposed legislation.
The elements agreed upon and the various alternatives reviewed by




To assist me in the review of the proposed guidelines, a special
meeting of the advisory committee to the Director, NI, was con-
vened on February 1976, Members of this committee—which is to.be
distinguished from the Recombinant Advisory Committee—repre-
sented not only science but such other disciplines as law, ethics, and.
consumer affairs, : '

Comments received from committee members and public witnesses
represented a wide range of views. Follow-up written comments were
also solicited from several diverse viewpoints, including the Environ-
mental Defense Fund. o L

In April, the NIH Recombinant Advisory Committee considered
these comments developed from the February session and comments
made thereafter, and a number of changes to the guidelines were made.
Concurrently, meetings for information exchange were held with
representatives from other Federal agencies and private industry, as
well as with congressional staffs,

Finally, on June 28, 1976, with the approval of the Secretary of
HEW and the Assistant Secretary of Health, the NIIT issued guide-
lines to govern the research it supports involving recombinant DNA
molecules. The NIII guidelines established strict conditions for the
conduct of this research. The guidelines prohibit certain types of ex-
periments and. require special safety conditions for other types. The
provisions are designed to afford a wide margin of safety to workers
and the environment. o -

Two weeks later, on July 7, 1976, the NIH guidelines—together
with. a document indicating the basis of my decisions on the prineipal
issues—were published in the Federal Register for public comment.-

Over 40,000 copies of the guidelines have been widely distributed to
foreign embassies, medical and scientific journals, NIH grantees and
contractors, and major professional research societies.

Subsequent to the release of the guidelines, NIH undertook several
actions. To facilitate implementation of the guidelines, the NIH, in
June 1976, established the Office of Recombinant DNA Activities to
administer and coordinate intramural and extramural activities at
the NIH; to review the institutional bichazards committees which
are required by the guidelines; and to monitor reports and informa-
tion concerning accidents, containment, and safety research innova-
ton. : .

I would like to devote the remainder of my statement to the activi-
ties of the Interagency Committee on Recombinant DNA. Research.
This committee was ereated, with the approval of President Ford, to
address extension of the NII guidelines beyond the NIH, tothe public
and private sectors.

The first meeting of the committee, on November 4, 1976, was
devoted to a review of the development of the NIH guidelines. The
cominittee also reviewed activities in other ¢ountries on the develop-
ment of guidelines for this research. Recombinant DNA research is
being conducted in a number of countries, including most parts of
Western Europe, Eastern Europe, the Soviet Union, and Japan.

In many countries, appropriate governmental or scientific bodies
have reviewed the research and have agreed that it should proceed.
Several of the countries, including the United Kingdom and Canada.
have acted to establish their own guidelines to govern the conduct of
this research. '
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_Finali;, I want to note that bilomedical research is entering a
new era in its relatiomship to society. Tt is passing from an extended
perio& of relative privacy and autenomy to an engagement with-new ethical,
legalf and socilal impefatives under concerned public scrﬁt;ny. NTH: has
responded to thesé concérns by: requiring the formation of reviéw boafds
.to oversee human gxPerimentatién, animal care, and now DNA recombinant
experiments. Similar bodies may scon have to oversee other hazar&qus

\

laboratory work. These respomsibllities are inescapable adjustments to
the rising demand for public goverrance of science, though this need not——.
and, indeed, should not--go beyond what is clearly required for public
safegy lest we inadvertently impede successful research and haﬁper
creati%ity. Thé progreéé Qf science will continue éo depépd on the
initiative and insights--call it inspiration, if yoﬁ like-—of individual

scilentdists.
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-zfcr safety monitoring rather than licensure or registration of
iindtviduals'engaged in research.
. The Ccmmirree urges full disclosure to the appropriate regulatory
body of all relevant safety and sclentific information pertaining to the
use or production of recombinanr'DNA melecules. . However, the Committee
recognizes the important world-wide commercial petential of recombinant
DHA molecules in medicine, agriculture, and other areas of science and
technology. It believes that the potenrial comzercial uses of recom-
binant DA teehdiqﬁes require that information of alproprieter§{nature :
and patent rights be given eppropriate protection fror disclosure by
the regulatory agency receiving such information. However, the Secretary
may immediately release information if public safety requires it
Becausge the potential hazards posed by the use of recombinant DNA
technliques extend beyond the local to the national and international
levels, the Committee recommends that a single get of national standards
must govern aand that, accordingly, local 1aw should be preempted. to .
ensure national standards and regulat1ons The Committee, however,
took into aecount the activities at the Stare and local levels on
regulatian of recomblnant DHA research. It waxz agreed that, if a State
passes a law imposing requirements identical to those cuntained in the .
‘Federal legislation, then the Secretary may enter into an agreement
:with the State to utilize its reeources to assist the Secretery in

icarrying out his duties.
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risks and benefits posed by use of recombinant DNA techniques without

|
;
3
5
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:Govermment regulation."

The Department is now drafting legislation :Lﬁ the light of the
recnmméndations made by the: Committee. This leéisiation sheuld be
ready soon. o

Mr. chairman, I would Iike to submit for the record the Federal

Interagency Committee's "Interim Report on Suggested Elements for
‘Legislation," along with a éopy of the Secretary's press release.

‘i&:l.th your permission, I would like ‘to review briefly some of the
major elements addressed by fhe Compittee. The Committee determined that
the Department of Health, ;Education, and -Welfare is the appropriate locus
in the Govermment for the regulation of the use and production of _
recombinant DNA molecules. ~In reaching this determinatiou, the Cummi:l:ee
took into account existing roles of certain egencies within DEEW-—for
'example, that of the NIH in developing the Gu:l.delines, and of the Centet
‘for Disecase Control and Bureau of Biologics (FDA) in regulating infec:ious
agents and blological ptoducts 'l‘he Conmittee also had befoxe it the
‘petition by the Environmentsl Defense Fund, requesting DHEW to issue
‘regulaticns For recombinant DA rgseafch. o
. The Committee reviewed at great lepgéh the nature and scope of |
:reéuiatioﬁ. Consideration was given to regulatioﬁ of all hbofatory
.research wh'er‘e hazardous or :156tentially hazardous 'Qubstancea 'were
.employed. ‘There was general Commlttee agreement that: present legiala- '

"tion should be res:ricted to recombinant DNA techniques.
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(é.) The chupational Safety and Health Aet of 1970 (Public Law 91-556)
{i:) Th.e Toxic Subs-tanc.es Control Act (Public Law 94-469)

(c) 'l‘_h_e Hazardous Materdials 'Transpo:l:tation Act (Pub_l:l.c Law 93-633)

(d) Section 361 of the Public Health Service Act {42 U.S.C. 264).

In addition, several other laws were examined. The Clean Adr Act,

~ the Federal Water Pollution Control Act, the Resources Conservation

and Recovery Act, and the authorities of the FDA and the Department of
. Agriculture,
The full Committee adopted the report of its Subcommittee and

. agreed that new legislation was required.

B. Interagency Committee Analvsls of Elements for Legislation

In consideting the elements for leglglatfon, the Committee reviewed

. Fedaral, State, and local activities bearing on the regulation of .

r;acombinant DNA research.

: Among Congressional proposal reviewed were S5. 621, "The DNA Research

7 Azct of 1977," introduced by Senator -Dale Bumpers, and the companion

" measure introduced by Representative Richard L. Ottingei: in the House

(;H.R. 3591). The Committee alsc noted the resolution introduced by

 Representative Ottinger on January 19, 1977 (H. Res. 131), requesting
DﬁEW to regulate recomblpant ‘DNA research under Section 361 of the PHS Act.
. Among State and local activities reviewed were recommendations by the

: N:ew York State Attorney General's Enviromeental Heelth Bureau for State

' r:egulation, and the Cambridge (Massachusetts) City Council's resolution

oﬁ recombinant DNA research.
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standards in carrying out this research. Thus far, there has been very
cleose cooperation and ccordipation among the various internatlonal and
national scientific bodies, with a view to reaching a consensus on safety
practices, programs, and procedures.

At the meeting of the Committee held on November 23, 1976, the Federal
reseerch agencies discussed theéir getivities and pogsible roles in the
implementation of the NIE Guidelines. All research agencies endorsed the
Guidelines to govern reécombinant DNA research. At present, the NIH, the
National Science Fouridation, the Veterans Administratien, and the U.S.
Department of Agriculture are supporting or conducting such research,
The Depai‘tment of Defense, Mational Aeronautics and Space Admieistration,
and the Energy Research and Development Administration do not .at present
conduct such re;earch, but all have endorsed the NTH Guidelines to govern

future research should it be undertaken,

A. Subcommittee Review of Existing Legislation

Al.so_at the November'_ZZ? mee_.ting,_ the Federal regulatory agencies
raported on their regulatory functicms. Forllow:l.ng that review, a special
Subcommittee was formed to analyze the relevant statutory authorities for
the pussible regulation of research involving recombina.nt DA techno].ogy.
All regulatory agencies wete represented on the Subcommil:tee, aasisted by
attorneys from thelr offices of general counsel.

The Subcommittee was charged to determine whether existing legislative

authority would permit thg régulation of all recombinant DNA research £
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The NIH solicited ocinione from a number of different groups in -
the selentific community" and the pu.tlic a.ntl private .sect'ors concerning -
departmental patent policies, with respect. to recombinant DNA research
imtentions.- An analysis of the issues taised by the cotmentators i& -

currently’ under’ revieti .

V. THE INTERAGENCY CO]-!MITTEE ON RECOMBINANT DNA RESEARCE R

I would now. I.:Lke to devote the remainder of my testimony to the _-
activities of the Interagency Conm:ittee on Recombinant BNA Research.
This Comittee was created with the approval of President Ford to aadress
extension of the NIH Guidelines beyond the NIH, to the public and private
: sectors. _ _ _
The specific mandate of the Interagency Committee is as fcllows

to review the nature anr] scope of all recombinant DNA reseerch conducted

in the United Statee, to determine the applicability of NIH standards

to regulate this research nationally, to recommend mechanisms to ensure

" that the standards are be:Lng complied with, and to facilitate exchange

: ‘of information throughout the Federal sector. The Committee is advisor;f

. to the Seeretary of Eealth Education, and Welfare. It includes
representatives of Federal Departments and Agencies that: eupport andr
conduct recombinant mm research (or may do so in the future), and
representatives of Federal Departments and Agenciel that have present

Cor potential regulatory aul:hority in this area. At the Secretary s

. pequest, I serve as Chairmen of the Committee
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ITT. NTH ACTIVITIES FOLLOWING RELEASE OF THE GUIDELINES
Subsequent to the release of the Guidelines, NIH initiated. several
actions.

A. 'Office of Recombinant DNA Activities

To facilitate implementation of the Guidelines, the NIH, in June 1976,
established the Office of Recombinant DNA Activities: to administer -
aﬁd coordinate intramﬁral and extramural activities at -the NIH; to 7
rév:].ew the :Lnst:l.tﬁl:ional bic;hazards committees; and to monitor reports
and information concerning aceidents, containﬁeuﬁ, and safety research
iﬁnovatibh s .

B. FPublished Proceedings

In Augusﬁ 1976, the NIH pub_lished a volume -containiﬁg ‘the transeript -
of thna'-Febrﬁary NIH public hearing on the pfoposed gﬁidelines-, voiuminous
" related correspondence, and the reeult:s. of relevant meétings'held prior
to r;he release of. the Guidelines in June. A second volume is planned
: for publication:in late Spring documenting the correspendénce that the
: NIE received on :he-Guidel‘inés, the Enviroumental TImpact Stateément, and

the Departmental patent pelicy.:

€. Envirommental Impact -Statement

The NIH, in accordance with the National Environmental Policy Act
of 1969, undertock an environmental Impact assessment to review
: envirommental effects, if any, of research that may be conducted under -

. the Guidelines. The NIH Guidelines were released prior to the completion-
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IT. DEVELOPMENT OF THE NIH GUIDELINES

The first step in the development of the Guidelines was taken by
:the seientific cumm_unit:y. Sciéntists engaged in research using recombinant
DNA techpology flrst expresse_d concern about the potential b_iahaze.rds. at
the Gordon Reseaxch Conference on Nucleic Acids in July 1973. At their
re:iuest, the National Academy of Seiences created s conm:f.ttee that c;l;ed
for. a mordtorium ot{ certain types of experimenrts and for an international
conference to c_‘.onsider this problem further. The committee also called on
f'ne NIE to establish an advisory comittee to study containment procedures
and draft guidelines for the conduct of this research. _ At the International
éon?feren;e on Recombinant DNA Molecules held at Asilomar, California, in
Feb;ruary 1975, temporary guidelines were issued, including a continued
mrétorium on sote experiments but allowing others to proceed with appropriate
biolegical and physical safeguards, pending issuance of NIH guidelines.

The NIH Recombinant DHA Molecule Program Advisory Committee was
esta‘blished in October 1974 to advise the Director of NIH. 1In December
1975, the Committee, after several open meetings, recommended proposed
guidalines for my review and deciaion.

To asslst me in the review of the propesed g-uidelines, a special
n_:ee:ting of the NIH Advisory Cqmmittee was convened Iin February 1976.
Members of the Committee represented not only science but such other
c@is.éiplin.es as law, ethics, and consumer affairs. Comments received

from committee members and a number of public witnesses represented a
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I. INTRODUCTION

Good day, Mr. Chairman and other Committee members, I am pleased |

to appe_ar.hefore you today to discuss Federal policies concerning

Fecﬁbimnt DNA techniques. Specifically, I want to tell you abéut

;‘.he activities of two_organizations-the National Institutes of Health -
:a.nd the Federal Interagency Committee on Recombinant DNA Research.

. Recent sclentific developments in genetics, particularly im tﬁe
last four years, "have culminated in the development of a powerful new
tool for reseéarch--the ability to join together gemetic materials from
different sources in cell-freé gystems to form recombinant DNA molecules.
T would 1ike to @pﬂsize the point that recombinant DNA is a tool for
accomplishing the types of research that scieﬁtiéts have been pursuing
for decades. "DNA"--which is the shorthand way of saying "deoxyribo-
nucleic acid"-~is the matertal that determines hereditary characteriaticé
of all known cells. - Thus altered ceils are created with the ability to
replicate themselves. ¥Yrom testimony already received, you are aware
\::!mt. this new,andr-powerful tool of 'science has generated great heope

and excitemenﬁ gnd, concomitantly, many expressions of concern. .

. Researeh using recombinant DMA techniques offers great promise for.
;li:setter anderstanding and improved treatment of human diseases. M_ediéal
:s.dvances through use of this technology include the opportunity te
explore complicated diseaseé and the functioning of cells, to better

understand a variety of hereditary defects, and possibly (:Ln' the future)

. to create wmicroorganisms useful in producing medically Important

‘gubstances for the treatment and control of disease. Aside from

—— et s,
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_STATEMENT OF DR. DONALD FREDRICKSON, DIRECTOR,
NATIONAL INSTITUTES OF HEALTH, BETHESDA

Dr. Frepricrson. I appreciate the opportunity to go first.

Chairman TrHorNTON. Yes,sir. We do have your prepared statement
before us, and without objection that statement will be made a part
of the record, and I'd like to now invite you to proceed as you may

: choose. .
~ [The prepared statement of Dr. Donald Fredrickson is as follows:]
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Dr. Donald S. Fredrickson

Dr., Fredrickson was born on the &ch of August 1924, in Canon City,
Colorado, U.S.A. He completed his medical studies ay the University -. .
of Michigan, and did his post—-graduate work at the Peter Bent Brighanm

" and Massachusetts General hospitals associated with Harvard Univer-~
gity in Boston., From there, he moved as a Clirical Associate to the
National Institutes of Health in 1%33, where he has carried out the
major part of his cliniecal and laboratery Investigations.

His earliest interests centered on the mechanisms of synthesis,
transport, and the metabolism of fats and lipoproteins, studies
which included the effect of different drugs in reducing cholesterol
and other fats in the blood. He published many ewparimental papers
during th: period 1955 to 1961, while a member of the Laboratory of.
Physiology and Cellular Hetab011s“ of the National Heart Institute.
In 1961, he was named Clinical Director of the Natlonal Heart.
Institute, and in 1266 he served for nearly two years as the
Birector of that Institute.

In 1968, he became the Director of Resecarch of the then Hational
Beart and Lung Institute and at the same time was Head of his own
Laboratory of Molecular Diseases. His group carried out important
work dealing with the structure of the lipoproteins, thelr impoertance
in the transport of fats, and the genetlc factors which regulated the
metabolism and concentration of these lipoproteins in bleod. During
this time, he discovered the deficiency disease, Tangicr Disease,

and established the form of hereditary transaission of this lipo-
protein deficiency state. A little later, he alse discovered
cholestercl ester storage disease, a second genetic disorder of

-fat metabelism.

During the period from 1965 to 1967, tkere occurred perhaps the mest
important and best koown of Dr, Fredrickson's work, which 1s well-
known throughout the scientific world: a system for classification
of the hyperlipoproteinemias, which was rapidly accepted by the
World Health Organization and shortly extended to all the textbooks
and repoxts on this subject. This extended to clinicilans the
recogrition of the degree of heterogenedty underlying different
elinical states associared with hyperlipidemia and made more rational
‘the undersianding of the .herapeutic action of diets and drugs in
treating this problem.







Dr. Baltimore wants us to go on with recombinant - DNA research
because it’s impossible to predict what useful knowledge will come
from it. But if that’s so, then you can’t have it both ways. If it’s im-
possible to predict where useful knowledge will come from, then we
can look in some other direction with just as much chance of success.

What bothered me very much was the implication running through
the whole of Dr. Baltimore’s staternent that recombinant DNA re-
search is equivalent to modern biology, that recombinant DNA re-
search is equivalent to basic research. So that to be against recombi-
nant DNA research, he implied, is to be against modern biology,
against basic research. ST R
- I certainly am not against basic research. I certainly am not against
modern biology. Recombinant DNA is a tool; it’s one way of getting
somewhere, There are other ways to get there. - -~~~ ..~

The last thing T want to comment on in Dr. Baltimore’s testimony
was the statement, “the permanent replacement of genes is probably
in the far future.” He implied that introducing into the human germ
line. genes. that have been manipulated in the -laboratory is ex-
tremely far away, that people can’t inherit, manipulated genes. '

It’s not-far away. It’s very, very. close. I refer to.the experiments
reported at the Roche Tnstitute meeting on teratomas in May 1975 by
Dr. Beatrice Mintz, where teratoma cells were -introduced intc em-
bryos and were then passed on to the offspring of the adults. formed
from these embryos. Excuse the technical detail. The 'point is, we’re
very, very close to manipulating' genes in the-laboratory:and then
getting them back into an organism in such a-way that.they can be
inherited. That’s one of the things that those of us who are concerned
about genetic engineering are worried about. = : Gt

Mr. TaornToN. Thank you,; Dr. Signer. © - ;.

Dr. Nathans. _

- Dr. Naraaxs. I can sympathize with the problems that Congress-
men and Senators have in deciding what’s the eorrect advice when the
advice is conflicting. I would like to make a couple of points about that,

however. : :

One. Some of the advisers are self-selected. They’re people who
volunteered advice and have been called on by legislators all over the
country to give the same advice. I would submit that the Congress
deserves expert advice on the problem at hand, This country has a
number of very knowledgeable people in infectious diseases, in patho-
genesis of infectious diseases, in epidemioclogy which it has not asked
to testify on the questions at hand.

Second. I think the focus really is properly on risk. That there will
be benefits, in terms of basic knowledge, is already established. What
~ ‘we cannot predict is where that knowledge will lead, in terms of prac-
. tical application. :

But I think it’s not sufficient for a legislator, if I may, sir, to say

that: “Since T get conflicting advice, I must take the worst prognosis.”

I don’t think that solves the problem. I think one must try to analyze
~ that advice and try to find out who can give the most cogent adviee
on the outstanding points, and I submit there are many people in the
country who have not volunteered adviee who could give such advice.

Mr, Orrineer. I understand our time is up, and I want to thank
the chairman for his very great indulgence.

El :
|
I
!
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things that should be done under very high containment, and so there
really is no disagreement that there ought to be control, and there’s
no disagreement that the risks are minimal, and the arguments come
up -about what kinds of risks one is willing to assume, and how bad
you think something could be, and so the risk-then becomes # matter
of great detail, and I must say that I have spent much more time than
I wished over the last few years looking at the details of many, many
scenarios, and I find them all very unlikely to ever eventuate.

I believe that Dr. Nathans has made a very similar kind of evalua-

tion for himself. Ie and I sat in a room at MIT in 1974, and off the
tops of our heads said, “You know, there may really be some serious
problems here,” and then have spent now years and years studying
what those problems might be. : '
* Mr. OrriNeEr. We hieard from.one of your MIT colleagues and from
- the director of a lab in Cambridge who say that the laboratory pro-
cedures; the existing safeguards,-are just frightening sloppy, that lab
workers get all kinds of diseases from the materials with which they
work, that even at the most protected institution that there was very
serious exposure that occurred, and that, therefore, we have a right
to be much more concerned, not only about DNA but about certain
other kinds of biological research materials. - . :

Dr. BavrimMore. But that’s not fair, because you said your job was
to protect the public health and safety, not the safety of laboratory
workers. The safety of laboratory workers is a much more limited
problem. Now, it is only laboratory workers who have ever been in-
fected by laboratories. They have never spread to the community, even
from Fort Detrick, where in fact there were infections among labora-
tory ‘workers. Not onme of those infections ever spread to the
community. . . : '

Dr. Cavalieri said it was the height of irresponsibility to put these
laboratories into medical research imstitutions. Well, in medical re-
search institutions they work with highly pathogenic organisms, the
same doctors who go and see patients. They know how to wash their
hands; they know how te put on laboratory coats; and they know from
years and years of experience that that protects the patients. So that
it is not a matter of - . R -

Mr. Orrinezr. Patients are getting all kinds of biological diseases
in hospitals. They’re rampant in hospitals. '

- Dr. Barzimore. But those are not, diseases that they’re getting of the
normal pathological sort, Those are diseases whieh are caused by
being in the hospitals, not tuberculosis coming from the doctors, any

‘more. - o .
* Mr, OrrineEr, I don’t know that.

Dr. Cavalieri? . _ , :

Dr. Cavarrerr. T would just make the simple comment that if some-
thing is happening, why add to it, why put a P3 or a P4 in a medical
setting because diseases are known not to spread or for this or that
reason. It’s adding insult to injury. The argument is fallacious. -

Mr. Orringer. I think your criticisms were valid, If I were to
fashion; as I may do, legislation to provide a périod of time for exami-
nation of DNA. recombinant research and set up a commission, which
I think ought to have at least a preponderance of public people on it,
how far would you extend that -moratorium?.Would you extend the
moratorium to all recombinant DNA research? s - S

IR FRY
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Mr., Chairman, the same thing happened again at the Department of
Commerce. We were invited to a dialEc’)eg. We.were asked for our views.
We were asked to look ahead. We were asked to make suggestions.

It seems generally agreed on all sides that the guidelines are today’s
p}clarceptlons of prudence. They are not cast in stone, but they’re to be
changed. : : _

So, yes, it was pointed out that ultimately commercial production
will require reexamination of the 10-liter limit. That’s the production-
research distinction that Dr. Wald mentioned yesterday, and that un-
til that is done there will probably not be any commercial production.
And, yes, it was pointed out that business in today’s society is struc-

“tured competitivgiy, and that most companies would be reluctant to
make substantial investments in any field unless they felt that their
proprietary interest could be somehow protected. I stress “somehow”
becanse no one had any good ideas, and at that time this Catch-22
aspect of giving up any hope of patent protection by complying with
the guidelines wasn’t yet fully described.

But isn’t that why we are having a dialog ? Shouldn’t we have more?
We're in a position where we're damned if .we do; we’re damned if
we don’t. If listening to the dialog causes a change in.the position,
then the position is described by some pecple as “shifty.” Well, per-
haps it’s shifting, but it’s shifting in response to the dialog. :

Mr, TaornroN, Of course, I think that’s the purpose of gaining
information about any subject, to assist in formulating a position on
the basis of additional discoveries, of additional knowledge. '

Mr, Ottinger. _ : : o

Mr. OrtiNger. Thank you, Mr. Chairman. ' :

With respect to the testimony of Dr. Cape, I just don’t think that
private industry is the proper repository for the protection of the
health and safety of the American people. I just don’t think that
that’s the function of our free enterprise system. We’ve seen time and
time again where private industry, if there’s a profit to be made, will
do anything that’s legal, and sometimes things that are illegal, inelud-
ing continuing to pour known poisonous viruses into the environ-
ment, such as Kepone, PCB’s and EPS’. It’s the proper function of

. government to protect the health and safety of the population, to set

-those guidelines. _ ' S .

So that I really feel very strongly that we have an obligation to
act. To the extent that there is a real threat, it is our responsibility.
To the extent that the companies are goodhearted and socially re-
sponsive, or whatever, that’s nice. But I don’t think we can rely on
that, o N

Dr. Carz. Absolutely. I agree with you, Mr. Ottinger, and I hope
that you do take that initiative. . ,

Mr. OrrINcER. But you say that we should be slow and considerate
and that we don’t have to worry about corporations producing this,
these DNA recombinant products. It think. if there’s a profit in it-
they will. I don’t know if there’s a profit in it or not. Your estimation
is that that’s some time off, S R '

I do think that we ought to act if there is a public health need. =

. Dr. Baltimore and Dr. Nathans, as I say, I’m just terribly concerned,
because we who are not scientifically qualified, for the most part, have

~an assigned duty of protectitig the public intérest. Hearing from emi-
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Mr. BrowN. Wasn’t it in a British lab that Crick and Watson did
their research? R T '

Dr. Bavrimore. Yes, they worked in Great Britain.

Mr. Browx. I have no further questions. o

Mr. Taorxron. Thank you very much, Mr. Brown.

Dr. Nathans, would you like to comment on that?

Dr. Naruaaxs. May I make a response to part of that question, that
has to do with how you enforce regulation? = - : :

I think it pinpoints the difficulty in enforcing any regulation of
this sort 24 hours 2 day, no matter what the law says, and I think it’s
- a very strong argument for the need to depend on local groups to take

responsibility, for example, Institutional Biohazards Committee, and
have an institution take responsibility for enforcing those regulations.

Mz, Taornrow. Dr. Cavalieri? '

Dr. Cavarirrr. T would like to make two comments about Dr. Balti-
more’s statement. '

The first concerns the cause of cancer in industrialized areas. I think
the statistics are overwhelming that chemical carcinogens, pollutants,
are related to this. Whether they are the direct cause of cancer or not,
one doesn’t know. But I dor’t think it’s appropriate to cast if ofl so
easily, despite the apparent expert opinion of Dr. Doll.

It reminds me a little bit of the rage that went on 20 years ago
when people were trying to decide the effect of smoking on health and,
of course, everybody remembers the arguments. But, as it turned out,
the statistics were clear, - ' '

I’'m not saying that all cancers are caused by chemicals and that

eliminating them would be an ample solution of the problem. I'm

saying that it would be a good place to start since we have a vast body
of data, even if some people question it, and if T personally were
directing research; that’s Wherqu would spend my money, rather than
on recombinant DNA. . :

" The second comment I wanted to make concerns the question of
science versus technology. I don’t think Dr. Baltimore made the dis-
tinction clear. He spoke of biologv as a whole, and I agree with that.

Tt has many parts, and that recombinant DN A is one of the vital parts’

of it, or could be a vital part-of it. I think recombinant DNA is an
interesting technique, and perhaps should be pursued after we decide
whether we want to pursue it. ' ‘
But, I am not against seience. I am against science as a technology.
That’s very important because it impinges on the very important
question: Are we trying to stifle the intellect? Well, we are not. We
are trying to stifle the industrial application for profit motives of
devices, of inventions, whatever you want to call them, the scientists
are going to produce. This is not antiscience, and I don’t think that
that should be put in that light, and T don’t know that Dr. Baltimore
meant to say that,but it’s not an antiscience movement. o '
Mr. TrornToN. Dr. Cavalieri, your comments has caused Dr. Cape’s

hand to come up. May I ask for his continued response, Mr. Brown, -

or have you completed your questions?
© Mr. Broww. I*ve finished. ‘-
. Mr. TrornTon. OK. Dr: Cape.
Dr. Capr. Thank you, Mr. Chairman.
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tions in which single genes might be a danger. The NTH guidelines for
research involving recombinant DNA molecules places these three
types of experiments in either the category of banned experiments or
of experiments to be done only under the highest containment condi-
tions. The guidelines then grade as best they: can other types of ex-
periments associated with much lower likelihood of potential hazards.
It is my belief that the biological and physical containment provided
by the guidelines is sufficient to control hazards that have any vague
likelihood of occurrence. Admittedly, no guidelines can give us 160
percent freedom from risk, but that is not a criterion we ask of any as-
pect of our lives.” -~ -~~~ e R
S CONCLUSION L
The public debate over recombinant DNA techniques has brought
out, very deep fears about the direction of modern biology. It is ex-
tremely important when such fears surface that a-broad-ranging dis-
cussion takes place, including both scientists and the public, to air
their fears and analyze their foundstions. ~ -~ - .-
I believe that the public has been unduly aldrmed by the dangers of
recombinant DN A research and that this is liable to lead to & patch-
work of regulations relating to such research in the various municipal-
ities and States across the country. In this situation I believe it is nec-
essary for the Federal Government to step in and provide a defensible
series of regulations which can allow the work to go forward under
uniform conditions throughout the Nation, It would: be ridiculous, to
.me, to have more stringent regulations in one jurisdiction than in
anotlier, especially because the types of hazardsabout which one might
worry cannot be restricted to political boundaries.: EEEEEREEE

" There 18 one final distinétion I consider very important. There are
crities of recombinant DNA research who are attempting to stifle
progress in all of modern biology. They are fearful of the conse-
quences of modern biology, a fear which 15 generally directed toward
genetic engineering. To cut off a field of research because of fear of
the possibilities inherent in knowledge would be a suicidal policy for
a civilized country. While we should not blind ourselves to the dangers
_that can come from scientific advances, if we stifle Tesearch asa way of
avoiding the dangers we will condemn ourselves to a life with both
-no new knowledge and no new capabilities.” ~~ - 7 - -

It is critically important for the subcommittee and-its parent com-
mittee to periodically assess the state of modern biology. Because it is
a field that touches on the basic elements of life it'is a-freld with enor-
mous potentials for both benefit and hazard. T trust, however, that you
will be judicious in dealing with potential hiazards so'as not-to stifle
the development of knowledge which is prerequisite to new method
for dealing with disease. A AU R

I thank you. ~ ° S e e e
. Mr. TaornToN.. I want to thank you very much, Dr, Baltimore, for
your fine statement. . T

Mr. Broww. Dr. Baltimore, the sfatement which you made on the
last page about cutting off a field of research because of fear of the

“possibilities inherent in knowledge immediately led me to think that
this is one of the oldest problems facing the human race. It apparently
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Dr. Fred Ikle v 3 May 22, 1975

My question to you is whether it would be United States |
policy that Article I prohibits production of recombinant !
DNA molecules for purposes of comstructing biological weapons.,

I also wender whether you would see any reason why other
signatories would not interpret the Convention in a similar
fashion. .

For your information the names and addresses of the other
American members of the Commlttee are given below.

‘br. Paul Berg, Department of Biochemistry, Stanford
University, School of Medicine, Stanford, California
(Chairman of the Committee)

Dr. Maxine Singer, Laboratory of Biochemistry, National
Cancer Institute, Bethesda, Maryland 20014..

Dr. Richard Roblin, Infectious Disease Unit Massachusetts j
General Hospital, Bostomn, Mass. :

Sinéerely,

DB/mts . ~ ' ' Pavid Baltimore
. Amexicdn Cancer Soclety
Professor of Microbiology
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/This interpretatién is based upon the negotiating
histozy as well as the explicit language of the Convention,
and, we believe that it is shared by the other signatories.

Sincerely,

neral Counsel

Enclosure;
As stated.
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Dr. Bavtimone, So the leading investigator of the causes of cancer
believes that more basic research is necessary before those causes can

be found. Recombinant DNA research is a critical: tool in the de-.

velopment of basic research knowledge which can help in finding new
methods for prevention and cure of cancer.

You notice that. I am not speculating about any precise beneﬁts
which could come from recombinant DNA work. It is the nature of
basic research that we cannot know what it will find and therefore
there is no way to precisely define the benefits it will bring. But if you

believe, as I believe, that with knowledge comes new ca,pablhtl% then

basic biological research is hikely to bring us new c&pabllltles to handle
the diseases which plague us. _ :

RISKS OF RECOMBINANT DNA RESEARCH ...

There are two basic types of risks which one must take into account
in considering whether recombinant DNA technigues present a haz-
ard. One is the risk of the misuse of the krowledge that can be pro-
vided by the techniques, and the other is the risks ol specific damage
that can be produced by the use of the techniques themse] ves. I should
like to deal w1th these two risks separately.

'The possibility of misuse of the knowledge that can be der 1ved from
recombinant DNA' research is a part of the general problem: of the
misuse of the techniques of modern biology. Two géneral categories
of potential misuse are often distinguished ; One i§ in the development
of biological warfare weapons and 1 the other i s m the, development of
methods of genetic engineering,

I beligve 513,{: it is very important to Strencrthen the 1nterprertat10n of
the Biological Warfare Convention of 197 5 which has been given by
the Arms Control and Disarmament Agency.-They have concluded
that the Biological Warfare Convention bans the use of recombinant
DNA techniques for the development of biological weaponry and if
that interpretation is internationally recocrmzeg it will go a long way
towards preventing the use of recombinant DNA methods i in the de-

velopment of weapons. Again, I have with me, if you wish to put it .

in the record, the correspondence between myself and.the. Arms Con-
trol and Disarmament Agency in which that is made explicit.

Mr. THornTOoN., Without objection, we will receive it, subject to the
same criteria as previously noted. .

Dr. Bavtimore. Thank you.

[The 1nformat10n to be provided is as follows ]
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Fig. 3 Trends in_mertality from commen cancers of breast
and genitat tract in women, 1911-1974, standardised for age.

viruses and immune reactions. One such idea, to whlch I
referred pr:vmuF]y, was that aflatoxic might be P

for trepical liver cancer. Another was the discovery that the
cyced nut contained a constituent (cycasin) that was harm-
less in itself, but which gave rise to a carcinogen in the
bowel of an animal with a normal intestinal flora. This was
not fruitful in jtself, but it focused interest on the possible
role of intestinal tactssia and ted Williams to examine the
intestinal Rora of people living in areas where the incidence
rates of colon cancer were grossly different. Populations
with a high risk were found to be characterised by the
presence in their facces of large numbers of anaerobic
bacteria that were able to dehydrogenate bile acids, and
Williams and his colleagees ‘postulated that  this might
result in the preduction of carcinogens that acted locally
on the colenic mucosa’. In 1975, Mcade and his colleagues
at Northwick Park, working in conjunction with Wnlhams
group, reported the preliminary results of a retrosp 3

. 555

nitrosamines are produced in the stomach—a group of
powerfil carcinogens that are still looking for human
cancers to induce. Potential carcinogens of this group can
be formed in acid gastric juice by the action of nitrites

-on secondary amines in food—the nitrites -being present

because of their use as preservatives, or because they were
farmed from nitrates in the mouth as a result of bacterial
metabolism. This, however, is-speculative. All we know for
certain is that gastric cancer was common in the relatively
poee popalations of northern Europe and Japan (though nop
in most of the even poorsr populations of Africa), that it
has been becoming progressively less common ie Western
Europe and rtuch léss common in the USA, that it is less
common in ‘Yapanese migrants to California and Hawaii
than in the Japanese in Japan, and that the disease in the
migrants tends to occur in those who eat pickled vegetables
and dried and safted fish and not in those who cat such
Weslerri vegetables as tomatoes, celery, corn, lettuge and
cnion*. Could this be, as Weisburger and Wynder suggesy,
because the small amounts of vitamin C inhibit the forma-
tign of nitrosamines in the stomach? ‘Alternatively, it may
be that the progressive reduction in incidence is duec to
better preservation of food, with a consequent reduction in
the opportunity for bacterial or fungal contamipation.

" That vitamins may play a part in protecting against
cancer i also suggested by cxperiments”™ on animals @

-which the incidence of cancer was reduced by a vitamin

A-enriched dier, Now two sets of human data—0ne a
prospective study of men with known dietary histories* and
another a biochemical investigation of serum A levels iz
patients and controls*, suggest that a deficiency of vitamiz
A may increase the risk of squamous cell carcinoma af the
bronchus in clgarctle smokers,

Fat also'is a possible factor. Its consumption is closely
sorrelated with the incidence of colon cancer {r=10. 783 and
breast cancer {r=0.79). in "different countries, and several
investigators have suggested that its content in the dies may
directly affect Ihe incidence of these- diseases™, Arm-
strong™ receedly pointed cul-that the incidence of endo-
metrial cancer was even more closely correlated with dietary
fat (r=0.85) and showed that excess consurption of fa:
could account for five of the clinical characteristics thar
tend to be associated with the development of this disease:
that is, obesity, early menarche,. late menopause, maturity
cnset dizbeles, and hypertension. Virtnally all” destrogen
produced in- post-menopausal women is derived from
eestrone which, jn tutn, Is produced by aromatisation of the
and di secreted by the adrenals. Fat could play a

study of patients with and without large bowel cancer
which supported this idea”, and these findings have now
bean confirmed in twice as many patients”. The original
hypothesis will, however, have to be claborated if it is to
account {or the low incidence of the disease in Finland and

the ingreased incidence in the upper socio-economic classes.

in Hong Kong™*; and Hill" suggests that it may also be
necessary to bave a high [evel of vitamin K to act as a
_hydrogen acceptor, before carcinogens can be form:d under
anacrobic conditions in the gut.

Burkitt’s* hypothesis, that the relative lack of mdlgesnble
fibre in the dict of industrialiscd countries might be the
primary cause of a variety of diseases of the large bowel
that are absent in populations whose diet consists of natural
unprocessed foods has also opened up new lines of thought.
‘The geeazer bulk of facces and the more rapid transit ime
associated with a high fibre diet could hardly account in
physicochemical terms for the sort of gross differences in
the incidence of large bowel cancer that occur between
black African and the English:speaking countries; but the
aliered conditions in the bowel might perhaps aceount for
the variation in the intestinal Rora.

A fourth way in which diet may affect the incidence of
cancir is by providing the raw materials from which

part either because androstenedione is converted 1o oestrons
in adipose tissu‘c" or, perhaps, by inducing the oxidase
systems that meéiabolise pre-car:.inogcns. .

Conclusion

1 have concluded by referring o some of the hazards that
may be assoclated with diet, nol because I believe that their
existence has been proved, but beczuse they provide an
indication of the way in which the hazards that are respon-
sible For the majosity of human cancérs may be detected in
the Future; that is, by a combination of epidemiological and
laboratory enquiries. Such studies werc often condugred in-
dependently ir the past, with very little contact between ths
research workers involved. The position was, however,
transformed when the World Health Organization set up
the International Agency for Research on Cancer with the
expliclt purpose ‘of éncouraging such collaberation inter-
nationally, and it has been further strengthened in this
ccuntry now that the Cancer Research Campaign, ke
tmperial Cancer Rescarch Fund and the Department of
Health and Social Security have joined the NMedizal
Research Council in establishing academic units of cancer
epidemiology within, or in close association with, the major

departments of basic. cancer research, With this collabora-
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'Inble 8 Risk of death from cancer of pancreas in continuing cnsuetle smokers re]atlve to ut’o—lnng non-smukers
(prospective studies)

Risk d witt that inno k -
. . . . Clgarette Cu.mmt cl@mne smokcrs smokln da;
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*Numbers of deaths in’ heses: for details see d=, Kaha¥, Degartment of Notional Health and Weifare®, Coderlof er afts

and Dol and Pero?®.

Consider, for example, the sxtensive evidence that now
connects the EB virus with Burkitt’s Iymphoma and car-
cinoma of the nasopharynx, In epidemic areas these discases
occur nearly always in indlviduals iofected by the virus.
Viral DNA is present in all the tumour cells and determines
the expression in them of virumdc.d neoantigens; - and
virus production can be activated in some of the tumour
gells in the laboratory. The EB virus is wxdcspread m

by occupational studies . whith have . demonstrated inters
action_s between. smoking and asbestos and smoking and
ionising radiations and have provided quadtitative data like
those on the mcldcnce of lung cancer in urantum miners in
the UBAM,

Similar data aré now also being cbtained by the e

tational Agency for Research on Cancer” for the inter-
acuon betwesn tobacco and. alcohol in the production of

human seciety and is the cause of infectious m
when it stimulates the proliferation of mononuclear cells
of the lymphatic series. In vitro, it confers the property of
continuous growih on normal buman B Iymphecytes in
culture, in a way that is anaogous to malignant transfor-
mation, Finally, it has been shown to cause malignant
lymphemas in South American cotton top marmosets on
experimental inoculation.

What more can laboratory mvesngamn be expected to
do? The International Agency for Research on Cancer™ is
attempting to relate the development of the diseass to new
infection by following up childzen in the West Nile district
of Uganda from whom biood samples have been taken for
serum studies: but the resuits are unlikely to be decisive if,
as one suspeets, viral infection is oniy one of several con.
ditions y for the de of the disease. IF this
turns out to be so, the only remaining approach will be to
develop a vaccine that can be shown to prevent the dissass™
—immensely. difficuit though that must be—and the same

‘would ako be frue if cervix cancer were fiemly linked to

infection with the type II herpes simplex virus or to any
other infective agent.

That cervix cancer is venereal in origin is now vmually
certain. We know that the disease spares nuns and is most
common in prostitutes; that the risk increases with the
number of marrizges and with the age at which coitus first
accurs, but not*with the number of pregnancies, nor with
the . frequency of i.nterooursq within marriage; and that
more of the husbands of affected women have had extra-
marital infercourse than of the husbands of control
women™ ", To these facts we can.add Beral's observation™
that the mortality from cervix cancer in cohorts of women -
of different ages varies with the incidence of gonorrhoea
at thé time they were 20 years old, and the accumu!atmg

-avidence zhat obstructive methods of cumrac:phon are

protcchvc

Interaction. of agents

If viruses do, in fact, cause cancer, they may de so only by

interacting with other factors, and I:hls may sccount for the
separate correlation of hepatitis B antigen and. afiatexin
with hepatorma and of the EB virus and gross malarial
infection with Burkints Ilymphoma. That two different
agents may interact to preduce cancer has been established

1 cancer in:France. Proliminary estimates, based
on a retrospective case-control study. of paticnts and a
random sample of -the population, suggest that the risk of
developing the disease increases both- with .the amount
smoked and with the amount drunk, until among men who
drink 81 or more grams of othyl alcohol. (equivafent to 7
whiskies) and smoke 20 or more cigarettes a day, the risk

is 45 times that in those continent men who drink less than .

20 grams and smoke less than 10 cigarcttes a day.

The existence of such interactions, which has been sus-
pected since the early cxperitents of Rous and Kidd" and
Berenbium and Shubik™,.can be of great importance. For
they may provide not only 1he explanations;for. apparenily
conflicting observations, but also alternative means of pre-
venting discase, one of which may be more practicable than

. the other. If, for example, smoking and ashestos interact to

Produc: bronchial caccer, there may be no point in trylng
to give quantitative abels to their respective sharos, Both
may be responsible for producing more than half the cases
in the sense that the elimination of either would reduce the

total risk by more than:50%. The important conclusion is

that we can break the chain of causation at either of two
links, and it ma3y be as idle to try and partition respon-
sihilities 2s it is to iry o quanht'y the relztive conrnbuuons
of nature and nurture to disease in gencral.

Strategy for detection .

In this incomplete review, I have sought to provide an
account of the hazards of cancer o man and to use the
experience of the past to indicate how other hazards can be
detected in the Future. We cannot,.of course, hope to
detect hazards efficiently until we know how cancer is
produced, so that a policy for detection must include the
support of basic biological rescarch.: Success in this field is
dependent on the development of ideas and is difficult to
foster except by providing the conditions in which out-
standing investigators are able fo give full rein to their
imagination.

TFest of products before use

Two types. of hazard stand out as sacially unacceplablc
although they are relatively unimportan: numeriedlly:
that is, the hazards associated with occupation and the use

of prescribed drugs. The evidence that chemical carcino-
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greager than the national averags’. Since the residents of
large iowns zre unlikely 1o have been exposed to more than
pneshundredik of that amount-—mainly frem the combis-
tion of domestic coai™-the contribution of these agents to
the urban excess of the disease is unlikely to have been
“farge, a conclusion that & confirmed by the Jow incidence
.of the disease in non-smokers irrespective of where they
live.

As for ashestos, we know that it reaches the ambient air
from a varisty of sources, including the clothes of asbestos
workers, These were presumazbly the principal source of
exposure of the 37 men and women in nine couniries who
are Teported to have developed mesothelioma of the pleura
after being houschold contacts of asbestos workers', The
: maximum concentration that has been found in the air near
building sites where asbestos was being sprayed is, however,
three orders of magnitude less than that which has been

Table 3 Changing morality rates from different cancers®
(England and Wales, 1958 to 1973)

(%) Change -
Type of cancer Males  Females
Melanoma 95 +47
Myelomatosis +65 70
0g ~29 -+
Pancreas =19 <29
Testis +19 .
Desophagus =16 +17
Stormach —25 —34
BHuccal cavity -3 —24
Cervix : -2

*All cancers with rate of change equal to or more than I % per year.

regarded as an acceptable concentration in the asbestos
industy®, and the amount that is commonly present in
town air is stéll less by another two orders of magnitude.
Unfortunately, we are still uncertain about the size of the
risk that is associated with this accepted concentration of
about 0.1 mg m™™. In one study of an asbsstos textile factory
in England, # was found that the relative risk of lung
cancer for men who had been employed For 20 yr decreased
progressively from 10 times ‘sormal’, if they had besn
employed for ai least 10 years before 1933 (that is, the date
when some control of asbestos dust in the air of factories
Brst became effective in the UK), to 34: times norenal il
they had beep employed before 1933, but for less than 10
- .years, to 1} times normal if they had first been employed
only after 1933, Few men who were first employed only
after 1951 have yet been employed for 20yr, but pre-
|iminary estimates (which are highly unreiiable because the
rumber of men observed is so small) suggest that some risk
may $1ill have persisted since that date. Detailed dust re-
cords were not obtained in the early years in a way that
enables them to be compared with presént data, buc the
amount of dust in the air was initially gross and continued
to be much greater than at present for some time after
1933, Even in 1951, the m&an dust Tevel to which men were
exposed s likely to have been 3% times greater than it is
now, and we shall have to wait for many years before
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Table 4 [latrogeaic causes of cancer

Agent
Diagnostic or therapeutic X rays
Thorium
Thorotrast

Polycyelic hydroearbons
in coal 1ar ointments

Alkylating agents
Melphalan, cyclophesphamide

Qestregens :

491
Site of cancer
All sites
Bone
Liver, spleen
marrow (leukasmia)
Skin

Marrow (levkasmia)
Endornetrium. breast (M)
L

’ 7 breast {F)
Stilbesstrel (transplacental) Yagina

Steroid contraceplives Liver
Androgens (anabolic sleroids) Liver
Arsenic Skin, fung
Chlomaphazine . Bladder
Immunosuppressive drugs Reticulosarcoma
Phepacetin Renal pelvis
Other hazards

The other agents that are known .t{o cause cancer
are listed in Table 7. The number js small, but the cancers
that have beén produced are legion. Cancers of the buccal
cavily. attributable to chewing, for example, account for a
quarter of alf cancers in men in parts of India, while
cancers of .the lung attributable io smoking account for
more than a third of all fethal cancers in mea in Britain,

One agent, affatoxin, was discovered to be a powerful
carcinogen as a result of ar outbreak of poisoning that
kilted 100,000 ducks and turkeys in Brilish farms, The cut-
break was traced to & consignment of peanut meal con-
tamimited with Aspergifius flavus which produced a meta-
bolite that not only caused acute liver failure in poultry,
but also caused cancer of . the liver in minute doses iz a
wide variety of animals'**. Human liver cells' contain the
enzymes necessary to produce the active agents (the epoxy-.
metabolites of aflatoxin), . and Aspergiflus flavus s a
frequent contaminant of foodstuffs stored under hot and
humid eonditions. Now 3t has been shown that the in-
cidence of liver cancer in Thailand, Singapore. Kenva, |
Swaziland and Mozambique is proportional to the amount
of aflatoxin in the diet®**. The vagacies of daily diet make
it unlikely that we shall ever be able to establish the rcla-
tionship in individuals; but.the total evidence is strong
enough to justify an attempt to prevent the disease by
reducing exposure. Unfortunately, this will not be ¢asy, as
fungal contamination is dificult to avoid under the con-
ditions in which the staple foods are commonly stored in
the tropics. and it will be expensive to substitute altgrative
metheds, : s - .

The other agenft fisted in Table 7 were, for the most
part, ‘discovered as a result of clinical acumen dating back

“Table. 5 —dc:upational causes of cancer el contributing te general
environmental pollution L

industrial data enable us to make a r nab) of
the possible risk associzted with 2n average exposure up to
0.1 mg m™? during normal working life.

AMeasurements like these exculpate individually as major
contributors 1¢ the gross variation in cancer incidence be-
tween countries afl the agenls that are known to cause
spacific occupatonal hazards (other than ultraviolet lighty,
whether- acting ' within industry or 2s poliutants in -the
general environment. In so far as we can explain this varia-

tion. f1 seems rather to be due to differences in sorial

_behaviour, diet and the opportunity for infection.

Agent Site of cancer
Uteraviolet light Skin .
Aromatic aminss Bladder

2-naphthylamine
1-naphthylamine
Eenzi_dinLe_ N
Hs-chloromethy) ether Bronchus .
nzene Marrow (leukaemia)
Mustard gas Bronchus
Laryny,
. Nasal sinuses
(Mickel ore) Bronchus
Nasal sinuses
(Chrome orc) Bronchus
Cadmivm {7} Prostate

Agents in isopropyl oil
hardwood luraiture manufacture »

Nasai sinuses
leather goods manul';u:%_ur: -
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review article

Strategy for detection of cancer hazards to man’f

_ Sir Richard Doli*

Forty-four vears ago, Sir Ernest Kennaway and his colleagues identified, for the first time, a pure
chemical that was ccapable of causing cancer in animals, and a year laler isolated another from -
marerial that was widespread in the environment. At that tive, and even after thése crucial obser-

vations,

it was.conumonly assumed. that. cancers were an inevitable accompanimen! of: ageing and

that lintle could be done: to reduce the mortality rkey caused. It is now clear,; however, that most, if’
not all cancers have environmenial causes and can in principle. be prevented The identification of
enviropmiental hazards.and clarification of the mechanisms !krough w.’uch !f:ey cause dzsease are

thus among the highest priovities in cancer researcfz

Sixce I\.ema\\a} s seminal wor
can be prevanted has accumula:ed steadily and is now aver-

whelming., Whather it will ever be possible to prevent. the
dissase altogather, as we can now prevent poliomyelitis and
ssurvy, is impossible 1o say uatil we know more agout the
mechanism by which it is produced; but we should be able
to reduce the age-spscific incidence rates—which account
for a quarter of all deaths of men in Britain under 75 years
of age—by at least B0 to 90%. That this is so, i5 suggested
primarily by the great varjaticn in the incidence of different
types of cancer in different cammumhes and in mﬁ'erent
paris of the world.

“This variasion is illustrated in Tables 1 and 2, whick show

maximum and rintmum incidence rates for alt cancers that
are dommon enough somewhers for the disease to affect
more than 1% of men or women by 75 yr, in. the absence
of other causes of death, The range of variation s pever
Ies5 than fourfold and is sometimes more than a hundred-
fold, 1 h:\= prcs;cnl:d the data as cumulative incidence
rates up to 5 yr, despite the fact that rates &t old ages tend
1o be unrelable where personal medical services are sparse
0 HHustr: how common soms cancers can become in
countries like our own where half the population lives to
be over that age. In estinuting the range of variation, how-
ever, | hav limited comparison to ages under 65 yr,

‘With rare cancers, the very fact of their rarity makes the
demonstration of their incidence in the smul! papulations
that have been studied cutside the fndustrialised countries
extremzly difftcult, if not impossible. Nevertheless, some
clzarly vany: for example, Burkitt's lymphoma, which nevér
affects more than 1 in 1,000 people’, varies at least 100-fold:
Crhers. such as acute leukaemia "in young adults and
nephroblastoma in children, seem te be fairly constant

" everywhere.

Some of this variztion is, of course, genetic in origin.
Thai heredity is not the principal cause is, however, shown
by migrant groups, whose experience of disease. usually
changes when they change their way of life in a new

. and by the veriation in the incidence of cancer
. The latter can .seldom be demonstraled con-
pﬂrIL\ because it .is- difficult o compare the

heiie, Unisessity of Ualond,
based on the Sir Erncst Kennaway Lecture detivered at
Irstitution on 11 Navember 1976.

t
the Rova:

1, the e\udence thay cancer‘

eﬂicnency of case ﬁndmg at.. d;ﬁ'erznt peno;ls and parzly

because. a high standard of case registration has ‘oblained in
only.a few places for: more than 10 yr—lhe mast notable
being Denmark and Cennecticat;. USA. We have, theeefore,
1o rely to a large gxzenl on trends in mortality, which may
ako be infuenced by changes in the efficacy of treatment. |
Nevertheless, some changes are so gross that it is im-
possible to doubt that there has been a teal change in
incidence: for cxample, the increase in lupg cancer in all
developed countries, the increase in oesophageal cancer in

. the black poputation of South Africa, and the decrease in

gastric.cancer in-the USA. Many t:sscr changes have taken
place in Britain during the last 20 years. These are shown
in Table 3, which lists all those cancers for which the

.mortality rate, standardised for age, has changed by more

than -one -per cent 2 year belween 1958 and 1973. Several
of these changes cannot be dismisscd as artefacls, because
the disease is-easy to diagnose-and the death rate hag in-
creased -despite improving trealment (as with melanoma
and cancer of the testis). Taken altogather, the evidence
suggests that all common cancers have varied fn incilence
from fime to time, just as. lhcy now vary from place io

- plage..

Much of this yariation can row be attributed . to the
action, of specific agents. Indeed, s many are now known
that we may reasonably . hope to exirapolate from past
experience, in seeking cthers. I shall, therefors, 'b:gm by .
reviewing briefly the known ugean and the ways in which
they have_been dctected. ) .

Iatrogenlc hazards

About a score have been prescnbed by doctors {Table 4},
Most have caused only a Few. cases .and their effect has
been apparent to clinicians and pathologists because the
micrescopic apprarance of the tumour, ot the site in which
it occurred was so unusial, Examples include adeno-
carcingma of the vagina.in young women whose mothers
had taken stilhoestrol during the relevant pregnancy (re-
cognised when g lift broke down in Boston and the paths
of a gynaccologist and a pathologist érossed for sufficiently
tong for them to exchange experiences): angiosarcoma of
the liver and spleen following the injectivn of thorotras:
squzmous carcinoma of the thigh following the local appli-
cation of coal tar ointment; squamous carcinoma of the
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STATEMENT OF DAVID BALTIMORE, AMERICAN CANCER SOCIETY
RESEARCH, PROFESSOR OF MICROBIOLOGY, MASSACHUSEITS
INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASS.

Dr. Bavrmvore. Thank you, Mr. Chairman. - :

Let me first, before starting, correct one thing, which I know Dr.
DulBecco would want me to correct. He'’s an American citizen, al-
though born in Italy. T ‘

Mr. TrorNTON. I appreciate that correction. Thank you.

Dr. Bavrimore. I was initially part of a group of scientists who,
in 1974, first drew attention to the potential problems inherent in the
manufacture and study of recombinant DNA molecules. Since that
time, I have been actively involved in discussions about the types of
controls appropriate to this new methodology of modern biology.

Before considering the risks and benefits arising from recombinant
DNA technology, I believe it is important to present the technique
from within its historical context. Modern biology has been a very
productive science but has progressed much more rapidly in the study
of bacteria than it has in the study of higher cells, including those of

human beings. Two considerations have led to the limited progress
with higher cells: the large amount of genetic infoimation in cells of
higher organisms and the difficulty of carrying out genetic studies
using higher organisms. Recombinant DNA technology has offered a
partial solution to these problems of scale. The technology allows in-
dividual genes to be isolated away from all other genes and to be stud-
ied as independent entities. With this new technology, we have already
gained new knowledge about the organization of the genetic material
of higher cells and a treasure trove of new results can be expected as the
technology receives wider application. o '

Further knowledge of the organization and function of genes in
- higher cells is of critical importance to our understanding of disease.
The diseases which now plague the American population are mainly
diseases in which cells malfunction. We do riot understand the basis of
the malfunction in any of these diseases and our ability to prevent
_and treat the diseases 1s limited by our knowledge of them, Recombi-
.nant DNA technology is a new tool in the continuing battle against
our ignorance of how higher cells carry out their basic functions. It
joins an impressive array of techniques developed over the last 30
years which have allowed biologists to see deeper and’ deeper into the
functioning of cells. The goal of modern biology is the understanding
of normal and aberrant living processes. We are very far from that
goal in almost all critical areas of human biology but recombinant
DN A methods should speed our acquisition of knowledge. '

The new knowledge which will be acquired about the functioning of
human and other cells will bring with it new capabilities. Because we
do not know the shape of that new knowledge, it is impossible to spec-
ify what capabilities will be inherent in it. It is important to recognize
that attempts to predict future developments in biology are severely
limited by the meager knowledge we have of the biology of higher
cells. Such terms as “genetic engineering” have little precise meaning
because at present we can only use our imagination to guess the shape
of the future and our imagination is extremely limited, .=

i
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Snd so forth from membership does not mean that they shouid‘nbf‘pTay

an important role in supplying “information tc the commission, when
requeéteﬂ. But the finaT evaluatfons,.which are ethica]Iand'socia1

" rather than scientific, must be made in a disinterested- way by individuals -
who are qualified in those areas: An important role for such a

'commiésioh would be to propose future decision-making mechanisms _
desigﬁed to protect not only the safety but also the-freedom'uf the
Ameritan people. .

" While such a commission is deliberating, it is only sensible that

there should be a moratorium on inter-species recombinant DNA vesearch.’

If, after the report of the commission to Cnngress-ahd the President,

it is decided that the research should proceed, my own view is that
it shou]d‘be confined to one or a very few high—secdrity centers under
Federal control. At these centers, research relevant to public safety -

not te drug manufacture - should he the first order of priority so that

we could decide more intelligently how or whether to proceed furthér;; 7 !
wé would be taking the ca]cu]éted risk that foreign countries may

proceed with ltess caution, thersby endangering us all. But more

importantly, we would be praviding the moral leadership which is so

much needed in this area.
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scientists are band-wagoners just Tike ﬁost other people,- Industry,
too, wants to get in.on phe ground:f1our. Competitiqn is high both in
industry and academia. :whateyerithe fﬁture impact -of this technigue
may be, let us recognigelthe_present facts. For one thing, reséarch
funds are easier_to‘procure in this. area, and in recent years we have
all felt thé crunch.. In addition, like sop hany_powerfu1 new techniques,:_
’this ocne seems at first glance to promise knowledge and power, profit
and glory. Ko one wants to think of the long range.

Thosa of us th have Qpbnsed the precipitous rush into an area
of research whose dangers can, howevgr dimly, be perceived'in advance,
have spoken of thq_sncial responsibility of the scientist. That-is,
responsibility in the whole context of life,not just in the_sgientific‘__
sphere. But to many scientists, secial responsibility seems to have
the ring of anti-science or even anti-intellectuallism. They‘rESpund
with cries about freedom of inquiry. I suggesf that freedom-of inquiry
is not a first ﬁrincip]e; it is not a law of thermcdynamicéf But it
has come torbe treated that wéy”py ghe scientific community. This is _
not a defensib]e_standrin the modgrn world, where science 15]often-virtualiy:
an arm of technology. It 15 because bio]ogicai_science_is just éntering
this era that the birth pangs are so palpable. In my opinion, gnme of .
the proponents of recombinant research arelthemse1ves anti-scientific
for they refuse to recognize the facts ~ a cardinal sin in scientific
circles. They see their own aims and résponsibi]ities as limited to.
the search for knowledge, ignorjng the fact that their resu]ts'prqvide
the basis for industrial power and their choices will détermihe theli.
directions of socia1'chéngé._ They are thus. inviting a public. backlash
against science in general, for the record of scienee-baséd techn01qu
in this century is not reassuring. 1 needn't mentiqn-the unforeseen
effects of tha}idamjde, ooT, ;qd_su forth. The rush teward genetic

engineering, without full consideration of all its cohsequenceﬁ, is




forum for technical discussion but 1 can aséure you that the feasibility
of such a procedure is highly speculative. There are about 1500 newbérns
per year with each of these blood diseases - a small number when one
considers the death rate due to cancer of all typés. Since we do not
have unlimiteﬂ sources of funds it is clear that priorities have to be
set. This is not an inhumane comment directed against thosé'suffering
from. these relatively rare diseases, but a simple statementlﬁf reality.
We can however find consolation in the fact that there are'gﬁte}native
medical procedures alreddy under deve]oﬁment for a'numbgr of these
dfseases.

‘ 1 believe that it is unrealistic and irresponsible to dangle these
and other hybothetical ﬁedica] benefits before an unsuspecting public.’
We are witnessing the .proverbial carrot cn a stick. - It is true that .
recombinant DNA techniques may accelerate our understanding of certain
fundamental biological processes, and that this may help us to undarstand
better what,goes.wrong when a cell becomes cancercus. We were already
Tearning thesé things before recembinant DNA technology, and we can
continue. to do so. But with or without the new technique, no one has
yet envisiqned a rational, specific cure. Cancer is %ndeed a problem
worth attacking, and the solution is already before our eyes: it is
prevention, not cure. One out of four of us in this room wili die of
cancer, and statistics show that most cancer deaths are due to chemical
carcinogens which we ourselves are manufacturing. It is ironic that
we are trying to justify a new technology - recombinant DNA - to
ovefcome the unintentional 11 effects of other technolegies ~ the
production of a variety of environmental pollutants. We seem to be bent
on co-existing with our carcinogens rather than simply getting rid of
them, We seem also to be intent upon ignoring the lessons of the past; which show

that rushing -into promising new technologies without adéquate knowledge

-~ P
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_ Dr, Halsted Holman, a professor of medicine at Stanford Medical
Schoel and a primary-care bhysjcian, has raiseﬂ an interesting but dis-
turbing problem. He notes that E. coii infections of the bloudstream
cause a‘1arge number of deaths and that the incidence of 1nfection§ s
an the.increase. He feels that three factors contriblte to this situation:
1. fncfease in the eiderﬂy popu{ation requiring health care;
2. incrgased prevalence of chrgnic_diseases;
3. iﬁcrease in use of.drugs which inhibit the immune response.
- He notes, furthe?.‘that."much research on recémbinants is done in medical
centers where there is considerable exchange between the beop]é working
in fhe 1aborator?es-aﬁd people seting patients. Sometimes the same,
pérsonldcés beth. Thus we have a different epidemiological problem from .
the one envisionéa jn.the guidelfnes. Tt is.the problem of enfeebled
bacteria interacting with persons whose resistance is compromised. It is
-a question of the epidemiology of infection of weakened human hosts with
altered bacteria. Techniques for monitoring and contru]liﬁg this_situatjuﬁ
are, at least to my knowledge, not well de\are'loped.‘II Nenetheless,.P3 and.
parhaps even P4 recombinant research facilities .are now being buiit in
many medical centers. Thjs repreéents to me the height of irresponsibility.
I will conclude my commentary on accidental dangers by observing.
that a very Tow probibi1ity coupled to a high risk event Teads inevitably
to the area of value judgment. When-this occurs we have a public issue
which réquires a political solution, not a scientific.one. The Tow
probability that a fTame retardant wou]d be confused with animal food
was of no consclation to the large number.of people in Michigan whose
health and prcperty.were_thereby daﬁaged.or destroyedﬂ kA:nuc]égr disaster
" could affect millions of people and must be still more carefully guarded
against, however tow its probability. In the case of recombinant DNA
technology we have even greater cause for concern, for a génétic'disaster

could be world-wide and irreversible. An escaped microorganism, capable
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must Be made by sociéty at large, and its representétives.'kather than
by scientists. .

T will try fo be és_specifib as hossible fn my comméntafy since f
am sure you are all aware of and.perhﬁps satiated with generalizations,
First, concerning the probabiIity'df an accident. In the:normél working
day an investigator working with-recombinant DNA proéeeds steﬁ.by step
throudh jiterally huhdreds of operations. To attach-a probability
value to a mishap in any one of these is to try te quantify human

. error - this is impossible. It can lead to no meananfu]-number.' As
you know, bio]ogiéa] cﬁntainmeﬁt has Beén probnsed by thé NIH guide-
Tlines to minimize the dangers: that coutd resu!t from an accident. .- This
.means,; at present, Cthat a weakened stra1n ‘of E. c0]1 is used for
recombinant DNA exper1ments. When these bacter1a enter an 1nappropr1at&

’ mgdium they are designed to commit suicide, They are expected to
behave in this way if‘fhey enter the human intestinal tract, but the
exact length of time required for the 5u1c1da1 act there 15 not known,
nor has it been estab11shed whether it may not somet1mes be poss1b1e
for these cells to transfgr recomb1nant_DNA to one of the many qther
rtypes of healthy E. Eo]i %ounﬂ_there. I7 there were a'traﬁsfer of
DNA' to these hea1tﬁier baEteria.the rgcémbinant genes could then easily
become part of the biosphere. The probability of this series of events

. is not known, hit 1t must be taken ser10usiy since even the most

: strmgent physical cuntamment fac111t1es cannot exc1ude human bemgs '
with 1ntest1na1 tracts, nor can they tetally eliminate the pnss1b111ty
of accxdents. .

- Another. safeguard incorporated by the NIH éuidelineélis.the

‘Spemﬁcatwn that ﬁltlzdizr%e22?11gner%%ld1ea1p%r:~s1ments 1nv01v1ng recambination
of DNA from unrelated species must utitize DNA fragments wh1ch have

been identified ahd: purified to the extent of 99%, Thus, Few unknown




scientists actually engaged in recombinant DNA research. This is
sheer conflict of interest. I believe very strongly that there should be
a commission to study the long-range public issues arising from' re-
combinant DNA research and from future developments in genetic
engineering; but such a commission must not include any scientists
or anyone connected with the scientific or industrial establishment.
The exclusion of scientists, and so forth, from membership does not
mean that they should not play an important role in supplying in-
formation to the commission; when requested. o

But the final evaluations, which are ethical and social rather than
scientific, must be made in a disinterested way by individuals who
are cllualiﬁed in those areas. An important role for such a commission
would be to propose future decisionmaking mechanisms designed to
proteict not only the safety but also the freedom of the American
people. S : :

While such & commission is deliberating, it is only sensible that
there should be a moratorium on interspecies recombinant DNA' re-
search. Ii, after the report of the commission to the Congress and
to the President, it is deeided that the research should proceed; my
own view is that it should be confined to one or a very few high-
security centers under Federal control. At these centers, research rele-
vant to public safety—not to drug manufacture—should be the first
order of priority so that we coulg decide more intelligently how or
whether to proceed. We would be taking the calculated risk™ that
foreign countries may proceed with less cantion, thereby endangerin
all of us. But, more importantly, we would be providing the mora
leadership which is so much needed in this area. :

- Thank you. o ' o ' :

Mr. TuorntoN. Thank you, Dr. Cavalieri, for your interesting
presentation. : 2 : o o

[The prepared statement of Dr. Cavalieri is as follows:]
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1t is prevention, not cure. One out of four of us in this room will die
of cancer, and statistics show that most cancer deaths are due to
chemical carcinogens which we ourselves are manufacturing. It is
ironic that we are trying to justify a new technology—recombinant
DNA technology—to overcome the unintentional ill effects of other
technologies—the production of a variety of environmental pollut-
ants, We seem to be bent on coexisting with our carcinogens rather
than simply getting rid of them. We seem also to be intent upon
ignoring the lessons of the past, which show that rushing into promis-
Ing new. technologies without adequate knowledge and evaluation of
their consequences leads to new problems, and then to the frantic
proliferation of more artificial panaceas and more problems,
One final word about benefits. You have heard that this technology
may make possible the manufacture of rare drugs and industrial
products from bacteria. I do not question that this wiil be feasible,
and perhaps in the all too near future. Industrial firms all over the
country are rushing into this profitable venture. It is possible that

some of these potential products could result in true advances in our .

health and well-being. But one thing is worrying me. Who will
decide when it is safe to release a specific recombinant organism,
or when it can be grown in large quantities? On the basis of im-
mediate benefits and quick profit, will General Electric release the
bacteria—even if it isn’t made by recombinant DNA; it doesn’t
matter—it is developing to destroy oilspills, only to find later that
the ecology of the world’s oceans has been irrevocably altered and
many of 1ts resources destroyed ¢ : o

Mr. THORNTON. Are you suggesting that legislation, if it should
be adopted, should deal not only with the release of information
or results of recombinant DNA research, but also the results of all
scientific research? ' e : :

Dr. Cavavmri, If they are in the category which is going to
affect the environment; yes. : ' \ ' ' .

" Mr. Tror~nTON. I just wanted to make that clear because you did
add that to your original statement. T

"Dr. Cavarrert. I added that because Dr. Cape reminded me that
General Electric had not made this organism by recombinant DNA.

Mr. TrORNTON, Thank you. : _

Dr. Cavavteri. Should private industry be allowed to make deci-
sions that could affect the entire Earth irreversibly? Should anyone
make such decisions before all of our human resources, from all seg-
ments of society, have been brought to bear upon the questions? '

I ask; perbaps with many of you, what is the rush? We have

been through the arguments about the atom bomb and how it was

essential that we buwld it before the Germans. But nothing urgent
hangs on the results of recombinant DNA research. It s a new tech-
nique which excites a group of molecular biologists. They plan to
use it as a tool for determining the structure and function of the
DNA of animal and human cells. This would be a fair enough goal
if we were not faced with uncertainties, the magnitude of which we
cannot even sensibly guess. Even the most ardent proponents of the
research agres that uncertainties do exist. My own view about the
rush is that it is both psychologically and financially motivated.
. Recombinant DNA is an exciting tool, and scientists are bandwagon-
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but it must be taken seriously sinee even the most stringent physical
containment facilities cannot exclude human beings with intestinal
tracts, nor can they totally eliminate the possibility of accidents.
Another safeguard incorporated by the NIH guidelines is. the
specification that under certain conditions the more dangerous experi-
ments mvolving recombination of DNA from unrelated species must
utilize DNA fragments which have been identified and purified to the
extent of 99 percent. Thus, few unknown or dangerous genes would be
present. In reality, however, it is not only very. fiﬂicult to achieve this
degree of purity, but it is essentially impossible to prove it, in the case,
say, of human DNA. The methods available are just not that refined. 1
emphasize, therefore, that the phrase “99 percent pure” is open to

individual interpretation, and the guidelines thus create a feeling of

safety which is not warranted.

~ In this connection, there is an even more disturbing and unpre-

dictable factor which cannot even enter any of the hypothetical calcu-
lations for risk. This does not concern merely the physical purity of the
DNA but, morg importantly, its genetic purity. In the February issue
of the journal Nature an illustrious group at Cambridge, England,
headed by Prof. Fred Sanger, has reported a surprising new fact

about DN A from a bacterial virus. Up to the present each section of a -
DNA molecule was believed to contaimn the genetic information for a -

single protein. But these workers have shown that a pure DNA frag-
ment, coding for a specific protein, may contain overlapping informa-
tion and can also specify a second protein. If such a “pure” DNA
fragment were used for recombinant DNA experiments, bacteria
might be produced which could manufacture not only -the desired
product but also another, unexpected one which might be-dangerous.
The question of the purity of the DN A fragment in such an instance
would be meaningless. The writers of the NTH guidelines did not bar-
gain for this complication. I bring up-this point to illustrate the fact
that there are hidden traps everywhere—as any scientist will attest;
it is axiomatic in science that such surprises are the rule rather than the
exception. The discovery of overlapping genes by Professor Sanger
and his colleagues represents not merely a new wrinkle in molecular
biology but to my mind it emphasizes most vividly the certainty of
uncertainty in an area where we can il afford to take chances.

_ Dr. Halsted Holman, a professor of medicine at Stanford Medical
School and a primary-care physician, has raised an interesting but dis-
turbing problem, He notes that £. col¢ infections of the bloodstream
cause a large number of deaths and that the incidence of infections is
on the increase. He feels that three factors contribute to this situation:

One : Increase in the elderly population requiring health care;

. Two: Increased prevalence of chronic diseases; and '

" Three: Iricrease in-use of drugs which inhibit the immune response.

. He notes, further;that: - e o

_Much research on recombinants is done in medical centers where there iz con-
siderable exchange between the people working in the laboratories and people see-
ing patients. Sometimes the same person does both. Thus, we have a different
epidemiclogical problem from the one envisioned in the guidelines, It is the prob-
lem of enfeebled bacteria interacting with some persons whose resistance is com-

promised. It is a question of the epidemiclogy of infection .0f weakened human’

tion are, at least to my knowledge, not well developed.

hosts with altered bacteria. Techniques for monitoring and controlling this situa-
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. X believed in the possibility. of developing a thermonuclear bomb, My scien-

tific duty demanded exploration of that posslbility. . o

"If genetic engineering seems far off, let’s remember how unlikely
walking on the Moon used to seem when we were children. - '

. It’s no source of pride to see how science is sometimes used to de-
-fend and justify, and even perpetuate, inequities in our society. From
the eugenics movement many years ago through IQ testing more
recently to sociobiology right now, some people desperately try to
use science to prove that those who have ought to have, while those
who don’t have don’t deserve. When we learn how to manipulate
people’s genes, some of us will do the manifmlat_mg, while others have
their genes manipulated. Some of us will decide for the rest of us
what constitutes a normal or desirable type of person, and that won’t
be pretty. Let’s not forget that killing off people. who didn’t have
blond hair, blue eyes, and whatever Aryan heritage means was, how-
ever crude, an attempt at genetic engineering, one that came alto-
gether too close to succeeding, ' - e
.. These:are some of the reasons why peoile T've talked to are fright-
ened of this research, and I don’t think they’re crazy to be so. That’s
not irrational fear of the unknown; it’s rationsal, sensible fear of the
unknown. NI :

Dr. Baltimore has said, about the recent debate in Cambridge, that
when nonséientists become involved, it wasn't because they don’t
trust us scientists to regulate ourselves. The people I've talked to lead
me to the opposite conclusion, For some time now we've been hearing
about the antiscience blacklash, a mistrust of science in general among
the public. Part of that is surely due to the way spectaculars like
recombinant DN A are promoted. That can’t help but raise false ex-
pectations.and end by giving science a bad name. People are told over
and over about swine flu vaccines, war on cancer, heart transplants,
recombinant DN A, and so forth. But those are hard to reconcile with
what you can actually get.in the way of practical medical care. So
perhaps the public is beginning to say, “Enough propaganda, encugh
mysterious doubletalk, enough promises, enough miracle cures, enough
spectaculars.” Perhaps peop%e aren’t so eager to trust us to tinker with
their genes in the name oftheir welfare,: : ‘

As I said earlier, we're at a critical point regarding the role of
science in our society. Even in this country the social and economic
situation is clearly more tenuous than it was back in the days when
our largest city wasn’t nearly bankrupt and when a nationwide fuel
shorfage in peactime was unimaginable, The phenomenal expansion of
our overall scientific endeavor that was touched off by the Soviet
‘Sputnik only 20 years ago has developed enormous momentum. It
may well become an independent, self-sustaining, ungovernable enter-

“prise if it is not soon integrated with the rest of society and made, if
not more responsive to, then at least more consistent with its needs.

At this point, our Government has an unusual opportunity to ex-
ercise Jeadership that would be bold, creative, original and construc-
tive. By banning the use of recombinant: DNA technology, by pro-
hibiting a hazardous technique that isn’t what we really need, we have
an opportunity to break the succesion of ever more spectacular miracle
cures and technological fixes that can’t work. We have a chance to
‘move toward a scientific enterprise, both basic and applied, that is
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process by which micro-organisms take nitrogen out of the air, and con-
vert it to a form that can be used by plants and ultimately, through

‘what we eat, by us. - TR , o o

Our group was eager to transfer the genes for nitrogen fixation from
the bacterta directly into plant cells. With those genes, the plants
might fix their own nitrogen, and so not have to depend either on
bacteria or on chemical nitrogen fertilizer. This is the same experiment
some, sclentists want to do now with recombinant DNA technology,
but at the time we had only the tedious, uncertain biological méthods.

Recombinant DNA seemed ideal for us when it came along. Yet after

‘a long series of discussions we decided to stay away from it. It seemed
‘too hazardous, in ways 1’1l discuss in a moment. So we continued with
the old methods, but then we stopped -even that. Our methods were
safe, but the results smacked too much of the image of science that had
become associated with recombinant DNA. technology, We felt a bit
too uncomfortable working on what was being biiled as a miracle
solution for the world food problem. This was at 2 time-when the
Erevious miracle solution, the “green revolution,” was turning out to

e 8 failure in Asia, not feeding Reople, but rather making the rich
richer and the poor even poorer. So we went back to pure research,
though with these same bacteria. And as it happens, what we’re finding
now might have deep implications for nitrogen and fertilization.

. As for the world food problem, I don’t think it’s going to miss us.
There are 1 billion malnourished people on the planet; 2 quarter of us
all. Yet, according to & World Bank study, the number of calories
needed to feed them all amounts tp a mere 4 percent of the world annual
grain production. Learning to do without fertilizer won’t change that.
That malnourishment has to do with the distribution of income and
political power, with relations among sectors of society within nations
and among nations themselves. Those are political problems, so, of

course, technological solutions, while perhaps changing their terms

somewhat, can’t possibly solve them. L - o
" Inother:words, to consider this as o case in point regarding the
benefits of recombinant DNA research : They’re not the ones we really
need ; we can get them other ways; and having them won’t really solve
the problems they’re meant for, - - U ST
It’s the same for nearly all the benefits the advocates of this research
claim. It’s supposed to give us more insulin. But it would be much sim-
pler to improve the isolation methods. for the hog insulin that works
very well right now; and recombinant' DNA won’ give us cheaper
*insulin, since, as we know, the drug industry doesn’t pass on savings
to the consumer. Another case—“a notable and promising example,”
Dr. Nathans has called ‘it—is the use of this technology to:develop a
“~vaccine against cholera. The real solution to that problem is proper
sanitation, which would completely control cholera. That would be
cheaper and easier, and much more beneficial to the people who are .
subject to this disease. In that way it’s like the cancer problem: The
consensus now is that most, if not all, cancers have environmental
causes and can in principle be prevented. Yet we keep hearing that
it’s recombinant DNA. technology that will bring us a solution,
.~ What we really need in medicine is more doctors and hopsitals, a
more humane and dignified approach to treatment, a more equal dis-
tribution of what we haveand could have right now. Everybody knows
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and could have right now, Everybody knows how bad medical care has become,
and recombinant DNA certainly won't change that.

And as far as basic research benefits go, there are many, many others to be
had. Recombinant DNA isn’t a Truth, it isn’t a Fundamental Law of Nature
it isn’t Pure Knowledge It'sa tool for getting at those things, but there are other
tools, and we will come up with still others. There are other ways to study what.
we're using recombinant DNA. for, and for that matter, many other things, a
whole biosphere, left to study if we're interested in basic research. Eliminating
recombinant DNA. research would be just like eliminating other tools that are
too dangerous, such as vivisection, for example, or experimenting om people
without their eonsent. .

It is dangerous, not least because of leakage, breakdown or human error, which
are always poséiblé, but for other, subtler reasons as well. Whatever the guide-
lines, the required levels for & given experiment are bound to drifi slowly down-
ward as time goes on, until the accident finally happens. Competition in science
is already ferocious. We scientists are 1o different from anyone else, we're just'as
eager for sucecess. The Cetus Corporanon, formed specificially to exploit molec-
ular biology, acknowledges that “It is . . . still difficult to-find any really impor-
tant medical or industrial capability for which it matters at all that we know the
genetic code . . .7 Yet they go.on {0 propose “to ereate.an entire new industry to
[focns] on those specific problems that appear most amenable to solution . . .
and promise the best cost-benefit ratio.” That's not a very reassuring attitude
toward a hazardous course of action. -

~Recombinant DNA. is an extraordmanly sunple techmque to work with. Any- .
one can use i, There is no way to deduee the level of containment used in mak-
ing a particular hybrid, especially in a high security indusirial laboratory, where
sooner or later a large spill will contaminate some unfortunate techniclan who
didn’t even know what was in the vat. Nobody seriously believes it will be
possible to police the drug companies, And-the longer we go without an. accident, -
the more used to this technology we'll become. We'll move from -high-level to
low-level. containment to large scale production, until one day we find that one
of the recombinant DNA’s we've let loose has gome properties we hadn't pre-

_dicted. Perhaps it makes a crippled bacterium infectious again, or triggers an
unexpected digestive difficulty or antibody response in people, or makes a further
hybrid in nature with a virus we didn’t even know existed, and starts an epi-
demic. Five years ago we couldn’t even prediet we'd be using recombinant DNA
technology. We know. next to nothing about ecological balances, even among
organisms we're familiar with, let alone recombinants no one has made before.
And there's no way to measure the risk of any of this. .

What's more, there is one danger that's quite certain, and that 1s human
genetic engineering. This technique brings us one giant-step closer to if, and the
closer we get, the harder it will be to stop. The kind of attitude that’s going to
make it a reality is the one, for example, of Edward Teller, father of the hydro-
gen bomb, who said “I believed in the possibility of developing a thermonuclear
bomb, My scientific duty .demanded exploration of that possibility”. If genetic
engineering seems far off, let's remember how uniikely walkmg on the moon used
to seem when we were ehlldren .

It's no source of pride to see how science s soraetimes used to defend and
justify, and even perpetuate, inequities in our society. From the eugenies move-
ment many years ago through IQ testing more recently t¢ sociobiology, right
now, some people desperately try to use science to prove that those who have
ought to have, while those who don’t have don't deserve. When we learn how to
manipulate people’s genes, then some of ns will do the manipulating, while others
have their genes manipulated. Some of ‘us Wlll decide for the rest of us what
constitutes a normal or desirable type of person, and that won't be pretty. Let's
not forget that killing off people who didn’t have blond hair, blue eyes and what-
ever Aryan heritage means was, however crude, an. attempt at genetic engineer-
ing, one that came altogether too close to succeeding, ’

These are some of the rengons why people I've talked to are frightened of this
regearch, and I don't think they’re crazy to be so. That's not lrratlonal fear of
the unknown, it's.rational sensible.fear of the unknown,

Dr. Baliimore has said, about the recent.debate in Cambrldge, that when:
non—scxentlsts became mvolved it wasn’t because they don't trust. us selentlsts_
to regulate ourselves. The people I've talked to lead me to the oppomte con-
clusion. For some time now we'vé been hearing about the anti-seience backlash,
a mistrust of science in general among.the public. Part .of that is surely due-to
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thought to have evolved from intracellular bacteria. It therefore seems
likely, but by no means certain, that some bacteria regularly take up
DXNA from animal and plant sources. Inthe case of viruses, natural re-
combination with cellular DNA is an established fact. Perhaps experi-
ments can be devised to determine whether this is so with bacteria also.
Another point relevant to Sinsheimer’s question is one I discussed ear-
lier, namely, the very low probability that unselected foreign genes will
survive in nature, particularly with the kinds of microbes required by
recombinant expertments under the NIH guidelines. Therefore, though
" we cannot know for certain “what may in time ensue,” as Sinsheimer
put it, I believe there are substantial arguments against expecting the
worst. S '

To sum up my views on biohazards: Up to the present time, and
admittedly thisis a short time, there is no reason to believe that research
with recombinant DNA has led to the emergence of any harmful mi-
crobes. Based on what is known of matural selection in the microbial
world, the mechanisms of pathogenicity and spread of microbes, and
the properties of defective microbes used in recombinant DNA re-
search, the probability is very low that recombinants constructed under
the NIH guidelines will be capable of survival in the natural world or
spread in populations. S ' :

Having come to these conclusions, I don’t want to leave you with the

impression that available evidence excludes the possibility that harm-

ful microbes will emerge from recombinant DNA research. That is not
the case. Although I believe this eventuality is unlikely, for the reasons
I’ve indicated, clearly one can never disprove possibilities of this sort.
‘Experiments to test survival and pathogenicity of particular recom-
binants, now being planned, may clliange our judgments, but they are
not likely to resolve many uncertainties. It was just these considera-

tions that led to the original call for a pause in specific recombinant

experiments and to the NIH guidelines. Because of the uncertainty,

researchers are required under the NIH guidelines to use levels of phys-

ical and bioclogical containment far in excess-of what has been common
and s-uccessfu%practice for many decades in the safe handling of known
pathogenic micro-organisms, such as those causing typhoid fever, or
diphtheria, or pneumonia. In this sense the guidelines are conservative,
providing a margin of safety beyond what is probably needed. Given
the uncertainties and the preeminent need to protect the public and
those involved in recombinant DNA research, such conservatism is
clearly warranted. ' :

Thank you. S :
- Mr. TrorxToN. Mr, Ottinger. - : \

Mr. OrriNesr. I want to thank the chairman, first of all, very much
for allowing me to participate in these hearings. I'm-on the full com-
mittee, but not on this subcommittee, and Mr. Thornton very graci-
ously invited me to participate because I have been involved in this
issue, particularly in my service on the Health and Environment Sub-
committee of the Commerce Committee. I do thank him.

Do you want to wait for questions until all of the witnesses have
finished their statements # '
. Mr, TrornToN. Unless they are necessary to clarify the particular
testim}tfnly, I would prefer that we wait and address them to the panel
. asa whole.
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STATEMENT OF DANIEL NATHANS, PROFESSOR, DEPARTMENT OF
" MICROBIOLOGY, THE JOHNS HOPKINS UNIVERSITY SCHOOL OF
MEDICINE, BALTIMORE, MD. ' '

 Dr. Naraans. Let me thank the members of the committee for ask-
Ing me to express my views. - -

I would like to identify myself. 'm a microbioiogist with past
training in internal medicine and molecular biology. I’'m now professor
and director of the Department of Microbiology at the Johns Hop-
‘king University School of Medicine. In addition to teaching medical
microbiology, molecular biology, and genetics, I do research on tumor
viruses. . ' ‘

Recently one of my students and I have been using recombinant
DNA’s in our research. Our research has heen supported by private
foundations and public agencies, and my salary is paid by The Johns
Hopkins University School of Medicine. 3 SRR

" The main points I want to make in this testimony are :

First, that recombinant DNA methodology represents a truly major
development. I won’t dwell on this point. I have covered it in other
testimony, and since I have been asked to concentrate on an analysis
of risks, I won’t say more about that, although I would be happy to
elahorate on that later on if there are any gquestions.

My second point is that with some exceptions, the potential risk
to public health from recombinant DNA research is, in my opinion,
likely to be verylow. : ' : )
~~ Third, that the NIH guidelines on recombinant DNA research are
& conservative response to those potential risks.

~In regard to potential hazards of recombinant DNA research, from
the very beginning scientists have been concerned about protecting
the public from possible harm due to recombinant microbes. How does
one agsess the hazards of such organisms? We need to begin with a
general picture of microbes and microbial pathogenicity. We live in
a microbial world. Microbes are all about us, packed within our di-
gestive tracts, on our skin, in the air we breathe, in the food we eat.
The Earth is populated with a wonderful variety of microbes. Fach
kind is a specialist and lives where it does because it has adapted
to environment over long periods of time, and thereby outgrows or
accommodates to competing microbes: Each has its own turf. That
tiny fraction of microbes that cause disease is also made up of extreme
specialists. In the course of evolution they have acquired a complex
genetic makeup that allows them to overcome the body’s defenses in
one way or another, and in some cases also to spread in populations,
When grown artificially in the laboratory, pathogenic microbes com-
monly use their disease-producing power by mutation, What was once
a virulent organism becomes harmless. o
* What is the relevance of this to the question of hazards of recom-
binant DNA research ? One of the basic concerns is that when an ani-
mal or & plant gene is put into the harmless laboratory strain of &.
 Qoli K19—a bacterium derived in 1922 from human feces and widely

used for recombinant studies—the concern is that this strain might.

become pathogenic, and indeed, that it might even cause serious epi-
demic disease. In my judgment, and in the judgment of experts in the
~ field of intestinal infection, this is a highly unlikely possibility. First
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whether this is so with bacteria also. Another point' xelevant to
Sinsheimer's gquestion is one I discussed earlier, nzmely, the very
low probability that unselected foreign genes will suxvive in nalure,

particularly with the kinds of microbes required by recombinant-

experiments. under the NIH guidelines., Therefore, though we cannot
know for certain "what may in time ensue,’ I believe there are
substantiax arguments aginst expecting the worst,

To gum up. oy views on biohazards: Up to the present fime, and
adnittedly this is a short time, there is no reason to believe:that

research with recombinant DNA has led to the energence of harmful

microbes. Based on what is known of natural selection in the micro-
bial world, the mechanisms of pathogenicity and spread of microbes,
and the properties of defective micfobes used in recombinant DNA
research, the probability is very low that recombinants constructed
under the WIH guidelines will be capable of survival in thé natural
world or spread in populations,-

Having come to these conclusions, I do nob want to leave you.
with the impression that availlable evidencé excludes the possibility
that harmful microbes will emerge from recombinant DNA research, - That
is not the case, Although I believe this. eventuality is unlikely, for
the reasons I indicated, clearly one can never.diSProve possibilities
of this sort, Experiments to test survival and pathogenicity of
particular recombinants, now being plamned, may change cur judgments; .
bﬁt they are not likely to resolve many uncertainties. It was just
these considerations that led to the origimal call for a pause in

specific recombinant experiments and to the NIH guidelines, . Because
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have a chance againsr::-the bacteria already theré, Second, thé ability

of a microbe to cause disease, and particularly epidemic d:_'.se.ase,,is-
dependent on having an appropriate set of specialized genes, each.
of which is needed for lpathqgenici-ty. Moreover, the spread of
intestinal bac;terial pathogens ;'.s clearly dependent on poor sanitary
measures ox improper sewage. disposal. It would therefore be. very ..
difficult, perhaps not possible, eveﬁ purposely. to tura K12 intﬁ.some
sort of plaé_ue baciilus, . 7
There are more subtle hazards. that. also need to be examined,
One of these is b#sed on the demonstrated ability of E. coli K12 to
transfer genes to other E, E_o_l_:_., strains already in the bowel. Could -
harmful recombinant genes be spread in this way? Conceivably, yes,
and that is why multipiy defective K12 strains with very low survival
- and exceedingly low potential for gene transfer have.been, developed
~and why we need to minimize the persistence of recombinant genes in
other ways as well, But even were recombinant genes to be transferred
in spite of these precauf:ions, unless these genes lielped their host
bactéria to grc‘_iw_he_tter than their natural competitors, available
evidence indicates that such genes are likely to be quickly lost.
Apother subtle pqésible h?zard first raised in the "moratorium-.
ler;ter" has to do with the spread of cancer-producing genes either
in recombinant bacteria or recombinant viruses, -Wé know there are
such genes in many viruses, that almost all of us have been infected
with these viruses, and that we generally harbor them in a hidden -
form throughout our lives, Would similar genes present in weakened

E. c0li'X12 or in recombinant defective viruses be.likely to increase
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2) With some exceptions the potential risk.to public health from-
recombinant DNA .research is likely to be. very low,
3) The: NIH gﬁidelines on recombinant DNA research. are a conserva-. -

. tive response to those potential risks,

Recombinant DNA technology is an .outgrowth of- three decades of
research in the genetics of microbes. It .allows biologists to apply
Lo complex o%ganisms.powerful analytical methods of microbial_gengtics
and biochiemistry, and also allows them to extend .these techniques .-
considerably by adding an ability—to-synthesize nevw gene combinations,
I won't- dwell on the expected benefits of recombinant DNA'fesearchs
since I have been asked to copcentrate primarily on an analysis.of
risks, but I would like to summarize my views on the.biémedical
benefits very briefly..

Probably the most far-reaching and the surest biomedical.benefit_
will be. the profound inéights into the genetic-basis of htﬁan d,'evelop.---j
ment and disease. The practical implications of this knowledge we .
can only barely. see. Shorter temm, ﬁrobable benefits:are_the.prgduc—
of huarman and microbial proteins useful in medical research or in
the treatment_an§ prevention of disease. Still other potential
benefits, frankly speculative and more distant, include possible -
;ew-ways to treat or prevent genetic disorders,

| Now to the potential hazards of DNA recombinant research. From
the very beginning scientists have ﬁeen-concerned about profecting
the public.from possible -ham due:to recombinant microbes. * How does

one assess the hazards pf:sﬁch micrpbes? -We need to begin with
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Daniel Nathans

‘Dr. Daniel Nathans is a microbioclogist with past training

in internal medicine and mclecular biclegy. . For the past
six vears he has been Professor and Director of the Depart-
ment of Microbiology at The Johns-Hopkins University School
of Medicine in Baltimore, Maryvland. In addition to teaching
medical microbioclogy, molecular biology and geneties, he :
does research on tumor viruses. Recently one of his students
and he have been using recomblnant DNA's in thelr research.

Dr, Nathans regsearch has been supported by the National
Institutes of Health, the American Cancer Societvy, and the
Whitehall Faundation. He has served on advisory committees
of the National Institutes of Health and the American
Cancer Society and was a member of the National Academy of
Sciences Committee on Recombinant DNA that called for a
voluntary moratorium on certain recombinant experiments

and for the development of research guidelines. . He is now
a member of the Advisory Committee for the Virus Cancer
Program of the National Cancer Institute.




It turns out that Dr. Fredrickson’s committee appointed.a subcom-
mittee which examined that question in some detail, and the document
which I will submit goes into their conclusion, which is that unfor-
tunately there simply is no way in which those who are concerned, and
legitimately so, would be able to be satisfied that the situation was
being properly handled that way and that newlegislation and a new
authority to administer this whole business is probably required.

Mr. Broww. We've done that before. When the public became
greatly concerned about nuclear safety, we set up what is now the
_ Nuelear Regulatory Commission. S ' e ‘

Do you want to see a biological regulatory commission set up?

Dr. Care."Mr. Brown, I certainly—and I think everybody shares
with me-—feel apprehensive about more bureaucracy. All I'm saying
is that the legal minds addressed the specific teeth in the existing
legislation and apparently found that there are some teeth missing.

Mr: Browx. Thank you: '

Mr. TroryTon. Thank you, Mr. Brown.

Dr. Cavalieri, do you have a comment that you think is appropriate

to make at this time? - :

Dr. Cavavierr I would like to make a comment about the level of
the discussion, if I might. ' o '

I think that rather than assume that we need regulation, which
body should regulate, or best how to do it, that we first settle the
question, the more important one: Do we even want to go ahead with
the research ? Then it would be appropriate to ask how to regulate it.

Mr. TrornToN. Dr. Baltimore. ) - o .

Dr. Bavrsore. Mr. Brown, I think the question you raise is very
important. I have read the interagency report, and it clearly docu-
ments why no present legislation provides the correct umbrella to cover
all areas that are involved in recombinant DN A research.

So the request is going to be made of Congress, has already been
made of Congress, to pass legislation which is revolutionary because
it covers a form of activity, scientific research, which has not previ-
ously been regulated, and you poirited that out very clearly.

So the reason that I would support this legislation, and I think
many people would support it, although being very afraid of it, is
not because the other agencies don’t cover it, but rather, because what
we are seeing now is the development of a patchwork of regulation
across the country, whereby the State of California is considering its
legislation ; the city of Cambridge has passed its legislation; the city
of Princeton, N.J. has its regulations; and that’s an intolerable situa-
tion under which to carry out research activities. o

If there is, as I will point out later, any danger in this area of
research it will not obey political boundaries. It’s an international
problem, C ' o

So T think it’s appropriate if there be any legislation that it be from
the Congress, and if it’s correct that there is no legislation there which
can cover it, I think it’s incumbent on the Congress to design such
legislation. But recognizing, when moving into this area, as you point'
out, that it is & whole new ballgame, and one that should only be
gone into with extreme care because one is bordering on the whole
question of the freedom of thought, and when you reach that border-
line legislation can be, as I’'m sure you are well aware, very dangerous.




recombinant DNA research has prompt-
ed international meetings, extensive cov-
erage in the.news media, and govemn-
mental intervention at the federal level
has been perceived by the public as
prima facie evidence that 1his research
must be mare dangeraus than all the rest.
The scientific community's response has
been to blish i Iy elaborate

11V

imaginable circumstances than one ¢an
preve that currently administered vacs
cines do not contain an undetected- seif-
propagating agent capable of producing
cancer in the future, or that a hybrid
plant created loday will not icad to disas-
frous conseguences some years hence.
No matter what evidence is collected to
d the safety of a new therapeutic

procedures to police itseif—but these
very acts of scientific caution und respon-
sibility have only served 1o perpetuate
and strengthen the general belief that the
hazards under discussion must be-clear-
cut and imminent in arder for such steps
to be necessary,

It is warth painting out that despite
predictions of imminent disaster from
recombinant DNA experiments, the fact
Temains that during the past 3% years,
many billions of bacteria containing a
wide variety of recombinant DNA male-
cttles have been grown and propagated in
the United States and abread, incerporat-
ing' DNA from viruses, protozoa, in-
sects, sea archins, frogs, yeast, mam-
mals, and unrelated bacterial species in-
to E. coli, without hazardous con-
sequences so far as [ am aware. And the
majority-of these experiments were car-
ried out prior to the strict ¢ontainment
procedures spetified in the current feder-
al guidelines.

Despite the experience thus far, it wilt
always be valid to argue that recombi-
pant’ DNA ‘molecules that seem safe
today may prove hazardous tomomov.
One can no mere prove the safety of a

i genetic combi

fon under all’

agent, a vaccine, & process, of a particu-
lar kind of recombinant DNA molecule,
one can always conjure up the possibility
of future hazards that cannot be dis-
proved. When one deals with conjecture,
the nuember of ppssible hazards is unlimit-
ed; the experiments that can be done to
establish the absence of hazard are finite
in number,

Those who argue that we should not
use recombinant DNA techniques until
or unless we are absolutely certain that
there is zero risk fail to recognize that no
one will ever be able to guarantee total
freedom from risk in any significant hu-
man activity. All that we can reasonably
expect’is a mecharism for dealing re-
sponsibly with hazards that are koown to
exist or which appear likely on the basis
of informations that is known, Beyond
this, we can and should exercise caution
in any dclivity that carries us inlo pre-
viously uncharted termitory, whether it is
recombinan: DNA research, creation-of
a new drug or vaccine, or bringing a
spaceship back to Earth from the mocn.

Today, as in the past, there ure those
whe would like to think that there is
freedom from risk in the statlus quo.

However, humanity continues to be buf-

feted by ancient and acw diseases, and
by malnutrition and pollution; recombi-
nant DNA techniques offer a reasonable
expectation for a partial solution to some
of these problems. Thus, we must ask
whether we can afford to allow pre-
otcupation with and conjecture about
hazards that are not known to exist, to
limit our ability to deal with hazards that
do exist, Is there ir fact greater risk in
proceeding judiciously, or in not pro-
ceeding at all? We must ask whether
there is any rational basis for predicting
the dire consequences of recombinant

: DNA research portrayed in the scenarios

pruposed by seme. We must then exam-
‘ine the ““benefil’ side of the picture and
weigh the already realized benefits and
the Teasonable expectation of additional

. benefits, against the vague fear of the

unknown that bas in my opinion been the
focal point of this controversy.
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we in fact point (0 on¢ major area of
human activily where one can say for
certaint ‘that there is zero risk? Poten-
tially, we could respond to such risks by
taking measures such as prohibiting for-
eign travel to reduce the hazard of dead-

- ly virus importation and stopping experi-

mentation- with hybrid plants. It is pos-
sible 1o develop plausible ““scare sce-

“parios™ iavolving virtually any activity

or ‘process, and these ‘would have as

“much {or as [ittle} basis in fact as most of

the scenarios involving recombinant

* DNA." But we must distinguish fear of

the ‘unknown -from fear that has some
basis in fact; this appears to be the crux
ofthe controversy surrounding recombi-
nant DNA.

Unfortunately, the public has been led
to believe that the biohazards described
tn various scenarios are likely .or prob-

able outcomes of recombinant DNA re- |

search. 'If the scientisis themsefves are
concerned enough to raise the issue,™

. pots the fiction, ‘“the problem is. prob-

-ably mbch -worse than anyone . wilt ad-

" mit.” However; the simple fact is that

-there is-no cvidence that-a baclerium

carrying any recombinant DNA mole-
cule poses a hazard beyond the hazard
that can be-anticipated from the known
properties of the components of the re-
combinant. And experiments invalving
genes that prexd 10Xi¢ sub or

1uUs

ered the possibifity of hazard could exer-
cise appropriate restraint. While most
scientists would defend theirright to free-
dom of scientific thought and discourse,
1 do not know of anyone who has pro-
posed that scientists should be free to do
whatever experiments they choase re-

" gavdless of the consequences:

Interference with **Evolutionary
Wisdom'

‘Some critics of recombinant DNA re-
search ask s 1o bekicve that the process
of evolution of plants, animals, and mi-
crobes has remained delicatety con-
trolled for millions of years, and that the
construction of recombinant DNA mole-
cules now threatens the master pfan of
evolution. Such thinking; which requires
a belief that nature is. endowed with
wisdom, intent, and foresight, is alien
to most post-Darwinian biologists {2},

‘Maregver, there is no evidence that the

How About the Benefits?

For all but a very few experiments, the
risks of recombinant DNA research arc
speculative. Are the benefits equally
speciative or is there some factual basis
for expectisig that benefits will eccur
frem this technigue? 1 believe that the
anticipation of benefits has a substantial
basis in fact, and that the benefits fall
into two principal catepories: (i} advance-
ment of fundamental scientific and medi-
cal knowledge,-and (i} possible pracuca]
applications.

In the shott space of 3% years, the use
of the recombirant DNA technology has
already been of mA_]or imporiance in the

ent of fund | knowl-
edge. We need to understand the struc-
ture ard function of genes, and this meth-
odology provides a way to-isclate large
quantities of specific segments of DNA
in pure form. For example, recombinant

DNA methodology has provided us with -

much infi ion about the of

evolutionary p is con-
trolled by nature. To the contrary, man
has long ago modified the process of
evolution, and biologicat evolution con-
tinues to be influenced by man. Primitive
man’s domestication of animals and culti-
vation of crops provided an “‘unnatural™
advantage 1o <erfain biological species

pose other known-hazards are prohibit-

Freedom of Scientific Inquiry -

This issue has been raised repeatedly

during di ions of recombi DNA

and a q perurd of evolu-
tion. The later creation by mzn of hybrid
plants and animals. kas restlted in the
propagation of new genetic combinations
that are not the products of natural evolu-
tion, In the microbiological world, the
use of antimicrobial agents to treat bacte-
rial infections and the advent of mass

research. ““The time has come,™ the crit-
ics charge, **for scientists to abandon
their long-hield belief that they shoukl be
free 1o pursue the acquisition of new
knowledge. - regacdless of the  con-
sequences.” The fact is that no one has
proposed that freedom of inquiry should
extend to scientific experiments that en-
danger public safety. Yet, “freedom of

. scientific inquiry"” is repeatedly raised as

who might not have adey
.18 FEBRUARY 1977,

a slraw-man issue by critics who imply
that somewhere there are those who ar-
gue Lhat there should be no resl:amt
whatsoever on research.

. Instead, the h:story of this i issue is ane
-of self-imp by ‘

from the very start, The scientific group
that first raised the question of possible
hazard . in some kinds of recombinant

DNA experiments included most of the

i n programs against viral dis-
ease has made untenable the thesis of
delicale evolulionary control.

A recent letter (4} that has been widely
quoted by critics of recombinant DNA
rescarch asks, “'Have we-the right to
counteract irreversibly the evolulionary
wisdom of millions of years. . .7* It is
this so-called evolutionary wisdom that
gave us the gene combinations for bubon-
ic plague, smallpox, yellow fever, ty-
phaid, polie, diabetes, and cancer, |t is
this wisdom that continues-io give us
uncontreliable diseases such as Lassa
fever, Marburg virus, and very recently
the Marburg-relatied hemaorrhagic fever
virus, which has resulted in nearly, 100

‘percent mortality in infected individuals

in Zaire and the Sudan. The

lasmids that cawse antibiotic resistance
'm bacteriz, and bas-given us insights into
how - these elements propagate them-
selves, how they evelve, and how their
genes- are regulated. In the past, our
-inability 1o isolate -specific genetic re-
gions of the chromosemes of higher orga-
nisms has limited our understanding of
the genes of complex cells. Now use of
recoml DNA techniques has pro-
vided. knowledge aboui how genes are
organized into chremosomes and how
gene expression is controlled. With such
knowledge we can-begin to learn how
defects in- the: structure of such genes
alter their function.

On a more practlcal-level, recombi-
nant DNA techniques potentially permit
the construction of bacterial straing that
can produce biologically imporiant sub-
stances such . as. antibodies and hor-
mongs. Although the full expression of
higher organism DNA that is necessary
e accomplish such production. has not
yet been achieved in bacteria, the steps
that need to be taken to reach this goul
are defined, and we ¢an reasonably ex-
pect that the intreduction of appropriate
“‘start” and “‘stop”’ control signals into
recombinant DNA molecules wilt enable
the expression of animal ¢ell genes, On
an even shorter time_scale, we can ex-
pect bi DNA. techni to
revolutionize the preduction of antibiot-

and use of £ biologicat and. miedical
know]edgc constitutes an intentional and

scientists involved in the develop of
the technig nd theic was
made public so that other, investigators

s assault on luti Y wis-
dom. Is this the * “warfare apainst na-
ture'’ that ‘some " critics * fear t‘rom re-
combi DNA" .

1y consid-

ics, vitamins, and dically and indus-
trially ‘useful chemigals- by eliminating
the need to grow and process the often
exotic: bacterial and. fungal strains cur-
rently used as sources for such apents:
We can anticipale.the construction of
maodified anumlcrnb»al agents that are
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away. This stems largely from our awareness of the public interest conaideca~
tlons. This does not mean that work capnot begin immediately.  In. fact, it
must if those applications ave to materialize in our lifetimes.

In this connection we want to relterate our position. If a valid patent is
awarded to Stanford University and the University of California, San Francisco,
we will apply for llicenses to practise those inventiohs. We favor the adminis-
tration of. such patents in conjunction with the bepartment of Health, Education,
and Welfare as outlined in your altermative 4. And we urge that a great deal
of careful study, soliciting many inputs, precede any fimnl]l deterwination of
apy guidelines for recombinant DHA regearch by industry in the United States.

. Yours éipcerely .

CETUS CORPORATION

Ronald E. Cape, Ph,D.
Fresident .

REC/1mb

¢gy. Pr. Stanley Cohen
Dx. Carl Plerassi
Dr. Joshua Lederberg
Mr. Julian Stexn
Dr. Julius Tabin
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In short, Cetus Corporation intends to be acti\_re in this area and
is willing to pay fair license fees, on an equal basis with others,
on commarcial applications. We would vigorously oppose the granting
to anyone of an exclusive license of any sort whatsoever.

We have previously stated that we epdorse and applaud the MIN guide-
lines, and that we have spacific ideas about appropriate, somewhat
different guidelines for industrial research and commercial applica-
tion. Fegardless of what decimions are made with respect, to the
patents, the pubilie interest requires that these dec:l.siona be made

- openly in some process as yet to ba defined.

Now to our reasoning. Probably, you have heard, as have we, that many sclen-
tists feel that there is a significant difference between the all-encompassing
nature of the Stanford/UCSF patent and the University of Alabama patent. Tha. .
latter, as we understand it, is much more in the way of an application gener-
ated in response to the first discovery, There will undoubtediy be many such
derivative applications. It is the feeling of rany that it is inappropriate to
attempt to patent something as fundamental as a way of making recorbinant DHA
molecules. “his is clearly something for the patent office, not for us, to
declde, In this case, where the patent is restricted to the United States, the
response to its broadness may consist of attempts to circumvent it. Particularly,
if exclusive licenses are granted; those not licensed may feel that they have !
little choice but to leook to remedies such as practising the invention cutside
the United States. That is not in the intercsts of the United States, Far
batter, we feel, to have it clear that HEW and Stanford University and ULCSP
have made an investment and facilitated an wnprecedented sclentific breakthrough
for which they are entitled to a reward, and that nonexclusive fees are a fair
and equitable wehicle for such xeward. In the past exclusive licenses mpy have
been seen as the only way to motivate industry to make the necessary investment
to develop an invention to the point where there would be something to exploit
commercially. %his is clearly not the case here. Hany companies have already
assaerted their intention to become involved in the field ~ it is difficult to
understand how any significant biologically-based company could do otherwise.

But this brings us to the mecond major issue, and that involves safety and
the public inteérest. As I stated in my previcus letter to you, dated July 29,
. it is vitally important that the industrial community be irbued with the same
soncerns and awareness that prompted the academic community to bagin the pro-
cess which resulted in the promulgation of the NIH quidelfnes. Prudence,
restraint, and sophisticated scientific judgment have to he corbined in the
determination of what work shall be done, in what secquenca, and at what rate.
The vary nature of an exclualva license and particularly one with a short
time limit, would encourage spesd at the expense of the prudence which in.the
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in anticipation vf the possible need [or additiomal legislation to faplewent
-such registration amd regulution, 1 would appreciate it il yuu would furnish the
fulloving intormation Ly Harch 15, 1977,

i, ls your company er jastitution ergaged, or has Lt previocusly been enpaged,
in the comdluct or suppurt of recombinant DNA research in the United States or elsevherae?
Lt sv, please provide information concerning the nature and location of such research and
identity of the company or institution conducting such reseaxch. Also please furnish the
same information about any contenplated research of this kind.

2. 1f your company ot institution has not engaged In recombinant DNA research,
is such reséarch belng contemplated? If so, please provide the pature and location of
such research, and the 1dentity af the cowpany or jmstitucion vhich will conduct the
research.

3. 1f recombinant DNA research is being conducted or centemplated, -is your
cowpany or institution willing to repister such research and comply with the ULlH gulde-
lines?

I'% IE your company or institution can not conply with the RIN Luidelines, vhk
chanbes in the guldelines would -you suggest to nake compliance possihle?: co

5. Has your cumpany ot ins:itucion obtained any pa:ents fox recumbinan: LHA?
1f sn, please furnish information concerning the nature of the pa:ents and the dates :hey
wers 1ssued. -

Your copperation in this important matter will be very much; appreciated.

Sincerely,

Edward M, Kennedy




100

The Lionorable ‘Jacol K. Javitz and
. the Honorahle Edward M. Kennedy
March 11, 1977

‘Page 2

speak for "industyy." Nor, unilataerally, does anyone speak for
“scisntists," This fragmentation has not helped clarification
or study of the isaues, and we are frustrated by the lack of a
universally recognized forum for this very important public '
_discusaion, Could there he a legislative answar?

Yours sincerely;

CEJUS CORPORATION

" Konald ¥. Cape, Ph.D.
Prasidaent .

REC/a89 -




we believe that there should be provision to retain all health records
and all records detailing the configuration and operational history of
each research facility for 30 years, Some provislon to facilitate °
medical fellow up of such workers is needed., There should be medical
reporting of all illnesses, injurles and deaths among all workers ea-
gaged or formerly engaged in recombinant DNA research.

We feel that it would be useful to develop approprlate environmental
and workplace monitoring systems to assure that inadvertent exposures
to recomblnant DNA organisms are not taking place, One should also
develop adequate workmen's compensation provisions to insure against
occupational related injury and 1llness among recomhinant DHA research
workers.

I would appreclate your helping cur Institute deal with cccupational
safety and health issues evolving from the recombinant DNA research,
Has your cowpany planned or initiated recombinant DNA research? If
recombinant DNA research is contemplated by your company, what cccu-
pational safety and health surveillance and control measures will you
.advise? Have you discussed the recombinant DNA research issue with
worker representatives, union health and safety officials or health
and safety committees in your plants? If you think specific research
or policy studies dealing with the recombinant DNA issue should be
carried out by our Institute, please describe these studies in a hrief
paragraph

I would be mnst happy to recelve any other comments you may wish to
forwaxd on the recombinant DNA issue or any other occupatiomal safety
and health issues and would be glad to discuss the recombinant DNA
issue with you Aif you 80 deaire.

Sincerely yours,

ALY W)

'ochn F. Finklea. M.D.
Director
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To preperly design the record keeping so that it serves a useful future
function, we would further urge that consideration be given to perform-
ing similar tests in a similar way for a similar time period on appro-
priate control groups.

Purthermore, it would seem to be important to have health records of
people in an industry that go back before the time that there is wide
use of recombinant DWMA technology within it, This is a situation that
is likely to change guite quickly from time to time. Also, to provide
a4 calibration as to relative hazard, thought should be given to study-
ing, in parallel, other potential sources of microbial infection, both
in institutional and induystrial settings.

We feel that thorough training and serupulous microbiological technique
in conjunction with appropriate physical and biological containment '
procedures are vital. Wwe would. endorse a training program aleng the
lines of the University of Minnesota - N.C.I., Office of Research Safety
course we recently attended at Stanford University. While that course
was very helpful; we feel a training program specifically directed
toward work with DNA and mlcroorganlsms (rather than attempting to adapt
the cell and virus training course) and focusing on problems specifi-
cally related to bacteria and fungi would be enthusiastically supported
by both the academic and industrial communities. This training program
could take the form of a short course (3-4 days in length) that would be
given several times a year in different parts of the country, and could
be updated and expanded by supplemental information being published in
the N.A.R.5.M. communication series. (The contribution from Dr. Ann
Skalka's 1aboratory in the recent N.A.R.S.M. communication, for example.,
discussed several detergents and disinfectants and conditions for
inactivating not only microbial cells but alsc free DNA and bacterio-
phage populatlons } .

We hope these comments may prove useful. We earnestly request that when:
you have prepared a draft of any guidelines or regulations that will
apply to industrial research, or any revisions of the existing guidelines
that-relate to safety and/or occupational hazards, we be permltted to:
comment and offer additional suggestlons..

Once agaln, I'm sorry that my travellng activities prevented an earlicr
reply.-.. : .-

Sincerely,

CETUS CORPORATION

Ronald E. Cape, Fh.D.
President .

REC/asg




lished: Hopefully the Secretary of HEW will have an appropriate
basis for such determinations down theroad. =

Second. Let’s not mix apples and oranges. Let’s not rush recklessly
ahead, but let’s not, on the other hand, fail to move forward because
of a fear that we are opening a Pandora’s box, or that no real need
.exists and that this work is not worthy of a high priority in this
society. If it is 2 Pandora’s box, it’s already opened. But Dr. Wald
was absolutely right in maintaining that regardless of what goes on
elsewhere we must set an example. The Who%e world is watching. We
have confidence that thig society can handle its alternatives and deal
with its responsibilities as they arise. Moving new genes into bacteria
1s no more related to diabolical genetic manipulation of human beings
than is the breeding of cattle oreorn.. N

Let’s by all means prohibit the disbolical, or anything that leads to
it. We have seen significant advances in recent perceptions and legisla-
tion regarding experimentation on human subjects. Let’s continue that
dialog. But it’s not simple. For example, when you approve wide use
of a new vaccine, you are profoundly and intentionally intervening
with evolution of viruses that work within human cells and interact
with human DNA in ways not yet fully understood. Let’s not fail to
increase that understanding, while at the same time addressing the
equally important social consequences. But let’s not make recombinant
DNA research, or U.S. industry, which actually is doing practically
mone of it, Tight now, a whipping boy for social problems that have
nothing to do with the specific and very important question of science
policy, which this subcommittee is very properly examining here
today. _ ‘
* Thank you. o . Co '

Mr. Taorwron. Thank you very much, Dr, Cape. : '

[Dr. Cape’s additional submissions for the record are as follows:]
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must be deemed safe under criteria analogous to those now applied to
the biological containment parameters %ike EK2 and EK3 in the
research context. Work must anticipate by years the ultimate need for
production organisms which satisfy a rigorous set of standards. We
can’t tell today whether or not £. colé will ultimately be acceptable, no
matter how crippled, and to this end work should begin soon_to
examine and prepare alternative organisms for commercial use. Dr.
Curtiss yesterday called . coZi the workhorse of molecular genetics.
We at Cetus Corp. propose to prepare an entire stable of such work-
horse micro-organisms. I want to stress that such a program, which we
are actively considering, does not, at first, vequire the kind of recom-
binant DNA experiments which led to the guidelines, What we're talk-

. ing about is a Jarge amount of pedestrian hard work in conventional
microbial genetics.. : '

(&) Economics: The ultimate commercial application of this tech-
nology will require a great deal of developmental work after most
of the intellectual excitement has gone. By way of illustration, I believe
that the demonstration of the produetion of human insulin in £. coli
in a test tube will occur sooner than many think, but that it will be
many years and many millions of dollars more before we see a produc-
tion plant which utilizes a new, safer organism, to efficiently make large
quantities of insulin at a price which makes sense.

{¢) Choice of protein: Most simply stated, recombinant DNA tech-
nology merely makes possible the manufacture, in a convenient cell,
of a protein or proteins, whose blueprint, or DN A, comes from another,
unrelated cell. The most dramatic illustrations of this possibility
usually deal with things which are most far out, and on which the
worst fears are also able to fasten, Thus, it is very exciting to talk of
treating disease quickly, cheaply, very effectively, and possibly very
safely with human proteins which we call antibodies. It is very excit-
ing to talk of the advantages of antibodies over antibiotics—antibodies
may be safer, and they may be effective against viruses and maybe
even cancer cells, which antibiotics, essentially, do not attack. But the
fact is that such an application is very many years away, will cost a
great deal of money to reduce to practice, and involves some experi-
ments which most experts, including proponents of this work,
acknowledge to be in the higher risk category. And in this, as In
many other exciting applications, there are a host of problems to be
overcome, and many questions to be asked, any of which may render
the project unsuitable. The groundwork should be laid now in order
to enable at least some of these revolutionary beneficial outcomes to
materialize in the 1990’s, This groundwork should address questions
of risk. These questions cannot be resolved in learned debate—they
must be addressed experimentally. It is welcome news that NIH 1s
now ready to do some of this experimental probing. . = .

Thus; the long=range progranis cannot be identified with precision
for sometime yet. But unless some work begins soon to answer some
of these real questions, the-ultimate benefit will be even farther away.
The time frames are long as it is. Fach participant, each company,
must make its own assessment. But one thing is clear to me: There 1s
no place in this field for any company with only short-range thinking
or objectives. Profits are not around the corner.
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Dr. Cape. Thank you, Mr, Chairman.

I would just like to add a little personal background.

I suppose I'm identified here as an industry executive. Let me
add that I’'m also a molecular biologist, and my Ph. D. thesis was on
“The Structure of DNA,” and my post-doctoral work at Berkeley
studied the genes responsible for DNA replication in & virus. But .
unlike all the other witnesses, T have not been a teacher, and I hope
I can overcome that deficiency in presenting my views here.

The prospect of extensive academic and industrial research in the
field of recombinant DN A has resulted in intensive public discussion.
This hearing is a significant element in that discussion. It is now
Widﬁlf' recognized that the profound nature of the technology raises
equally profound questions as to its best possible applications, and
indeed, the ultimate question as to whether, in fact, there is to be any
application at all. There is the further question regardig how, in fact,
these decisions are going to be made—an important public policy
question that is by no means confined to the field of recombinant DNA.

In briefly addressing this latter point, I should state my belief that
no one speaks for U.S. industry on this point. Perhaps I might even
go so far as to say thank God no one speaks for the industrial estab-
hshment, There are differing views, and although I would hope that
most reasonable executives would agree with what I say, I speak only
for our company, Cetus Corp. However, I was personally present at
the two meetings referred to by Professor Wald yesterday at which
industry representatives met with Dr. Fredrickson at NIH last June
and with Dr. Ancker-Johnson of the Department of Commerce last
November. I do not agree with Dr. Wald’s report or interpretation of.
what ook place at either meeting, and my report is not hearsay. I
would be happy to respond to any questions on that subject..

Mr. TaorNTON. We will be very pleased to hear your assessment of
that, and to develop a full presentation in order for the committee to
make its review. ' :

Dr. Cape. I'll be glad to do so.

Industrial research has its risks and rewards, just as does academic
research. It’s not as romantic as academic research, and its risks and
rewards are most frequently stated in financial terms. If we properly
address a need, we’ll make money—if the need is genuine and large,
we’ll make a great deal of money. If we guess wrong, we lose. Those
a}xl'e the rules, and we assume that most Americans are content with
them. ) .

So let me begin by stating that we welcome this public inquiry and
involvernent. We firmly believe that science is for the people, that in
basic research, the assumption underlying governmental support is
benefit to the people, and society wants a return on its investment. By
the same token, we believe that the way our society is organized, im-
plementation of discoveries commercialization, if you will, is the
assigned task of industry. Where else will it be done? But we also
recognize our responsibilities. So it’s not a question of profits, no
matter what, and it’s certainly not a question of our strategy, no
matter what.







outlined in NIH guidelines. This primarily is a reflection of the
smaller size of those countries and the smaller size of the relevant
research community, so that it’s possible to consider projects on a
case-by-case basis by a central committee. 1t is much more difficult to
do this in the United States given the bulk of the work that’s going
on.
There have been reports of experiments in the literature from vari-
ous countries, and I think one can expect that there will be more
and more of these in time, '

In addition, there are efforts that we mentioned, basically by in-
ternational organizations, to compare guidelines, give advice to
people in different countries, disseminate mformation, sponsor train-
ing courses, and so forth. These organizations are both official gov-
ernmental organizations, such as the WHO, and independent scien-
tific organizations, such as the Intermational Council of Scientific
Unions and the XEuropean Molecular Biology Organization.

Mr. Krurger. Thank you very much. :

And just as a final brief comment, 1 would simply observe that one
of the things which we face here is the problem that, although it may
be to the particular advantage of any individual scientist undertak-
ing his or her research to try to proceed further and to push the front-
tiers a bit further, it is our responsibility not only to see that that
scientist has the opportunity to carry out his research, but also that
the public is protected at the same time. )

I wish very much to thank the chairman and you for this excellent
presentation. Thank you, Mr. Chairman.

Chairman TrorntoN. Thank you, Mr. Krueger.

Mr. Hollenbeck, do you have any other questions?
~ Mr. Horreweeck. I would like the opportunity to submit some
In writing. - : :

Chairman Taor~Ton. I think I would like to ask each of the panel-
ists if he or she would have objection to responding to such written
questions as may be submitted for further clarification of the issues

which have been presented today. I believe all are nodding affirma-

tively that they would be pleased to do so. :

" I want to thank each of you on the panel for your responsive and
thoughtf{ul testimony, T think it has been very helpful in focusing
upon the issues which are presented.

Tomorrow we will be discussing in greater detail the potential
risks and benefits of this kind of research and on Thursday we will
deal perhaps a little more with questions regarding international
research efforts.

Dr. Wald, T was very impressed with your suggestions that we need
to be concerned about the operation of a kind of Gresham’s law which
might lead to the gravitation of DNA research to those countries
or those areas which provide the least-effective guidelines or controls
for that research.

And if there is a final question, that has occurred to me, it is this: Is
this research not so terribly difficult as to be within the reach of knowl-
edge of all college biologists? Could these individuals get some of the
vectors and some of the chemicals which are necessary to split the genes




'O

And you know I’'m not seeing ghosts. We are already under the
workers health and safety regulations, which industry fights off but
which universities embrace. Why? You can get a new bureaucracy
going in the university—and if you think bureaucracies just operate
m government, just visit any present-day university. You’ll really see
some,- : : :

So, we've already had them coming down on us. I'm talking of my
home institution, you know, Harvard. Where do vou keep your al-
cohol? Where do you keep your petroleum ether, et cetera? You know.

The thought that all of that will shortly be regulated is very—
you know, it’s guite a possibility—and that would really get in the
way, not only of the speed, but of the whole quality of experimental
science in this conntry. I can hardly think of anything worse. -

Now, that prospect can be met in one very simple way. I almost
shudder to say it on this panel. That is by segregating this research
above the P1 level, to a few national or regional laboratories, and
then doing all the controlling internally, and leaving the rest of the.
seientificenterprise in this country unhampered. SR

Mr. Krureer. Dr. Curtiss? : o

Dr. Corrss. I’ just make a few comments. Dr. Barkley may want
to correct me on some of this. : ' _

It’s my understanding that to construct and equip a good P4 labora-

tory, it would cost somewhere between $500 to $1,000 a square foof. -

The fact of the matter is if we had to design a P4 laboratory, I
wouldn’t; first, because I don’t have $1 million and doubt that I could

get it; and, second, I think that there’s another major problem in con- .

tinued escalation of réquired containrment for certain recombinant
research. S
My own personal view at this moment in time is that the NTH guide
lines have a good: degree of conservatism in them. I didn’t think that
3 years ago, but I've learned a ot since then, a lot of it based on experi-
ments that we and othershave done. o
But there is a fear that I have that was discussed at the National
Academy of Sciences forum workshop that I chaired, and that is the
problem that arises by overkill. People in the.scientific community
who have been debating many of these issues, although there are ex-
ceptions, feel that the guidelines provide a good margin of safety, and
if that margin of safety that is required gets to the point where the
scientific community feels that it is an absurdity, or tendency to feel
contempt for such requirements, it will be just like a law which no-
body wants to cbey. . R
I think that that’s a real hazard, because the one thing that we cer-
tainly don’t want to engender is contempt on the part of people,
whether in this country or overseas, for the sorts of regulations that
we are trying to evolve, The NIH guidelines are not perfect, but they
make sure that we can proceed at a rather slow, reasonable pace, gath-
ering more information about the potential rigks. :
And so to say that everything ought to be done in a P4 facility
would have a negative result all the way around. A Iot of scientists
wouldn’t do research, others might have the P4 facilities and then
have a door going directly from their office into the lab, and just
violate the whole principle of the facility. ‘
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One could try to analyze the events and come to some estimate of the
probability of occurring, but such estimates would be very soft.

Mr. Kruzrcer. 1 see. .

If it is just too difficult to put numbers on this, let me then inquire
whether as we go at least through procedures, protective procedures,
of the kind P1 through P3 which were earlier described, can we be
Tairly sure that the kind of antiseptic measures taken through those
three stages are ones that would effectively kill any sort of organisms
that might otherwise escape into the atmosphere that would have had
these genetic changes, to which we might then be subject to illness?

Dr. Singer. I think both Dr. Barkley and Dr, Curtiss have pointed
out that theoretically, the mechanisms are very good but the problem
is always that experiments-can go wrong when people are involved.

30, while in an ideal situation one would say that the methods are
good to such-and-such a probability, the real problem is to protect
against accidents, This is why, with experiments deemed to be of
greater possible risk, the containment procedures, both biological and
physical, are increased in order to take account of the possibility of an
accident, '

But I don’t think that anyone can say that any of them are abso-
lutely perfect. T don’t think that can be said. '

Mr. Kruecer. If I might, Mr. Chairman—-—

Chairman TaorxTon. Please. ‘

Mr. Krueeer [continuing]. Proceed with one or two further
questions.

First: I should direct this at least initially to Dr. Curtiss and then
someone else might wish to comment. ’'m wondering, when we use a
sort of mechanism enfeebling 7. coli, such as you describe, to what ex-
tent is the scientific research of others limited by dealing always with
this kind of £ coli? :

Dr. Corriss. Well, maybe the best way to answer that question is by
analogy. Shortly after the turn of the century, when the Wright
brothers developed their first airplane, 1t was diffieult to envision how
that development would allow for the mass transit of human species
wherever members of that species wanted to go. And with only a lim-
ited number of approved disabled Z. ¢o#i’s, and plasmid, and bacterial
vectors, the research is, to some extent, limited in its possibilities. Cer-
tainly, this would be more so if all recombinant research were required
to uge available EK2 systems. | '

T might add that some of these enfeebled systems behave very dif-
ferently than EK1 E. coli cloning systems, and it has required that
many microbiologists, geneticist, et cetera, who have worked with
E. coli many years, learn a new bag of tricks, to make their experi-
ments successful.

So,in a way, I think the use of these systems is tending to slow down
research and from my own personal view this is not harmful. Tt is very
important, however, that we eventually develop a greater diversity of
such disabled host/vector systems to allow a greater diversity of ex-
periments because the strains available may not facilitate or even allow
the success of certain contemplated experiments. This is only going to
be possible with time and further study. o '

_Dr. Warp. The New York Times reported that there are 86 univer-
sity laboratories getting into it at present; and at least 9 pharmaceu-
tical companies, : ' :
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that organism, this is a different situation from a change which would
be maintained in an evolutionary sense. .

In order for this to cecur, the change would have to be in the germ
line cells. Germ line cells mature in a developing fetus, which is a
highly protected organism, and the germ line cells are very protected
within that organism, It’s hard for me to imagine a route by which a
recombinant molecule would make its way to such an organism and,
therefore, I feel that an evolutionary change resulting from inadvertent
release of recombinant molecules, or recombinant-containing orga-
nisms, is so unlikely as not to warrant very serious discussion.

Dr. Warp, Just a postseript to—

Chairman Taornrtox. Dr. Wald? .

Dr. Warp [continuing]. To Dr. Singer’s last remark. We have had
for many years now the technology of pushing a whole nucleus from
an ordinary body cell into an egg cell, and this has been done with a
variety of organisms. There are people anxious to pursue this tech-
nology to the human level. In fact, I understand that there are work-
ers in England who are doing this. - L

The highest level previously has been to—well, it was done origi-
nally with frogbs; but it would be perfectly possible to do with mam-
mals, and possibly with human beings. : , o

You understand what I'm saying: One can get into the germ line,
and that is the way to do it. And all this talk about human cloning,
that still, is pretty much in the realm of science fiction. Nevertheless,
it’s being worked on. ' :

Mr. Horrensrck. Dr. Wald, I had a question for you specifically.

Dr. Warp. Yes. - : : :

Mr. Horcexeuck. If we are to ban or put & moratorium on DNA

recombinant research and slow down the pace of genetic research in
this country, what would be the implications for the U.S. role in:

science, vis-a-vis the rest of the world ¢ :

Dr. Warp. The rest of the world is watching us now. There are nine
nations at the moment that are following through this kind of argu-
ment in parallel: The United States, Britain, and I think seven
European—— ' ' '

Dr. Siveer. And Japan and the State of Israel.

Dr. Lewis. And the 7.8.8.R. :

Dr, Siveer, And Canada.

Dr. Warp [continuing]. And the U.S.S.R., of course. And so this.
argument 1s getting to be worldwide, and there are already five inter-

national organizations working on it, to design some kind of inter-
national agreement. :

The simple truth of course is that if some trouble should arise—
and may I say once again all of us hope it won’t—it won’t respect
any geographical boundaries. So one can watch right now this whole
business, going very rapidly from the level of towns to the State, to
the Nation, to the international level.

- One of the things that some people have expressed fears about is the
operation of a kind of a Gresham’s law in this regard. That is, that
people who want to do this kind of thing, including industry, will
go wherever the restrictions are least heavy. : o

Mr. Horreneeck. Thank you.

Chairman TrorxToN. Mr. Krueger.

et e e era



It is not uncommon to hybridize different species of plants, and oc-
casionally as far out as genera. And, as he pointed out, there haven’t
been any unpleasant surprises in that. If we’ve learned anything, it
1 that the plants and animals that are still on this Earth after all
these millions of years have had to survive through competition and
selection and the ability to reproduce. They represent very finely
tuned genetic systems.

If you tamper with that system very much with outside, discord-
ant combinations of DNA, you get abortions, sterility, weakness,
and you do not get an instantaneously adapted organism, It’s very dif-
ficult to recombine DNA’s of different things and different forms and
get anything that’s competitive in an agricultural sense out of it.

Now, as far as the objectives at the end of my remarks, nitrogen
fixation and photosynthesis and other things, we are never certain
with the recombinant DNA technology or traditional technologies
when we set out to achieve a complicated objective that we will ever
succeed. But 1t’s the nature of sclence that you have to try.

We have a success and failure rate, but on balance the agricultural
effort has paid off handsomely. So we wouldn’t want to leave you with
the impression that we would achieve all of these objectives, and
certainly we won’t achieve any of them quickly. .

The point I’m trying to make is that as understanding of genetics
has advanced it has been possible for agricultural scientists eventu-
ally to figure out a way to utilize that for the benefit of us all.

Chairman TaornToN. Thank you very much; Dr. Lewis.

Mr. Hollenbeck. ' _ j o

Mr. HorLeneecg. Thank you, Mr. Chairman.

One of the primary concerns that I’ve heard expressed by legista-
tive opponents, especially of recombinant DNA research, is that we
may force evolutionary changes or other changes which may be
harmful. . :

In the last couple of days I've come across writing concerning a
recent report and some recent remark$ made concerning DNA re-
search. The remarks were made by Dr. Robert Ryan at the NIH En-
dicrinology Conference a couple of weeks ago, and the report is by
basically an English research team, including Messrs. Crick, Brenner,
Klug, and a young gentleman named Pieczenik from Rutgers Uni-
versity. Now, these two reports and series of remarks—which I haven’t
seen, but which I understand are very highly technical—seem to sug-
gest a hypothesis that recombinant DNA sequences have evolved due
to natural selection process at the molecular level long before orga-
nisms had developed, and that they then would be resistant to any at-
tempts to recode their sequence. - : '

Now, if this hypothesis is true, and that is, basically, that nature
has is own recombinant technology, would that serve possibly to al-
leviate some of the concern about inadvertent and dangerous evolu-
tionary changes? o

I’d like some discussion or some remarks from the panel on that;
and also, you can address yourselves to the additional question on
the significance of this particular work I’ve mentioned vis-a-vis the
DNA issue in general.

Dr. Curriss. Well, I'm not familiar with the talk because I wasn't
at'NTI a couple of weeks ago. I don’t know whether that hypoth-
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That is because the newly produced substance that promotes ¢oloni-
zation by E. coli pathogens has no anchor on the Z. coli K-12 cell
surface. L '

Another attribute which is necessary for _-pa.thogemclty i8 some
mechanism to overcome host defense mechanisms—by, for example,
the production of some toxin or pharmacologically active substance. I
think the likelihood that one could introduce in a recombinant DNA
experiment all of the genetic information necessary to endow X. coli
K-12 with communicability, colonizability, and then mechanisms to
overcome host defenses which would interfere with normal host func-
tions is extremely remote, almost to the point of it being an impos-
sibility on statistical grounds. : ' _

In terms of the potential to transmit recombinant DNA from E. colé
K-12 strains or from crippled Z. coli K-12 strains, we've done a sub-
stantial number of experiments to. measure this~and these are data
that are not yet in the literature, - -

Woe have calculated that for EK1 host vector systems—and this is
based in large part on experiments done in the laboratory—the trans-
mission of a nonconjugative plasmid residing in one strain of E. coli
into another one, which requires three micro-organisms to interact in
a special way, might occur in somewhere between 1,000 to 10,000 hu-
mans of the total 4 billion humans present in our biosphere per day.
This is taking into account the total populations of X. ¢oli in the in-
testinal tracts of all hwmnans in the biosphere. .

So, it is a very low probability, but it is a measurable one, and I
think it does eause concern to some individuals, _

The other point that I would like to mention concerns Dr. Wald’s
comment about £. coli containing cancer virus genetic information
causing cancer. The point is that viruses are designed to infect cells of
a susceptible host. They have evolved that way. : :

£ coli, on the other hand, does not have the potential to infect cells
in the intestinal mucosa. Furthermore, we know that the naked DNA
of a humor virus has a very much reduced possibility of infecting a
mammalian cell, and indeed only oceurs in the laboratory under very
special conditions in which the experimental procedures are manipu-
lated to get the desired effect. : '

So, I have come around to the opinion that the safest place to work
with the DNA of a virus genome may be in £. coll and not in the
virus, And mlthough one has no data to substantiate that one belief,
I think it is well founded on many years of working with viruses and
bacteria and the information that’s been learned from experiments
conducted long before recombinant DNA technology was developed.

Thank you. - ' . o
" Chairman TmorxTox. Dr, Barkley ¢

Dr. Bargrey. Thank you, Mr. Chairman. _

I would like to make just a few comments. . -

I think it is quite true that there is a lack of effective reporting of
laboratory-acquired infections. This has certainly been so with 100
years of microbiological research, L

Most reporting acquired infections have been on a voluntary basis.
You may be familiar with the work of the late Dr. Sulkin and Dr.
Pike in collecting laboratory-acquired infection data. Their collection
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cubic feet of methane per day per cow, and isn’t a particularly destruc-
tive organism as far as that particular animal is concerned. It is
equipped to handle that. A human being would not be.

I also think 1t would be appropriate, before opening to other panel-
ists, to observe that the Lassa fever, which is experimented with in
P4 containment facilities, is not a result of biological DN A recombina~
tion, but is a naturally occurring organism which is extremely dan-
gerous, and which does require %he highest levels of containment in
order to do the research on it,

And one final observation is that the transformation which you

described in the San Francisco Bay area in 1950 and 1951 was also .

prior to human efforts at least at recombination of DNA, and is not an
event which is related directly to DN A recombination.

With those observations, I'd like to ask Dr. Singer if you have any

comments.

Dr. Swezer. Thank you.

First, a brief comment about the oil-eating bacteria, because this is a
story which many people tell and use. I think it’s important to recog-
nize that the bacteria in question are strict aerobes and must have
oxygen in order to live, They would certainly not find oxygen in the
oil wells which people imagine they might go into and devastate. I
think that’s an important matter in considering this. particular
experiment. : . .

.But, more generally, I would like to say that it was very interesting
to listen to Professor Wald this morning, in particular, because I
realized for the first time that in many discussions there are very,

very broad areas of agreement between those who are characterized on

one side of the fence and those who are characterized on the other.
In fact the areas of agreement are broad enough as to make those
characterizations really counterproductive to all of us. :

In particular, I share Professor Wald’s statement that if the recom-
binant DNA technology leads to the opportunity to redesign living
things, to do what is called genetic engineering on whole complex or-
ganisms and not simply on bacteria used either in 2 laboratory or in
a production plant to achieve particular ends, then there are very
serious societal problems that need to be addressed and need to be
addressed in the widest possible forum in order to inform both public
decisions and private decision. And I would say that we should develop
mechanisms for that discussion. However, I would separate that dis-

cusgion from what we are now calling recombinant DNA, even though.

these techniques may lead to that capability.

I was encouraged to realize this morning that Profegsor Wald
spoke about experiments within the framework that was used in
devising the NIH guidelines—not because I think that’s the only
framework for considering the problem—but because I think it’s s

reasonably good one and helps us focus on isolated and specific prob- -

lems. Thus, Professor Wald indicated that there are certain experi-
ments which no one believes represent any particular new kind of
harm; and, on the other end of the spectrum, there is a group of experi-
ments which most of us agree ought not to be done at the present
time. And, in fact, such a group of experiments is prohibited in the
NIH guidelines, including some which people have imagined might
lead to the production of cancer by recombinant DNA organisms.
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the possibility—I'm not talking of the use of known pathogenic or-
ganisms, but the production of new pathogens. And what I'm saying
is with new pathogens, when they come up in the most experienced
hands, these people die like flies.

The green monkey disease, the Marburg disease mentioned before—
of 30 technicians handling it—Marburg, Germany, you know, those

experienced German technicians—of 30, 7 died. It’s now sweeping

across A frica.

Lassa fever, discovered in 1969, 2 nurses died; 10 out of 21 medical
workers have recently died, including the woman doctor, Jeannette
Troop [ phonetic], who first put the finger on this. - _

Another point: This entire guarding against doing wrong things
with pathogenic organisms relies on a table of what organisms are
pathogenic and how pathogenic they are. Let me say that this is full of
loopholes. There is a red bacterium call Serratia marcescens. My wife
worked with gallons of this stuff. It is not a pathogenic organism. The
Army sprayed that stuff into the air and the sea north of San Fran-
cisco in 1950—and incidentally with every assurance that it couldn’t
survive, In 1951, a brandnew disease appeared in San Francisco. It's
called Serratia endocarditis and between 1969 and 1974 when my own

information ends, there were 19 cases in San Francisco, 13 fatal. The

mortality is high. ,

We were sure that organism was not only not pathogenic but that it
wouldn’t survive. It found itself a place to survive, Out of those 19
cases, practically all of them were shooting up drugs; and whether
it’s the shooting-up process or whether it’s the debilitation that goes
with it, no one yet knows. . :

Roy Curtiss and biological containment, The main problem here

is not how long those so-called crippled bacteria will survive, but-
whether or not—and no one yet really is ready to answer that one—

while they survive they will exchange genetic material with noncrip-
pled bacteria, including noncrippled E. coli. That’s really probably
the most serious issue. '

As to their survival, it’s pretty thoroughly up in the air. The testing
in this regard of K-12, this EK1 organism, is pitifully meager. I was
amazed to hear, with all this weight being put on it, how little of that
has been done. :

You must bear in mind that there are particular instances in which
perhaps crippled organisms that wouldn’t survive in our large bowel
will survive where there is no competition—in the bowels of persons
that offer such organisms little competition, What are they ? Young in-
fants, who are born with sterile guts, We have a whole history of spe-
cial pathologies in the newborn~—the nurses, the adults, the parents
are perfectly safe; it’s the newborn who are susceptible.

People who have just passed through a course of antibiotics or
sulfa drugs, that have cleaned out their normal bowel populations of
bacteria. _

So there still are big problems in this situation. Incidentally, one
of the great messages that has come through for bacteria and viruses
is they keep changing their properties. And I think Dr. Curtiss should
shortly tell you how often and how thoroughly one needs to check
{;he maintenance of properties in crippled—so-called crippled—

acteria. : : :



so that it never came out in the meeting; so let me say it here. I fear
that there is a_hidden—I say hidden because it was not expressed,
publicly, though I asked please to express it at that meeting—a hidden
distinetion between recombinant DNA research and production.

The industry seems to have its own ideas about this. Now they say—
a reversal of position, since last November 19 the leaders in the
pharmaceutical and chemical industry met with Anker-Johnson, an
official of the Commerce Department, and flatly rejected the NI
guidelines—when they say now, as I understand theyre doing, that
they accept them, I would gather from this conversation that they
have a little gimmick in mind, and that is that they are accepting
them for so-called recombinant DNA research, but they have some-
thing else on their minds when it comes to production. There I am
afraid that they are still having and pushing the same concerns as
previously. o ' s

T put enormous importance, but I don’t care to add to the statement .

you have in your hands, on the interest that is very likely going to
be taken by the Armed Forces in the potentialities in this research.
And in that connection, I would like to leave some copies of the doeu-
ment that I cite, which is something you may find valuable also as a
general discussion of both sides of the subject of DNA.

Chairman TaornTON. We appreciate your furnishing this material

to the committee. We will review it. -

Dr. Warp. It’s from the Federation of American Scientists, a by no
meéans radical organization, and this military possibility is discussed
very plainly and hardheadedly by members of that organization,
some of whom have had close previous connection with the Department
of Defense. _ _ ' - o

[The document was distributed.] '

Dr. Warp. Could I take a couple of minutes to raise some points that
came up from my colleagues. : '

Chairman TrornToN. Please. As a matter of fact, with the consent
of my colleagues up here, I will use my first 5 minutes of inquiry to
make available to the panel an opportunity to comment with regard to

the testimony presented by each of the other members of the panel..

If you have comments, I think it might be appropriate to get that
kind of exchange at the outset before we begin to ask our specific
questions. ' ' :

You may begin, Dr. Wald, with your comments.

Dr. Warp. Thank you very much.

I was very much relieved, I may say, and full of admiration with

Dr. Singer’s teaching of all of us; very much relieved also that she
spoke, among the benefits of this research, only of the scientific bene-
fits, not of the practical benefits of which we have heard so much.

I must say, having tried to search out those practical benefits as well
as I can, I have yet to hear a scenario, including, I'm afraid, Dr. Lewis’
hopes for nitrogen fixation by grain plants, yet to hear a scenario that
will bear close examination.

I think everyone is now agreed that the only sure benefits are going
to be the clarification of some basic biological problems. :

I want to go at once then to Mr. Barkley’s testimony, because it
raises some very serious issues that are frequently glossed over. He
commented-~he quoted directly from, I understand, his former master,

1,
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Everyone concerned with this work has by now come to certain com-
mon agreements. Everybody knows, realizes—and that’s come up re-
peatedly in the course of this session—that the NIH guidelines were
formulated in a context of fantastic ignorance of what to expect, what
these directions of research might have as consequences. And I was
happy on the plane down here this morning to see that at NIH and at
Fort Detrick plans have now been laid to address some of the most
crucial questions; so that really the call for at least a temporary mora-
torium at present. on this kind of research is just simple prudence. -

Shortly we can hope to have some of the answers to these questions
that now we don’t have at all. So that the context of ignorance is some-
thing that everyone agreeson. . - _ :

The presence of potential biohazards is the second matter of
agreemertt, : : . : : ' :

A third matter of agreement makes a rather striking commentary
on so-called physical containment. It is agreed throughout—we have
had this laid out by the proponents of this research at Harvard end-
lessly; and the NIH environmental impact statement comes back to it
again—it is agreed throughout that if trouble arises—and all of us
hope that it won’t—that if serious trouble arises it will be.carried out
of the laboratories principally on the workers.’ o o

To me, that’s a very serious blow, that universally-conceded fact, to
all our concepts of physical containment. . -

I think also that when this committee addresses the matter of those
persons principally in risk through this research, it should be careful
not to confine its considerations to the laboratory workers:alone. The
janitors in the building, the stockroom people, are perhaps even more
exposed and more ignorant of the necessary precautions than the lab-
oratory workers. : : : : :

Frequently, it’s alleged, and there were implications throughout the
discussion this morning to that effect, that the people who are in oppo- .
sition, particularly those lilke myself who work in other fields of bi- -
ology, are having bad dreams, having nightmares. Well, I want to say .
something about that: NIIH is having tl%e same bad dreams. I've said
that in my paper that has been given you. '

One of the most remarkable and interesting documents I have
encountered is the draft NIH environmental impact statement. And
everything, everything, that hag been brought up and usually brushed
aside in the way of potential hazards is considered seriously and said
plainly in that statement, including the possibility that this technology
will produce new cancers. My own betting in the eancer situation—and
it’s no more than a bet—is that it’s more likely to do that than lead to
cures in existing cancers. : :

Also one must not leave out a consideration—and the NIH draft
impact statement says this perfectly plainly—that. what lies ahead
through this technology ig the manipulation, the redesign, of the
genetics of higher organisms, including man, so-called human—what’s
the term ? Genetic o -

Dr. Lewis. Engineering.

Dr. Warp [continuing%. Engineering, Thank you.-

Human genetic engineering. And as for how far off this is, it’s
anyone’s guess. But one of the principal, and most eloquent, and expert
proponents of this technology, David Baltimore, in a hearing before
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that scientists eschew develcpment of such agents (i.e., of biological
warfare). Nevertheless, since treaties are neither univereal nor self-
enforeing, the world must begin to face a biplogical proliferation threat
that might before long rival that of nuclear weapons."

A last point: I doubt that scientists or others have yet taken in
what the legislation that is contemplated in tuis area portends. It
seems headed toward founding a new bureaucracy for licensing, inspecting,
supervising and setting rules for the conduct of scientific regearch. ITf
that happens, we may shortly have thousands of government employes who
garn their livings and make their careers out of such activities. It
will cost a lot of money; and once it starts, it will be hard to stop,
or even to keep from growing. And it will certainly not remain confined

‘tc gepewsplicing.‘ Inde&d the prdponents of gene~splicing have laid the
ground for its expansion to all sther fields of experimental science.
They have announced repeatedly that all scientific research, that all
exploration of the unknown, is risky, carries potential dangers. And
when I have said in reply that I had never done a dangerous experiment,
‘they have answered, "Oh, mo? Don't ybu use alcohol? Isn't that inflam-
mable?"

That kind of argument has make all experimental science highly

_ vulnerable. A new, self-promoting bureaucracy could go far into com-
piicating, impeding, tying up much of what has always gone on, and safely,
'in research laboratories of every kind. That really wotld end by stifling
free scientific inquiry. It would be the end of Americen secience as we
have known it.

I belleve that widely diffused gene- SpllClng beyond the P1 level.
abgolutely demands adequate government control, effective and enforceabie,
in ressearch laboratories and industry. There is a simple solution to this
dilempia, already stated above. It is to segregate such work, above the P1
level, to one or a few regicnal laboratories, out of cities and universities,
and so readily contained and controlled internally. Al the supervision
could be maintained in those few places, and scientific work of every A
other kind could go on unhampered throughout the nation.

George Wald

Higgins Professor of Biology, Harvard Unlver51ty,
. Cambridge, Mass. 02138
March 29, 1977
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that NIH is having the same dreams. \Inﬁits remarkable Recombinant DNA
Draft Envirenmental Impact Statement (issued September 9, 1976) it is
clearly stated that this technoleogy could produce new diseases including
new causes of cancer, noting also that such effects alght te difficult or
impossible to identify or %0 trace to their sources (p. 384%6). Also
that sueh effdets, should they arise, would be principally spread by
the laboratory workers (pp. 38432, 38436). 4hat thon is the phvsical
containment? Alsc it foresees eventual application of this technology to
modifying the genetics of higher animals, including wan (human genetic
engineering), and the very serious social and ethical problems that will
raise (p. 38432).

The fact is that in our present state of ignorance, any potential
Lenefits to be derived from this technology are at least as vague and
d;eamy as the potentia%r£%§§§él Indeed mare soi for while we have not

lyet heard of a potential/benefit that bears close examination, we have
already encountered several examples of high risk, not realized only
because the workers involved had the wisdom and restraint to stop the
research (Science, 1395, p. 378). Richelas Wade ends this article with
the query: "But in wielding their ever increasing powers for manipulating
the stuff eof life, will all bicolegist in the future always act with
ag much intelligence and restraint? ) §

What should be done? . . E

My own position, shared by others, comes down stepwise from maximum
restraints that I would wost favor to minimum restraints that seem to me
bedrock in exercising public responsibility: ' )

{1) A mordtorium on the entire technology, particularly above the
P1 level, %o provide a breathing spell for further evaluation of benefits
and risks, and to further educate both the professional ané lay public.

{2} Such a moraterium could be complete, or eould provide the opportu}.
nity for intensive reaeérch in one or a few well-contazined, governmrat-
supervised laboratories to answer'some of the most crueial questions that
now plague this field, telling us better what to expect from it of good
and il1l. Alsoc tc develop an alternative host organism to replace E. ¢oli,
a regular iphabifant of the human bowel, and hence a particular invitatiom
to potential trouble. o : .

(3) Segregate this technology permanently, beyond the P1 level, to
one or a few naticnal or regional laboratories, outside cities, and not in
universities where the laboratory workers regularly leave to teach classes.
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Chairman TrorNTon. Thank you' very much, Dr. Lewis. I want
to express my appreciation for your good testimony.
. Professor George Wald has been widely and properly recognized
in the DNA, recombinant molecule issue as one of the most eloquent
and vocal opponents of the conduct of this research, or at least clo-
quently stating the circumstances under which certain limited amounts
of such research should be permitted. I’'m not sure it’s reasonable or
proper to draw lines between proponents or opponents of research, but
you are welcome here today, Dr. Wald. : -

We’re looking forward to your testimony. You may proceed.

{ A biographical sketch of Dr. Wald follows:]

Dr. GEORGE WALD

George Wald, Higgins Professor of Biology, Harvard University, Cambridge,
Mass., Author of numerous papers on vision, biochemiecal evolution. Honorary
degrees from Yale, New York University, Mc@Gill, Berne (Honorary M.D.)
and others. Hli Lilly Prize of American Chemical Soclety, 1989 ; Lasker Award
American Public Health Assn., 1958; Proctor Medal Assoc. for Research in
Ophthalmology, 1955; Paul Karrer Medal in Chemistry, Univ. Zurich, 1967.
Nobel Prize in Physiclogy or Medicine, 1967. Fellow, Nat. Acad. Sciences, Amer-
ican Acad. Arts and Sciences, American Philosophical Society. b. N.XY.C., Nov.
18, 1906; s. Isaac and Ernestine (Rosenmann) W.; B.8, N.Y.U, 1927; M.A,,
Columbia, 1928, Ph.D., 1932; M.D. (hon.}, U. Berne, 1957; D.Sc,, Yale, 1958,
Wesleyan U, 1962, N.X.U,, 1965, MeGill, 1966, Amherst Coll., 1968, ©U. Utah,
1971; m. Frances Kingsley, May 15, 1931 (div.) ; children—Michael, David; m.
2d, Ruth Hubbard, 1958; children—Elijah, Deborah. NRC Fellow at Kaiser
Wilhelm Inst., Berlin and Heidelberg, U. Zurich, U. Chgo.,, 1932-84; tutor
biochem. scis. Harvard, 1934-35, instr, biology, 1935-39, faculty instr., 193944,
asso, prof, biolegy, 1944-48, prof.,, 1948—, Higgins prof. biology, 1968—. Vis.
prof. biochemistry U, Cal., Berkeley, summer 1956; Nat. Sigma Xi lectr., 1952 ;
chmn. divisional com. biology and med. scis. NSF, 1954-56 ; Guggenheim fellow,
1963-64; Overseas fellow Churchill Coll, Cambridge T., 1963-64; participant
U.8,-Japan Eminent Scholar Exchange, 1973; guest China Assn., Friendship
with Fgn, Peoples, 1972, Recipient Eli Lilly prize from Am, Chem. Soc., 1939 ;
Lasker award Am. Pub. Health Assn., 1953 ; Proctor medal Assn. Research in
Ophthalmology, 1955; Rumford medal Am. Acad. Arts and Seis, 1959; Ives
medal Optical Soe. Am., 1966; Paul Karrer medal in Chemistry U. Zurich,
1967 ; co-recipient Nobel prize for physiology, 1967;: T. Duckett Jones award
Helen Hay Whitney Found., 1967, Bradford Washburn medal Boston Mus. Sci,
1968; Max Berg award, 1969, Priestley medal Dickinson Coll., 1970. Fellow
Nat. Acad. Sei, Am. Acad. Arts and Seis., Am. Philos. Soe. Co-author. General
Education in a Free Society: Twenty Six Afternoons of Biology, 1962; also
seience papers on vision and biochem. evolution. Home: 21 Lakeview Av Cam-
bridge MA 02138, “A scientist lives with all reality. There is nothing better. To
Eknow reality is 1o ccecept if, and eventually to love ii. A scienlist is in o sense
¢ learned smell boy. There is something of the scientist in every small boy.
Others must outgrow it. Scientisis can stay thai way all their lives.” (Remarks
on receiving the Nobel Prize, Stockholm, 1367) -

STATEMENT OF DR. GEORGE WALD, PROFESSOR OF BIOLOGY AND
NOBEL LAUREATE, HARVARD UNIVERSITY, CAMBRIDGE

Dr. Warp, Thank you, Mr. Chairinan. I'm very happy to be here.
T hope there will be an opportunity, not in order to produce a con-
frontation, or even an argument, but to clarify some of the issues.

I hope there will be an opportunity for me to comment on some
of the remarks which—— :

Chairman Tuornrton. Well, first of all, may I say that without
objection your prepared statement which I have reviewed, and which
is a very excellent statement, will be made a part of the record at
this point. _

[The prepared statement of Dr. Wald is as follows :]
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bacteria could be found to fix nitrogen with plants other than legumes.
Bitrogen fixation by bacteria im grasses has been reported. It is not
toa far fetchéd to imagine that recombinant DNA technolegy might be used
to enhance this ability.
Biclegical control of pests is needed in order to reduce the dependeﬁce.

on chemical pesticides. For example, Bacillus popilliae attacks Japanese

beetles and certain other white grubs. The difficelty is it canm not be
readily grown in artificial eulture. Another bacte?ia, Baciilus
thuringiensis can be readily mass produced in cyliture but will not attack tﬁe
grubs., Recombinant DNA technrology might be used té develop bacteria that'
rHE GRegs AND

are easy to culture and able to attackﬂother lnsect pests.

Ruminant animals utilize bacteria in the digestion of feed and some fzed
are not efficiently aigesﬁedL Such bacteria might be modified to
.more efficiently utilize férage, éﬁ& t&ldigest feeds nét.now commonly fed
to animals. o . .

Photosynthesis is the process whereby green plants'usg'the energy of the
sun te convert carbon.dioxide and watér inte carbohydrates and cxfgen.
Life on earth depends on this ptoéeés. Some plants are more efficient
than others; and possibly pléné DNA could be msdified_tn improve
photosyuthetic efficieﬁé&. 7

Scientists are learuning of thé internal biochemistry of cells to the
point where specific enzymes for formdation of protéina are known. It
might eventually be possible to éynthesize genes t& produce a désired
biochemical function and insert them into host tells through DNA technology.

Agricultural scientists jntend to 1nvestlgate the possibility of
inserting DNA into the genomes of higher plants and animals with plasmids

as is done with bacteria, and also to put plant DNA into bacteria to better

N




2. Asexual

a. Somatic cell fusion (ploidy)

Asexual methods for agricultural uses are as old as the

ancient arts of making cuttings and grafts. Recently the

fusion of somatic cells perhaps adds scme range to the
forms of tife than can be hybridize&. This technique has

nothing to do with recombinant DNA as now defined, and it

necgssarily operates at the pleidy or whole genome level,
b. Cell culture and selection .
Techniques for culturing plants from single cells and
callus tissue opens up new opportunities for selection
at the cellular level. Again this is not recozbinant
DNA  technology.
i c. Transduction.
Transduction is the carrying of heréditery m;terial from

one microorganism to another or from one atrain of

microorganism to another by a filterable agent (as a
bacferiqphage). .
d. Transformation
Trangformation is thé transfer of hefediﬁary material
from a donor bacterium to a recipient bacterium bf plasmids;
B; Cell-free . .
1. Asexual

‘a. Recombinant DVA technology
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product., Selection is still practiced, and it remains
a powerful way to shift the genetic composition of a
population. The 6rganism selected i3 not changed

genetically; it is allowed to reproduce, and this

privilege is denjed to all others in the population ;

from which it is drawa.

Hybridization and selection
Today plant and animal scientists utilize hybridization
to develop populations with a wide array of segregating

characteristics representing almost infinite recombina-

i
!
i
i
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tions of traits frowm different parentél stocks. By
selection and evaluation and repeating the process over .-
and over, individuals can be bred with tﬁé genetic
composition (arrangement of DNA) to achieve desirable
objectives. This séxual, cellular approach.has been
used to make great improvements in the productivity
and quality of agricultural ﬁlants and animals., This
approach will.éontinue to be an impocrtant one in.
agriculture.

Indepeadent assortment (recombination at whole
chromosome level)

At meiosis (the csll division preceding formation

of sex Eells,.i; e., egg or sperm in higher animals
or egg and pollen in higher.plants.) chromosomes
agsort at random resulting in genEtic-recombination

at whole chromosome leval.




The recombinant DNA technology represents a recent development based on
an increasing understanding of the nature and function of hereditary materials.
Knowledge of heredity began with ancient people who observed that "like

begets like."

.The understanding of heredity advanced with the discavery

of ﬁendel's laws of dominance, independent assortment and éegregation of
characters. This was followed by the discovery of thréad-like structures in
cells called chromosemes, and to the fact that the hereditary traits

werz located in the chromosomes. Later. the chroﬁosomeS'of all 1iviné

things were found to be composed of deoxyribonucleic acid (DNA}. Finally’
the molecular structure of DNA was discovered and the genetic code

broken. Molecular biologists, working primarily with ﬁicroorganisms,
learned how to artificially manipulate DA in cell-free systems to

produce recombinant DNA mo;ecules.

In discussions with people wﬁo are not geﬁeticisps ér molecular biologists,

I have found it useful to use .analogies. A DNA molecule might be thought ‘
: |

of as a twisted ladder where the two sides were each coﬁposea Bf phosphate

and sugar groups, the cﬁnn&cting "rungs" being pairs of bases connecteé'

by hydrogen bonds. There are four bases and only twe pairings — adenine

witﬁ thymine (A-T) and guaﬂiné with cytesine (G-C).

Another analoéy is useful in explaining‘tﬁe genetic code. The English
alphabet has 26 letters. Words are formed by arranging the letters in dif~-
ferent linear combinations. Sentences are formed by arranging words in linear
sequences. As senténce follows sentence thesge. 26 letters are capable
of writing the Bible, the Comstitution of the Unitgd States, Shakespeaws

works, legislation, the daily paper, or anything else the mind is capable




ogy might be used to develop bacteria that are easy to culture and
able to attack the grubs and the other pests. | ' :

Ruminant animals utilize bacteria in the digestion of feed and
some of them are. very inefficient digesters. Such bacteria might be
modified to more efficiently utilize forage, roughages, and to digest
feeds not now commonly fed to animals. . | '

Photosynthesis is the process whereby green-plants.use the energy
of the Sun to convert carbon dioxide and water into carbohydrates and
oxygen. Life on Earth depends on this process. Now, some plants are
more efficient than others, and possibly DNA could be modified to
improve photosynthesis efficiency,

Scientists are learning of the Internal biochemistry of cells to the
point where specific enzymes for the formation of proteins are known.
It might eventually be possible, as has been pointed out already, to
synthesize genes to produce a desired biochemical function and insert
them into cells through DNA technology. o

Agricultural scientists-intend to.investigate the possibility of in-

serting DNA into the genomes of higher plants and animals with: . ..

plasmids as is done with bacteria, and perhaps put DNA into bacteria
to study the functions. ' ‘

In conclusion, I think we’d like to say that recombinant DNA tech-
nology in agriculture would be viewed as a supplement to, not a
replacement of, our many traditional approaches. Agricultural
scientists have made good use of the increasing understanding of the .
nature and function of hereditary materials. '

Recombinant DNA: technology represents a major new develop-
ment, and we would try to find practical applications for it also. - .

_ Thank you, Mr. Chairman. :
[The prepared statement of Dr. Charles Lewis follows:]




paper, or anything else the mind can express. So it is, in a way, with
the genetic code of life. There are only four letters—A, T, G, and C—
and all the words are three-letter words. By arranging the words, or
these genetic codes, in linear sequence, this imparts to all living things

their genetic potential. The infinite ways the code may be constructed -

give to the four bases the capability of producing all forms of life,
from viruses to humans. : : e

One way to place recombinant DNA technology into natural history
and agricultural perspective is to utilize an outline, and Il not read
this word-for-word, but summarize it, Mr. Chairman. - e

Chairman TaorNTON, Thank you very much. ' o

Dr. Liewzs. But this outline is concerned with the recombination of
DNA in general, not just that narrowly defined as recombinant DNA.

First, consider natural recombination. In the history of the Earth
DNA is as old as life, and DNA has been recombining since the be-
ginning. Modification through descent by variation and natural se-
lection formed the array of genetic diversity among and within species.

Let’s next consider the human-directed recombination or human in-
trusion into the natural order of things. We might think of it as be-
ing the cellular and sexual approach, as opposed to the cell-free sys-
tem you’ve heard described, S R s ,

Selection was practiced by early agriculturalists. They doubtless
selected for their breeding stocks t%
duced the best quality products for them. S o

Modern plant breeders still practice selection, and it. remains a
powerful way to shift the genetic composition-of -a whole popula-
tion. Now, the organism selected is not changed genetically. It%s al-
lowed to reproduce, and all the rest of them in the population which
it is drawn from are denied that privilege. :

Today plant and animal scientists utilize hybridization to develop
populations with a wide array of segregating characteristics repre-
senting almost infinite recombinations of traits from the different
parental stocks, By selection and evaluation and repeating the process
over and over, plants and animals can be bred with the genetic com-
position—or arrangement ‘of DNA, if you please—to achieve many
desirable objectives. -

This sexual, cellular approach has been used to make great improve-
ments in the productivity and quality of agricultural plants and ani-
inals. This approach will continue to be an important one in agricul-
ure. ' T

Now, in your prepared statement X have listed several ways that

. DNA recombines occur naturally, and we won’t go into detail unless
you want—— - : - : '

Chairman TmorwTon, We do appreciate having that Hst. It is a
very ‘comprehensive list. CL S A

Dr. Lewis. But it includes independent assortment, crossing-over,
mutation, ploidy, interspecific and intergeneéric gene transfer, cytologi-
cal abnormalities, somatic cell fusion, cell culture and selection, and
tissue culture, transduction, and transformation. :

We finally come, as far as the outline is concerned, to the cell-free
asexual approach, which we're calling recombinant DNA., :

Chairman Tuornrton. In that regard, I may inquire, at the bottom
of page 6, just before you get to the cell-free type of recombination,

ose plants and animals that pro-
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to be transmitted from x1776 or to have a selective advantage in nature, thus
adding ancther fevel of safety improvement over EK1 host-vector systems. It
should be noted, however, that no one has yet discovered appropriate mutations

to jntroduce into non-conjugative plasmid ¢loning vectors that would make their
replication solely dependent upon the propagating host strain. x1776; in con-
Jjunction with several of these plasmid cloning vectors, was designated as meeting
the EK2 host-vector reguirements by Dr. Donald Fredrickson, Director of NIH, in
Novamber of 1976.

Drs. frederick Blattner of the tniversity of Wisconsin at Madisen, Ph111p
Leder of the Natienal Institutes of Health and Philip Sharp of the Massachusetts
Institute of Technology and their colleagues have individually designed and con-
structed safer:bacteriophage lambda vectars. These vectors have a.diversity of -
genetic alterations that very much minimize their ability to establish a symbiotic
relationship with the propagating bacterial host cell, thus causing lysis of all
infected cells. They also possess mutations that make them dependent upon the
propagating host for their replication. We have designed and constructed a bac-
terial host designated x1953 or DPS0 that has some but not all of the features of
¥1776 for use with some of these lambda vectors. Some of these host-vector systems
have ?1ready been approved as meeting the EX2 standards and othars are pending ap—
Prova

x1776 and a number of the other components of EK2 host-vector systems have
been criticized by some members of the scientific community as not being suf-
ficiently perfect and in not having been tested in human feeding experiments and
during waste water coliection and sewage treatment. It is certainly true that
1774 and some of the vectors in EK2 systems are not perfect. For examp1e
x1776 survives almost as well as normal E. coli strains when suspended ir pure
water or when dried; and this potential Tor persistence is hothersome, even
though we wouild not expect and indeed cannot experimentally measure any potential
for transmission to other microorganisms of recombinant DNA contained in x177%
under these conditions. ' It should be pointed out that the development of bio-
Togical containment systems is in its infancy and that improvements are continually
being made as new information is obtained. - As for the safety tests not yet done,
these are part of EK3 testing, which is just commencing,

In this commentary, I have not mentjoned attempts to develop hiological con=
tainment systems for recombinant DNA research using other bacterial hosts or the
talls of higher organisms such as mammais, plants and insects. This is because
the development of recombinant DNA methods. in most of these systems is eithar
yet to be discovered or in a very primitive stage of development. The general
concepts and approaches used to achieve biological containment with E. coli K-12
host-vector systems are, however, applicable to these other systems.” ATthough

. the NIH Guidelines for Recomb1nant DNA Melecule Resgarch provide general prin-

ciples for achieving biological containment with other systems, detailed specifics
are not provided. These will have to be added as new information is learned and
these other systems are developed. Thank you.
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add that nothing is known about the ability of E. cpli K-12 in comparison fo otker !
E. coli strains to survive in sewage and during sewage treatment. [
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The cloning vectors used for recombinant DNA research in conjunction with
host strains of E. coli K-12 include derivatives of the bacterial virus Tambda
and non-conjugative plasmids., Non-conjugative plasmids are those that are incapab]e
of promot1ng cell- med1ated gene transfer by the process of conjugation. Bactericphage i
lambda s sensitive to dessication, stomach acidity and detergents and fess than 1% !
of wild-type E. coli strains encountered in nature are able to be infected with it.
Thus recombinant ONA cloned on lambda vectors, even if encased in an infectious i
virus particle, is not likely to survive and be perpetuated in nature. The non-
conjugative plasmid.ctoning vectors only duplicate in a living bacterial cell and.
thus the survival of recombinant DNA contained on them is dependent upon the syr-
vival of the bacterial host cell and/or the ability of the recombinant plasmid
to be transmitted to some other more robust microorganism encountered in nature.
Transmission of recombinant DNA cortained on non-conjugative plasmids could be
by either of two means. In the first, the cell could be infected by a suitable
bacterial virus that could pick up the recombinant plasmid and transmit it to
some other microorganism by a:process termed "transduction". Although Tittle-
guantitative information is available about the ecology of bacteria1 viruses
that-could do thig, our knowledge from laboratory experiments leads me to be-
Tieve that this would be an extremely rare event. The second means of transmission
would be by the process of bacterial conjugation. This wouid require that the
host cell containing the recombinant non- conjugative plasmid first engage in a
conjugational act with a donor strain-possessing another type of plasmid termed
a "conjugative plasmid" that promotes DNA transfer by a cell-cell-mediated pro-
cess, Upon acquisition of 2 conjugative plasmid, the host cel? containing the:
recombinant plasmid vector would then-have to engage in conjugation with'a third
bacterial cell -in order to pass on the recombinant plasmid. Based on rather ex-
tensive studies in-our own laboratory, this series of events is alsc deemed. to
be extremely rare but would be more likely to occur at body temperature than at
the lower temperatures found 1n sewars,’ sewage treatment plants, r1vers, so1I '
etc. .

Because of these properties of g, co]i K-12 and of the-bacteriophage Tambda
and nen-conjugative plasmid cloning vectors, these.systems are considered to :
provide a moderate level of biological containment. Such host-vector systems- —°
are designated EKT - E for Escherichia and K for the K in K.12. These systems’
are pennttted to be used for recombinant DNA moTecule exper1ments possesstng na
or mintma1 potential biohazard,

For many recombinant DNA molecule exper1ments in which the potential bio-
hazard has baen estimated to be higher, there are stipulations in the NIH Guide-
lines for Recombirant DNA Molecule Research for higher levels of bialogical con-
tainment than afforded by the EK1 host-vector systems., These higher levels of
biological containment for the E. coli K-12 systems are referred fo as EKZ and
EK3. An EKZ host-vector system 5 one in which the genetic modifications of the
host and/or vector are shown in a diversity of laboratory tests' to reduce the™
survival of-a recombinant DNA molecule to Tess than one in one-hurdred million.
An EX3 host-vector system is an EK2 system that has been 1ndependent1y tested
and its properties confirmed in animal and human- feeding experiments, i sewage
and during. sewage treatment and dur1ng s1mu]ated 1aboratory man1pu]at1ans in-
cluding.accidents. . .




One of them was to design bacteria that, if they escaped the Iabora-
tory environment, would be unable to synthesize their cell wall and
their DNA which would lead to their early death and demise and
the destruction of the recombinant DNA.

* We have introduced other genctic defects, called mutations, that
make these strains very sensitive to environmentally-encountered
agents, such as bile, which is secreted into the intestine by all warm-
blooded animals. Thus, the organisms cannot survive passage through
the intestinal tract. .

We have made them semsitive to ultraviolet light so they would
be very sensitive to sunlight.

We have made them sensitive to detergents, chemicals, carcinogens,
mutagens, ete., a variety of pollutants that might likely be encountered
in sewage, rivers, and any other polluted environments.

And, lastly, we have introduced mutations that would minimize
the likelihood that these bacteria could engage in any means by which
the recombinant DNA could be transmitted to other bacteria in nature.

The EK3 level of biological containment refers to those systems
that have been independently tested by a number of people to evalu-
ate survival of the strains in and on humans, in sewage and during
sewage treatment, and during various types of laboratory manipula-
tions that might be done and during accidents.

Other %mups at NIH, the University of Wisconsin, and at MIT,
have developed improved virus vectors for research with &, coli K-12
that are essentially unable to establish any type of symbiotic relation-
ship with the bacterial host and which lead to the complete lysis and
destruction of host cells. These virus vectors also have mutations so
that they can only -propaéiate oh a given host strain of . coli K-12
but not on other strains that might be encountered in nature.

A number of these E. ¢oli K~12 strains with virus and plasmid
vectors have been approved by the NIH as EK2 systems for use in
experiments with & moderate to somewhat high potential biohazard.
Tests are currently underway to determine whether these host vectors
meet the EK3 criteria of biological containments. .

I should say, in closing, that the combination of physical and bio-
logical containment affords a great margin of safety in recombinant
- DNA research. From my own point of view I can think of no experi-
ment that is allowed under the guidelines which, when these methods
are adhered to, poses any hazard whatsoever. o

The limitation to this conclusion, however, in an attribute of the
human species. Humans do experiments, and they do make mistakes.
Thus I think that an important aspect to further minimizing an
potential biohazard of recombinant DNA resgarch has to l{e_wqt
appropriate training of individuals and in taking steps to minimize
human error.- ' o

Thank you. L ]

[The prepared statement of Dr. Roy Curtiss III is as follows:]
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. STATEMENT OF DR. ROY CURTISS IIT, PROFESSOR, DEPARTMENT
OF MICROBIOLOGY, UNIVERSITY OF ALABAMA MEDICAL
CENTER ' :

Dr..Corriss. Thank you. , :

Mr, Chairman, ladies and gentlemen, I think Dr, Barkley has de-
seribed physical containment, which is a rather traditional although
still developing means, to protect the laboratory investigator, and
equally important, individuals outside of the laboratory environment.,

Recombinant DNA research, because of its very nature and becanse
the technology was developed by molecular biologists and geneticists,
lends itself to a new type of containment termed biological contain-
ment. Biological containment refers to the use of the viral and plasmid
cloning vectors described by Dr. Singer that have been genetically al-
tered so as to make their perpetuation dependent upon a particular
host strain, very often a bacterium which has also been genetically
manipulated so that if it should escape the laboratory environment,
it would have 2 very small chance of survival in nature or of transmit-
ting, by Imown mechanisms of gene exchange among micre-organisms,
the recombinant DNA to other organisms encountered in nature.

Recombinant DNA research technology was discovered during basic
studies in molecular genetics of the bacterium Fscherichia coli, wherein
investigators were trying to understand mechanisms of drug resistance
conferred by plasmids—some of which are now used as cloning vec-
tors—and also mechanisms that preclude or minimize gene transfer in
nature, : .

Because recombinant DNA experiments were done with E. ecoli,
which has been the workhorse of molécular biology for years. and
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The infection rate during one period after 1960 was a.pprommately
0.4 infections per 100 person-years worked.

Chairman Twaornton. Dr. Barkley, I hesitate to 1nterrupt but I
think members of the committee have now had an opportunity to read
through most of the balance of this statement, and I wonder if you
might summarize the high points of the remaining portion of this
statement in order that we may accommodate the time of the other
witnesses and give us an opportunity to call for questions and answers.
If it’s posible for you to summarize it, I would apprecm,te that, sir,

Dr, Barerey. Certainly.

Chairman THORNTON W1thout ob]ectlon, our statement in full
will be made a part of the record. : :

Dr. Bargrey, Thank you. '

[The remainder of Dr. Barkley s statement follows:]

The safeguards described for P4 level physical containment are of recent de-
velopment and have only been required for limited operations invelving highly
hazardous human pathogens. This combination of safeguards was used continu-
ously in only one research facility at Fort Detrick during a ten year period
ending in December of 1969. Within this facility, 55 employees, of whom 45 were
daily involved in research, carried a weekly work load that commonly included
the intracerebral inoculation of 6,000 to 8,000 mice and the whole-body exposure
to microbial aerosols of 200 to 300 guinea pigs and 20 to 30 monkeys with all
the associated preliminary and subsequent procedures. Agents capable of causing
serious disease in man were used. The safety record within this facility was

excellent There was only one laboratory-acqmred infection over this ten year

period.

An absolute correlation between the reduction in rate of laboratory-azcquired
infections and the use of primary safeguards, however, is difficult to establish
from the Fort Detrick experience. There were a variety of etiologic agents em-
ployed in research at Fort Detrick during this period. The use of biological safety

cabinets was dependent on their availabiiity and assignment. Also, the introduc-

tion of effective vaccines for some of the agents that were handled, such as
anthrax in 1954, tularemia in 1959, and Venezumelan encephalitis in 1962, may
have influenced this experience. I believe, however, that the reduction in rate of
laboratory-acguired infections at Fort Detrick was due primarily to the avall-
ability and use of primary safeguards.

The one infection which occurred under eomparable P4 econditions at Fort Det-
rick was caused by a needle puncture through the attached glove of a Clags III
biological safety cabinet. This infection demonstrates that even under the most
sophisticated containment conditions, accidents ecan occur. Indeed, the success
of physical containment safeguards at all levels is dependent on the attitude,
training, diligence and proficiency of the laboratory worker. This is why the NIH
Guidelines require that ‘'all personnel directly or indirectly involved in experi-
ments on recombinant DNA’s must receive adequate instruetion.”

In addition to training in the use of physical containment safeguards and
standard mierobiologieal techniques, instruction in the biology of the organisms
used in the experiments is required so that the potential biohazards ecan be un-
derstood and appreciated. A laboratory worker who is aware of the potential
hazards of the research and is proficient in the use of safeguards is less likely
to be injured or to cause harm to associates, the general pubhc or the environ-
ment.

I am aware of 25 government, 4 university and 5 industrial facilities which
currently possess most of the primary and secondary safeguards required of P4
facilities, Most of these facilities were constructed between 1950 and 1970 for the
purpose of supporting research involving high risk human or animal pathogens.
These facilities, if used for P4 recombinant DNA research would require extensive
rehabilitation, A few facilities have been recently constructed to provide a
capability for containing newly isolated microorganisms but only two of these
are currently being operated under conditions comparable to P4. Indeed, not all
of these Zfacilities are heing employed for research with m1crobmloglca1
agents,

’
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cabinets are physical enclosures which are gastight. Operations are
performed through gloves which are attached to the cabinet.

The cabinets are maintained under negative air pressure and the
exhaust air from the cabinets is either filtered through two sets of
high-efficiency particulate air filters or filtered once and incinerated. .
Under ordinary circumstances of operation they provide an impene-
trable barrier between the inside of the cabinet and the labora.tory
equipment, .

Materials to be removed from the class I1I cabinets are either steril-
ized in an autoclave attached to the cabinets or they are placed into
nonbreakable sealed containers which are then removed from the
cabinet through e chemical decontamination tank or a fumigation -
chamber.

The class 11 blolognca,l safety cabinets are located in a facility that
provides secondary safeguards which are designed to further reduce
the potential for escape of micro-organisms to the environment. The
facility is either a separate building or it is a controlled area, within a
building which is completely isolated from all other areas of the bu.lld- Z
ing. Aoccessto the facility is under strict controk _ .

The secondary safeguards of the facility include:

Monolithic walls, floors and ceilings in which all penetratmns such .
as for air ducts, electrical conduits, and utility pipes are sealed to

assure the phymoa.l isolation of the work area and to famhtabe house-
keeping and space decontamination; =

Air locks through which supphes lamd martemals can be brough!t'. /
safely into the facility; ‘

A contiguous clothing change and shower rooms throug'h ~which
. personnel enter into and exit from the facility;

Double-door autoclaves to sterilize and safely remove wastes and
other materials from the facility;

A biowaste treatment system to ste-rlhze Bquid effluents from the .
facility; '
A separate venmlamon system which maintains neglaltlve air pres-

sures and directional air flow within the facility; and

A treatment system to decontaminate the exhaust air from the fa-
cility before thisair is dispersed to the atmosphere.

I wish to emphasize that these secondary safeguards are. not rtuhe'
primary means of control. For example, liquid and solid waste ma-
terial generated within the class ITI cabinets must be sterilized before
they are removed from the cabinets. These materials are then sterilized
once again by facility safeguards such as the double-doored autoclave
or the biowaste treatment pla;nt before they are removed from the P4
facility,

In addition; all equ.lpmenlt and material to be removed from the
laboratory environment, such as protective clothing, data sheets, and
general glassware, must be sbemluzed before they are removed from the
P4 facility.

Personnel who are authorized to enter the PéL fa,clhty remove all
street-clothing in a change room area and dress in complete laborarbory
clothing, including undergarments, pants and shirts or jumpsuits,
shoes, head cover and gloves, This clothing is removed and showers
are taken before personnel are allowed to leave the famhty

A
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STATEMENT OF DR. EMMETT BARKLEY, DIRECTOR, OFFICE OF
RESEARCH SAFETY, NATIONAL CANCER INSTITUTE, NATIONAL
INSTITUTES OF HEALTH, BETHESDA .

Dr. Barxrrey. Thank you, Mr. Thornton.

I appreciate the opportunity to appear before you today to discuss
physical containment as it relates to recombinant DNA rescarch. I
would like to begin by reviewing my professional background.

I am a civil engineer. My graduate training is in environmental
health and microbiology. 1 have worked in the field of biological
safety for 12 years. I have been privileged to have worked with the
late Dr. Arnold Wedum who, as director of safety at Fort Detrick,
was singularly responsible for the promotion and advancement of the
field of biological safety. '

My research interests have been of an applied nature. I have de-
veloped physical containment systems that are extensively used m
microbiological laboratories today. Most recently, I have been in-
volved in the development of laboratory safety programs within the.
National Cancer Institute. I also serve as the chairperson of the Bio-
hazards Committee at the National Institutes of Health.

Now I will discuss the physical containment safeguards that are
to be used in recombinant DNA research. The objectives of physiecal
containment is to confine microorganisms containing recombinant
DNA molecules to the research environment. The purpose of physical
containment is to reduce the potential for exposure of the laboratory
worker, persons outside of the laboratory, and the environment to
recombinant DN A materials. : : :

The NIH guidelines for recombinant DNA research describe four
levels of physical containment which are referred to as P1, P2, P3,
and P4. The least potentially hazardous experiments are conducted
using P1 safeguards, and those requiring the greatest restrictions are
conducted using P4 safeguards.

The four levels of physical containment are based on recommended
methods for the safe handling of microorganisms that produce human
disease of varying degrees of severity. For example, the P4 level safe-
guards are appropriate for the containment of either microorganisms
that are extremely hazardous to laboratory personnel, such as Mar-
burg virus, or those that may cause serious epidemic disease, such
as smallpox virus. . B ‘ : _
~ Physical containment is achieved through the use of laboratory
practices, containment equipment, and facility safeguards. Emphasis
1s placed on primary means of physical containment which are pro-
vided by laboratory practices and containment equipment. Facility
safeguards provide a secondary means of protection against the acel-
dental release of microorganisms outside the Iaboratory or to the envi-
ronment: These safeguards are most extensively used in facilities in
which experiments of high potential hazard are to be performed.

At the P1 level, physical containment is provided by standard
microbiological practices. These include aseptic techniques, the daily
decontamination of work surfaces, the decontamination of contam-
inated liquid and solid wastes, the use of safe pipefitting procedures,
and.the observance of appropriate worker hygienic procedures.
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are good reasons for making this jump, but it nevertheless is a jump
“with many assumptions bullt into it, No other way to study these
-aspects ‘of complicated organisms is apparent at the present moment

or the foreseeable future, -~ 7 o ot

Some people have maintained that it is possible to study the
chemistry and the structure of a gene by manufacturing it in the
laboratory, by synthesizing it. This might seem possible, since this
year the really extraordinary feat of synthesizing s bacterial gere
just- from simple- chemicals ‘was accomplished by Prof. Gobind
Khorana at the Massachusetts Institute of Technology. He constructed
the entire sequence of a gene. It took 9 years. Now, that’s one problem—
that it takes a long tirne; But that’s a minor problemi, because in order

.to synthesize the structure he had to know what the structure was
to begin with. Otherwise he could never have done it. And there 1s
no way to know a structure unless you can first isolate the gene in
pure form—a feature which we currently have no way to do for com-
plex organisms except by means of recombinant DNA technology.

It has also been suggested that one could do some of the things
done by recombinant technology by means of RNA/DNA conversion.
I mentioned previously that the genes, that is the DNA, are expressed
in a cell, in most instances, by making a particular protein. It is, in

fact, the nature of the proteins, or the accumulated nature of the

various proteins in any organism, that make the organism look and
behave the way it does, '

But in the actual readout mechanism from a gene, in the decoding
of this information ultimately into the synthesis of proteins, there is
an intermediate step, which involves the synthesis of another nucleic
acid similar to DN A but called RNA. It has become possible in recent
years to isolate, in certain instances, quite pure RNA molecules, which
are really copies of certain genes, and to convert them baek into a
DNA copy by chemical and other methods. L '

_Some people have advocated the use of this DN A rather than recom-
binant technology. The trouble with this is twofold. First of all,
there are only very special instances in which it is possible to isolate
a pure RNA and then make a DNA copy of it. There are very special
situations in living things in which cells become highly specialized
and make only one protein and, therefore, have only one RNA. An
example would be red blood cells. Basically the only protein they
make is hemoglobin, and so it’s very easy to isolate from red blood
cells the RNA that contains the information for making the protein
globin, make a DNA copy and study the structure of the DNA.

But most proteins and most processes in living things occur in a
much more complex milieu of many proteins being synthesized. So
that’s one problem with this method. , _ '

The second problem is that when the RN A is made in the cell, only
the RN A that is needed for making the protein is available. The on-off
switches, which are of such great interest, have been lost. Therefore,
the DNA copy, which is made from the globin RNA, no longer has
these switches and we are not able to study the most important ques-
tions from the point of view of disease processes; namely, the nature of
the control mechanisms, : '

Those are the reasons why the alternative methods that have been
suggested really do not give us the same capability as does recom-
- binant technology. Z
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and then, at a later time when they are no longer needed, this signal
says turn them off, o -
It’s this kind of complicated system of control that we wonld like to
study. But because it’s so long it’s very; very difficult. o
Now, the small inclusion bodies are represented by a small circular
DNA molecule of this sort, and they are easier to manipulate. Physi-

cally, it’s easier to isolate them from a cell; that is, it’s relatively easy’
to take them out of the bacteria cell and prepare them in guite pure

form in the laboratory. When I say “easy” I mean easy for us in a,
techitical way, but it requires a numgef of complicated procedures and
complex machinery as well. But it can be done. = o s
One of the most important things about such DNA molecules, in
addition to the fact that they carry their own genes, is that they have
a particular area in the molecule which is responsible for the fact
that this small inclusion body, or plasmid, can actually reproduce it-
self in the cell. And it’s because it cari reproduce itself that it’s so use-
iul for recombinant experiments, as I will try and explain, -
Now, basically, what you do in a Tecombinant experiment is to
isolate such small DNA molecules and then, by a very special technique
with an enzyme, you break them. It was the discovery and, purifica-

tion of a certain group of enzymes that permitsone to break a DNA.
. molecule at a particular place that really opened up a gréat number.
of the possibilities for recombination experiments. The DNA, which .

is in a very small amount of solution, is mixed with a small amount of

enzyme, and the enzyme opens the DN A at this very particular place.
It’s also possible to isolate the large DN A from a complex organism,
but it is so big and fragile that you usually get it out in very large.

pieces. And then one can use the same enzyme as before to make them

into smaller pieces which have very particuler kinds of ends due to .
the manner in which the enzyme cleaves the fragments of the molecule. .

If we cleaved the DNA molecules so that the ends fit together, as
they do in_ this kind of experiment, it is possible to join. them to-

gether. This again involves certain biochemical procedures which
are well known and relatively straightforward in the laboratory. . .

So now we’ve taken a plasmid which came, in this instance, from

a bacterial cell, and we’ve added to it a piece of DNA that came from .

a fish. This is called a recombinant DN A molecule, By itself, however,
it’s not very useful, L
_ What makes this molecule extremely useful is that it can be put back
into a cell of the same sort from which the original plasmid DNA was
derived and this new molecule can be reproduced. Every time this cell
divides, each new cell will contain the original DNA of the cell and it
will now also have this small inclusion that has the recombined DNA
in it. If we grow out many generations of such cells—which we can do
in a few hours in the laboratory—we now have made large quantities of
a piece of DNA from a fish, a piece which represented one one-
millionth of the DNA from 2 fish, a piece which represented one
one-millionth of the DNA that was in here originally, and which we
would have had no other way to isolate in a pure form..

‘We can now take the recombinant DN A molecules out of the cells,
purify them in the same way we did originally, and use the same
enzymes to excise the pieces of fish DNA. The result is that we now

- have a chemically clean, well-characterized piece of DNA to study.

|
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Dr. Sivegr. Thank you, Mr. Thornton, and thank you all f01 your
invitation to me to come this morning and talk about the science.

I think that T agree with your statement that it's very imporant in
considering the pubhc policy matters that all of the people who are
interested in recombinant DNA have some understanding of the
science, and it isn’t very difficult, although we sometimes talk as
thmwh it is. It’s'a pleasure to 1ntroduce you all to some of this.

Can you see this? Mr. Glickman ?

Mr. Grxoxman. Could you turn it a little

Dr. Sineer. The basic fact is that every living cell, whether it be a
cell that lives by itself as a single cell, or whether it be a cell that's
part of some larger organism, conta.ms within it all of the informa-
tion that that cell or the whole organism needs to carry out all of the
processes that make it itself, that allow it to eat, that allow it to grow,
that allow it to reproduce its own kind. Ba,swally, genetics is a study
of information and the way 1nformat10n is held in 11V1n0‘ thlngs and
the way it’s used.

Every cell has' all of the inférmation, but not every cell needs all
of the information at any one time. So this complex information sys-
tem, in addition to carrying information, also need to have the
abihty to control the use of it. Tt needs to turn on certain information
at certain times in the life of the cell and turn it off at other times.
Those times may be part of the regular progress of development, as
when a fish develops from a fertilized egg. Or those times may be in
response to certain environmental needs which say that the cell must

have certaln functions at a particular moment a,nd therefore it must




2
The nistory of +hé debate over recomdinant DNA suggests' that current means give

erratic results. Press coverage of the Asilomar conference in Februéry_of 1975
was excellent. As:publig diécusélon broadens,. however, we encounter serious
problems In the presentatton of the Issues and fhe.gelehce to the public.
Comaunicafion between sc{en+isf§ and the public is ;ffeﬁ impeded by writers

or TY pro&ucers who unfortunately take }1 ﬁbon themselves to determine what

the publlc.;eeﬁs to Know or what +herpubklc‘cén.undersfand. Th; public is the
loser as ihé# are }ngﬂéqﬁéfely or incorrectly Info}med. And serlous efhléal
consideraffons eanfound the scfenfisf if Sls efforts to cooperate with the media
are used to mlslﬂform or neadiessly frighten.

For the ¥ufure,.scieﬁfisfs nea& to conflnue,-foge?héf.w}fh faderal énd
local governments, fo evolvé ﬁolicles that offer pro+ac+ion from po+en}iaL
hazards andlpreserve oééor?unifieé for discovery and deva!opmén+ of safe
and deslrahlé apﬁ!lcafions- :Sclenflsfs ﬁusf ghare +heir insighfs info the
nature of living things wlfﬁ increasing numbers Sf people so that debate can

be predicated on uﬁdersfanding rather than fear. |In order to counteract the

growing passimism about the nature of knowledge, the proper separaticn of




the oufcome‘of the research i1s, by definition, not Knowable in-ad;ayté.‘v

This 1s not to.say that freedom of inquiry Ts unllmited = but Ii&l+a+ions on
fhg acquisition of knowledgs must be,wffé_goéd ;aﬁ;e -.as wheé\ﬁarm_may re§u1+
from the process of acquisition. His+6ry reminds’us that constant vigtlancé

is required If wé are fo avald the perilous consequences of attempts by society

-

or individuals. fo detersine what Is permissible to know and what is illicit
to learn. The consequences of attempts to restrala the search for knoiledge

have been even more fearsoms than The sclence ficticn scenarios constructed

By genetic fear-mongers.

éesiﬁéé; such attempts are certaln to féllf Théy witi fali, firs?, because
we are not smart enouéﬁ +o ‘foresee what we wili or wiil not learn from a éfven
Iiné dfﬁresearchf Tﬁey wilt fall, secondly, because wa are ﬁo+ smarf-enbuéh to
foreses al| the future applications af the knowledge‘.. They will fafl, Finally,
because the indemitable farces of pature obpose_sdch attempts...ths acquisition
of knowlédée 5y Thé.hﬁman bfainhis part of'profean nature....biologists and

poets alike know $his,




evldence. Dispute over thé best way to exercise that responsibitity must

not be confused with & nggation of it. The scientific community has acceﬁ+eﬁ

the counsel of ethicists, pﬁllosophers and representatives of the public who

|-

long troubled fo polnt out this responsidility. Origlns for the actions regarding

recembinant DNA are alsc found in the worldwide movement to profect the

blosphere from the ravages of technologlcal development. And again, while wa
need contlinulng. discusslon of tha proper balance betweea efforts to ensure

environmehfai'profecfion and. opporfunities for solutions to existing and

forthcoming problems, we all agree about the imbor+ance'of environmental

consideraticns.

Sclentists also accept the naed to restrict certain |aboratery pracfiéés
in order o protect the safety and health of laboratory workers and the public.
Further, we recognize the need to conslder possible hazards bafore largs scadle
activity is undertaken and before untoward events occur. But we differentiate

i ) .
between restrictions on hazardous or potentially hazardous activifies and

restrictions on intellectual freedem. While a democratic sociaty rests on

the virtually absclute fréedom of indlviduals to ask any quastion whatever,
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"4t 1s row known that the DNA of higher organisms, from yeast to mammals,
can ba ?ai?hfully repreduced in bacterial cells and,...DNA of bacterial origih

is readily reproduced in animal cetls growing as single celis In tissue culture.

Thus the promise of the mathod for the preparation of useful aﬁd otherwise
“unobtalnadle quantities of speciflc DNA fragments or genas is an established

fact.

-

Transcripfion of the information encodsd ia ONA fnfo RNA is the first
chemical step In genetic expression. We now know .that the DNA of complex

organisms can also be transcribed Into RNA inside bacterla. And, similarly,

ths DNA of simple organisms can be transcribed Into RNA in cells derived
from comp]ex,orgénisms._ Detaiied s*udy of 1hese systems promises ?h? elycidation
of_lmporfanf quastions concerring the controi of genefic,exgression.
The final step In gene expression islfhe.+rapslaflon.of the. information
In the RNA that results in 'the formation of a proteln. Ultimately it is the
set of proteins unique to each organism that define the recognizable
probertles of each species aﬁd individual. Proteins encoded bf the DNA of

yeast, a primitive formn of higher organism, are synthesized and are active
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find.sul+ab!e enforcsment mechanisms are nearing completioa and we may expect to
hear about these efforts this week. Discussion. is aJsS proceeding actively
In several, State and !6cal governments,

Thercurren+ sltuatton In the United States 1s but one aspect qf wor | d~wide

" attention to this problem. The scientific community, werking +hfqugh‘ifs

extensive InfernafJonal'pollegIal network, squghf‘and_gbialﬁed otféqlal attention
to the problem of recombinant DNA.ln.many_coanries. Two countries, Canada and

the United Kingdom, have independentiy developed guldalines and althugh;fheyl

differ in detall from one another and from the American gufdelines all three agres

in general approach and, fo a large extent, 1n the assessments of relative risk. .

Other countries will make use of one or another of_fhese_gets of guidg]iaegg_.
organlzing the . Implementation.of them In ways appropriafe.fé nationa}_céndit[onst
Saveral International organizations...on the official governmental level, the
World Health Qrganization and on theé scientific level, the European Molgcyjaé
Blology Organizarlon.anq the Jnternational Counsfi of Scientific Unjons have
acflve‘pfograms.deslgned to foster both science and safety by cﬂ!tecflunlgnq

dispersal of Information and by training of investigators.
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the sltuation agree that certain recombinant DNA experiments which mimfe

>

naturally occurring processes are without unique potentlal for hara. Most
pecple agres that certaln other experiments ought not be done af all at the present

time. The facile description of people as either "proponents" or "opponents"
p p

beflies broad dreas of agresment as well as the complexity of the issues.

Similarly, the faclle description of bacteria confaining recombIned DNA from

a forelgn source as "new 11vIing things" 1s misleading. A bacteral cell normally

contalns thousands of genes each of which contributes to the nature of fhe_cell

: . In interdependent ways. The fnfroduction of one or a few new foreign genes
to this comp[eg system may be abfe to élfer certain propgrfles of fhe.cell-
but the bacteria hasicqliy'remains It5 old self.

Questlons do remain about certain specific recommendations In the
Gulde!Ines, and the need for 5dQI+Ional_or ﬁlfferenf provisions i; 2 subject
of debate. The curvent controversy over whether or not recombinant DNA
experiments may cause long-term evolutionary consequeﬁces Is properly part

of the dsbate on the provisions of the Guidelines since the risks are fmagined

. to result from a partlcular type of recombinant DNA experiment.




morator jum-~-did not call‘for a ban on all recombinant DNA reseath.

Only qu types of experimants were deferred: first, fthe construction of drug
reslstant or toxIgenic microorgznisms that do not occur Qafuraily,_and second,
the introduction Into bacterial celis of all or part of the genomes of v]ruées
known_fo cause cancer in anlmajs....af the present tine there are no vIrusesl
Known To causs cancer in humans. Eu+ there are many other tyPES of recombinant
DNA experlments that are feasibie and Important and fheir potentlal .for hazard
ts not clearcut: ;hey were not coyered by the deferral. In the Aéljomar
r?commendaflons and in the NIH Guidel ines, the éxperlmanfs deferreq,fn;19?¢_
efther remain proscribed or can be performad onl* under, extremeiy stringent
containment measures. Ths Guldellnes forbid additional experimenfs..inqluqlng
many that havs provoked great fear of The possible hazards of recombinant

DNA research Tn the mind of the public. From July of 1974 u;fil As{!gmar fn
Febru;ry of 1975 and from then uﬁfii the publication of the Guidelines in
June 1976 there was, as far as can be Iearned,-complefe_compliance yl%é the
then governlng prohibitions and/confa{nmen+ recom@enéaTIOns. .£xper1msn+s Fhat

were not prohibited were carried out during the enfire'perlod. There Is,
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to the Presidents of tha Hational .!\c_adau_ry:t:_vf.Sciencgs_ and Insf‘i‘r‘u‘re r.:of Medicine
from the pairﬂ_clp_an.i's ile that. me_gﬂpg, somerof who were the pioneers In recomblnant
DNA research, _ThéT letter and its publleation in SCIENCE h;Sagaz'ine, inltiated
a serfes of events of which this Forum is the latest. Perhaps most .;.tgnific‘an'l'
_was the publication, ‘In 1974; of the report of the Ad Hoc Committee on Recombinant -
Nuclelc 5cids,‘a group “that Tncluded molecular blologists who were actively’

pursulng recomblnant DNA work. Thelr report extablished certaln precedents

that have bsen central to all of-the actlvitias on’ recambinant DNA since +hat

tlme. Thus, the report defined ‘the possible hazards to Include effects on human
and non-human |iving things. The feport called for an internatlonal -discussion ' :
;
since the potential hazards could not be iimited by nationat boundaries.. The ) ‘]
- 1
1974 report recognized that the del iberations could not remafn ad hoc but
needed o be assumed by proper governmental bodies which represented the Interests
; .
of soclety at large. 'The Ad Hoc committee recognized that, for reasons of |
. _ _ é
safety, certain experiments ought not be done at least for the time belng, AR . f

and called for their collfeagues around the world fo join them in a deferral

of those expariments. And fin’al'ly, the conmmifttee established the precedent
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I'd like to ask you, Dr. Singer, to proceed now to give us your |
presentation. I understand this presentation precludes the use of a e
prepared statement, and I’m delighted to see the blackboard here. i

Aftér your presentation we'll hear from the other witnesses and [
then ask each of the witnessés to remain and act as a panel for ques-
tions by the members. And any of the members who cannot view the i
blackboard from this. position are welcome to move on down. L

Dr. Singer, without objection, I would like to include your state- E
ment from the National Academy Forum as part of the record.

[The material réferred to, and a biographical sketch of Dr. Singer
follows:) : e :




DNA research challenges that presumption as profoundly as Gali-
leo challenged the science and religion of his day. It poses for the sei-

entific community fundamental questions of its role in society. It poses

for (yovernment fundamental questions of its role in science. )
The scientific community often resolves its own conflicts more easily
than our political community can even understand them, Perhaps that
will be the case here. But the scientific community cannot, ignore the
concerns of its larger constituency, and Government eannot 1solate it-
self from the science that it has encouraged and supported. ‘
Consideration of these questions brings us face to face with what I
believe is one of the most fundamental issues before policymakers
today : the issue of society interacting with science and the determina-
tion of the basic social responsibilities for the decisionmalking process.
Scientists are beginning to acknowledge the right of society to par-
ticipate in decisions directly affecting the conduct of research, yet there
is a strong belief in certain basic rights of scientific inquiry. The public
is properly questioning the idea of total scientific freedom. The newly-
acquived capability of manipulating the most fundamental processes
of life has challenged society to think about the implications of this
freedom, o IR
But in order to understand the implications of DNA recombinant
molecule research, we first have to understand the basic science in-
volved, the potential risks and benefits of the research, and the ac-

tions which have been taken so far by the Federal Government and

the governments of other nations. : :

In the April 25, 1958 issue of Nature, a modestly-written paper by
James Watson and Francis Crick opened with the statement: “We
wish to suggest a structure for the salt of deoxyribose nucleic acid
(DNA). This structure has novel features which are of considerable
biological interest.” With this statement, James Watson and Francis
Crick opened the doors to a new world of science.

The advances which have taken place since that time have been re-
markable in terms of scientific progress, exceeding, in the opinion of
many investigators, the developments in nuclear physics.

The Subconunittes on Science, Research and Technology, because of
its jurisdiction over the broad area of scienee policy, had a particularly
strong interest in this area of research, and in 1971 James Watson di-
I}f:cfied this committee’s attention to the capabilities in molecular

iology. ' .

The comimittee prepared a study in 1972 which surveyed the status
of this research. This study has been supplemented by two reports is-
sued 1974 and earlier in this year, ' o

Since January of 1977, five bills plus a resolution have been intro-
duced in the Congress to regulate such research, The House Subcom-
mittee on Health and the IEnvironment, chaired by our colleague Paul
Rogers of Florida, held hearings on three of these bills 2 weeks ago.
Senator Kennedy has announced a similar hearing for April 6.

But unlike these other congressional hearings which are directed
toward specific legislative proposals, this subcommittee’s interests
deal more. with the basic science policy questions. We wish to provide
a forum in which we all may learn and discuss and even disagree—
and be able to do this in an atmosphere which, we hope, is relatively
free of prejudice, and devoid of hostility. S i




May 3, 1977:

Dr. Sheldon Krimsky, associate director, Program in Urban, Social

and Environmental Poliey Tufts University. . . ____
Hessy Taft, Princeton, N.J..___ . ____ . ____.
Albert Wheeler mayor, city of Ann Arbor, Mich__ .. __ . ____________
Dr. Jonathan ng, Department of- Blology, Massachusetts Instltute of

Technology - e

May 4, 1977: -

Dr. T eremy Stone, Federatxon of Amerlca.n Seientists__ .. __________
Mr. Alan Mc Gowan, Scientists Institute for Public Information.___..

Dr, Norman Wengert, Department of Political Science, Colorado
State University

Dr. Richard Trumbull, excoutive director, American Institute of
Biological Selenees. o o o e
Ms. Dorothy Nelkin, Proglam of Becience, Technology and Soclety,
Cornell University .. e e e e e

May 5, 1977: :
~ Dr. Richard Wilson, Physws Department Harvard Umversmy
Dr. William W. Lowrance, Department of State__.______._C:______

Dr. Donald N. Michael, Institute for Social Research/Crusk Umver-
sity of Michigan. .. ol e

Mr. Freeman J. Dyson, Institute for Advanced Studies, Princeton.__
May 25, 1977:

Prof. Jerome A. Barron, National Law Center, George Washington -

University . o e e e e

Prof. Walter F. Berns, Department of Political Seience, University
of Toronto, Canada.

Prof. Thomas I. Emerson, Ya.le-Umvermty-School of Law, New
Haven, Conn.__ el

Prof. Harold Green, National Law Center, George Wa.shmgton Lm—
versity

May 26, 1977:
. Mr. Daniel M. Singer, attorney atlaw__ __ ... ___.___.
Mr. W. Brown Morton, attorney atlaw. . ____ . __ . __ . _______.__

Mr. Noiman Latker, patent counsel, Department of Health, Educa-
tion, and Welfare

Mr. Rudolph J. Anderson, Jr., director of patents, Merck & Co., Inc_ __

Prof. David J. Newburger School of Law, Washington Umversxty_____
September 7, 1977:

Dr. Mare Lappe, chief, Office of Health Law and Values. State of Cal-

ifornia, Department “of . Health oo o e e

Dr. Clifford Grobstein, professor of bmlog:ca.l sc;ence and publie policy,

University of California_ ..o o e

Ms. Patricia King, associate professor of law, Georgetown University
Law Center - o e e e

Dr. Leon R. Kass, Henry R. Luce professor, Umversxty of Chicago.
September 8, 1977:
r. James Sorenson
Dr Bentley Glass. e
"~ Dr, Lewis Thomas__ __ _— . ___ el l_C
Dy, Kenneth Ryan_ .. . e
Chief Judge Howard T. Markey__ ______ . ________ -
Dr. John T, Edsall .

860
869
886
890

924
928

965
968
975
1011
1043

1063
1100




COMMITTEE ON SCIENCE AND TECHNOLOGY
OLIN E. TEAGUE, Texa#, Chairman

DON FUQUA, Florida

WALTER FLOWERS, Alabama
ROBERT A, ROE. New Jersey
MIKE McCORMACK. Washington

GEORGE E. BROWN. Jr., California

DALE MILFORD, Texas
RAY THORNTON, Arkansas
JAMES H, SCHEUER. New Yoik

RICHARD L. OTTINGER, New York

TOM HARKIN, Iowa
JIM LLOYD, California’
JEROME A. AMBRO, New York .
ROBERT (BOB) KRUEGER, Texas

JOHN W. WYDLER, Ja., New York
LARRY WINN, JR., Xansas

. LOUTS FREY: Ju., Florida

;. BARRY M, GOLDWATER, JB., California
"GARY A, MYERS, Pennsylvania

CHAMILTON FISH, JR., New York

‘MANUEL LUJAN, Jg.. New Mexico
CARL:D. PURSELL. Michigan

o HAROLD [sX HOLLE\BECK New Jersey
ELDON RUDD, Arizona

ROBERT K. DORNAN, California
ROBERT 8. WALKICR, Pennsylvania,

EDWIN B. FORSYTHE, New Jersey

MARILYN LLOYD, Tennessee
- JAMES I, BLANCHARD, Michigan
 TIMOTHY E. WIRTH, Colorado K
 STEPHEN L. NEAL, North Carolina .. = 7 . I R -
THOMAS J, DOWNEY, New York * b . e
i DOUG WALGREN, Pennsylvania
i RONNIE G, FLIPPO, Alabams
DAN GLICKMAN, Kansas
! BOB GAMMAGE, Texas . : :
ANTHONY C. BEILENSON, California - . T
.. ALBERT GORE, J&., Tennessee
WES WATKINS, Oklahoma
ROBERT A, YOUNG, Missourl
CHARLES A. MosaeR, Erecutive Director
Harorp A. GouLp, Deputy Director
PHILIP B. YBAGER, Counsel
FrANE R. HAMMILL, Jr., Counsel .
JAMEs E. WILSON, Technical Consultont
WILLIAM G. WELLS, Jr., Technicel Consultant
RALPH N, READ, Technical Consultant
RoBERT C. KETCHAM, Counsel - i
JouN P. ANDELIN, Jr., Seience Consuliant
JaMES W, SPENSLEY, Coungel
REcINA A, Davis, Chief Olerk
PavL A, VANDER MYDE, Winority Stall Director .

SUBCOMMITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY I
RAY THORNTON, Arkansas, Chairman
HAROLD C. HOLLENBECK, New Jersey

ROBERT K. DORNAN, Callfornia
- EDWIN B. FORSYTHE, New Jersey

DON FUQUA, Florida
TOM HARKIN, Towa
ROBERT (BOB) KRUEGER, Texas
RONNIE G. FLIPPO, Alnbama

- MIKE McCORMACK, Washington
GEORGE E. BROWN, Jr., California

m




