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FOREWORD

This study was prepared by Victor Abramson, economic adviser to
the U.S. Treasury Department, for the Subcommittee on Patents,
Trademarks, and Copyrights as part of its study of the U.S. patent
system, undertaken pursuant to Senate Resolution 240 of the 86th
Congress. Covering a report actually prepared in 1947 for the
Patent Survey Committes, a Presidential Commission appointed o
examine the patent system, it is now being published for the first
time, with minor revisions, in connection with the study program
being conducted under the supervision of John C. Stedman, associate
counsel of the subcomittee. It will be followed by a companion
study, also prepared by Mr. Abramson, entitled “Patent Abuse—A
Plan for Its Control.” :

The need for a thoroughgoing and realistic analysis of the economic
forces that underlie the patent system has long been apparent, and
the subcommittee has attempted to meet this need to some extent.
Several of its studies and much of its inquiry have been directed to
the economic workings of the system. These previous efforts to
understand and analyze the economics of the patent system reached
their peak with the publication earlier of our Study No. 15, prepared
by Prof. Fritz Machlup, entitled, “An Economic Review of the
Patent System.” “The Patent System: Its Economic and Social
Basis,” by Mr. Abramson, provides a valuable addition to the litera-
ture on this subject. It takes on added significance in providing the
economic foundation for the concrete proposals that the author makes
in his companion study on patent abuse. _

Mr. Abramson is well qualified by background and experience to
deal with this subject. As a long-time economist with Brookings
Institution he gave extensive attention to the role of Government in
the economic life of the Nation, including its administration of the
patent system. His work in this field culminated in his coauthorship
of a landmark study entitled “Government and Economie Life.”
During World War 1I, he acted as an economic adviser to the Alien
Property Custodian, in which capacity he devoted much attention to
the administration of enemy-owned patents and patent rights seized
pursuant to the Trading With the Enemy Act.  These experiences
made him a natural selection for the post of economic adviser to the
Patent Survey Committee.

Tn publishing this study, it is important to state clearly its relation
to the policies and views of the subcommittee. The views expressad
by the author are entirely his own. While the subcommittee welcomes
the report for consideration, its publication in no way signifies agree-
ment with the statements contained in it. The publication does,
however, testily to the subcommittee’s belief that the study represents
a valuable contribution to patent literature and is in the public
interest. ‘
Josepr C. O'MaroNEY,
Chairman, Subcommittee on Patents, Trademarks and Copyrights,

Commitiee on the Judiciary, U.8. Senate.

September 8, 1960.






PREFACE

This report, together with a companion study, Economic Report
No. 2, entitled “Patent Abuse—A Plan for Its Control,” was prepared
in 1947 for the Patent Survey Commitiee, a. Presidential commission
charged with the task of examining the patent system and sug%esting
appropriate measures of reform. It has been revised editorially and
its legal citations brought up to date, but essentially the analysis and
proposals are in their original form.

This report is designed to provide a frame of ideas for the specifie
measures of pafent reform presented in Economic Report No. 2.
While it may be separately read, in view of its limited purpose no
effort has been made to cover exhaustively the history either of our
own or other patent systems. Nor have other views of the theory of
patents or their functions been systematically examined, although
they have, I hope, been taken into account.

Throughout the preparation of both reports, I was greatly benefited
by a number of enlightening discussions and many provoeative sug-
gestions from W, Houston Kenyon, Jr., counsel to the Patent Survey
Committee. Mr. Kenyon also Turnished a legal analysis of the patent
gystem which formed the principal basis of the legal sections of Heo-
nomic Report No. 2, and advice in phrasing the recommendations of
that report so as to make them more intelligible to lawyers. I drew
heavily on the extensive experience of Mr. P. J. Federico of the U.3.
Patent Office to clarify in my own mind many questions which were
troublesome to me. The Department of Justice, through the eo-
operation of the late Mr. Wendell Berge, head of the Antitrust Divi-
sion, and under the direction of Mr. E. Houston Harsha, contributed
valuable case materials,

I will have to take responsibility for the conclusions reached and
the recommendations made. :

VICTOR ABRAMBON.

v






. The role of patents in a competitive system
A, Barly origins__________ . _________
B. Economie ahd soeial conmderatlons» S
C. Recommendation No. B1_______..: ERTOR.
II. The essentlals of a sound patent system__ : S

. Some popular misconeeptions. - e 10

B Some suggested standards._ . __ ___ iUl aionoenil oo oy 13

III. Coneentration of patent control_____ . .. 000l oiboanieldlasen el
To diminish risks of inventive act1v1ty ____________________ 16

B. To monopolize competing inventions- . ___ . _____________. 17

C. As an outgrowth of concentratmn of ma,nufacturmg control-- 19

IV. General compulsory lisénsing = o220 A P SLniiituiliogd 20
. Assurance of returns__.__. L N . et 20

B Rate of refurns. . 2 _Zi
C. Enforcement of the patent_. _
D. A question of prineiple.___. ...
E. Recommendation No. E2

_ PUBLICATIONS OF THE SUBCOMMITTEE

PATENT STUDms sl
Bush Proposals for Improvmg ihe Patent System (1956)

. 1.

No. 2. _Frost The Patent System and the Modérn Econom (1956)

No. 3. _Pazufgtﬁ)()fﬁce Distribution of Patents Issued 1o orporatlons, :1939 55 ’
b 5 X

No. 4. Federico, Opposition and Revocation Proceedings in Patent Cases (195 3.

No. 5. Vernon, The International Patent System and Foreign Policy (1957).

No. 6. Palmer, Patents and Nonprofit Research (1957).

No. 7. LR8 (]E}]figﬁrards), Efforts To Hstablish a Statutory Standard of Tnvea- -

tion 58)
No. 8. Whinery, The Role of the Court Expert in Patent Litigation (1958)
No. 9. LRS (Daniels and Edwards), Recordation of Patent Agreements—A

Legislative History (1958).
No. 10. Cardozo, Exchange of Patent Rights and Technical Information Undar
Mutual Aid Programs (1958),
No. 11, Melman, The Tmpact of the Patent System on Research (1958).
No. 12. LR?9 E(igorry), Compulgery Licensing of Patents—A Legislative History

No. 13. LRS (Edwards), Patent Office Fees—A Legislative History (1958).

No. 14. LRS {Allen), Feonomic Aspects of Patents and the American Patent
System—A Bibliography (1958). )

Ne. 15. Machlup, An Economic Review of the Patent System (1958).

No. 16. Friedman, The Research and Development Factor in Mergers and
Acqulsltlons (1958).

No. 17. Federico, Renewal Fees and Other Fees in Foreign Countries (1958).

No. 18. Solo, Synthetic Rubber: A Case Study in Technological Development
Under Government Direction {1958).

No. 19. Neumeyer, Compulsory Licensing of Patents Under Some Non-American
Systems (1958).

No. 20. LBE.ls (Conway), Single Court of Patent Appeals—A Legislative History

No. 21. OTS (Green), Technical Research Activities of Cooperative Associa-
tions (1958).

viL



- VI CONTENTS

No, 22. LRB (Jibrin and Corry), Government Assistance to Invention and
Research—A Legislative History {1959).

No. 23. LRS (Conway}, Expediting Patent Office Procedure—A Legislative
History {1960)

No, 24. State Department, Patent and Technical Information Agreements
(1960).

No. 25. Patent Office, Court Decisions as Guides to Patent Office (1960).

No, 26. Abramson, The Pateiit System: Its Economic and Social Basis (1960).

PATENT PRACTICES OF (GIOVERNMENT - AGENCIES —PRELIMINARY RBronTs

Tennessee Valley Authority (1859), .

National. Science Foundation (1959) LRI
Veterans’ Administration {1959).

General Services. Administration (1959)

Government Patents Board (1959).

Post Office Department (1959).

Department. of Health, Education, and Welfa,re (1959}
Department. of the Treasury (1960).

Government Pnntmg Office (1960)

OTHER PUBLICATIONS

Hearmgs, Amencan Pateut System, October 10 11, and 12 1955

‘Hearings, Inventors’ Awards, June 7, 1956. .

Hearings, Patent Extension, May 4 and June 13, 1956 .

Hearings, Wonder Drugs, July 5 and 6, 1956. . :

Hearings, Plant Patent, Jul 9, 1859,

Hearings, Infrlngements of opy’nghts, June 2 1960

Hearmgs, Design Protection, June 29, 1960.

Hearings, Government: Patent Pra.ctmes, May.17,.18, 1960.

Btaff Reﬁort Compulsory Patent Licensing Under Antitrust Judgments {1960).
Report, Review of the American Patent System (8. Rept. 1464, 84th, 2d, 1956).
Report, Patents, Trademarks, and Copynghts. (S, Rept. 72, 85th Ist 1957)
Report, Patents, Trademarks, and Copyrights (5. Rept. 1430 Sﬁth 2d 1958}.
Report, Patents, Trademarks, and Copyrights (8. Rept. 97, 861;h7 lst 1959)
Report, Patents, Trademarks, and Copyrlghts (S Rept 1202 86k, 2d, 1960)



THE PATENT SYSTEM ITS ECONOMIC AND
SOCIAL BASIS '

, o OHAPTER I ] _
THE ROLE OF PATENTS IN A COMPETITIVE SYSTEM
' A BARLY ORIGINS (

It. may a,ppea,r as a Surprlsmg fact that the Enghsh pa.tents for
inventions, which later furnished the model for our-own patent system,
first came to-prominence as an instrument throvugh which:the Crown
exerted mational power to:control industry and commerce. - In: an
adapted form, patents survived the emergence of a system of com-
petitive enterprise, and eventually counted among their advocates
some of the leading writers in the liberal tradition. Today patents
occupy an important role in every industrialized society which places
any significant reliance upon prlvate enterprise.

In England, patents grew to importance during the reign of Ehza—
beth beginning in the middle of the 16th century. At that time ad-
vances in the arts were infrequent and interchange of new ideas was
slow. England was in many respects industrially less advanced than
France and-the Lowlands, and it appeared that the best opportunity
to develop new industries ‘and trades was to:encourage craftemen to
migrite to England to teach their skills;, and tradesmen to:come for
the purpose of opening up new commerce. Patents were used:to
provide such encouragement, and they were thus granted for: “first
1mp0rta,t10n and for technology new only in England a8 well 2s for

“new inventions’ in-the narrower sense. '

“At-the beginning, the chief problem was to break down the exlstmg
monopohes of manufacture ‘and ‘commerce held” by the towns:and
guilds. - Patents were used ‘as a means of asserting national power-to
protect new workmen and. traders coming:in from abroad, and often
merely granted to them permission to practice their arts or ‘trades in
the fields or territories' then ‘monopolistically c¢ontrolled : by local
groups.- As national power grew, however, -and- industry: and: com-
merce expanded, patents emerged ag an: instrument of industrial
regulation. - They came also to bie used ‘inereasingly for revenue pur-
poses, and as-a means of bestowing: personal favors, and they were
extended to cover industries and. trades already well established.
Their use to encourage ‘“‘invention,” even.in the sense of ‘first. -
portation;” diminished in 1mportance, a,nd thelr grant in monopollstlc
forms incrensed.

- Opposition to patents arose from ma,ny sources in the Iatter pa,rt
of the 16th century.  The accumulation of capital and the influx of
Protestant refugees representing s new soutrce of labor brought pres-

1
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2 THE PATENT RSYSTEM: ITS ECONOMIC AND SOCIAL '.BASIS

gure for greater freadom of enterprise. And there were outcries against
the arbitrary and high-handed tactics of patentees and the high prices
which many of them were charging for necessities, The towns and
guilds, when they could not reach agreement with patentees, resented
the latter’s intrusion, but they were already declining in power. The
sentiment grew that pa,tente, far- from eneourag1ng enterprise, were
_ proving a burden.’

As patents grew in number a,nd came to be used for many purposes,
the courts apphed to them an important distinetion under the com-
mon law. Those which were granted for new manufactures or for
introducing new trades were held to be lawful, but those in industries
or trades already established wete declared eontrary to the common
right of .every.citizen to-enter those fields as a means of earning a
living.? The courts had no means, however, of preventing the issu-
ance of unlawful patents and. they rema,med common, and in many
instances were successfully enforced, up to the enactment of the
Statute of Monopolies '(1624) in the relgn of James I

. This statute provided that-all monopolies before or thereafter
granted should' be “‘utterly void” .and should be judged acoordmg
to the common law. It exempted from-its operation, however:

Ok letters—pa.tent ‘and ‘grants of privilege * * % of the
~sole working or making of any manner of new manufac-’
tures, * * * {0 the true and first invertor and inventors of
such manufactures which others, at the time of making such.
~letters-patent and grant, shall not use, 50 as also they be not
~ contrary to. the law, nor mischievous o the state, by raising
. prices of commochtres at’ home, or hurt of trade, or genera,lly
' inconvenient, * *w

Patents for 1nvent10ns thus for the ﬁret t]me recelved express Iegrs-
lative sanction in -an act which . sought to -outlaw monopolies gen-
erally, and they have since tha,t time enJ oyed a: favored p031t1on
among-:monopol ies.

.. Other forms of monopoly were not however Wholly ehmlnated
The Statute of Monopolies did -not deal with ehartere and after its
enactment, this latter form of monopoly grant continued: for & long
time to be employed for many of the purposes for which patents had
been .used* .They were particularly important in encouraging risky
ventures such as settlement of the New World or the conduct of trade
with distant lands then growing in volume. :

. In the limited role assigned to patents by the Stetute of Monopohes
they flourished - with the progress.of the Industrial Revolution. - The
basic new inventions of that period gave a strong impetus to research,
and from that: time forward patent control of industrial technology
formed. a. vital and-universally. accepted part of the economic scene.
The vast increase in production potential which- these inventions
brought, -and ‘the 1mprOVements in transportation and communica-
1 For excellent ficcouriis of the éarly histar'y of patents, ses, Willem Hyde Price, “The’ English Pﬂt,euts
gé%ﬁgo&%g)" particularly at 3-45 (1805), and CGeorge Unwin, “The (ilds and Oompanies of London,”

1 8ee the two famous cases of Darey v, Allein, 77 English Reports 1260 {King’s Bench, 1602), and The
Clothworkers of Ipswick, 1 Alde. P.C. 6 (King’s, Bench 1614); and discusslon in Willism C. fRobmson “’l‘he
Law of Patents,™ st 9-12 {1800).

3.2 See Price, op. cit, supra noté 1, st 35; George Unwin, “Industrial ‘Organization In The Sixteenth snd

Seventesnth Centunes " ch, ¥V (1904); and Willism. Cumu.ngham “The Growﬁh of Eng[rsh Industry and
Gom.merce Vol I The Mercantile Bystern” (6th ed. 1925-29). .
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tion which followed, unloosed strong pressures for free access-to the
new opportunities which were then:opening up. :And the period be-
tween the middle of the 18th century and the middle of the 19th
century saw the rise of a competitive economic gystem and the develop-
ment of & social philosophy to support it.* But the grant of patents
for inventions won the firm support of many of those who shaped the
thought of the times in favor of unhampered freedom of enterprise.®

In our own country the history of patents followed closely that-in
England. -During the ‘¢olonial -period. eapital was scarce and enter-
prise extremely . hazardous, and patents.were granted, though in-
frequently, for new industries based on known technology ag well as
for new inventions.® The attitude toward patents was colored, how-
éver, by their abuse in the hands of the Crown. There was little dis-
cussion of the patent question in the Constitutional Convention. But
a proposal for the ‘adoption of a patent system received unsanimous
support,” and it was provided in article I, section'8 of the Constitu-
tion that Congress should have power— =~ = IR

® % * to promote the progress of science and useful arts, by
securing for limited times to authors and inventors the ex-
clusive right to their respective writings and discoveries.

In the early years of our national history the need for skilled
artisans was great. We were in the same position in which England
had been two centuries earlier. There was a particular desire to
secure knowledge of the new technological developments then taking
place in England. This was difficult because export of the new
machines was closely controlled as was information concerning the
inventions themselves. - Those who succeeded inleaving with essential
drawings, or who could duplicate these machines from their own
knowledge, found a profitable market for their information in this
country. There were suggestions that the Governmeént should: pro-
vide bounties to encourage the immigration of these men, and tariffs to
protect the industries which they builtup® And Washington in his
first inaugural address urged ‘‘the expediency of giving effectual en-
couragement, as well to the introduction of new. and useful inventions
from abroad as to the exertion of skill and genius at home.” - But our
patent system, following the pattern of the Statute of Monopolies,
limited these grants.strictly. - - + @ : T

The act of 1790, which established in all essentials (except exami-
nation procedure which was not added till 1836) our patent system

4 Seg, for example, Paul J, Mantoux, “The Tadusirisl Revolution in the Eighteentli Century” (Rev. ed.
%%47);-3}_15?(.1%5&50}1&, “‘Meorcantilism,"” 2 vols, {(1935); and Heckscher, “Mercantilism,” Econ. Hist.

&Y., . B : R e

5 Bee,-for example, Yeremy Bentham, ‘“The Rationdle of Reward,” at 02 (1825); and John Stuart Mill,
“Principles of Political Economy,” book ¥, ¢h. X (1848).

(1;9896)33, for example, Victpr 8, Clark, “History of Manufactures in the United States,” vol. I, 1607-1860

7 See Walton Hamilton, “Patenits and Free Enferorise,” TNEC Mohograph No. 31, at 23-27 (1941).

- 8 Bes, for example, Alexander Hamnllton, “Repors on Manufactures,” (1751), particularly at 42-43 and
60-62, as reprinted in 8. Doc, No. 172, 63d Cong., 1st sess. (1013), . .

? Compare B. B, Lanham snd J, Leibowitz, “Classification, Searching, snd Mechanization in tlis 1.5,
Patent Office,” 40 Jour. Pat. Off. Soc’y 86-87 (1058), which describes these early laws as follows:

“The 1780 act required as a condition precedent to tha grant of & patent that satisfactory evidence of
noyelty, utility, and invention be established, which requirements ar¢ in existence at the present time.
A ‘prior art search’ was thus necessery, and sirce it wag apparently limited to the relatively few paients
issued by American Celonies and States as well as among books on mechanies and industrial arts, no need
for classifieation of the searchable material was then necessary.
toThe first U.8. patent was issued. on Jaly 31, 1790, 'snd the togal was 57 on Tebruary 21, 1703, when

new Patent Act replaced the earlier one.” ‘The new act substituted a ‘registration’ system for the ‘exsmina-
tion’ system, and that unfortunate replacement continued until 1_:hg aet of July 4, 1836, was passed.”
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as we know it today, provided-that, upon petition, any person could
secure the grant of a patent, but- only if -he had—

- * * *invented or discovered any useful art, ma,nufaetur
engine, machine, or device, or any 1mprovement therein not
‘before known or used * * * fwhich was deemed] KRk
sufficiently useful and 1mportzmt FoE K '

The powers conferred under patents were to eomprise——

¢ * % % the sole and exclusive right and liberty .of mhaking,
constructing, using and vending to others to be used, the
‘¢aid invention or discovery *-* *

And no express obhga’mons concerning use or licensing were imposed
beyond the requirement of dlsclosure

S % % ¥ g5 particular * * % as not only to dlstlngulsh the

- invention or discovery from other things before known and

used, but also to enable & workman or other persons skilled

in the art or manufacture * * * to make, construct or use

the same, to the end that the public may have the full benefit
thereof, after the expiration of the patent term * * *,

The grant of patents even for new inventions was not, however
without opposition. Madison, in 1788, raised the questlon whether
it might not be wise to reserve the I‘lght. to abolish patent grants at
a price.”® And Jefferson challenged the claims that these grants were
supported in natural law, which at that time was looked to as the
foundation for all forms of property right:

If nature has made any one thing less susceptible then all
-others of exclusive property, it is the action of the thinking
power called an idea, which an individual may exclusively
- possess as long as he keeps it to-himself; but the moment it 1s
“divulged, it forces itself into the possesswn of every one, and
- .the receiver cannot dispossess himsell of it.. Tts peeuhar
character, too, is that no one possesses the less; because every
- other possesses the whole of it * * * Inventions cannot, in
nature, be a subject of property. Soc1ety may give an ex-
clusive right to the profits arising from them, as an -encour-
agement to men to pursue ideas which'may produce utility, .
. but this may or may not be done according to the will and .
-convenienee of the society, without claim or complamt from
anybody.!

When he had cramed experience in the admmlstratlon of the patent
statutes, however Jefferson came eventually to favor the grant of
patents for mventlons
Two principal factors account for our adoptlon of a p&tent system

at a timewhen public distaste of monopoly was strong. An inventor’s
right to retain his discoveries in secrecy was generally acknowledged
to be supportable in natural law.'® At the same time, the pubhc dis-

1¢ See “5 The Writings of James Madison, " ot 274 (Hunt ed. 19[]0-1910)

dil %getét)er of ‘Aug. 13, 1813, reproduced in “The Writings of Thomss J efferson,” vol. 13 at 333-334 (Mem,
e 0

# William Robinsoen, op. cit. supranote 2, at38.  AsMill stated ** * * I have seen with reslalarm several
racent attempts * * * "to Im, pugn the principle of patents * * * which, if practically successful, would en-
throne free stealing mnder the prostituted name of free trade; and make the men of brains, still more than &t

%resent the needy retainers and dependents of the men of rnoney bags.” J. 8. Mill, “Prineciples of Political
conomy,” hook V, ch, X, p. 549 (5th London ed., 1877).
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closure of inventions was thought of as socially beneficial. : Through
disclosure, duplication of inventive effort could be reduced, there
would- be 1nsp1mt10n for new lines of research, and when the pa,tent
expired all might use the invention freely. It had been established at
common law that these benefits of disclosure could justify the public
1n granting patents, and the same view took hold in this country.'s

The other 00n31dera,t10n which served as the basis for our patent
system is summed up in the Constitution: “to promote the progress
of science and useful arts.”” - In a sense, this is the more fundamental
thought; since it implies & continuing need to confer unusual piivate
powers in order to-foster invention. : While the rationale of our patent
system was not fully developed at the time of its founding, the essen-
tial factors which constitute its economic and social justification have
not changed. - What has changed is the precise form best suited to our
present needs. - Before undertaking a detailed examination of experi-
ence under our patent system, it will be helpful to indicate in general
terms the economic and soclal conmdera,tlons by Whlch 1ts performance
must be ]udged '

. B. ECONOMIC AND SOCIAL CONSIDERATIONS

It is. clear that the patent m0n0poly has from the begmnmg occupled
8 unique role in our system of private enterprise. In other fields of
endeavor, we have relied for the satisfaction of our wants either on
compet1t10n or on regulated - monopoly. - Patents are the sole instance
of publicly conferred, yet virtually unregulated, private powers of
exclusion.” This distinctive phase of our public pohcy reflects essen-
tially the fugitive character of inventions, which makes their private
control difficult; and the absence of natural tendencies towsrd monop-
oly, which makes their close public control unwarranted. - -

Inventors confront problems in their efforts to derive persona,l bene-
fits from their labors which differ materidlly from those which face
other producers. Other producers can effectively control the use and
disposition_of their products through mere possession, and additional
supplies will be. costly to reproduce. Inventions, however, consist
only of ideas which rivals cen often acquire without cost to themselves,
perhaps through simple ingpection of a marketed product Where
this oceurs; no one will be under any constraint to take inventior costs
into account in set.tmg production rates or selling prices of products
which embody or utilize the invention. As a result, output and prices
will fail to reflect invention costs, and no one will be able to gain g
return, for the effort which ha,s gone into the invention. To put the
thought another way: the “supply” of an invention, once conceived,
is difficult to control, and ordinarily can be expanded at neglig? ble
cost and without pertment limit. By contrast, the supply of other
products can readily be limited, and their prices are much more respon-
sive to their costs. This difference in supply conditions, which stems
from the fugitive nature of inventions, lies at the hea.rt of the dlstmc-

18 William Raliinson, op. eit. supra note 2, ot 5368,
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tive treatment which inventions have been accorded in-our public
poliecy.® - .. . R e I
The problem of public policy is to determine the desired supply of
new inventions, and the safeguards to Inventive effort which must be
erected in order to insure that supply. " A limited number of new in-
ventions is assured to society. even without any special stimulus.
Accident or observation unrelated to deliberate inventive effort will
provide some inventions. Others will be produced by those with an
“Instinctive bent’’ for invention, or who find sufficient reward in the
joy of the effort or the satisfaction of accomplishment.’ Purely eco-
nomic. factors will also support some inventive effort without assured
safeguards.. Where changes take place in-the relative prices or avail-
ability of labor, materials, or capital, it may become profitable for
business firms to undertake adaptations not requiring costly research,
designed to econoinize the scarce or costly factor or utilize more
effectively the plentiful or cheap factor.® The obsolescence of existing
-equipment may spur a search for means to reduce losses. And the
competitive advantages which lie in market priority, or the hope of
at least temporary secrecy, may lead o & degree of inventive effort.
"~ By any social test, however, the community’s needs for new in-
dustrial technology are unlikely to be satisfied through such incidental
efforts or incentives. - If, in determining adequacy of supply, we apply
to inventions the same test that we do to most other products under
our free enterprise system, we will measure performance according to
cost-price relationships. By this standard, it will be in society’s
interest to assure, ag a minimum, the supply of any invention whose
costs of creation can be recovered through savings made possible in
manufacture, or through the profitable sale of & new product. Solong
as the hazard remains that the profit potentialities of inventive effort
may be dissipated through competitive use of the invention, this social
aim -capnot be achieved.!” For some with -inventive skill will ‘be
attracted to this work only if their prospective incomes appear as
great as in other fields open to them; while others will be more likely
to direct their inventive activities to the satisfaction of social needs
if they can see in this manner a way of increasing their incomes.’®
* 1 Fyitz. Machlup contends that the difference between materfal and Intangisle goods has snothing to
do with the problem” of Government intervention t¢ support the private value of inventions. Machlup,
t An Reonomic. Review of the Patent System,”” Senafe Patent Study No. 15, at p. 58 (1958), It is his view
that: “What really matters is the differencoe between ‘variable’ and ‘sunk’ costs.” “Sunk’ costs, how-
aver, are common. (o neerly all industrial and commerclal ventures. Where inventions differ from most
other forms of produetion is precisely in their intangible nature. It is'because of this fact that in the short
period the price-determining, variable costs of expanding supply are negligible, and in the long period there
is no fixed investmment (“smfk” cost) which requires replacement. These conditions do not prevail where
“sunk’* costs are embodied in tangible Instrzments of produetion, which are subject to attrition through
use, are costly to repreduos, and the output of which is inherently limited and can easily be controiled.
Professor Machlup appears to acknowledge these peints in $he illustrations which he himself refers to as
“unrealistie,” cited by him &t p. 59 of his study. i :

% Hpe Joseph Rossman, “The Psycehslogy of the Inventor’ (1031); 8. 0. Qilfillan, *“The Soelolegy of In-
vention® (1935); and A. P. Usher, “A History of Mechanieal Inventions’’ (1928, rev. ed, 1054).

18 Baa T, R. Hicks, “Theory of Wages,” at 121-130 (New York 1948); A. O. Pigou, “Economics of Wel-
fare,” at 412, 671-680 (4th ed. 1952); essay on “Invention”, in 8ir Josiah Stamp, “Some Economic Factors
in Modern Life”” (1829); and Hungh Dalton, “Some Aspecis of the Inequality of Incomes’ {1820). .

17 Professor Machlup contends that because of a “Headstart’” inventors cen make *‘some money’’ witbout
patent protection. Senate Patent Study No. 15, supra note 14, at 59-60. ' He does not indicate, however,
whether he believes this incentive would suffice to supply society with all the inventions whose social costs
eould be justifled by their social usefulness. Indeed, he seems to despalr of ever solving this problem,
despite the fact that he deems it possible to determine the direction of socially. desirable reforms (p. 80). .

18 See F. W. Taussig, “Inventors and Money-Makers' (1915); and Arnold Plant, “Eeonomic Theory
Concerning Patents for Inventions,” (N.8.) Economica 30-51 (1934).
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One caution must be expressed in applying this-social test to inven-
tions, It is valid only where conditions of demand and supply are in
some degree competitive; or, if: any significant degree ofp monopoly
prevails, only where this control is subjected to some form of public
regulatlon In the course of this report; and in- Economic Report
No. 2,”® we shall suggest limitations over the use of patents designed

%o achieve the maximum dégree of competition, both in the provision
and use of inventions, c()nsmtent w1th the soclal purposes of our patent
system,

leth these thoughts in mmd we may now examine the wa,y in whick
3 patent system. works to prowde & supply of new inventions, and-its
limitations as shown through experience. A patent conveys-to an
individual the power of exclusion over the use of an invention. - With
this power in hand the patentee is able to. limit the commercial use of
his invention, and so to preempt some part of the market value of
products manufactured with its aid. Unavoidably, the use of other
forms of capital, and of labor and materials, will be affected by this
power of exclusion, because inventions make their contribution to
social progress through improved: eﬁectlveness in the use: of thnse
other factors of production. :

From the social point of view, pa,tents are not an 1dea1 Teans | of
encouraging inventive ‘effort. They may come into the hands -of
firms which, technically, are less advantageously equipped than their
competltors to use the invention. - The patentee may have invest-
ments in competing technology or in competing lihes of manufacture
which male it temporarily unprofitable for him to employ aninvention
which his competitors would exploit -immediately ' More -funda-
mentally, patentees, since they enjoy a degree of monopoly power,
are unlikely to exploit inventions to the extent warranted by .their
usefulness to society, and may be overcompensated in terms”of ‘their
costs.” Production by any monopelist is likely to be at a-lowerlével,
and his: prices higher, than would prevail if. the industry were com=
petitive. * Moreover,  the production policies of a monopolist - are
likely to leave some opportunities unexploited, thus:forcing other
productive resources into socially less useful lmes of manufacture ‘or
to work with inferior technology..

The actual strepngth of the monopoly represented by a patent 113
should be'said, is lmited by the competm%technology sccessible. to
rival firms. A patent is granted on a technical and not a market
basis. That is, the grant is for a scientific achievement, and-the
monopoly is confined to the- advance made over the prior- art. While
the patentee is protected against ‘‘equivalents,” this protection dlso
is judged on a technical basis. Thus, marketwise, there may be close
competition between patented 1nvent10ns, or with unpatented tech-
nology. Insofar as this is true, the’ monopoly of an 1nd1v1dual mven-
tion 1s socially of less cOnsequence

W “patent Abuse—A Plan for Its Control’ to be pubiiched at a futura time, -

20 8pg Hicks, and Pigou, op. cit. supra note 16, The owner of several competing patents may even be ahle
to survive competitively if he shifts from the use of a better to a poorer inventior.

31 Hawever, evert under the protection of 2 patent an Inventor may be unabls to recover the Tull soc1a1
wvalue of hig invention, hecanse of his inabllity to share in the benefits he creates for other inventors, or in the
eeoléc?’v)imas mads possﬂ)le in other lines of mannfacture or distributicn. See Pigou, op. cit. supra ncte 16,
at L
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-:'The precise: degree of monopoly power which should be assured
under patents, in order to secure a socially adequate supply of new
technology and - products, is difficult to..judge. -Inventive activity
takes place under conditions of greater: uncertainty than are found
in: mast lines of produetion, since inventors cannot know beforehand
either the effort-required to reach a successful result, or the prospee-
tive commercial value-of the outcome. This risk-may attract those
who prefer a gamble over a sure thing, even though the prospect of
loss may be greatly out of proportion to the prospect of gain.2? Others,
however, may require the hope of high reward, if their reluctance to
undertake such risksis to be overcome. The exact effects of patents
are not predictable. High profits on successful inventions may draw
80 msany to inventive activity that returns generally will fall below
those. in- less ‘hazardous enterprise,® with a consequent misdirection
of productive. resources. - The high returns occasionally experiericed,
however, may do no more than generate self-limiting competition
which provides a supply of inventions while holding profits generally
in check.2* ... .. R B

- Despite-these hazards and limitations-of a patent system, the choice
of means to foster invention remsains a matter of alternatives. - The
other choices—publicly conducted or publicly subsidized research—
appear less satisfactory.. Apart from the inventions designed directly
to- satisfy public needs,” the production requirements of private -
dustry and private consumer wants constitute the proper guides to
inventive effort. - Where demands are private, a more vigorous and
sensitive adaptation to need is more likely through private incentives
than:through direct public provision.®®* There are, of course,; fields of
scientific inquiry guided neither by commercial nor public considera-
tions, but to the support of such research a patent system has little
to contribute. ST : L B BTNy
. The: support of invention through public subsidy would entail
serious administrative difficulties. If the subsidy were indiscrimi-
nate, no correspondence could be achieved between public outlays
and public-benefits. Yet, if the reward were fashioned according to
gome standard of value, there would be need to rely on experience to
determine worth; and if worth of the invention were measured by
actual market realization, it would. vary with the extent of promotion
and the rates set for competing inventions.” Compensation could be

# Se¢ Alfred Marshail, “Prineples of Econormnies,” st 400 (8th ed. 1036); and Adam Smith, “Wealth of
Nations,” book I, ¢, X (1778). .. .- _ . o

2 Seg Frank Knight, “*Risk, Uncertalnty and Profit” g1921). . . . .

M. 8eg Merton, “Fluctuations in the Rate of Industrial Invention,” 49 Quarterly Journel of Economics
454-4'74 (1935); Simon Kumsts, “Secular Movements in Production and Prices” (1930); and Edward H,
Chamberkn, *The Theory of Monopolistic Competition,’” at 57-64 (6th ed, 1946), .

35.J, K. Galbraith in “The Aflluent Soclety*’ (1958}, particnlarly ch, XIX, argues persuasively for expanded
reseatch supported by public funds where the results cannot be specialized to or sustained by sny market-
able product. While views may differ on the extent or forms of public needs for new inventions, any defi-
clencies which may exist in the public sector will probably call for corrective measures different from thase
which would apply to the private sector. Nor is it likely that reform of the patent system, which operates
essentially by influencing private Incentives, will prove the most effective mesns of meeting deficiencies in
the public sector. Direct procurement or subsidy appeat most appropriate where the need to be served is
public rather than private. B - . L e .

2 For an analysis of the conslderations which make this very likely to be true in the case of inventions

see Plgou, op, cif. supra note 16, at 396-401. . S
. ¥ For an early analysis of some of thess problems, see John Stuart Mill, ' Prineiples of Political Economy,”

ook V, ch. X (1848).
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confined to inventions determined t0 be of unusual value to the com-
munity. However, if this were done, those who failed to secure gov-
ernmental com ensation would be withiout a source of return.. These
uncertainties of reward, it seems certain, Would materially retard the
flow of new 1nvent10ns ‘

C. RECOMMENDATION NO E‘“l

It may be concluded that a pwtent system in some form 28 the maost
. practicable means under @ system of private enterpmse to provide a soctally
adequate supply of new industrial technology. " In its present form, our
patent system is not wholly satisfactory for this purpose.: Its weale
nesses and Lmitations will be deseribed in greater detail in later chap-
ters of this report and ir Economic Report No. 2. - Before proceeding
to that task, we shall undertake in the next chapter to deﬁne the gs-
sentmls of a sound p&tent system, EE

58916 ~ 60—3



| | CHAPTER II R
THE ESSENTIALS OF A SOUND PATENT SYSTEM

The more extreme advocates of the patent system have credited it
with a large share of our economic and technical progress. Its
severest critics, citing evidence of abuse, have marked it a failure.
" There is a measure of truth in both views, but in the present analysis
no.effort will be made to appraise the gains and losses we have experi-
‘enced under our.patent system.. Our concern will be the limitations
and defects of the patent system and the measurés of reform likely
to produce a socially more satisfactory result, on- the presumption
that a patent system in some form will serve a useful purpose. There
are certain ideal standards which may guide this appraisal, and these
will be outlined later in this chapter. Since others judge the patent
system by different standards, however, certain of the more common
of these opposing views are briefly discussed. -

A S.OME POPULAR MISCONCEFPTIONS,

1. The restrictive effects of patents are regarded by some as & virtue.

- They point to the inventive effort and the industrial diversification

stimulated by the inaccessibility of patented technology to competi-
- tors ag a social gain. By this standard, there would be almost no
limit to the fragmentation of industry into isolated: monopolies, and
niere innovation would take its place alongside the test of inventive
contribution which we now apply as a proper basis for the grant of
patents. Governmental license, and not private enterprise, would
then chiefly determine the use of the Nation’s productive resources
throughout the economy. ' :

It 1s the search for new technology undertaken in anticipation of
patents, and not the search impelled by limitations over the use of
known technology, that the patent system is properly designed to
Afoster. Society could, in fact, afford a greater volume of inventive
effort if & way could be found to encourage inventions without acecord-
..ing powers to limit their use. For these powers, far from benefiting
goclety, constitute & soclal cost of the patent system, since they
diminish output by inhibiting the use of the best technology. It
- may be found desirable to grant such powers as the most practicable
. means of fostering invention, but if so they must be carefully limited
according to that need. And that need 13 itself limited because of
the competing, demands for the usé of the Nation’s scarce resources.
It is only because commitments madé under the patent system must -
be honored, if that incentive is to prove effective in fostering ihvention,
that any publicly conferred powers over the use of known technology
are socially justified. ‘.

2. Even those who heold a more positive view of the functions of a
patent system sometimes argue that it is useful as a means of pre-
serving competition, particularly the competitive position of smali-
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 geale enterprise.: ThlS surely is a perversion® of the concept of. com- ”

.. petition. Society’s essential sa,feguard for the best use of its resources

under & competitive system lies in the freedom’ it insures to serve .
market demands. . Limitations over that freedom, with few excep-
‘tions, impair the effective performance of oompemmon ‘While
Timitations over the size of individual firms may at certain points
perhaps enliven competition, measures: designed to shelter -existing
firms of any size can only obstruct the operation of competitive forces,
In any event, patents cannot effectively serve this purpose.. - 1f there
is any bias in the patent system, it is, as we shall see, in favor of the
“larger firms. At best, only a fimited- number of sm&ller irms are
likely to be protected. by this means. :

8. Some regard .patents as designed chloﬁy to euoourage inde-
pendent, rather than: group, inventive effort. They view corporate
research as confined to “routine contributions,” as' contrasted with
the “inventive genius” Whlch often oharaoterlzes the Work of mde—
pendent inventors.®...

There is evidence that corporate resealoh is d1reoted prmo1pally to
- the development of improvements and the ‘perfection of known
inventions for commercial use.® Such research is not, howevsr,
socially less useful than that which may be regarded as more fundas
mental; nor does it stand less in:need of support: through patents:
Like the work of inventive geniuses, it requires prolonged ‘and syste-
matic study by experts, and is olearly beyond the probability of ready
conception by skilled artisans.® -While, as we pointed out in .the
preceding chapter, a certain volume of ‘corporate research -will' be
supported by the desire to avert the obsolescence of specialized pro-
_ duetion facilities, a business firmn cannot-ordinarily afford. to spend.
money on research if its competitors will have free and immediate
- access to the results. The work of inventive geniuses is much more
likely to be spontaneous: - Moreover, the adaptation of inventions
for commercial use is vital if the pubhc isto beneﬁt fully: from solentlﬁc
progress, & .

4. The view of the patent system Whmh differs most funda,mentally_
~ from the standards we shall suggest looks upon patents as essential
to the commercial exploitation of new inventions, principally because
of the uncertainties which prevail where new: products are to be
marketed. It is true that monopoly powers, such as those conferred
under patents; do improve the chance of high profits. and: diminish
the risk of low profits, thus making it more attractive to hazard
investment where market prospects are uncertain, More is required,
“however, to éstablish the social need for monopoly 1o explo1t as well
as. foster inventions. .

We have, under our prlvate enterpmse system limited entry in the
“pubhc utilities.” In those industries, the conditions of supply make
competition insupportable, and- monopoly powers “have ‘been both

anted and regulated in order to insure adequate service to the public,
(For further discussion see ch. YV.) No such general justification for
_ monopoly holds true in the explmtatlon of patented mvent.1ons Nor
" 'Sep’ Phits v, Coe, 140.F. 2d 470 (D.C. Cir; 1944) ‘and Walton Hami]ton‘ "Patents and Free Entem-
prise,”” TNEG Monograph Wo. 31, at 165156 (1941),

2 For & symmary. of TNEC testimouy to this effect, se.e William B. Ben.uett “The American Patent
?lyéste)sr‘n * at 182-188 (1943). See also, Frank J. Kottke, * E]ectrical Technology ‘and the Publlc Iﬂte‘est"

-3 For an analysis of the siniilarity of the inventive processes under individual and. group researcl: Seg
AP Usher, A History of Mechanieat Inventions,” at 21-22 (1629 ).



o
12 TH®@ PATENT SYSTEM: ITS ECONOMIC AND SOCIAL BASIS

are the market uncertainties which prevail in éxploiting patented
inventions unique. @ In fact, many patents sre for improved means of
~manufacturing known ~produets. or .for improved forms of such
products. & - o o o : =

* There. is, however, a more fundamental objection to the grant of

monopoly: powers specifically to aid in the exploitation of patented
inventions. .’ ‘YWhere market prospects are uncertain, caution in the
use of the Nation’s'resources serves a social purpose. And it cannot
be demonstrated that society will' benefit by according to patented
"inventions a generally preferred status in the use of these resources.
In any event, where the only bar to entry in an industry is uncertainty
of demand, rather than conditions of supply such as in the “public
utilities,” .monopoly is not necessary to sustain production once -
‘undertaken. P . I
" In supporting the argument for monopoly to insure the exploitation
of patented inventions, a great deal 0? stress has been laid on the
-costs which the pioneering firm will have to beéar which its rivals
will be spared, thus producing -a constraint against iriitial market
development. . The problem differs according to the stage of exploi-
tation. .- _ S S : -
During the pilot plant stage, the knowledge acquired takes such
forms as records of tests and experiments, the production. of models
and samples, blueprints, plans for plant organization and layout, and
other results of a similar nature. Such'information is closely alkin to
' patentable inventions in the sense that acquisition by competitors
"may be costless and accordingly re%ﬁres protection to assure its
supply. However, it is not usually difficult to keep such information
 secret. In fact, even where licenses-are granted under o patent, it is
often difficult to transmit to the licensee sufficient know-how - to
assure effective operation under the invention. o -

The second stage, which consists of the erection of produetion facil-
ities, entails expenditures which any rival will have to duplicate,” An
extended market for such facilities may produce so-called external
economies which will lower costs, but these conditions prevail in
many industries other than those which operate under patent pro-
~ tection, and are unlikely to be sufficiently significant or progressive

to justify the grant of monopoly powers for initial market develop-
.ent. - S . . R SR
The ‘third stage, commercialization, entails. market development
expenditures such as advertising, salesmen’s salaries, transportation;
and warehousing. It is said that the benefits of market development
are shared by those who follow in the paths broken by the innovator:
Per unit costs of 'sales are likely to be greater at an early stage than
after market acceptance of a new product has been attained. Come
petitors, however, will not always benefit from the market develop-
ment activities of their rivals, since such activities often attach trade
to a single geller,®* and may in fact create an obstacle to entry by
competitors. . The advantages which do fall to latecomers as a result
of the general demand for & product created by the pioneering firm -
are not, moreover, confined to patent-protected industries; nor arse’
they likely to be important enough to warrant the grant of monopoly
.powers for the mere task of initial market development. S :

. ¥ Seg Edward H. Chamberlin, “The Theory. of Monopolistic Competition® (5th ed, 1946); and Joan
Robinson, “The Economies of Imperfect Competition®” (1933). ; )
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~5. Patents are sometimes compared to tarifis and supported on the
ground that they also . safeguard-infant industries. The - analogy
15 not entirely apt. While tariffs are publicly: administered, patent
powers are privately exercised. Moreover, while tariffs have a clearly
national orientation in the sense that they are designed to protect
domestic -production, - patents which convey powers over domestic
markets'may be granted to:foreign nationals who will then be free to
supply such markets entirely through exports of foreign produection.
Tor these reasons; patents cannot effectwely serve: the pubhc purpose
of:sheltering domestic 1ndustrles

B. SOME ‘SUGGESTED STA.NDARDS e

Over the years, many proposals have been advanced for reform of
the patent system. In the chapters to follow, and in Xconomic
Report No. 2, wé shall examine some of these propose.ls and suggest
a plan of our own. ~ To provide ‘a point of reference by Whl(‘%l
fashion and appraise these measures of feform, two ideal standards are
applied throughout the discussion. Certain of these thoughts will be
fwdent from the preeedmg enalysm others W’lll be more fully developed
ater,. -

‘1 Ifa potent system s to work to best advantage soczally, gmnts Al
be made only where they are required to secure the Tnpéntion o its dis-
closure.” The free discretion to undertake industrial and commércial
ventures, and to retain the fruits of those labors, are two of the most
basic inceritives upon which society relies under a private enterprise
system to attain the best use of its resotirces.  There is'a presumption,
under such a system, against any impairment of these incentives
unless a clear showing can be made of social benefit. ~ Patents operste
both to limit entry in industry and commerce, and to deny to'subige-
quentinventors the use of their own discoveries. “Tn terms of the ideal
suggested, no grants would therefore be made where the costs of the
invention ‘were nominal, or where the mvenuon could be used com-
petltlvely at a falr proﬁt

No patent system at present follows this ideal. ' All base the grant
of patents on the technical achievement of the inventor, and not the
need for monopoly to assure supply of the invention or its disclosure.
Under our system the principal requiremenits for a 'patent are novelty
in the invention, utility, and a degree of inventiveness exceedmg that
readily apparent to those skilled in the art.

In pracfical operation, the standards actually followed are likely to
produce results not- greatly different from those suggested as ideal,
and they are far easier to administer. By confiring patents to : i
portant technical contributions, the grants are likely to be made
chiefly where costly experlmenta,tlon has been undertaken which
could not be supported without a means of safeguardinig’ the com-
mercial value of the results.” The high rewards-for inspired work, or
for sheer good fortune, may perhaps be justified, as pointed out in ‘the
preceding chapter, as a means of overcoming the reluctance t6 undei-
take the hazards of inventive activity which are by their very nature
unpredlctable 82

Basirig the patent on “inveritive contrlbutmn” hmlts its appllc&tlon
to the stimulation of invention and preventsits use broadly as & means
of fostering production. ~This- limitation appears proper. - Invest-
ments made in the explo:.ta,t.lon of mventlons (neW or old) do not hﬂ,ve

# For further dxsousslon, see ¢h, IIT,
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the fugitive character of those made in the inventions themselves.
Nor are the risks encountered in exploiting an invention likely to be as
great ag those in producing it, since costs and yields are subject to less
uncertainty. - .. . T - _
The grant of but & single patent for an invention appedrs unavoid-
able under any system. In any other circumstance, - competition
among the patentees would destroy the commercial value of ‘the
grant for the reasoms cited in the preceding chapter.. The grant of
the patent to-the first inventor has the further advantage of accelerat-
ing the perfection of the invention and its disclosure through com-
mercial use or the application for a patent.®
2. A second ideal in fashioning o patent system is to limit the powers
conferred so as to confine the patentee’s reward to the recovery of eosts
within the bounds of the social value of the invention, and fo insure,
insofar as compatible with the oljectives sought, that production and sale
under patented inventions are competitive. In considering the costs
which should properly be recoverable under a patent, account will
have to be taken of the unsuccessful experiments which precede the
final suicecessful result. It is not true, as some have urged, that returns
under patents should be kept high enough to meet the costs of all
unsuecessful experiments, for to-do so would impair the ineentive to
careful direction of inventive effort. But the costs of some failures
are no doubt properly ascribable to the inventions actually patented.
Since under a patent the inventor depends for his return on com-
mercial use of his invention, his reward is likely to be proportioned in
some degree according to its social value.®® The exact degree of cor-
respondence may vary greatly, however, depending upon the limita-
tions over outpub imposed by the patentee. The extent of these
limitations will be conditioned by the degree of competition which
prevails with other forms of technology, patented or unpatented.®
Two factors are counted upon under our patent system to limit
the returns to inventors and to insure competitive use of the inven-
tions: the freedom to invent and use substitutes, bolstered by the dis-
closure requirement; and the limited life of the grant. The purpose
in conveying powers of exclusion under patents is to enable the in-
ventor to resp the benefits of the specific invention covered by the
rrant, and not to provide effective control of the market; the “‘equiva-
%ernts” covered are also determined according to technical, and not
market, considerations. New inventions to provide effective market
competition with the old are, in fact, encouraged through the disclosure
33 Professor Machlup questions the theory that patent protection is exchanged for the disclosure o.f sectets.
Senate Patent Study No, 15, supra note 14, at 52-53 and 76-77. While in his initial diseussion he appears to
be considering only one of the purposes of disclosure—to assure workable specifications at the expiration of
the grant, he does later consider the useftlness of disclosure as a means of stimulating further research and
avoiding the duplication of inyentive affort, s rejection of the “‘disciosure” theory is founded on the judg.
ment that “inventions probabiy are patented only when the inventor or user fears that others would spon
find out his secret or indgpeudeutly come upon the same idea.” It {3not at all clear, howsver, that this fear
can be equated with actual independent achievement or diseovery, —Professor Machlup’s suggestion that
comparable dissemination of technical knowledge could be achieved by special agencies in the absence of
patents is megninginl only if it can be assumed that patents arg rarely sought where there 18 any reel likeli-
hood that the invention would otherwise remain secret.  ‘This is an assumption of doubtful validity. Ifis
the uncertainty of competition which confrents new inventors, and the added protection against this un-
certainty provided by patents, that leads them to seek this safeguard, In these clrenmstances, the assump-
tion wolld more probably have to be the opposite of that made by Machlup., Inany event, tne duration of

the patent grant is not necessarily at issue here, as Maehlup seems to suggest, since patents are designed to
foster invention as well as disclosure, . .

3 Eoran oft-guoted statement of this defense for patents, ses Jeremy Bentham, *“The Rationale of Reward,”
at 92 (1828). ' . : i C e

£ ]E{’roiessor-MaQMup challenges the view that any -proportlonall‘t‘.y, or even approximate Droportionality,
¢an possibly be shown batween the “rewards™ of inventors and the “social usefuiness™ of inventions. Senate
Patent Study No. 15, supra note 14, at p. 54. However, he bases this judgment on the timing of mventions
in relation o the gppearance or creation of public demand, largely subjective views of what is ““trivial,” and
on & predietion that the socially most important inventiens would not be allowed to be monopolistically
exploited through patents. These considerations ave, at most, limlied in their applicability to the issue.
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requirement. The results of inventive effort are, however, highly
uncertain, and it is unlikely that close substitutes will always be found.
Moreover, the concentration of patent control may impair the ecompet-
‘itive effectiveness of new inventions. ‘

Nor is limited duration of the patent grant a sensitive device for

proportioning the returns under patents to the costs of the invention.
These costs vary greatly from invention to invention, and they differ
markedly in the rate at which they can be amortized irrespective of the
gkill and energy of exploitation. The period of the patent grant was
initially based on considerations which now have little mesning. In
the beginning, following the English pattern, we granted patents Zor
a 14-year tern. This term was selected by the English at a time when
manufacture was in the handicraft stage and when ‘“new inventions”
were largely synonymous with wider dissemination -of known skiils.
The aim wag to secure the téaching of these skills; and patentees were
protected against competition for the period during which they could
frain two new sets of apprentices. - Little attention was given at that
time to patents as a means of encouraging inventive effort. Later; as
machine and chemical technology grew to importance, the emphasis
shifted to- fostering new inventions, and writien disclosure require-
ments were added.  In our own country, a 7-year renewal period was
added in 1836; and in 1861 this was dropped and the period extended
to 17 years, as a compromise with pressures for a 20-year term in lieu
of the 7-year renewal. . - : S
* There have been suggestions for varying the durdtion of patents;
and even the monopoly powers conferred, according to whether the
inventions are “major” or ‘“minor.” ¥* Difficulties are likely to be
encountered, however, if these distinctions are to.be based on scien-
tific and technical standards such as those now employed in Patent
Office examinations. - While there may -be a rough correspondence
hetween the social merit and technical excellence of inventions gen-
erally, and between their costs and scientific importance, these rela~
tionships are less likely to hold true for individual inventions. Ad-
ministration of & “major-minor”’ patent system is therefore likely to
prove troublesome, in terms of the ideals suggested above.” Co

It shall be the principal thesis of the remaining chapters of this
report, and of Economic Report No. 2, that the most effective and
practicable means of atfaining the ideals of a sound patent system are
to place limits on the concentration of patent confrol, and to outlaw
certein types of restrictive provisions sometimes found in patent
licenses and assighments. “The positive suggestions for patent refcrm
are presented in Economi¢ Report No. 2. In the remaining chapters
of this report, we shall examine the factors which influence the con-
centration of patent control, and consider the wisdom of general
compulsory licensing of patented inventions. : ' "

# See, Tor example, the recommendations of the Science Advisory Board, repreduced in TNEQ hearings,
“Inyestigatior: of Concentration of Economic Pewer,” pl. 3, at 144 (1039). i

2 Professor Machluzp applies the technigues-of economie analysis to the problem of the secislly ideal
durstion of patent protection in the now popular game of “‘model” construction. Senate Patent Study
No. 15, supra note 14, at pp. 66-73. As might be expeeted of any ‘‘model,” the assumptions made determine
the conelusions reached. The “model” Machlup has chosen fo illustrate the technigue has, it seems to me;
3 pessimistic bias because he treats the “supply” of research workers on s short-run basis, without allewing
time for the incentives of the pateni system to produce an added supply. This bias is further evident in
his esszroptions, also questionabls as I see i, that an increase in the amount of research activity will always
increase the proportion of duplicate and substitute inventions and decrease the proporiion ef usable inven-
tions, and that business firms always tend to budget their research activities es a fixed proportion-of sales.
it is also evident in the importance he attaches to the demand for patents ss a “replacement demand,”
Professor Machlup’s treatment of accelerated capital obsolescence as a soclal cost of the patent systzm 1Is
also questionable, since existing fixed equipment will continue to be used so long as “variable” costs of pro-
dugtion can be met, beyend which point It wonld be socially disadvantageous to continue its use. Carrled
to its logical conclusion, his standard would appear to be a counsel against sclentific advance,



CHAPTER III.
- CONCENTRATION OF PATENT CONTROL

. The requirements of 8 sound patent systermn have greatly altered
since the last basic modification was made in the patent statutes more
than & century ago.®® - At that time new inventions were infrequent,
and they made up only a small part of the technology in use. In
those eircumstances, disclosure requirements and limited duration of
the patent may have been suflicient to protect the public interest.

- .Therise of the Nation to industrial maturity has brought a profound
change in the role of patents. Increases in per capita income have
made it socially worth while to devote a larger part of the Nation’s
resources to research vielding benefits only i the future, and have
provided the means to put new discoveries to commercial use. As a
result, through the years, the Nation has grown more dependent for
the best use of its resources upon the enterprise of patentees holding
_8 degree of monopoly power over new technology. To an important
extent, the social effectiveness of the patent system now depends on
diffusion ‘of patent ownership and the competitive use of inventions
which such diffusion will bring. . _— -

.. ‘Discussion of this general problem, which is closely bound up with
restrictive agreements among owners of competing patents, is deferred
to. Economic Report No. 2 dealing with patent abuse, However,
since the concentration of patent control is often unrelated to abuse,
the principal factors leading to such concentration are examined here:
Three cousiderations have been important in patent concentration:
(1) the desire to diminish the risks of inventive activity; (2) the desire
to provide safeguards against competing inventions; and (3) the con-

centration of manufacturing control.
.- A. TO DIMINISH RISKS OF INVENTIVE ACTIVITY

The most fundamental cause of patent concentration is the extraor-
dinarily bazardous nature of inventive work. In all business activity
there are production and market factors which cannot be appraised
on a predictablé basis. Inventive projects are subject to an unusually
high degree of such uncertainty. There is no clear way of estimating
in advance the product of inventive activity, nor the probable cost or
commercial valie of any discoveries which may result. For this reason,
there is no reliable guide to the amount of capital and labor which
may profitably be devoted to such projects. In other fields, produc-
tion and marketing experience ord?narily provide a basis for more
accurate estimates of probable costs and returns, and a great many of
the risks are predictable. _ : o
38 Although the patent laws weie codified and revised in 1952 (Public Law 503; 35 U.8.0, seos. 1-283), and

& few I(rll'mor substantive changes were made, the basie structure and philosophy of the 1836 statute was
retained. - L . E . R

T18
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There are only two ways in which the risks of inventive effort may
be diminished for a particular investor, business firm, or inventer:
(1) efforts or investments may be distributed over a wide field so as
to improve the chance of encountering a successful result; or (2)
effort or investment devoted to a given field of research m&y be ex-
panded, making possible more extensive use of specialized personnel,
g larger body of experience and a larger ntimber of trles thus improving
the chance of securing an outstanding result.*

Whichever tactic is employed to diminish uncertamty, those who
usé larger amounts of capital will in the long run have an advantage.
These benefits of large-scale research are likely to lead to concentration
of patent-control, and the latter tactic is likely to result in consolidation
of -competing inventions. Small Investors Imay be able, .in some
degree, to overcome this dlsablhty by joining with others in émploy-
ing specla,hzed research organizations to carry on experiments for
them. But it is-unlikely to be: wholly overcome in this way, since
outside research groups ordinarily lack intimate knowledge of manu-
facturmg problems and market prospects.® .

- Beveral common errors of thinking must be avmded Concentra-
bion of patent control is often ascribed to the superior financial resources
of large firms. - And some observers have expressed the view that
larger firms are favored in the development of myentions bécause the
funds to support inventive activity must come from the proceeds. of
previously successful inventions. There is some- truth in these
contentions, since there is a tendency'for corporate earnings to be
used preferentm,lly within the firm’s own operations. However; there
is 8 common market for capital and labor from which productwe
resources are drawn into various employments on the basis of antici
pated profits. . Projects for experimentsl sctivity have access to thls
general supply of capital and labor on the same basis as ‘do other
enterpriges, and larger ﬁrms en]oy at besb only a, 1nn1ted advantage in
thIS respect

B TO MONOPOLIZD COMPETING INVENTIONS

" Patent concentra.tlon is. also sometimes the result of dehberate
eﬁ’orts to acquire control over competing inventions without regard
to the economies of large-scale research. Because of the monopaly
powers conferred under patents, business firms always stand in danger
of exclusion from the market by rival patentees. A comparable
hazard exists also in patent-free industries, but it can more. easily
be overcome. where entry is. not impeded by the protection of a
patent. The only effective countervailing measure against paterits
1s to anticipate the inventions of competitors or to develop accept&ble

3 For a goneral discussion of this problem, see Knight, ‘op. cit, supra note 28

0 For discussion of cooperative and contract researcfl including attention to the problems of sma]]er
bhusiness concerns in eonnection therew1th see: OEEC, kg Ohganigation of Applied Research in Burape,
thé United States, and Canada,”” 3 volumes {Parls 1954) Proceedings, President’s Conference on Technical
and Distribution Research for the Benefit of Small Busmass ‘Washington, Sept. 23-25, 1057; Office of Techni-
eal Bervices (Fohn_ C. Green, -Director), ‘“Technicel Research Activities of Coope.rattve Associations,”
Senate Patent Study No, 21 1658), Herner Meyer & Co., “Research and Development and the Use of
Technieal Information in Small and Medium Sized Manufacturing Firms,” a report to the Office of Teéchni-
cal Bervices (Washington 1956); Herner, Meyer and Ramsey, “How Smaller Firms Solve Problems and
Keep Abreast of Technical Deve]opments " prepared for the Office of Technical Services {1957); Arnald,
“Why Not Try Cooperatlive Research?’’ 32 Harv. Bus. Rev. 11522 (1954). For additional raferences con?
taining disoussion of the subject, see Bureau of Labor Statistics (U8, Department of Labor), “Productivity:
a Blbliograpky'’ (Washington 1957} National Seience Foundation, A Selected B1b110graphy of Research
and Development and Tts Impaoct on the Economy** (1948}.
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gubstitutes. While this rivalry to perfect patentable inventions may
result in patent concentration, it has also a tendency to disperse
patent control. S C : L

A more prolific source of patent concentration is the desire to pro-
vide protection against existing rivalry in order to improve profits.
This 1s an objective in which all the members of an industry may join.
The existence of patents simplifies industrywide -controls because
patentees enjoy legally enforceable monopolies in limited fields, and
the competition to be confronted is thus more readily defined and more
“easily brought under control. Concentration of patent control arising
from these pressures is likely to take the form of agreements among
individual -patentees, rather than centralized ownership. However,
where one firm in an industry begins with a strong patent position,
it may be able to prolong and extend its control. R =
-The pressurse for such agreements has increased. Where capital is
growing in volume, and inereased efforts are being devoted toresearch,
the competitive position of individusl firms is more seriously in danger.
There is greater likelibood that new firms will be organized to manu-
facture known products under existing methods of production. -~ And
it s more probable that new produets and new processes and machines
will appear to Impair or overthrow the competitive pogition of existing
firms.  Moreover, the losses through such innovations are greater
where there are investments in specialized facilities such as are re-
quired to eraploy modern technology. The growth of markets in a
spatial sense, resulting from improved medns of transportation and
communication, has a similar effect-by expanding the sources of new
competition. These bazards of competition are probably the prin:
cipal, although not the sole, cause of restrictive patent agreements.

Firms with established resesrch, manufacturing, and marketing
facilities are likely to be favored in the acquisition of new inventions.
They are assured of control over the cutput of their own research.
And, where they have related inventions of their own, they may be
able to bid higher than others for new inventions independently con-
ceived. TFirms already operating a plant or sales organization may
be able o exploit a new invention more economically than it can be
separately done; and the possession of these facilities may afford
assurance of prompt exploitation of new inventions.* ‘

The larger firms in an industry have a stronger incentive to acquire
patents for defensive purposes than do the smaller. This is true be-
cause of the greater size of their investments which would benefit from
protection against competition. The greater the investment in spe-
cialized eapital, the more is the potential loss through competing
products or processes. Hence the larger the financial outlay which
mere defensive protection will support. Nevertheless, the primary
stimulus to the development and acquisition of new inventions lies in
the compeétitive advantages which these inventions hold.. It will
therefore be to the interest of any firm in the industry, large or small,
or of any possessor of free capital, to develop or acquire control-of the
more advantageous product forms or techniques of manufacture,
within the limits of the commercial value of the invention.

4 For an analysis of how these factors have worked out in g specific Industry, see Kottle, op. cit. supra
note2s, . . .. : . T
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C. A8 AN OUTGROWTH OF CONCENTRATION OF MANUFACTURING
CONTROL

Patent concentration may also be an incidental result of industrial
concentration growing out of the production and distributive econo-
mies of large-scale manufacture.” We cannot here examine the many
congiderations which have given rige to industrial mergers and con-
solidations, or the growth in size of individual business firms. It is
sufficient to note that even where such concentration is the result
wholly of cost advantages in production or distribution, it may bring
integration of patent ownership as thoroughgoing as that which stems
from the factors earlier discussed. It 1s probable that industrial
integration which is horizontal {at the same stage of manufacture or
distribution) will cause s more -significant degree of patent concan-
tration than vertical consolidations. Moreover, the patent concen-
tration which results from horizontal integration is more likely to
involve eompeting inventiong. - . oL ; -

In some degree, the cost-advantages of large-scale enterprise have
been the result of advances in technology: Technological progress
has thus indirectly promoted patent concentration. "It is probable,
however, that only a limited group of patented inventions have had
this effect. And there are reasons to believe that the industrial
conicentration which we have actually experienced may have exceeded
that which rests on this ground. : There can'be no certainty how far
futare scientific progress will promote further industrial concentration.
4 For g discussion of pagents and technology as & factor In'corporate merzers and acquisitions, sée Mizray

?le?énagéé)"l‘he'l{aseareh and Development Factor in Mergers and Acguisitions,” Senate Patent Study
0. .. . o .o . . L



CHAPTER IV _ :
‘ - GENERAL: COMPULSORY LICENSING - : _
.+ Both:the virtues and the faults of the patent system, it will be ¢lear
from the foregoing chapters, may be traced to the monopoly powers
conferred under patents. Many have seen-in general compulsory
licensing of patented inventions a happy escape frorn this dilemma.*
Under this plan patents would continue, but patented inventions
would be made available to all producers at “reasonable’ royalties.
The objective-would be to place the use of patented inventions beyond
the discretion of patentees while preserving “fair’: returns for the
inventors.  ‘Thus, while patentees would lose power over manufacture
and commerce under their inventions, they would retain ‘‘exclusive
rights” to the {ruits of their discoveries. . And royaltiés would pre-
gumably be set so as to preserve the role of patents as a-stimulus to
invention and disclosure..: " : o : S Sl
i»General compulsory licensing would clearly remedy certain of the
deficiencies of the patent system. - It would open the most advanced
technology to all producers, and so.would assure larger output at
lower prices (at comparable royalty rates), and greater effectiveness
and better balance in the use of productive resources. There would
be less danger of inventions lying idle for want of rights under ¢ol-
lateral patents, or because of the shortsightedness or inertia of
patentees or deliberate nonuse founded on the desire to protect
existing investments. Independent Inventors would experience a
wider demand for their discoveries. Patents would cease to serve as
an instrument of industrial concentration, or ag a basis for industry-
wide controls over manufacture and commerce. And the opportunity
would be diminished for monopoly through product differentistion
resting wholly on physical composition.

In practical operation, however, a system of general compulsory
licensing would be likely to impair the effectiveness of patents as a
stiraulus to invention and disclosure. The principal problems relate
to (1) the assurance of returns within the life of the patent; (2) the
rate of these returns; and (3) the enforcement of the patent. The
chief hazard is that general compulsory licensing would dim the
prospect of returns, upon which the stimulative influence of patents
depends at the inventive stage.

A. ABSURANCE OF RETURNS

The effectiveness of patents as a stimulus to invention depends on
the prospect of earnings during the period of the grant. Any delay
‘in exploitation results in a loss of earnings which cannot later be
recovered when the invention becomes available to competitors.

8 President Roosevelt suggested this spproach in his message to Conireés of Apr. 20, 1938, which Jed to

the establishment of the Temporary National Economic Committee. The TNEC in its final recommenda-
tions adopted this propossl, ~ See S. Doe. 35, 77th Cong., 1st sess., at 18, 36 (1941).

20
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Under general compulsory licensing, patentees would be depnved ‘of
certain -inducements ‘which - are now operatwe to aeoelerate the'
expleltatlon of their inventions. X

"Phe competition  induced by gener&l compulsmy heensmg Would
probably -speed the immediate use of clearly: profitable: inventions;
However, at the time: research is carried on there is no way of esti-
mating the probable appeal of any discovery. - Inventorsiare likely
to overestimate the need for exclusive rights to assure prompt exploita-
tion: - For this reason, general compulsory licensing may" have an:
unneeess&rlly reta,rdmg effect on invention. >

“These -effects - are likely: to be most  serious - where patentees are
dependent ‘upon others for: the -exploitation of thelr - inventions.
Where only nonexclusive licenses may be offered; as under o system:
of general compulsory licensing, it will not be ossible for the' patentee
to 1Ipose Mmore than nominal minimum royalties. - Accordingly, the
patentee’s income will be dependent upon actual commercial use of
the invention by his licensees. - An-exclusive licensee may ‘also with-
hold the use of an invention, but in these:cases the patentee. may
successfully require . the payment of substantial minimum:royalties.

.General compulsory licensing may also limit opportunities for the.
dlspoeal ‘of -inventions :through - assignment. - This represents the
principal means of: realizing at the time of patenting the full future
value of aninvention. . With access to'inventions assured at reasonable
rates; and: confronted with the necessity of issting licenses to-all:
co'mp'etltors at'royalties beyond their control, business firms will have
little incentive to risk capital in the purchase of patents.  The reduc—
tion of this market for patented 1nvent10ns is-of part.mular concern to
independent inventors.

The effects of general compulsory hcensmg on - firms Whlch exp101t
theu' own inveéntions are less clear. Since there will be assured access
to inventions developed by .competitors, there will beé less incentive to
undertake the risks of invention. - *And where there are already invest-
mertits in one form-of technology, there may be reluctance to develop
c¢ompeting inventions which will immediately become available to.
rivals, ~On the other hand, even under general compulsory licensing
the inventing firm is llkely to reach the market first under a new
invention; The ‘monopoly profits which can be gained in this way,
and the long-range benefits of a reputation for preeminence, provide
a-strong inducement to invention. ~And there will alw&ys Temain
someé incentive to invent on the basis of anticipated royalties under
general compulsory licensing. = Where inventions' can be used. effec-
tively in secrecy, or are likely to be profitable only for a short pemed :
general compulsory 11censmg may reqult in. nonpa,tent,mg

B ‘RATE - OF RETURNS

At present we rely on bargammg between patentee and licensee tor
determine royalties. ‘This affords an opportunity to proportion royal~
ties somewhat in correspondence with the commercial value of indi-
vidual invertions.. The incentive is thus sustained. to-supply: all
inventions which offer prospect of profitable use. “The right to bargain
privately for the use of inventions is-important if for no:reason other-
than the fact that inventors ave likely to pla(:e & hlgh Va,Iue on thelr
own capacities to secure favorable terms.



22 THE PATENT SYSTEM: ITS: ECONOMIC -AND--eoomL BASIS

-Under genera,l compulsory licensing, patentees would be -allowed’
to issue licenses on privately agreed terms. But applicants would
have recourse to rate determination by the Government, and the rates
s0 fixed would be likely to-control all private negotlafmons ~In any
effort publicly to fix royalties for patents, only the broadest-classes
of inventions could be recognized, and the rates set would have to be
highly arbitrary. Inventors: would be tneertain of the - treatment
they might receive, and the prospect would therefore be diminished
for the supply of all mventlons Whose costs could be recovered through
commercial use.

- These effects can be seen more eIeerly by consulermg the problems
of rate ~determination under general compulsory licensing. Four
principal standards have been suggested for this purpose: (1) recovery
of the value of the invention to the licensee; (2) recovery of the cost
of the invention to the patentee; (3) eompensation for damages suffered
by the patentee through the competitio_n of licensees; and (4) “‘con-
ventional” or ‘‘typical”’ rates for the class of invention involved.

The value standard has little meaning where licenses are to be
available to all applicants. Since an invention may be used at the
same time by a number of producers, and since the value of an inven-
tion to any one producer depends partly on the terms offered to com-
petltors this standard places no floor under royalties.

- The cost standard is, in principle, the most satisfactory. However,
as we pointed out in chapter 1, thls standard would be difficult to
administer. Since each invention is unique, past experience would-be
of little use in determining the costs of new inventions, so that these
costs would have to be separately calculated. Nor does past experience
aid in estimating probable royalty incomes at alternative rates for a
new invention; even early demands for a new invention may fail to
reflect its full future valte. Thus, the margin of error in such caleu-
lations would probably be extremely great.

The damage standard is applicable only where the a,tentee manu-
factures under the invention. Where the patentee has invested -in
manufacture, only royalties high enough to exclude licensces will
prevent logses through-competition. If compensation were to-be
granted for losses actually experienced, account world have to be
taken of investments in Speclalll)zed producuon and distribution fa,cﬂ—
ities. - This would greatly complicate royalty determination.

The fourth standard is the one most commonly suggested, end is
probably the most expedient and practicable, at least for a short
period. - This is to base royalties on “typical” rates as shown by past
experience. New inventions are not always easy, however, to it into
old categories. And under general compulsory licensing the number.
of categories, to be workable, would have to be limited. 1t is doubt-
ful whether “typical” rates can be found in many fields.* But even
if they can, they are unlikely to reflect cost and mcome relationships
applicable to new inventions. If general compulsory licensing should
be instituted, there would no longer be an independent source for
such determinations. 1t is questionable, finally, how far royalties
set, in private bargaining can serve the purposes of general compulsory
licensing. Rates privately set are ordinarily designed to maximize
revenue, conmdermg ‘the manufeeturmg and distributive position of

TW A survey by A survey by the author of roya.lty ‘torms in a group of paternt hcenses vested by the ‘Alien Property
Custodian dyi'sclose(i little in the way of a uniform pattern in the fields examined.,
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the patentee. Since the purposeYof general compulsory licensing
would be to secure wider use of patented inventions insofar as this:
could be done without impairing the future supply of inventions, the
rates set would have to be at the lowest point which would permit.
the recovery of costs, - ST S S
-It iz probable ‘that general compulsory licensing would affect the
returns under-different iriventions in -different ways. Inferior inven-
tions now used because of the unavailability (or limited use) of the
better ones:would be likely to suffer reduced income. - Conversely,
the superior inventions, almost without regard to how royalties were:
set, would be likely to benefit. * And dependent inventions would in
all cases tend to increase in value. R RS

‘0. ENFORCEMENT OF THE PATENT -

General compulsory licensing may make the enforcement of a patent
moré difficult and more costly.  With so.many properly licensed
manufacturers, infringement may be more difficult to isolate, -And-
it may: grow more common, since where it is detected a license will
be available to assure continued operation.*® The burden. of enfarc-
ing the patent will rést solely with the patentee where there is general
compulsory licensing.  Nonexclusive licensees have, individually, in-
sufficient stake it the invention to bear the cost of enforcement, and
they are legally in no position to take such action. Moreover, as
licensing is extended, costs of negotiation, audit, and royalty collec-
tion are likely to increase relative to royalty income, and beyond a
point may exceed that income. This is a likely result of the fact
that the more licensees there are the smaller are the probable sales
of any one. . Cosis of administering. the licenses are not likely to
decrease proportionately, and the net income of the patentee-is there-
fore likely to decline. . How far this can be taken care of in the royal-
ties set will vary with the worth of the individual inventions.

.. -D. A QUESTION.OF PRINCIPLE

.. Apart from administrative difficulties, general compulsory licensing
involves also an important question of principle, Two choices are
open to safeguard the public interest in the use of patented inventicns.
One, represented by general compulsory licensing, is to impose con-
ditions of price and service comparable to those now applied to the
“public utilities.” The other is to maintain competition in the use
of patented inventions through measgures especially suited to the con-
ditions of limited monopoly which prevail where patented technology
is important in an industry. ' ; L

" 'The public is concerned, as we pointed out in chapters I.and II,
to. assure the use of superior technology and to secure output under
that technology at as high a level as possible considering the neec to
maintain a continued supply of new technology. At present we rely
chiefly on the freedom to invent and to use substitutes, and on certain
applications of the antitrust laws, to perform this task. The com-
petition. so preserved. in some degres induces the use of the best

4 The Swan comuilttee in’ England found that in many cases the: opposite cecurred, ' Licenses wers
often taken because it was cheaper to do so than to challenge patent valldity, with the result that invalid
pAa%en't% Aoftejlf {&rrﬁl)ajned unchallenged. -See ‘‘Second Interim Report, Board of Trade, Patents and Designs

eta' (Apr PR : . . ; B :
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technology, limits the returns to inventors, and encoitrages the supply:
of new inventions. S o B : :

. Under: general compulsory licensing, governmental action would
supplant competition in performing these tasks. -The royalties set
under such licensing would determine the technology used, govern:
the earnings of inventors, -and condition the supply of new inventions.
The assumption of these responsibilities by Government may require.
either regulation of entry into inventive activity, authority to extend.
the- period of monopoly to assure s proper return to inventors, or
some form of public subsidy. Without these added powers, rates
could not be set with any assurance of their effects on the supply and.
use of inventions. The choice of general compulsory licensing amounts,
therefore, to a decision to deal with the problem of patent abuse
through strengthening the monopolies conferred and subjecting them
to elose public control, 4 4
¢+ Buch regulation has been resorted to-in the past principally where
cost conditions have made competition either unenforcible or socially
wasteful, and where the produet or services involved has been regarded
a8 vital in the public interest. Where decreasing-cost conditions pre-
vail in an industry, there is a so-called natural tendency either toward
monopoly or agreement amonggcompetitors. Efforts to maintain
competition in such industries are likely to prove unsuccessful; and if
successful, tend only fo bring prices below costs and to cause unnec-
essary duplication of facilities. In these circumstances, there may
be reluctance to enter the industry, or ruinous competition leading to
agreement among competitors. Monopoly has therefore been publicly
sanétioned in these industries as a means of assuting private invest-
ment suflicient to provide adequate service, and to prevent wasteful
commitiments of ecapital. - And public controls have been imposed to
assure adequate service at reasonable rates. An essential part of this
scheme of control has been regulation of entry on the basis of “public
convenience and necessity.” : o S SO S

The limiting principle observed in the application of publie utility
controls refleets a distinction which makes a real difference in a
democracy. It expresses the policy that competitive private enter-
prisé should be relied upon to secure and regulate production wherever
1t ean adequately serve social needs. By thig standard, no -clear
justification exists for the general compulsory licensing of patented
inventions. : : T S

“TIn the cage of inventions, effective monopely is not inevitable. A
guccessful invention stimulates a search for substitutes. To preserve
this incentive it is necessary only to confer monopoly for individual
inventions and their technical equivalents. Rivalry between com-
peting inventions has not, in a general sense, exhibited a natural
tendency toward monopoly; nor are there general dangers of social
wasté in competition among inventions which can be substituted for
one another. " Except in a limited group of cases, individual inven-
tions -are not of dufficient public importance to Justify a policy of
general availability apart from' the production undertaken by the
patentee. ' : o oo
" In view of these facts, it appears that veliance has properly been
placed on competition to secure the commercial use of superior
technology and to limit the returns to inventors. However, neither
the antitrust laws nor the patent statutes are in their present form
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adequate for the purpose of maintaining such competition'. A plan
to make them so is presented in Hconomic Report No. 2. Accord-
ingly, in anticipation of those proposals—

E. RECOMMENDATION NO. E-2

Tt is recommended that no provision for general compulsory licensing
be incorporated in our patent system. The arguments against general
compulsory licensing, recited in this report, do not apply to the limited
compulsory licensing propesed in chapters X11 and X1IT of Economic
Report No. 2. The sanctions there recommended apply principally
- where there have been violations of the suggested Code of Fair Patent
Contract Provisions, and in all cases the patentee is in a position to
avoid the application of this remedy. Where other remedies fail to
provide proper use of patented inventions, there is greater justification
for resort to compulsory licensing. And where it is applied only in a
limited number of cases, individual determination of royalties is more
feasible: there will be a previous record of experience in the cases in
which compulsory licensing is imposed, and a continuing body of
privately negotiated license terms to furnish comparisons. Finally,
where compulsory licensing is im]%osed, as suggested, after prolonged
nonuse of an invention, there is less danger that the reward to the
inventor will be adversely affected.

O
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“During the fivst ‘Session of the’ 94th Congress, the Subcommmtee (
Paténts, Trademarks and: 00pyr1ghts was authorized :by: the Co
mittee on the Jidiciary: pursusnt to section 13 -of -Senate Reselutmn
72 to “conduct a complete examination and review of:the adrhinis-
tration: of the’ Patent Office and a complete: examination:and-review
of the statutés relating to-patents, trademarks‘and copyr ights”. :and to:
submita 1ep01t of its dctivities in connection therewith: -« ot
“In’ cariylng out its responsibilities under’ Senatfe: Resolut1on;7 2‘ he‘
,Subcommrttee studled ‘and evaluated 15 measures’referred: totit by
the Comiiittee oh the Judiciary. The pu1 pose ‘of these bills range from’
revising the patent,‘trademark’and copyright laws:to affording pri-
vate relief from the patent statutes. The Subcommittee acted favor-
ably upon legislation to provide for the general reyision of the patent;
3’ copyrlght statutes and procedures, measures to extend the term
of patent protection in certain cages, and leglslatlon to implement the
provisions of .the, Patent Cooperation Treaty.. Several of these. bills
were approved by the Comimittee on the J uéhcmry and the Senate, and
one was passed by the Touse of Repr esentatwes -and s.tgned into law
by_the President. '
The_ Subcomm1ttee also held hea.ran‘s on leglslatmn to p10v1de for
puformance Tights in sound recordlncrs In addition, the staff. pro-
asmstance to- members of the Senate -on matters 1e1at1n0' to- the
matter of patents trademarks end copyrlghts R

fi d by Fhe Subcommzttee, apiroe
mzttee o the o udiciary, jrassed’ by the Senate cm(l the Hous'
" y?])?”@S@’mfai‘Z yand. approwd by the Pre&dent o ’
Public Lavy 94— 131 (S 94, Mr. McClellan), to carry into effec
tain provisions of the Patent Cooperation Tleaty, and ‘for other
purposes.
By (1)
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=-The: ‘pmpose of thls Jegislation -is to- nnplement the. provisions .of.
the.Patent Cooperation T eaty signed by the United States J une’ 19
197 0, and ratified by the Senate on October 80, 1973. ;

“The purpose of the treaty is to reduce the duplication of eﬂ’mt an-

volved in the filing and processing of patent applications for the same
invention.in. dlﬂerent countries. \?Vhen the treaty is.in full force, it
will enable patent applicarits from- the Tnited States and those'coun-
tries adhering to the document to enjoy the advantages available under
the treaty.
. The treaty offers several ma,]or advantawes One is to s1mp11fy the
filing of patent applidatiohs ‘oirthe same’ ‘invention’in different coun-
tries by providing, among-other.things, authorized filing procedures
and a standardized application format. Another advantage is the.
longer period of time available to an applicant before he must decide
“hethel to go''to the expense ‘of ‘further: prosecution of the’ apphca-
tion; An additional advantage is that'thé'examining process is facili-
tated in those member countries Whlch plomde for the examination
of patent applications. -~ i 7

- Although the bill provides for the 1 plementatmn of the treaty, it
does not change any. substantive requirements for securing a patent
under the present United States patent statutes. The legislation merely

" adds to the current law new international procedures for obtaining
a_patent. Such proceduves are optional and are not intended to re-
pla(,e the: presant domestic filing regulations. The bill further provides
that'the rights ‘efpriority and nauonal treatment-afiorded. applicants.
under the Paris Conventlon for the Protectlon of: Industrlal Property

wonld be reduded: : g oy e at @
="Lhe Subcommlttee 1e1301‘ted fawxabl S 2i t«o tl 0 :
the! Judiciary-on: April 28,1975, The: Commitl:ee on the Judiciary,
reported the measure:fiv ombh/ on, June :19;-1975, and. the . Senate.
passed it-on:June’ 21,1975 The House of Replesentauves passed the
Tegistationon November. 3; 1975, and the ‘President :approved. it 0 :

Novémbersd41 1975, 1A more:complete statement of the Committee’s.

viewsson S 24 i contamed in, Senate Repmt 94—71a of the F11st Ses-:

: sumrof the -94th @ i o c y

Pled by the' subc(mmmtiﬁ Hpproved by th C’om--
mztz:ee n Hie uclwzam/ ‘and passed by the: Se?mfe it oiactzon
Ho ols? of%epwesmtatwes : ’
' . 1), granting ‘4 fenewal of patent nurbered:
9 '187 relating to the bmdce ot the Hons of the American Tegion,
The pur pose of this measure is to extend the term of deswn patent,
numbm ed 92,187 aranted to the Sons of the American: Lecrlon for pro-
1té';‘ emblé" and insignia, "The patent was “Rrst i
May 8,1 i tutory ]Jermd of 14 years, and has been’ lenewed
by the Congréss Tor tio additional 14 year terins. The first’ extension’
was approved on June 97, 1949, zmd the second was granted on Jure 25,
-1962. This measure would reneiw the pittent for another 14 years from
the date of its-enactment into law. For over.50 years the Congress has
Leen, extending thestatufory. protection for symbols or bad.ges of
patr 1otlc or 1elw1ous associations, The priinary purpose of such legisla-
tion is to enable these or rramzatlons to control the use of then 1dent1fy-
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«The; Subcommlttee reported favorably. S. 719 to the Comrmttee -on
the Judiciary. on;April 98, 1975. The Comlmttee on the Judiciary re:
- pottéd thermeasure. ta,vombly on May-12, 1975, and the Senate passed

iteontMay 18,1975, A rhore: complete statement of .the Committee’s
views 0ntS:7 19 st icontained in-Senate, Repmt 04-115 of the Flrst Ses-
sion of the 94th Congress. ,

S, 720 (Mr, McClellan), granting a 1‘e1‘1ewal of patent numbered
04,396 relating tothe badge of the Sons ‘of the American Legion.

.The, purpose of this measure is to extend the térm of deslgn patent
mlmbe ed‘ o4 206, \gl a;nted to the Sotis of the American Legion for pro-
: ind insigniai The patent was fitst issued on‘De-

19, for the’ statutory period ‘of 14 years, and has been
= 1enewed by the Concrress“for threée additional 14 year terms. The first
. extension Was approved on’ August 2,1935, the second “was granted cn’
© June 27, 1949, and the third on June 25, 1962. This measure wouid
reneiw: the patent for- another 14 years:fr otit the dite of its enactment -
into law. For over 50 years the Congress has been-extending the- statu-
tory:protectionifor synmibols.or badges.of patrioticor rello’lous associa-
tions. The primary purpose. of such legislation is to enable these orga.-
mzatlons to control the use-of their 1dent1fy1ng marks., .- .

+/TheSubcommittee: reported favorably ‘S. 720 to the: Commlttee on
the Judiciary on April 28, 1975. Thé Committes on the Judiciary re-
poxted the measureé. favorably on.May 12, 1975, and the-Senate passed
it sony; May-13,. 1975.-A - more complete . statement of the, Committee’s
views oniS; 790 i8: cont;uned in: Sen‘tte Repoxt 94—116 of the FlI‘St Ses-.
sion of the §4th Congress. - i

8. 721 (Mr. McOleﬂ&n), grantlnw i wnewal ‘for patent numbered
ao,398 relating-to the hadge of:the Song of the :‘American Legion. -

+'The purpose 6 thisimeasure is to extend the term of. deSIgn patent
numbered 55,398 granted to thie Sons of the-A'merican Legion for pro: .
tection of-its. emblem andd 1nslgma The patent syas first 1ssued on-June..
1, 1920, for-the: statutory- period of 14 years, and has been renewed by
t'he C‘@n(rless forthree additional 14 year terms. The fivst renewal was
on Au«rust‘ ;1985 the second ‘was granted June 27, 1949, and the third:
o Jane 23, 1962 This measure would. renew the: patent for another 14
years from the: date of its enactment into law. For over 50 years the-
‘Cangress-has. been: extelldlllg the statutory protection for. symbols;or
badges of :patriotic.or religious-associations. The primary purpose of
such legislation is to enab]e these orgamzatlons to control. the Tse: of‘-"
theiridentifying marks, !

The Subcommlttee 1cp01ted f(u ombly S 721 to the Comrmttee on:
the Judiciary on April 28, 1975. The Committee on the Judiciary: re-.
ported the measure tavomb]y on-May 12,:1975, and the Senate: passed
1t:oni:May. 13,:1975.%A moré; complete. statement of the Committee’s
views on S. 720 is cont‘uned m Senate Repmt 94_117 of the Fqut>
Session ofithe 94th Congress: o TPEEE :

Io¢M Zeqaslaz&wn Veported by tfw ;S’ubcommzttee,'appmved by the C'om—i_"
t.'.v:v'.',zzfzfee onithe Judiciary, but no action taken by the Senate o
- 99 (Mr. " MeClellan), - for .the general revision of the- copyrloht!
law 1T1t1e. 17 of the United States Code, and for other purposes, 'y .
"Tiile T of this measure ‘provides for the general revision of the copy-
right laws and procedures. Title IT provides-; for the protectlon of ‘or-
namen tal. demgns of use] ’fu tlcles o A

"i
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“The Subcommlttee reported favorably 8. 2210 the Cotimittes o the
Judiciary on June 13, 1975. The Committee:on the Judiciary reported
it favorably on 1 \Tovember 20, 1975. A more complete statement of the:
Committee’s views on S.22 is contaihed in-Senate Report 94-478 of
the First Session of the 94th Congress. This measu‘re isis also d1scussed
elsewhere in this report, . AH

Iv. ﬂegzslatzm reported by the Subaommzttee,_'but 7o action ta/sen\by
. the Committee on the Judicigry = '
8. 29255 . (Mr. McClellan for himself, Vh Burdmk, Mr..Phﬂlp A

ant and Mr. Flugh Scott), for the general revision of the patent lews,.

Tltle 35 of the Umted States Code, and for other purposes.. . .
:-The Subcommiitee reported favorably 8..2255 to the Comlmttee on

the Judiciary. on August 4, 1975.. A more detalled dlqcussmn of thls_

measure is contained elsewhere in this-report. - ‘ P :

V Leqzslatwn pending in the Subcommittee at the adjaummemi of thes
First Session of the 94th Congress : suf el
S 28" (Mr. McCleﬂan) for the general revision- of the patent la,ws,‘
Title 35 of the United States Codg; and for other pirposesi: )
Due to the favorabile action taken on-S. 2255, amieasure to vevise the!
atent laws, the Subcomlmttee postponcd furthe1 consniemtmn of
V23, o
8. 31 (Mr. T\IcCle]len) to amerid the Act to prov1de for the realstre,-‘
tion end protection of trademarks tsed in commerce; to carry out ‘the:
prowswns of certain international  conventions. and’ for ot]lel pur-
poses This bill is known as the Unfair Competition Awct. * Lo
S.'175 {Mr. Beall), for the relief of the estate df’ Albert VV Small
The’ piirposs of this legislation is to authorize and direct 'the Sécre-
tafy to the Treasury to pay to'the: estate of ‘Albert’ W, Small; out of
the money' in’ the Treasury not-toherwise appropriated, the sam of
$160,000 in full peyrnent for all rights in respeet to the eryptolooqe in=
ventions of Albert W, Small which are now or at any time have'been
placed in secutity status by the War Department;ithe Department of
Défenge, or the Commissioner of Patents, including, but‘not limited to."
all_rights with respect to his inventions covered by pa,tents 2 964 806‘
and 2,984 700 and by patent application serial no. 421459, S
8914 (Mr Foug for himself and Mr. Buckley); for the modermze—'
tion-and ‘géeneral revision of the patent: laws Tltle 35 of the Umtedi
States Code, and forothet purpoges. -7
Due to the favorable action taken on S. 295.), a'measure to reV1Se the"
' patent laws and procedures, the Subcommlttee postponed further con—
‘51(1(-)1 ationof 8,214, .~ g
8,473 (Mr. Philip A. Halt) forthe oeneral reform end modern1za~'§
t10n of the petent laws t1t1e 35 of the Unlted Stetes Code and for
other purposes; ! ' ° ‘
- Due to the favorable actlon taken on S 2255 R b111 to revise’ the pat—-
_er’%t statutes, the Subcommlttee postponed furthel cons1deret10n of 8.
473. ‘
=, 1111 {Mr.. IIucrh Scott for hxmself M. Bakel Mr Bayh, Ml
Cranston. Mr. Hertke Mr. Tunney, Mr Williams, Mr Inouye,. and.
Mr.. J: av1ts), to- amend the Copymght Act, of 1909 end for other'
purposes,”
he purpose of this 1err1s1at10n is to prov1de the copyrlght gwher the,
etcluswe I‘lO'ht of pubhc performance in sound recordm@s The Sub-
4 S.R. 1068
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' t,omrmttee held: hearlngs on.S. 1111; and a more detalled dlscussmn of
' the umeasure iscontainedelsewhere in this report . ;
-'8,1258 (Mr. Tunney), for the relief of Benjamin Baxter. D
©:8,1308 (Mr. Hugh Scott) for the general reform and moderniza-
tion of the patent la,ws, Tltle 35 of the Umted States Code, and for
_other purposes... - {i:
1 Dye:to-the fa,vora,ble actlon taken on 8, 2255 a b111 to revlse the pa.i:—
ent, laws, the Subcommittee postponed further con51de1 ation of S, 1808.
-8 2355 (Mr. Cannon.for-himself and Mr..Laxalt), to provide that
: four publications: detailing the history of the Indian tr1bes of Nevada
shell be: subject to copyrlght by the Inter—Trlbel 00un01l of Nevada

COPYRIGHT LAW REVISION

Dunng the Second Sessmn of the 93ed Congless S 1361 the b111
for a.general revision of the copyright law, was. passed by the Senate
on September 9, 1974. No opportunity remained 1n the 93rd Congress
for con31dera,t10n of that bill by the House of Representatives prior
to,the adjournment of the Congress, A successor bill, 5, 22, was intro-
dugced by Semator John L. Mcblellan in the 94th Oonofless on Janu-
ary.15,/1975.. Other. than for technical amendments and changes re-
quned by:the enactment of P.L. 93-573, the bill is. 1de11t1ca,1 to that
passed by the Senate in the 93rd Congress

The Subcommittee reported S, 22 with an a,mendment in the nature
of a substitute on June:13, 1975..The Subcommittee made several
changes in the text of the bill adopted by the Senate in the previous
Congress.” The . most- important of: these provides. that ‘the jukebox
royaity shall: be subject'to periodic review by ‘the proposed Copyright
Royalty Tribunsl, as are the other statutory royalty rates. Whai

- the b111 was con81dered in the full:Committee on the J udiciary, addi-
tional changes were made. Under both: the existing copyright statute.
and the- pendmg leglslatlon, ofice copyrwht owner of ‘a musical work
hi p‘ermltted its ise on a’phonorecord, anyone elsethay also record the
Workt upon notitying the ‘copyright-owner and paying o mechanlcal
royalty feé. The statutory rate under‘the Copyright Act of 1909 is
2¢ which“Would' have béen increased to 3¢'uridér the bill passed by the
Sefiate in the 93rd Congress and ‘as approved by the Subcommittee
i’ the'94th - Congress. The Commlttee adopted an amendment to hx
th statutmy rate it 2V,

way

" Anotheér miujor change wis the_ addltlon to S 22 of what is now
Section 118; to establish ‘a statutory: éompulsory license for ‘the’ beme:
fit of pubhc broadcasting. Under this section, as proposed by Sengtor
Charles Mathias, it Would not be an infringénient ot ‘copyright for a
pubhc broadcastmg entity to broadcast certmn categorles of. copy-

rightedl  worls' upon compliance with the’ conditions of Section 118.
These include the payment of reasonable royaity fees which would be
established by the proposed. - ‘Copyright Royalty Tribunal. The Com-
mittee ‘also adopted ah amendment by Senator Strom Thurmond td
alter' and delay the periods in which the statutory royalty rates could
be reviewed. by the Copyright Royilty Tribinal. The bill, as passad
by the ‘Senatein the 98rd Congress'and dapproved by the, Subcomnut—
ted in thé 94th’ COI].U‘IGSS, plovlded that the royalty rates sliall be'ini-
tially revmwed ‘comnmencing 6 months after the effective date of the
bill and at 5 year intervals thereafter The Thurmond aineiidment
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.])IOVldES {hat the initial Feview shall

- use recorded music’ for profit. The Subcommittes 'receive

© the subject: of patent, law revision had. bee: extensiv, ely studied. by

date of the, b111 angl

he subsequent rewe“s “sh
year mtervals : “

» ROYALTY

The Subcommlttee on July 24 19 {o, held a pubhc heaxing.on S

“to‘amiend the Copyright-Aet of 1909 terestablishia performanoe: reva’lty' i

in-sound recordings. The same siibject had-préviously been‘considered
bV tHe Subcommlttee ag pmt of the legislation:for.the general'revision
ofthe fCOﬁVFlUl]t Jawi A “per formance right if sound: recordfnw% s
ineluded in the ‘copyright: revision bill reported by the: Qommiftee: on
the Judiciary in the 93rd Congress, but was deleted on the Senate
Floor. No performance right:in recordings isicontained in 3. 99, -
. S, 1111_wonld require royalty payments to performing recording
artists and the owners'of the copyrights in steh: recordmgs by-“bi'oa,d-
cast is,'}ukebox operators; background intisic/services, find 6th $Who

frora- the ‘Chaitmait of the* National ' Endowmernit of ‘the “Ar
Register of Copyrights, representatives of the regord: induistry pel-
formers; labor, broadeasters; and: 111Lebox opérators. The views ex-
predsad: by ‘the' variouspartiés were' unchanged: from-thosé reflected, in
the préevious Subcommiittee hearings-on' thig sibject No ‘furthe action
W as tmken b) the Subcommlttee on: th1=5 Iegflslatlon .

Earlv 1n.‘the 94:t11;Congress foul m‘nor bﬂls for the penera s101
of-the patent:law. were introduced and referred. to. the Subcommittee.
These are . S. 28;+Introduced by Senator . John L. MeClellan, -
introduced by; Senator Hiram. Fong, 8. 478, introduced by, Se
Philip Hart, and 8.:1308, introduced by Senator Hugh Scott. :

Subcommittee in previous: Congresses, the major Subcomm' ffort -
in 1975 consistéd of exploring’the. possibility, of reporting. a. pstent -
revision: bill. which éould, be: generally supported. by..the metibers, of
the Subcommittee. The: Subcommittee has been ‘sharply,divided. on
pioposed patent legislation. For thelgnrposes of markup, the.,Subc -
mittee-utilized S, 23, At the completlon of the c“Tub(.‘,ommztteemna,r];{ilp
process a clean bill, S, 2255, was introduced and: reported favombly By
a vote of 4 to 0. mth Senator leam Fong ot xotmor ‘N hi

oi ‘the -Ameucan patent system since’ the Patent Act of: 1836 Mam'r
provisions of the bill would require. the.patent applicant. fo, majé
greater disclosuré of. releévant information to the ‘Paten} and Tra,de—
mmk Office ; require persons dealing’ with the Office to act with candor -
and good falth require the filing of a patentabﬂlty brlef altér the
terms of patents strengthen the investigative. powers of ‘the Oﬂice,
éstablish “for the first’ time a form of opp051t10n proceedmo' in the -
Office followirig the issnance of a patent revise the patent fee schedule
clarity the rela,tlonsth between the patent law and the Stat laws on
trade secrets; and direct a study of the treatment of inv nt1o )
by employed 1nventors L o '
‘ R <3 O e B J..T.

8.R. 1058




[COMMITTEE FRINT]

GENWITO BNGINEERING, HUMAN GENBTLCS,

' DNA RECOMBINANT MOLECULE RESEARCH

REPORT
PREPARED ¥OR THE
SUBCOMMITTED ON SCIENCE_ RESEAR
AND TECHNOLOG

OF‘I‘I-]:E

GOMMITTEE ON SCIEN_CE AND ECHNOLOGY
TUS. EDUSEJn?RE”RESENTATIVES
' RESS

SCIENGE, POLICY ‘RESEARCH DIVISION
'CONGRESSIONAL RESEARCH SERVICE
- XABRARY, OF CONGRESS ... . . -

DEGEMBER 1976 e

Printed for the use of the Committee on Science and Technology,

U.8. GOVERNMENT PRINTING OFFICE
80-407 _ WASHINGTON : 1976

For sale by the Superintendent of Documents, 1.8, Government Printing Office
Washington, D.C. 20402 - (82 455



MITTEE oN SGIENCE AND TECHNOLOGY i ‘
OLIN B, TEAGUE; ‘Texas, (hisirriaon

KEN HECHLDR West Virglnla . CHARLEY A. MOSHER, Ohio
PTHOMAS N. DOWNING Virginia T AT PHONZO BELE, Califorbin
: DON FUQUA, Florida JOHN JARMAN, Oklghoma
AMES W. SYMINGTON, Miggourt ' JOHN W, WYDLER, New Yorlk ;
ALTER FLOWERS, Alabama . LARRY WINN, Jr., Kgnsas " ;
. ROBERT A} ROE, ‘New.Jersey. . ¢ . . 3 LOUIS'FREY, 7%, ‘Wiorda 00 :

' MIKE McCORMACK, Washington BARRY M. GOLDWATER, 5., California
1GEORGE B. BROWN, Jr., Californin.::° - MARVIN:L.-ESCH, Michigan :
i DALE MILFORD, Texas . JOHN B. CONLAN, Arizona i
TRAY THORNTON, Arkansas - GARY A, MYERS, Pennsylvania )
;JAMES H. SCHEUER, New York DAVID F. EMERY, Maine

(RICHARD L. OTTINGER, New York: «: - .'LAIQR}‘}'EPRESSLER, South Dakota

‘HENRY A, WAXMAN, California
{PHILIP H. HAYES, Indians
. TOM HARKIN, Towa [EEEEAA
j JIM LLO¥D, California
P JTEROME A JAMBRO, New York::
=CHRISTOPH'ER J. DODD Connectic
' MICHAEL T. BLOUIN, Iowa/ .07
. TIM L. HALIL:, Illinois
{ ROBERT (B0OB) KRUEGER, Texas
i MARILYN LLOYD, Tennessee
’.TAMES J. BLANCHARD, Michigan
T;MGTHIE WIRTH, Colorado : :
- JoEN L, Swmznm ;l'r Ewecuﬂue Dnector .
‘] Vi Hagorp ‘A, GeULd, Deputy Direbtor 't "
PHIL? B. YreagER, Counse
FeANE R HAMMILL, J1.; 00
i N James B, WILSON '.'l‘ec?mical Cons
: ¥, TEOMAS RATCHFORD,: Sotence Consuliant
Joux D, HO]’.-MB‘ELD, Soience Consultant i
BarpH N, ReAD, Technical Consultant
Roneer C. ERTCHAM, Counsel
e v, (REOINA A, Davis, Ohief Clerk ) ;
; M:cmm.‘A SUI"' ATA, Mitiotity Gourneel -

SUBCOMMITTEE- 0N SCIENGE, RESEARGHE AND TECHNOLOGY
TAMES W. SYMINGTON; Mipsourl, Ohairman

¢ DON FOQUA, Florida CHARLES A. MOSHER, Ohiy
! WALTER FLOWERS, Alabama MARVIN L. ESCH, Michigan
¢ MIKH McCORMACK, Washington : LAIB.B?E PRESSLER, South Dakota
. GEORGE E. BROWK, Jr., California
: JAMES H, 8CHEUER, New York
. TOM HARXIN, lowa
i JIM LLOYD, California
{ CHRISTOPHER J. DODD, Connecticu - .
i TIM T. HALL, Illitois R
ROBHERT (BOB) KRUEGER, Texas
MARILYN LLOYD, Tennesses ‘ L o .
TIBIOTHY E WIRTH ‘Colorads™ & 7 FRSLA S TN T O B A e B R AR PR EY o




LETTER OF TRANSMITTAL

Housn or REPRESENTATIVES,
CommrrTee oN ScENcE Anb TECENOLOGY,
Washingion, D.C., December 18, 1976.

Hon, O E. TEAGUE,
Chairman, Commitiee on Seience and Technology, U.S. House of BEep-
resentatives, Washington, D.C.

Drar Mr. Cramrmax: 1 am transmitting herewith a report dealing
- with the current circumstances surrounding research into genetic
engineering, human genetics, and cell biology. This report was re-
quested as a supplement to the studies performed in 1972 and 1974
entitled “Genetic Engineering: Evolution of a Technological Issue,”
including a first Supplemental Report of the same title, '

This second supplemental report deals specifically with DNA re-
combinant molecullzs research, a field which is now receiving much
public attention, The report is especially timely and of particular
significance in view of the issues raised by the recent developments in
this field, and I commend the report to you and all Members of the
Committee. It is my hope that the Committee will consider holding
hearings on this important area during the next Congress.

%Sincerely,
Jamzs W, SyyiveroN, Chairmaen,
Subcommitice on Science, Research and Technology.

o)






LETTER OF SUBMITTAL

Tae Lisrary or CoNGRESS, -
CoNorEssIONAL RESEARCH SERVICE,

: Washington, D.C., December 17, 1976
Hon. James SyMINeTON,

Chairman, Subcommitiee on Science, Research and Technology, Com-
mittee on Science and Technology, U.S. House of Represenia-
tives, Washington, D.O. _

Dear Mz, Symrneron: I am pleased to transmit this report entitled
“Genetic Engineering, Human Genetics, and Cell Biology: Evolu-
tion of Technological Issues-Supplemental Report IT” prepared at
your request. .
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and international interest as a case history study of the emergin
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Nobel Laureate J ames Watson chose the topie: of clomng and:genetic
engineering ag theitheme of his:address to the House Science and.Astro-
nautics Comtnittee: [now the House Science-and. Technology Commit-
tee] in: 19711 ‘His:intention was to direct: the committee’s attentwn 10
the capabilities-in moleculas biology and genetics-which those in the
forefront.of molecular biology:research knew were near. Partly as a
result 6f his remarks; the committee dirscted the prepa,ratlon of a'study
whichsurveyed the status of this research.? The committes’s fivst report
confirmed the need for maintaining-an awareness of the issuesievolving
in the technologies of genatic research. A ‘second. report 3 mdlc&bed the
aceelerating pace-of these. developmen‘ts. One of these issues in genetics
Has now assunied » position of urgent importance. throughout the world
“and} is - receiving :the ‘attention ;of -numerous pubhc pohcy mgking
groups. Several pohmes of fundamental importance in. the: sele;ci:mn,
nghagement--and: application -of :this, riew technelogy are now con:
sidered of suﬂicmnt urgency that congressm al attent'on s2ems
Decessary:. i bl o :

- Biomedical: research has entered a new. era. of pubhc concern. ~The
: re-caplents of the: results of modern -medicine, have been -accustomed
to:aceepting: the beénefits-of developments:in antibiotics; organ. trans:
plant, and new therapies and surgical techniques without questlon for
soing time: This acceptance of the “benefits”. of reseamh ‘withont, full
consideration -of the.costs has been:called: into quéstion in increasing
numbers of instances:within the past decade. With the advent of organ
transplantation techmques the realization, aroses partially:as.a result
of a sensitivity to the unique.position of both the donor and: rec1p1ent
of the associated moral, legal and: ethical .implications of such, bio:
medical . techniques. _The growing awareness.of the public to.the risks
associated with the development of new drugs focused: a;ttentl‘ on.the
use..of experimental human subjects for evaluating:such, .drugs. The
refined. techniques for examination and-treatment of. the developmg
fetus aroused comcern, partially because of.its: close association ‘with
abortion as-another. pub}im policy issue, and. 1e0'151ators acted to mtro-
duce control in this area of-research, - - :

Now, scientists have shown that they: possess the tools to begm con:
trolled mampulatmn of the:very fo datmn of 11fe 1tself It is pog:

1Pnne1 on Seience and Technology. Twelfth . ¢ In mnal Sclem:e Polic
Proceedirigs ‘Beéfore the Committee on Seiende and Astropautics. 1.8, Housé of _Repre-
sentatives 933 Congress, Lst sesslon. January 26, 27, and 28, 1971 : 336-368. -

Congress. House." Commlttee on Sclence and Agtronaitics. Subcommittee on

Seience. Research, and Development. Genetle Engineering's Hvolution: of la’ Technological
Issue [Washington, T.S. Govt, Print. O] 19727119 p. (92d Congress, 2d sesston)

370.8. Congress. House. Commitiee on - Sclence 'and” Astrongutics. -Subcommitice on
Selence, Research, and Development. Genetle Engineering: Evolution of s Technole, 1caI
Issne, Supp]emental Report I. [Washington ‘0.8, Govt Print. Oﬂ!] December 1974— 2%
{934, Congress, 24 gesston. House) O
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sible to determine accurately the sex of the developing fetus, to
ascertain in wutero whether the fetus possesses genetically induced
abnormalities of many types, and to provide reasonably accurate guid-
ance to prospective parents about the probabilities of bearing defective
children. It is becoming obvious that-these capabilities, supported by
continuing research, are nearer to general application than had been
anticipated only a few years ago.. .-

-It is the purpose of this report to provide a current perspective of
one ot these ¢apabilities in genetics=—the capability to.effect “genetic
ehgineering.” "'Ehp’ popular term “genetic engineering,” while having

many-interpretations, is gradually being associated more specifically

with man’s capability to reconstruct the basic'substances determining
the héredity of anorganism {the DNAY. This type of research;known
as' DN A “recombinant molecule research; offers the prospect of-even-
tually beingable to control or change thegenetic information inherited
by"an: ofganism. The developments in molecular-biology or “genetic
engineering” ‘are ‘of particular importance because of the:.rapidity
with’ which'thess new:eapabilitiesare evolving’ and alse Because of
. potential risks being perceived by’ the public as associated with such
resenrchy’ The progress in medical geneticsiand related.issues in: cell
fertilization dnd: cell ‘culture techniques as well as the status of fetal
regedrih provide’'s continiium in-genetics research which produces
related public policy issues: These issues will be examined in detailin
adater cominittee report. o Tn GRsT et dreentha b oo Tn
There has been vigorous “public” response to the new developments
in genetics. In some instances, the response hagbeen careful and ¢on-
servative 'and based upon the best information available. In other in-
stances, ‘qirestions ‘have: heer: raised “about the adequacy: of societal
involvement in‘the process of making decisions'about the application
of such new techiiques in the conduct of research. The need for legisla-
tionto'providé for more adequaté public participation and to interpose

Tegiilations’is growing as-an-issue-of congressicndl coficern. -+ e

- “Although’“more public pasticipation” is voiced as & major factor of

corcsrn‘in doénsideration of issiies of thetype discnssed hierein, it should

benoted that this factor itselfis difficult to define or'to secure simply:

Public participation has maty meanings‘depending uporn a particular

situation ‘or ‘problem, It might mean représéntation as in the political

sense; it may refer’ to specific public interest groups; it may refer:to
an’ “adequate represéntation” of informed, noninvolved (Tesearchers
not’in ‘the fiéld of ‘interest) individuals or individuils with unique
capabilitiés; or’ groups Tepresenting othier fields 6f ‘expertise such as
ethics or law. “Public participation® on'scientific issues requires ifi:
formed: participation’ in order. to’ be ‘meatiingful; ‘and an associated
implication ig that such- participation:will ‘be of‘a type that will ve-
ceive attention, The problem then becomes one of determining when
the public participation .is’ adequate. for a particular. problem and
whether the ¢ompromisés decided upon are truly attentivé to societal
needs.“Public participation” is an issue that increasingly, as with legal
“and ‘moral 18snes, will Tequire. careful evaluation, This is one of the
reasons that The' DNA Tecombinant issie 1§ of SUcIT iNTETEst as 4 case
istory opportunity to explore participatory decisiom makifig at an

E
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; of cotirse, many” Tother’ factors
involved in the DNA iésue which makes it 1mportant in terms of the
establishment of hew concepfs of public policy determiination. -

‘This report ‘will be directed at an analysis of ‘developments in
genetlc engineering;’ “and” pI‘lIﬂ‘lI‘lly DNA recombinant molecule re-
gearch,’ since 1974 ‘which” appear to have a partlcular significance
at this time in terms of issues of immediate potential 1nterest to the
Congress. Tt is impossible in any single paper to ‘provide the detail on
thess dubjects required by mvestlo'ators in the field, nor would. such
detail be desirable for the use of conoressmnal policy makers who have
limited time to become familiar Wlth issues of concern. Wherever
possible, additional citations will be given for additional readings or
for further information on simmary statements of particular concern.
Tt is hoped that this sccond supplemental report will be sufficiently
detailed to provide the basis for any additional evaluations the com-
mittee may desire to initiate, The developments in “all of the areas of
geristics of potential interest are so rapid that it is alniost impossible
to insure absolute ¢ontinuity and it will'be necessary for the reader
to mhaintain a sensitivity to these subjects so that new discussions may
be fitted into a proper ‘perspective. It is for this reason that this second
supplemental report is limited ‘primarily to the new knowledgs’ in
genetic engineering.- However, comments fo the committee about any
of the topics in’ genetlcs are weleome ‘at any time so that the commit-
tee ‘members may be made awate of partlcular issties‘of concern which
may niot. have been” adequately ‘wddressed in'this report. The réader
also is'invited to examine the 1972 and 1974 committee reéports on sub-
1octs ‘6T ‘cltations to earhe "reference mate,rml"f' 'r‘recommended back-

1d 1nf0rmat10n S :

- o BACKGROUND o THE ISSUES

In the shor't mterva.l between the pubhcatmn Gt the earher com:mt-
tee reports and:this second supplemental report, the advancesin genetic
research have been'remarkable: In some areas; the rate of progress has
far exceeded:the:time estimates:provided -in:the earlier teports.:In
other-areas, while-the estimates of potential-application still indicate
no iminediate or near term application to:liuman problens; the appli-
éations in-rplants and animals of’ atrrlcultural or: other commerclal
1mnortance appearto beevenecloser:: .- -

- As noted in therearlier reports, there is a full spectrum of rehted
and overlapping scientific work: lea.dlnrr from the: fundaméntal work
in molecular biology which lends.increasing credende to the prédietions
of actual “genetic engineering” and to the almost routme use: of comy
plex diagnostictechniques in-medical genetics. : - *

- Fistori ically,’and in:the perspective: of the formal study of an, the
developments 1 genetlcs have-proceeded-in- an uneven: fashion. For
example;:as-notedin a recent -article; 1976 marks-the tricentennial of
the discovery. of human -sperm:®. Most persons: are at least: vagnely
farmhftr w1th the developments Whmh led_ to Anton Aran: L3511wenhoek’

Sradl Dol e
5 Brodv, <Tang “1676" Marks T

0. rlceﬁtennial‘ of- the 'Disc‘overy o'f“Sperm.' New’ Ydrk
© Mimes, December 1975: 20.
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discovery of the microscope. Among his other observations, he reported
to the Royal Society in London in 1677 the discovery-of human sperm
by a medical student who used this new scientific device, As Teported
in the 1972 committee report, the works of Gregor Mendel on funds-
mental prineiples -of heredity were not- accepted with a fnll under-
standing of their significance when Teported in.1865. It was not until
1956 that a final accurate determination of the human chromosome
number. (46) was established and from this point on ¢ertain genetically
determined diseases '‘could be positively correlated with additions or
deletions frora this “normal” number. = .~ = . . L
.. The most recent discoveries in genetics have been of special interest
because there has been an increased awareness of the social as well as
the scientific significance of this area of research. The deepest of
human emotions can be touched by the birth of a genetically defective
child; the guilt. of a parent furnished: with the knowledge. that the
defect. had been transmitted is particularly acute. The tremendously
complex issues.of abertion and “right-to-life” are now. interwoven
with-the -availability of techniques to detect prenatally a number of
da.ngerous._geneti}c"glfiseases and -modern, medicine offers abortion of
such defective fetuses as an alternative to a life of suffering for both
parents and child. Arguments over race and IQ),.biased and complex
as they may be, are further indications of the implications to society
of .our increased:-understandings of the principles of genetics. = .1+ .
. When. it is realized:that it took almoest 100, years after the work
of Mendel to-get an accurate count of the number of chromosomes.in
mian, it is.truly amazing to contemplate the developments within the
last decade-and. exciting to view the potential. of the near future, At
the same time this excitement must be tempered by consideration of
several complex issues. The identification in 1953 of the precise molec-
ular structure of DNA, the information bearing substance in the
chromosome {which we now know carries the determining hereditary
chericals or: genes) by Watson: and Crick is one of .the epic discov-
éries inman’s seientific endeavor: Trom: their work deientists have
moved ‘on-to ‘thelaccumulation of-discreterunits of knowledge about
gene function and structure; There havée'been developments which aré
leading to a detailed understanding of gene control.. The coding of
the biochemical messages:from the DNA: to the cell’s structiral com-
ponents is being-decipheréd. The biochemistry of the translation of
the gene code information to function: is being subjected to ever inten-
sified -aralysis: Cherdical ‘start ‘and stop signals:are ‘being identified
" and -indeed even synthesized in:an eperational mode. The association
of genetic errors 'with metabolic diseases and structura) abnormalities
has been established. vt s oo e iy e
. 'The matching of certain components of the chromosome (DNA or
deoxyribonueleic acid) wwith' function in 1961 by Dr:Marshal Nirén-
" berg settled’ another important:debate about the molecular biology
of the gene. Years of research by hundreéds of researchers:can hardly:
be“adequately suminarized in a 'single document or even & series of
réports rio matter how volumirious: Nevertheless; ag'will be noted ‘it 18
becoming increasingly essentfial that an effort be made to gain suf-
ficient understanding to deal intelligently with thegs subjects. . -

i



‘¢al-developrients.

-bias? What would-really happen in ferms of the preventicn of harm
or prolongation-of:the achievement of benefits? How could -we movef
‘into the ‘off:bounds ‘reésearch areas without new’legal ‘knowledge toj:

th
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it : : cortéct the
effects of “genetic’ defécts hive led to interest in the possibility of eor-
recting‘the problem at the level'of the gene. The problems with canders
which are snspected of being associated with gene control abnormali-
ties hHaveé produced an interest in developing tools to study the'mole-
ciile ‘at the ‘most basic level. The evidence suggesting that canter
yiruses may become # part of normal cellular DN A has focused re-
search attention on the systems of transfer of DNAsg between cells.
All of these efforts are intimately related to the resedrch in genstic
. Modern hiiman genetics has been described as now providing socia
choices for our future where previously there were rio choices, A sig-

"G idiitations ‘6t diet; drigs, or enzyie therapy

) t sal Loi Y S
Tt iy no longer encugh to go on working in the labs just to build another brick
in the!temple of sclence, hoping it will fit into some great intellectual: synthesis
in 80 years. Nor is it enoligh to be politieally concerned, working by ¢irculating
petitions or trying to: influénce the governmént in some 3 month crigly, -
- Our urgent social probileéms now are more Uke war-tling problenss; suchas anti-
‘sitbiiarine ‘warfare or-the development of atomic-énergy.: These are casés wiere
e mist get different experts and inventive minds together tomake Interdiscipli-
mary operations-analysis and action-orfented designs and pilot studies, but where
‘the tine sedle is that of a crash program, permittifig, say, a few months or '«
‘year or two' of study before we must come up with-some ‘mivch more effective

sy

- “While Platt w ring only to'refedrchin genetics, nor-even
‘specifically to the précise problems to be 'discussed in this report, his
‘doncern 1§ still ‘appropriate! Tt can be interpreted to mean that scierice
policy problems require the urgent analysis, not the science research

needs. Indsed, in'the dontext of ge;netii_:"e‘p‘giné’erin%and’related'ge‘n’etics
‘problems in’ some ‘areds, there are’those “who ha

- have examined this
‘problem and‘ask: whether the rush to-expand the fields of research
'shiould not ‘be preceded by ‘a’ more ‘compléte ‘analysis -of the public
policy implications of such research. In this Tegard; Francoeur high-
Tighted some of the observations made by otliers about newtechnologi-
( ; ' érhaps there is a need for'a ‘rhechanism toirep-
résent those advocating a selected legal moratoritim on some Tesezrch
and application. This approach weuld be difficilt’ of course. Which
‘areas of irésearch shotild be identified as “off-bounds?? What kinds
of 1awd 1ieéd to bie farmulatéd, passed, end policed universally without

deal with such inknowns? Would such actions‘drive research under-§
ground and out of sight.of public policy examination and control?
" "There are historical precedents for this latter action and even today
> is freqient discussion that nations ons may sitply result on

¢ Dlatt,.John, The Selentific Urgencles of the Next Ten Years, Michigan Meutal Hedlth
Regearch Bulletin. v. 4. 1970 : 12, 3

7 Francoenr, Robert . We Can—We Must : Reflections On the Technological Imperztive,
Theological Studles. v. 38, September 1972 : 428—489,
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oeeasion-in the. transfer of research with: potential commercial value
3 ther nations where prohibitions do 1ot exist. Could such aetions
“result in the need Tor 1he estaliishment 6f & “deep freeze” informs-
tion bank with some social judgment process determining when such
information could be released fou technological application? If so,
who decides? What value judgméents should be used ¢ Thére are impli-
cations in his thesis:which bear further examination, for to some,
public control appears to offer a viable and effective solution to the new
public policy issues produced by many technological innovations, Con-
trols would establish a public recognition of the scientist’s. drive to
inquire and produce new knowledge. The dissemination of new knowl-
edge by modern communication methods promotes developments on an
international level. With controls, there could be a continual testing
and evaluation of the implications of the innovations before new
steps take society beyond the point of no-return, o
Lappé discusses some of these issues more specifically in terms of
several of the arguments which evolved in genetics.® Crotty pursues
the thesis of public involvement in the scientific decision making
proeesS.B s R . .. . . e e R
" “He asks the sdme question being asked in-an incréasing number of
congressionial discussions. To what extent are thie “people” really shar-
ing in decision making ? Is there really a full exchange of information?
‘Are scientists really ‘willing to accept the intercedence of the public
in the examination of ‘the worth of their research? Crotty: believes
that in the field of genetic enginéering policy analysis there is a need
to differentiate between those developments which might have a gen-
uine and easily identified therapeutic use as contrasted with the re-
search for which there is no immediate therapeutic development. It is
his opinion that much of the:difficulty in this particular issue ariges
from the problem of evaluating the worf;h-of the non-therapeutic
research. . U s aTeToe Lt e E
‘Thege few introductory comments are intended to serve as-an- out-
line of the questioning which has been :associated. with.the various
issues discussed “within this-report. The issues are complex. The rate
of progress is rapid. If developments in this area are not-to be treated
as was the case in’'the nuclear energy issue, until after the appearance
of the technology and the investments in the program, then the issues
must, be confronted very soon. It is essential that the true significance
of the research, particularly in genetic engineering, be fully appreci-
ated, so that the necessary attention may be focused on policy deter-
xination: Oliver Smithies, Professor of (Geneties and Medical Genetics
- at the University of Wisconsin, put this-new work in these terms: .
SUIn my oplhion, thé abilify to’ elone: DNA"fragments from hizhér' ofeaaisms
represents one of the most significant advances of 20th:century hiology. The pro-
cedires combine :the ability to purify genetic material te homogeneity with the
~ ability to replicate the material in virtually unlimited quantities.'S’

© _®TLappe, Mare.®Moral "Obligations ‘and the Fallacies of Genetle Control. Theologleal
¢ @tudies, v. 33. September-1972: 411427, .- Lo R b
®'Crotty, Nicholas. The Technologlcal Imperative : Reflection on Reflectlons. Theologleal
Studies. v, 32, September 1972+ 440-449, ° : - o : .
. 10 §mithies, Oliver. Letter t¢ Dr. DeWitt Stetten, Jr. Deputy Director for Seclence,
- National Institutes of Henlth, [Letter written in response to a request for evaluation of
proposed f£uidelines for DNA recombinsnt melecule reséarch.] November 26, 1978, -
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SRR FOMMARY OF THE STATUS OF DWA RECOMBINANY -
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Lo Introduction~~DN A: recombinant molecula research:is quite di-
verse and dependent upon a rélatively high level of technological ca-
pability at the research stage. (The practice of the technology, once
protocols are established, requires s lower level:of ability: Some com-
mentaters have sug, sted that éven undergraduate students'could com-
plete the work:) The work is conducted beyond the range of normal
visibility; and with-the exception of the studies with:electron micro-
‘scopic: techniques; dependent upon delicate tests, analysis, and deter-
mination of biochemical functions. The investigator tries to’ isolate
and purify extremely small ‘quantities of very complex molecules and
is required to utilize exquisite techniques to ‘test the models hypothe-
sized and:ascertain the validity of hisconceptions, s . -iftde o 2 i
" 'When an investigator reports the isolation of a particular gene frag-
ment, he-is ustally’ dependent upon his experimental methodology:to
confirm or deny hisinterpretations. Occasionally, growth orthe failure
toigrow can be utilized as.evidence. That is, if a particular molecular
fragment is isolated; the:determination of the funétions produced by
_this'fragmentare frequently thefirst proof'that the fragment isindeed
present in the system under study. Further proof:is obtained by care-
fully - induced: Teactions ‘involving immunological tests,:-other ‘bio- -

chemiealtests ‘or:analyses which have evolved for-theipirpose:-of = -

characterizing the chemical naturs'of a molecule; the utilization of :-
theory to construct possible molecular structures, and oftén’the use of
other chemical-physical processes including electren ‘microscopy, to
support hisexperimentalhypotheses, =~ 070 o5 o 0 arie o
.- "Thig diseussion ig an oversimplification of the various cross-check-
ing and replication: experiments which the thorohgh scientist con-
ducts to ‘confirm ‘or: deny the validity of hig results,The important
point. for purposes of this report is to understand that the geneticist
or -biochemist/molecular biologist is: working ‘on 4’ scale 'of size:fre-
guently demanding the use of techniquesto dequire indirect evidence
of experimental results. These results mustthen be evaluated withivar:
* ious' other - methodologies: to support and:eonfirm the interpretation:
Thigtype of work is tedious and definitely démanding of a high degres
oficare and precision to avoid ‘inadvertent contamination: and to.

An entirely new vocabulary: has:evolved with this néw research. A' .
systém of code namies for variants of various microorganisms; frag-
ments of microorganisms, viruses of various types, and terminology for
the precise enzymes‘used for:synthesis and cutting of large molecules;
makes the task of understanding the significahce of the scientific re-
ports on{(%eyelopments extremely-difficult for the non-specialist. Such
= BT Coee i (7) Lo L mne el
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a new language is common to all of the highly specialized ﬁelds of
endeavor. In space, electronics warfare, psycho ogy and business, the
specialist develops and uses s language which permits communication
quickly and accurately with his colleagues, 1t is the new language
which is used.-te describe:the research in. DNA recombinant molecule
research, as well as the complemty of the biochemical reactions in=--
volved Whlch often. obscures the. significance .of, these, developments
from the concerned Tay person. Nevertheless, to the credit of the bio-
chemists, geneticists, mo ecular blO].OO’IStS, microbiologists and others
who:iare: conducting this research;:d:very: real @ifort: has been made,
from: the:'very: begirining of .the_ searchs for.guidelines to: control. re-
search; to-explain to:the non-scientific pubhc the. nature : &nd great
1mportance of:this new field of mvesmga,tlon e iotid,

- Howevery:it:should . be :recognized. that:the . sclent:[sts who conduct
thls reséarch are under internse.pressure to carry out their.chosen tasks.
Thejare resea,roh investigators as well as concerned individuals: Their
immersion in their work often'makes them'unaware:of :the diffieulty
that lay persons havein: understandmg the complexities of their wWork.
‘As an exathple, séveral of these investigators; while at:a public meeting,
had-just spent:some time discussing the' various problems- associated
with the certification-of-a newly developed veetor. A precisetranseript
of their disciission;would beialmost totally unintelligible-to the casiial
observértandayet these: scientists had: been discussing:the research:on

the very-issue!of risk about which :so. much pub]lc concern has- beer

expressed Fhere-was: little obvious:awareness, diring the. intensity
of the discussion, that the: lay members of the! committee and the obx
$erving public were‘at sea” with regard tothetechnical details of fhie
biologidal - processes: being: exammed “This ~same so1ent1ﬁc group,

swhich-Tawyers used to discuss. patent. problems of la,W a,ssocmted Wlth
theSe new DINA Tecombinant developments. -+

16 18 obvious that a high degreé ot public v151b111ty must be gwen
to DNA recombinant molecule work if there is:t0.be mformed citizen
participation in the determination of ‘policies-on. this research, This
eomrhittee report:has-asione of its objectives; an attempt to provide one
more source of information to assist national policy makers to under-
stand the eritical nature of the work as well asto provide sufficient in-
formation -to evaluite the. risk/benefit. analyses ‘which are being dis-
cussed.. £ this objective is to be met; through the-efforts:of concerned
researchers, the: news -media, this committee- report,:or. any other
meditm;: i .will:be necessary- for ‘the non-scientist to-have at; least

- an introductory understanding of-the research. This understandmo-

as with:all new knowledge, requires a careful consideration of. ‘the
meanings of the terms being used to describe the research for, ag-with
the language of law and politics, misinterpretations easily- develop if

- the meaning of deseriptive terms isnot understeod fully.

9. Some: Temmolog -of DN 4 Recombinant Molecule Reseamh

(a) -DNA : The acronym DNA has evolved: quite naturally :Erom
the recise: .chemical. terminology: for the: mholecules which constitute
the inheritable material in the typical célly; this: substancefls known as
deoxyribonucleic acid-=DNA,- T}ge research of interest in this'section
is associated with manipulations of this basic molecule which contains
the genes that regulate the characteristies and hfe functions of the



.....

cell and ultn ely' the o
organism, The d1scovery of DNA, 1ts Ghemical nature ‘and the signifi-
cance of: this molecule 1n: gonetics is discussed | Jn, more detail within
several papers included in f"jle appendix of this report as well ag within
previous, comm1ttee reports on’ the evolutlon of developments n. genetlc

cal]y cut the, DNA molecule apart and then to recombine various Fmg-
ments or portions with some’ premsmn, into a Tiew molecule—hence,
" theterm recombinant molecule, : - s

2o (e) Host .Cell and Bwlogzcal Uonmmment The term ot ]
new, In ordinary vocabulary and in the blOlOQ,’lGELl science it has & simi-
1ar connotation. Tn the case of D\TA recombinant work, the term host
is wsually nsed to refer to the cell’into which the. recombinant moleculs
isintroduced in order to find out if the new molegitle’can be reproduced
or will function. The host cell may be one of the small’ ‘microgcopicall
smed bacteria or it may be another cell, or-in celtam types of research
it may even-be possﬂble to,use a totally synthetlc énvironiment, the es-
sentlal chemicals in the’ rlght proportmns within a. ‘test tiibe. It 18 more
cominon to find that the host'is'a microorganism and at least in these
early stages of recombinant work, a host has been selected for which
agreat deal of genetic. mformatmn is a,lready ‘available. "

The selection of the host, cell for rephcatmg (cloning or reprbduc—
mg) the. recombinant molecule is quite frequently a relatively “aafe?
Vamant of the bacterium known as Escherichia. coh or E. coli. The

“pormal” strain of £. coli is a, Mieroorganism that is-a tommon in-
ha,b;tant of the human mtestme as an inhabitant of thls environtment
the normal bacteria are. found in enormously Iarge pumbérs and

erform a number of vital functmns Wlthm the 1ntest1ne Itis possﬂole,

owever, for E. colé to. produce serious disease in the human being if
the blood stream is invaded or if other untowaid events contribute
to_some ingtability in the normal floral composition of the intestine,
Tinesses such as nausea and. dlarrhea, are quite ¢ommon results of
an upset.in the normal mtestmal activity of E. cols. The K-12 strain of
. coli used in the DN'A recombinant expernuents does not have this
degree of pathogenicity—the pathogenic strajng such as those which
ean produce blood infections;are biochemigall distinet from K-12, Tt
15 important to understand that while the DNA. recombinant molecule
researcher uses £ coli.asm primary host cell for testing or multiply-
ing the recombinant molecule which has been constructed, it isa Iabora-
tory variant of Z. coli which is the test.-vehicle; 2 variant Yot commonly
found in a human intestine, There are many strains of £. coli and some
variation of straing oceur normally within the intestine as a- result of
envitonmental changes induced, by the use of druO's, chanoes in dlet
or other disturbances in human activity: ... ... .. .. .. .

" Tt:s also. important to understand. that the. 1nvest1gators using: t}us
host coll are- concentrating: their_efforts to develop.other forms -of
E. coli which have been deﬁberately modified to “disable” the cell still
further. This is usnally done by inducing mutations (by a number of

1 t;i:s. Congress. Houge. Committee on Sclence and Astronauties. Supplemental Raport I.
op. cit. .
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gpecial techniques in microbiology) which provide a cell that has very
special requirements for growth and reproduction. The logic of this
approach 1s to produce an organism which meets the needs of the
laboratory investigator for a cell which will provide the environment
for the multiplication or testing of his newly creéated recombinant
moleculs and yet is' a host ¢ell which could not survive in a natirral
L environment because of its new and. fastidious, growth requirements:
3-11 In other words, the development of such mutants is intended to insure
o @ that inadvertent escape of such a host cell containing a recombinant
Lo % molecule would result either.in an inability to' reproduce or more
likely the death of the cell, This concept is referred to as biological
containment. N
=714y Recombinant.Vectors: While it is possible, under some cheinical
conditions, to introduce mixed fragments of DNA. directly into 4 host
cell, the preferred methad is to incorporate the fragments of DNA
into &’1},613%91' DNA containing structure which can enter the cell with
a higher degree 6f efficiency and with the assurance that the specific
desired recombinant is indeed being incorporated. For this reason, the
DNA recombinant molseule researchers have concentrated on using
“yectors” to transport the DNA fragments. Again, familiarity with
E. coli has enabled the investigator to use extranuclear DN A contain-
ing structures called plasmids which are found in bacteria. These plas-
mids have the capacity to be self replicating within the cytoplasm of
the cell, contain DNA similar to the more typical DNA of the bac-
teria, but have the advantage of being smaller units susceptible to
ready manipulation. As a result, attention lias been concentrated on
gaining knowledge about these plasmids so that these structures can
be extracted from the bacteria, cut and mianipulated to include new
fragments of DNA. The newly construéted plasmid then can be in-
introduced into the host cell, again usnally Z. colé, and replication of
the plasmid oceurs simultaneously with reproduction of the cell. After
a period of reproduction of bacterial cells (perhaps'a division every
20 minutes) the researcher will now have available for further test
and, evaluation, a sufficient quantity of the recombinant molécule to
ermit biochemical analysis and measurement. If the new molecule
1s present, then the introduced DNA fragment can be identified. Since
a major objective of DNA molecular’ biology. résearch is to.find:a
technique to identify the function of specific’ fragments (genes) of
the total DNA molecule of an organism, this recombinant technique
can simplify this difficult task. By careful manipulation of the total
DNA molecule of an organism, each fragment can be correlated with

function, and. it is hoped that eventually. the location of each gene/
function can be constructed for each chromosome. Because of the

commonality of the biochemical nature of ‘all DN A; regsrdless of the
species source, it is now believed that therée should be no réason why
mammalian chromosomes (including’ man’s) could not be' éxamined
fragment by  fragment within recombinant melecules multiplied in
bacteria_or some other host cell, Thete are some finctions which may
not be expressed within the capacity of a'bacterial host cell and- for
this reason, other host ‘cells will'eventually be incliided.
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_.'The American Society :of Biological Chemists held a symposium
on plasmids in 1975.2 Attempts.are being made to gain an understand-
ing of the biological functioning of plasmids from various bacterial
-gbrains. This information is eritically needed now becavse of thé ac-
celerating emphagis on the use of plasmids as vectors for transferring
recombinant "%NA‘ molecules into . bacterial: cells for cloning. The
plasmids provide a variety of traits and‘are found in numerous species.
-‘An‘important characteristic is the plasmid’s physical separation from
the chromosome as & genetic structure in the bacterial cell and its
genetic stability. The availability of a wide variety of plasmids per-
mits the study by both biochemical and physical methods (e.g. elec-
tron mieroscopy). :of the relative structure-function relationships

among plasmid elements from different.bacteria, ... .. ... ...
- Plasmids. are known to mediate such properties as antibiotic re-
sistance, pathogenicity for plants and animals, and ability to degrade
and utilize many natural and synthetic organic substrates, Some
plasmids are potential vectors for transfer of genes between bacteria
in different genera. These plasmids are:said.to. be able to cross species’
barriers naturally.? Much less is known about the function of plasmids
in higher plants and animals that could be used for effective 1mplants
-0f genes. This area of research will require'much more work before the
"Egenetic_engineering” of higher organisms can be attempted as with
: acteriar. IEERE gVj- EEN -:- ; i ‘ s , - LT ‘..5;‘.2";
- A virusis essentially a unit of DNA : (or RNA—ribonucleic acid,
with a chemical structure very similar to. DNA) with a protein coat.
For this reason, the value.of viruses as vectors for carrying introduced
fragments-of DNA from other. species is.also under. examination.
Bacteriophages in particular are in common use. The DNA “phages”,
or.viruses which “infect’ bacteria, are relatively small units of DNA
and thus the possibility of working with small fragments of DNA in-
‘Creases the. sensitivity :of the genetic/biochemical. analysis which:is
conducted. Since viruses multiply within the ‘hacterial host and even-
tually. cause “lysing”-or death of the host. cell, the researcher can
readily determine the "success-of his experiment:by .observing .the -
jgrowth and. development of his bacterial colonies, Further, by careful
selection and isolation, the identification-of the functions transported -
~ by the recombinant molecule, or the hybrid phage, is analogous to. the -
use of plasmidg agvecters. (& - o 7 sl 0 el T oy
:{e) Moleculor Gloning: A clone is a population of cells derived by
:asexual.reproduction from a single cell.-'The process .of securing an
increased. quantity of :the-recombinant molecule by replication in a
‘host, cell- is referred to 2s molecular cloning: [Cloning has other bio-
logical applications as noted -elséwhere.] As discussed by Hamer and
Thomas;, this process is an. important tool for purifying and inereasing
Dbeting. of the. Federation of Americnn Sociotos Tor Dopirima i Biaazs fadsnmion
‘Procéedings.v.: 35. July 1976 : 20242043, Py R SRR
? Saunders, J. R. Aspects of Plasmid Behavior. Report on a NATO Advanczd Study
Institute On the Blology Of Bacterial Plasmids, Kat_fouri,_ Athens, ng;}r_s—'le, 1976, Nature.

v.. 262, August 12, 1976.:.536. o A VU
4 'Campbell, Allan M. How Viruses Tnsert Thelr DNA Into the DNA0Of the Host Cell.
Sclenfific Amerlcan, v. 235. December 1976 : 102-113. . e
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he ‘qiiantity of specific fragrients of DNAT The use of iew restric-
tion' enzymes is under continuing evaluation in order to increase the
versatility of the techhique,s ., - 0 o o

A recombinsnt méleciile (via phage or plasthid vector) i incorpe-

rated into a small number of . coli cells. These hybrid plasmids are
replicated by the tusual‘biological’ processes ‘during the growth and
division of the bacterial cell: This"precise duplication (cloning) of
> recombinant molecile (the hetw plasmid) ‘results inﬂé,"-‘“doub%iﬁg"’

f the number of ¢ells as well as plasniids each timeé a ¢ell réproduces,
Further doubling and redoubling résults in'a logarithmic ircrease in
nunibers of ‘bacterial cells until the naturally self limiting arowth of
cells"on a'single ¢iilture plate slows the growth. Tf desired; the culiire
of cells containing the rédombina; olecule ‘(plasmid)ieoild ba ré-
distributed én new growth media'and an almost' unlimited’ quantity
of ‘cells with' 'thie new recombinant’ molécnlés’ could beé'produced. For
industrial ‘purposes, ‘this would: be’the logieal ‘technigte. ITndeed; in
this’ production of ‘vadcines, this is ‘essentially: the process by: which
large mambers 6f cells :(of viruses) are’gultured: ‘Since thers is in-
sufficient Imowledge ‘at’ this tirie to understanid all ‘of the ‘potential
effects of récombinant: mélecules in'‘the -host: cell,: particilarly in
combination and in new relitive positions to other genes on' thie vector
(plasniid or ‘phage);, the reseatchers have suggested that:for most-of
these experiments there should be a limitation placed upon the total
volume -of ¢clls which can'be cultured for:purposes of-liiting the
availability: (and providing some safety constraints):of “the mew
récombinant oleculs: Tthe guidelmes sst an upper limit-of 10 liters

with' técombinant: DN'A ‘known to make harmful products]. -

- Tt can’ readily - be understood; onge ‘this concept is grasped, how
gome valuable produect,:such astinsulin, eould be produced by eloning
within the' bacterial” {or- other) cell. Fragmentation and processing
‘of the cell-contents would permit concentration ‘of the desired néw
product, ‘and: an ‘important substance could be:made available, This
“biosynthetic” techniquecould, in’ many instances, niot only provide
- inereased “quantities ‘of -esgéntial substances *but might also provide
- ‘thege substanees in a cost ‘effective procegs. Tn-fact, some of the needed
medicinals probably could'not be synthesized in any other way at this

time. I RIEE S LR L e o )
() Prokaryote-Evkaryote Research: One ol the'objéctives to be
determined in DN A récombinant work, as well ag o further examina-
tioti of the universality of DNA, is'whether DN A frof's major group
of "“primitive™ cell types, the prokaryotic cell [such as bacteria or
other-eell types without an organized nucleus with:a nuclear mem-
brane surrounding the chromosomes] ¢an beexchanged with the DNA.
‘of ‘eiikaryotes, those  cells with s highly organized nucleus [all' of
the higher organisms including manj. Such research would involve
‘the isolation of DNA fragments from eukaryotic cells and transfer
of these fragments via vectors (plasmids) to the host bacterial cell
and then to determine whether the eukaryotic fragment is replicated
in..the new cell host and, of even greater importance, t6 determine

s Hamer, Dean H. and Charles A. Thomas, Jr. Molecular Cloning of DNA Frﬁgments
Produced by Rstriction Endoncleages 8all and Bam). Proceedings of the Natlonal
Academy of Sciences. v. 73. May 1976: 1587-1541. (See algo: Marx, Jean I.. Molecular
Cloning: Powerful Tool For Studying Genes. Sclence. v. 191. March 19, 1976: 1160-1162).
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1f the functmn regulated by the. eukaryotic-fragment is performed
(such ‘as the synthesis of an enzyme). Struhl isolated a segment of
DNA from the eukaryote Saccharomyces cerevisige (baker’s yeast)
and constructed a.recombinant hiybrid using bacteriophage lambda
DNA as a vector. When this hybrid was mcorporate(? info a strain
of E. coli biochemical evidence was obtained that the yeast gene was
functional - within the bacterium.® The mterpretatlon ‘of the results
of this experiment is that the.transcription necessary for the bio-
chemical synthesis observed was most likely initiated from the seg-
Inent -of yeast (eukaryotic) DNA which had been inserted into the -
recombinant molecule. ‘This is a s1gn1ﬁca,nt report ‘of tesearch also as
it relates to the-arguments concerning the question of evolution.of
genes from. prokaryotes to eukaryotes or vice vérsa. It is related to
studies of the question of the safety of this kind, of research because
of the ‘arguments. that-the current DNA’ recombmant molecule Te-
search is creating.cell hybrids which could not oceur in nature. There
is no full agreement that natural exchanges between such groups
actually do not occur but one way of testing this theory is to continue -
research of this type.

. The risk/benefit analysis of the new recombmant work does. 1nclude
a con51derat1on of the possible acceleration of evolutionary. change
in varions organisms. Opponents indicate that- the usual environ-
mental selection processes are being circumvented as a result of the
artificial recombination -efforts. For this teason, interest has been
increased in the acquls1t10n of more knowledge coneerning the possi-
ble: natural exchange of genetic units betwéen. diverse - organisms. In
a recent report,. the.. results of a study indicate that trans- -species
infection . might be possible through -viral infection. . These. inyesti-
gators demonstrated the presence of similar viral genes in both the
pig and the rat. Since viruses are kmown.to have the capabﬂfw te
pick up genes from a host and incorporate these host, genes in the
viral DNA, .it has been speculated that natural- 1nterspecles viral
infection may be a system. of gene transfor in evolution.. Bactorial
viruses. (phages) are actually used in: recombinant work. In the case
of natural exchange via, viruses;. however, the processes of selection
may require millions of years while in recombinant, work, onlv the
manpower of.the laboratory limits the rate at which such recom-
hinants can be produced. Tt should be kept in ‘mind, however, that the
possibilities for “exchange” in nature occur in the entire vast arena
of biological contact. Selection processes while acting.over a longer
period do result in the formation of “new” recombinants. Some of the
work thus far has shown that recomblnant DNA 1s “maladaptwe
and fails to survive in nature. . .. .,

‘Dr. Terry :Rabbits .reported - at; a genetm enmneermg meetmn' m'

Glasgow that he had inserted a. SDBClﬁG mammalian gene into bacteria.
~ (His work follows within weeks the announcement of three sindilar
claims. from . American- and. European laboratories:) The genc for
globm, the rmq or protem in red 'bIood ce]]s was mserted mto bactema

"8 Gtrihl, Kev‘[n"e,. dl. Functlomﬂ Genetlc Exnresslon nf Euharvotic DNA in E’sphm f:cma,
ooli. Proceedings of the National Academy of Selences, v. T8, May 1976: 14711475,

. T Benveniste. Raoul I, and George J, Todaro. Kvolution of Tyne C. Viral Genes - Pre%r
vition of Anceatral Murine Type C Viral Sequences in Pig 09“1118.1 DNA. Proceadings of
the Nationa] Academy of Sclences. v. 72. October 1975 : 40004094
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The Uene Wa.s obtained. by usmcr a unlque technlque, pa,rt of Gther de-
Velopments in blochemlstry—he ‘did not, dissect out the globin regu-
lating .gene “by restriction enzyme' techniques. “Instéad “a reverse
transcriptase’enzyme in pure form was used to'miake a' DNA copy of
the RNA messenger for this orene—thus crettmcr a “pure gene which
could then be inserted.? s

DNA “recombinant mo eeule Tesedrch requlres the: skﬂls o
imicrobiologist, biochemist,’ geneticist, and’ virologist. A~ significant
tscovery. Whleh opened th1s rescarch to rapid development was the
solation and “purification of ‘a series of ‘bacterial. enzymes. . “These
nzymes, known as restriction enzymes, pr0v1de'the means to “ciit?
NA molecules into fragments by reactions it spec1ﬁe chemical &1 s

within the DNA molecule, The site of ‘cutting ‘can be determiné:
the ‘enzyme ‘selected to produce the cleavage. ‘Other énzymes, celled
ligases, can be used 'to recombine or “annea)” the cut DNA molecule
and bind the new fragment into the vector which also has been sub-
jected to a similar biochemical reaction. Then the new fragment; now
1ne(1)rporated in the recombmant moleculé ‘can be’ oned as deser ibg
earlier, ;
(9). Gene Synthesw Interestmg Variations for securing DNA are
becoming available. Recently, Dr. Harr Gobind Khorana and his
researeh team completed nine years. of vesearch on thé total gynthesis
of a gene. This synthetic g gene | has been demonstrated. to be functional
by transferring the gene into a cell and ‘obsetrving the biochemical
évidence of actlwty “Earlier work on the gene had been completed
by 1973 but final synthesis had to await the resclution of ‘the infor-
mation on the. sequence of chemiicals necessary to control the initiation
and cessation of activity of the synthetic’ gene, This type of ‘work
is very laborious and much more time' consuming than the’ recom-
binant work which utilizes genes alréady present in an organism,
However, the potential for combining the totally synthetic gene with
recombinant techniques may be viewed asa part of the overall develop-
ment of the capability to control genetic activities. At the very least,
the ability to synthesize precisely “a’ gene, thus knowing the exact
sequence of elemerits within the molecule, adds to theé available teeh-
nologies for’ probing the functions of ‘genes. Some inyestigators in
DN A recombinant. work' see the synthetl'e Toute of 1 inquiry as‘a desir-
able’ approech for- determmmg the structure-finction rélationships of
genes.? The synthesis of a precisely identified gene which might be
1ntreduced inito an organism i§ seen as being & lesser degree of po-
tential 'risk than’ the _potential risk from ‘cutting the sime gene
out of 'a living ‘organism' and transferring or clonmg this"gene, Tn
fact, Dr. Ramamoorthy Balagage, one of - the team members in this
Instomc synthes1s, reportedly noted ‘that this’ gene synthesm poses no
rlsk beeause itis a smo'le vene elreedy present m a 11V1ng system 20

"% tyalely, Maria 'I‘wo Ap]:\maehes fo  Gene’ Svntheis Nature R 263 September 03;
1976 1. 277278 arid Genetic Engineers. Put. Antmal Genes: into Bacteria, New Sclentist.
March 25 1974 659.

s Marlans. K. T. et al. Cloned Synthetic lac Operator DNA Is Biologically Active. Natura,
v, 283, October 28, 1976-: 744-T4R and Hervnecker, Herbert L. et »l..8ynthetlc Iac Oper-
ator DNA Is Functional In Vivo. Nature, v. 283, October28, 1976 : 748752,

1 §ynthetic Gene Reported Funetional in Llving Cell. Mediral Tribune. ¥. 17 October 6,
1976+ 1, 4. See also: Maugh, Thomas H. TIL The Artif ial Gene It's Synthesmeﬂ nnd it
Worlks In Cells. Sclence. v. 194, Octoher 1; 1978 44, L ) N




5

3 Other Reseafmh The emphams ‘at thlS tlme, partmularly in the
development of guidelines. for the “regulation” of recombinant
miolecule research has been on DNA, althouah the cvu1delmes do pro-
vide for RNA-DNA. experiment; A reasonable questmn to, ask is
whether there is eventually. goi ¢ to be greater CONCETN: about RNA.
research. There is sorme evidence that.t,,e overlaps in this work may
already be near. As notecl earlier, the gene for globin: ref-ombma,nt work
was obtained by. using .a. reverse transcrmta,se to produce the DNA
regulatmg gene-from punﬁed messenger RNA.'In. other areas, wirol:
ogists have. known for some time that RNA viruses Inan;r ‘be concealed
after mcorporatmn W1th1n the DNA of a cell. As noted by McBride,
thera. is. some ‘suspicion: that even RNA segments, which nomally
replicate via RN A may be transcribed into an infections DNA copy.?*

According:to. MeBride, the evidence seems. to. indicate that-some
RNA s may tra.nscrlbe. the. DNAbya means other than norinal reverse
transcmpta.se enzyme. Svstems A’ number of disease omsmv viruses
such as measles and influenza may-have this capacity. Tt is poqsﬂ)le
that.such RNA produced DNA’s may nop be recognized in the DNA
form and an infections RNA virusmight be transmitted inadvertently.
MecBride refers to experiments by Dr, Edward Skolnick of the Na-
tional Cancer Institute which seem to 1ndma,te that mouse cell DNA
svhen 1ntroduced into the cells of other species resulted in the appear-
ance of RNA viruses. Apparently the mouse cell DN A was harboring
an RN'A in DN A form. This type of research suggests the presencs of a
continuum which exists not only between RN A and DNA but also pos-
sibly befween other genetic fragments which might be exchanged be-
tween organisms in nature, Some opponents.of DNA recombmant Te-
~ search might conjecture that recombinant worls with DNA of poorly
‘defined clmra»cterlstms could involve a risk of a latent D\TA conce‘tlecl
RNA ofa. dangerous RNA. virus disease. , P .

“An 1mporf:ant problem tobe solved if genetic isease is to b? exam-
ined at the molecular level is'physical identification of the location of
specific génes as correlated with their function. An-unusual technique
of value:on this problem was initiated when human and plant cells
were fused and grown in culture: The research is considered of interest
as a part of an overall investigation to determine whether human cells
do. contain functional units. which . ‘may have, evolved from similar
bacterial units, This iresearch also .is of 1mportance a8 it ralates
to. the identifieation. of the functions of various human genes. HelLa
‘cells, ‘cultured “human . cells” of . a :standard. line. ‘evolved Afrom
cancer - tigsue, wéte ‘merged - Wlth hybrid tobacco plant . cells??
Using new. techmques, the. cells wers induced to merge together; only
the nucleus of the Hel.a cells apparently merged with. the intaet phnt
cell. As with other cell ‘hybrids from: dlﬁ'erent species, eventually some
of the chromo*omes of one: of the Specms are lost during. cell divi 1'%1011

' : rotocol since 1t is

ide, Vi rus ik Tnderss ound’ in DNA Forim
the, Aneriean Meﬁ1r-a1 ‘Adsoclation.: v 235 Fune 21, ;1q7(; 126952698,
. = Jones, . Weldon ¢f al. Interkingdom Tusion Between Human (HeLa) Cel‘is aud To-
hacco thrld {GGGLY Protoplasts. Selence, v. 193. July 30. 1976: 401-403, See nlso:
Sherrill, Rnbert ‘Human, Plant Cells Grow: Together for Firkt Time, The New York Times.
August 3. B2M : snd Plant/Anirial Hybrids Create New Xra in Biology, New Sei-
entist. July 29 1976 311,

e Joum'ﬂ of
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hoped that the residual chromosome material will function and thus
provide information about the résidual 'fragment. Receptive fusions,
with different residual chromosomes thus coilld ‘permit the-gradial
mapping of .additional chromoscines dnd perhaps eventual specific
~ Since the liuman and tobacco genomes are so différent; the genes of
human ¢hromosomes can be identified on'the residual human chromo-
somes by biochemical ‘analysis' t6 {ind the characteristic proteins and
enzymes in the plant protoplasm. Similar experiments have been cord-
pleted in Hungary and Great Britain. It is believed' that this research
will contribute to an understanding of gene control’ differences which
may exist in plarits; as well a§ gnimal kingdom cell types, and’ pos-

sibly contribute to the development of hybrid cells of importance in

. "Other cell fisions can be uséd for e

& ng car ne’mapping, For exafaple,
fusion of mouse cells ‘with human cells-and observation of losses of
¢hromosomes and ‘associated function may permit residual gencmes

to be identified as to function. Other eross taxonomic kingdom cell re-
gearch has been corapleted between hen’s red’blood cells and yeast' (in
England) and carrot’ cells” with HeLa cells in Hungary: There are
still many technical difficulties which must be mastered before long
term cell replication appears feasible. 'As with other cell fusion re-
gearch, it is anticipated that oné outcome of this type of résearch will
be ‘a Joss of most or all' of one Set of ‘¢hroingsormnes which havé beén
added in‘the fiision of the two cells. Tt is anticipated that it will'be the
animal ‘chromosomes which will eventually: disappear. Even if the
chromosomes of one of the cell types is lost, thus, permitting study of
remaining fanctions, there is still inadéiuats information about cyto:
plasmic factors to be certain that no risk is involved in such’ expéri-
ments. The fusion of‘plant and animal cells into new hybrids marks an
unusual accomplishment in cell Tesearch. ‘Although not recombinant
DNA research,. this basic'work in'cell physiology, is of interest ‘as it
permits an analysis ‘of the survivability of DNA ‘from organisms of
major cell typodifferenccs, .0 s o on IR

~ Amorig ‘other major problems of initefest ii'm

ysiology
and ‘genetics, is the detérmination’ of the control systerns which 'ﬁig:g
on and off genétic activity—thatis activity relative to synthesis within
‘the cells.:As noted éarlierin discussions of Khorana’s work, it ‘was the
task of constructing the “switching” system inthe synthetic'gené which
was an’important step toward final synthesis of an operating’ gere.
Gurdon and his group (as well as iivestigators at the University of
Indiana) have been experimenting with wholé cell systerngin attémpts
to gain more information about these control systems.’* In'this latest
research; the English investigators injected human HeLa nuclei into
frog (Xendpus) ococytes (egg ceélls) and noted that the subsequently
formed RNA synthesized &a proteins.’ This work provides a good
model for studying control processes within ‘living’ cells. Gurdon is
the same investigator, then at Oxford University, who cloned adult
frogs by transferring the nuclei from skin eells to-enucleated eggs (see

érn el phi

18 Gurdo#, 7. B. ef al, Tnjected Nuclel-An Frog Oveytes Provide a Living Cell System for
the Study of Transeriptional Controi. Nature. v. 260.;Marck 11, 1676 : 11(}—_1_20.' -
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the:previous. committee report; for.further discussions o this: earlier.-
research):**-One hypothesis is.that there is: soma"‘substance’,. in the,
cytoplasm. of theregg which “turns on? the chromeosomes in the intro-
duced niucleus-and indices renewed. synthesis of proteins.which had
been “switched off.” It ds:the ‘identification: of these regulator “sub-.
statices” that is -of interest. in ‘this:research.- -Research on this same
problemwas' reported: by: Dr:. -Amn- Brothers in which :a.tentative
identification:has been made of. a protem regulator syntheazed durmg
egg developrients «:: -, SHrty ; L
~Another: 1mp0rtant-,apphcat10n of recombmant techmques is to nse
speclﬁc viral genomes to aid in the genetic analysis-of animal tumor
virtises: Miller ‘dndo¥iried ¢ .indicated .their success in- begmnmg ‘the
task of locating the DNA. regions coding for differences in parent virus

straiii: Usmg “the istandaid. technique: of .-cutting: with -restriction

enzymes‘and constructing hybrid viruses, these. investigators were able
to-demonstratd that the: ‘hybrid viruses.did contain fragments from
each-of the: patent Virnses./The follow-on: work will be directed-at cut-

ting viral DNA in diffetent: locations and thus permitting a-more pré-

ciselocation of a Specific:g gene as relatéd to'a function. Sincelthese:-are
eancer driducing ‘virises; the work has: important-implications . for the
stiidy: of cancer induictionzLarge nimbers of the genomes dre needed;
the: techmque oficloning’ assotiated with DNAsrecombinant. vesearch
will permit the manufacture:of:the: qiesded quantities; ‘However, this
is'ons type of 'work, that is: the use of. canicer inducing viruses; which
is of partlcular concern to opponmts of DNA recombman' moTecule
resea,rch s Tt

In recogmtmn of the 'serious eoncermn: about thpluse of.viral-D INA.
recombma,n{'. ‘experiments, the INTIL has proposed to conduect a risk
assessinent; experiment under: the safest conditions; available. In‘essence,
the-experiment : will sinivolverthe use of a kniown:rodent cancer . virus:
The:recombinant molecule' will:then be-tested in-animal experiments
to-determine:whether the hypothesized survival oceurs: and- whether
transmission of cancer takes place: This experimént Was proposed ‘in
order ito-collect data to support tlie theoretical calculations regarding
therisks .of such- expernnents. While'the expected results wouldbe
ne ative;.the experiment is being carefully: planned-to insure no risk
to human bemgs in‘the event:that the- antlmpated hypothems is not
supported Wl

‘B. THE DNA RECOMBTN EOLEGUIE 'ESSU'E

-As noted. earhera. the basm molecu]ar st ucture in the, ce11 which
determmes the.nature of life is.becoming.accessible. to..controlled
manipulation. The events which have led:to this capability have. oe-
curred, not because of some. unexpected or exploswe breakthrough; but

: beca.use of the slow incremental increase in knowledge which ig chara

ac r1stlc of most basm Smentlﬁc research The ISSlle .seerns to have

. 1S, Houge. Setence am] Astronautics Committee Supp mentu.l Report I. op cit
] Brothers Ann Janice, Stable Niiclear Activation’ Depende
Dur!lng Oogenesis :Nature, v. 260, March 11,:1976: 112-11}
0 Miter, Toly K. And Mike Frgd. - Oonstruntion of Infectious Polyorna Hybrid Genomes
e ¥itro: Nature, v. 269. February. 19,1076 : 598-601:
. 17 Cohn, Victor B‘.lsk Seeu in Genetlcs Experime
1976 D1, DA
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évolved; suddenly orily to ‘those whothave not been': aware of the devel-
opments in’this field. ‘These developments in ‘the life scietices are-of
parficular nnportance as & public policy issue for-a number of réa-
sons, 'However; sote prehmma,ry background ' information: JS useful
at this point in order to: place:this problem:in perspective. :

~DN A ‘recombinant’ molecule ‘research. deals with ‘the: recombmatmn
in-cell free systems of segments of deoxyribonucléic:acid»(DNA; the
material that determines the- ‘hereditary ‘characteristicscof: all cells
The research has evolved from the efforts of many scientists carfying
out investigations in molecular blology a.nd related Work in: genet.lcs
and csll physmlo &Y. i :

“Often réferred to- as: “genetm engmeenng b111ty 't.o mod_lfy
the genetic material within a‘cell with some: re&sona,ble assurance of
outeome results from ‘s number of events:One-of the most significant
discoveries wag the ideéntification: and biochemical isolation of a series
of enzymes (restriction enzymes) which actually can ber usad as-pres
cision: tools for the ‘cutting-of the gereticmaterial and the introduc-
tion of new genetic: material into the original DNA.:At the sameé-time,
enzymes! ‘have been isolated which permit the-annealing or joining to-
gether of the cut strands after new genetic imaterial is introduced: In
other words, the ‘biockeémical tools are:now:available to permit the
excision of segments:of the genetic material from’ onie orgamsm and
the- insertion ‘of this new and foreignrgenetic material into another
organism :(see appendix 2, for an: article by Stanley Cohen whlch d1s—
cusses these discoveries in‘more detail).

Although the bulk of the basie research assucmted Wlth the develop—
mént of this technique has been completed: with'microorganisms (and
ost frequently with:Escherichia coli [ Fivolity;there-is hope forithe
eventual insértion of:any animal gene into" plants or-any:plant:gene
into animals. For example;'it has- been emonstrated that genes from
yeast, a‘eukaryote(aniorganism higher'on the evolutionary.scale:than
bacteria which are prokaryotes) can: successfully survive wheninserted
into bacteria: “The biochemical function wof : the: yeast: genes:may be
expressed in:the: bacterial-dctivity. Other: examples will be. cited Jater
and some -of the exquisite techniqués.actually: “involve intermediate
vectors such- as modified: vizuses for transférring: genes: from-one:cell
to another ‘in a precise fashion.; Whiatever the specific technique or

© organism involved, the procedure is exciting from a basic: résearch
standpomt because it can function as a powerful tool for the elucida-
tion of the geneticstructure and gene function of many organisms and
because it also offers the possibility of “installing” valnable new func-
fions within-‘organisms which*lack such 'functicns.’As in all Hspects
of man’s actlvltles however, the’ beneﬁts canhot be achleved w1thout
conmderatmn of potentla,l risk: :

“When the capability to cut and recombme. genes Wlth rea,sonable N
ha.blhty bedame available, a number of Scientists recommended that -
this type of 'Tésearch be examined to detérmine whether control over
the research should be instituted because of potential risks-to health.
As a result of these ea,rhr recommendations and subsequenit efforts by
a large number of scientists) guidelines for the eonduct’of DNA. re-
combinant research were developed “The effort to develop these guide.
lines is an 1nterest1ng_r case history study of this unique field of résearch.
also discussed in more detail later within this paper.
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The DN A rétombinatit ‘inclecile’ reseafchi issile 18 of public policy
iriterest for a number ‘of réagons. ‘First: ofiall; the” potential benefits
which ‘have beer postulated appeéarito’bé’enorrmous.” The technique
offers the promise of ‘the diagnoesis of genetic disease in many forms;
thé‘(:apﬁbiﬁty”to ‘create new and more efficient forms of plant life, and
the opportunity to manufacture many valuable biochemical substances
by ‘cost effective methods, Potential applications to problemsiof Tood
and hutrition, waste’disposal, médicine, and industry are ‘abundant.
In contrast, the unknown dangers of producing some ¢ombinaticn: of
genetic ' characteristics  in ‘an organism which might inadvertently
escapé into the environment and produce human cancer or othernovel
infection, incredse antibictic resistance in pathogenic organisms, per-
mitthe survival of pathogens in environments not normally amenable
to survival, or upseb natural evolutionary-processes, atd similar dai:
gers all have been cited in oppogition to continuation of this researchi
> From a public policy 'perspective, the attention given to:this srea
of reseaych by the research scientists thefiselves was a unigire experi-
ence, DNA! fecombinant molecule research alse has focused attention
on a broader science policy issue that has been evolving for more than
a’decade, Thig-is the issue of iow to evaluate the effect-on society of
the results of new research. The task of iritegriting the contrasting
perspectives in‘an examination of scientific issues:of national’ im-
portance 1§ assuining great significance. Tn‘the dase of the DNA: issue,
thie research is moving-so' fast'that it is difficult'to'maintain an‘aivare-
niess of the status'of:development. The rewards and thusincentives for
success in‘research in this ares are extremely high for commereizl de-
velopers and- researchers alike., The' risks in:some instancesican:he
partially defined ‘but in'most cases are highly speculative. Since miost
of the research:is being supported by Fedéral funds;:there is a'con-
siderable political ‘challenge ‘to: maintain’.an'awareness ‘sufficient to
exercise control over poliey:=At the same-timey there-has always been
considerable resistance, from:the: bagic research:community; against
any infringement-upon the historic rights of scademic freedom dnd
the search for basic knowledge. ' SR Tl e i

ASSOCIATED WITH ‘THE '

":C. 'CHRONOLOGY OF RECENT DEVELOPMENTS
rvimens s i o Bl GUIDELINES

[

1. Backyround—Jt -was :during the. 1973 :Gordon. Conference on
Nucleic, Aeids .(held June 11-15, 1973, New Hampton, New Hamp-
shire) that a group of scientists indicated publicly their concern about
the potential hazards from the rapidly expanding research:with DNA
recombinant molecules; Following these expressions of concern to the
National Academy of Sciences, an.international meeting sponsored by
an Academy committes was held at Asilomar,. California. on: Febru-
ary 24927, 1975. At the same time, the Director.of:the National Insti:
tutes of Health -had appointed a special advisory committes on DNA
recombinant research. During the period-of planning for this mesting;
the British government, through its medical council, also initiated a
review program-to develop. recommendations:with regard to-the. con-
duct of DN'A recombinant;research in England, Thesé initia] dévelop-
ments are discussed in more detail in the supplémentsl committes

report cited earlier,®s o

1B 1.8, Congress, Houge, Committee on RBclence and Technology, 1974 Report. op. oft.
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2 The Asilomar Gonference—The Asilomar Conference on:Recom-
bmant DNA Molecules in: February 1975 :was sponsored by the Na-
tional Academy of Sciences with-financial support from the National
Cancer Institnte and the: National: Science Foundation. Attendance
was limited to invitation only‘ There were. 155 , participants, 83 from
the United States representing, Tesearch, govemmental and 1ndustr1al
institutions, 51 representatives from foreign nations, dnd’ 21 lay.and
news media representatwes The names of the attendees are: pmwded
in appendix. 8.2 . .. i

The.conference proceedmas ‘Wwere not pubhshed elthough tape re~
COI‘dlIlg'S’Of the sessions were collected for further research, purposes.
Five subjects wers placed upon the formal agenda for discussion. These
were: Eeology:of plasmids and enteric bacteria; molecular biology. of
prokaryote pleermds and . their, use for molecular clonmg, synthetic
recombinants involving. animal virns. DNAs; synthetic recombinants
involving -eukaryote DNAs; and-ethical and, legal congerns arising
from:work on synthetic recombmant DNAs2.A summiary statement of
the: guldehnes developed from th1s conference is prowded 1n ap-
pend1x4

i/ These O'uldelmes had a partmular 1mp01:tanee :Eor they Were accepted
generelly by the research'ecommunity.and served as the foundation for
the work: of the. move formal group established. by the Director of the
National Institutes. of Health to develop guidelines to-govern NTH:

ﬁonsored résearch in this area. Of further significance with regard to

ese:guidelines is;that they were developed as a result of the initiative
of the regearch commurnity -and: were accepted on-a voluntary bhasig be-
cause.of a -concern for potentidl hazards which were-hypothesized for
this resedrch, Although there ‘were:strong. feelings at this conference
about: the 1mpos1t10n of “regulations,” there-also' was'a very strong
feeling- about: the.secial -obligations .of the investigators to provide a
maximurm :of  protection. against-any possiblé untowerd event; From
tlne .debate, the- Asilomar guidelines evolved. >

18, The NTH Recombinant DNA-Molécule qumm Admsom_/ C’om—
mzzftee —On October 7, 1974, an NIH :Recombinant DNA ‘Molecule
Program Advisory Committee was established to provide advice to the
Director of NIH: (and-the Secretary of TIEW:and the Assistant See-
retary for Health). The committes was asked to consider a program
for developing procedures to minimize potential dangers and to de-
velop guidelines to be followed by investigators in this" field of re-
search. Thus, hoth: safety requ1rements end research protocols are
aréas of responsibility.-

© Thie” first: meeting" of the DNA Recombment Molecule Adwsory
comm1ttee wais heldin San Francisco 1mmed1ately after the Asilomar
Conferénce i 1975, The: NTH ‘committes recognized the'value’of the
work of the participantsat the-Asilomar conference and: recommended
interim edoptlon of the' Asilomar guidelines untii the NTH committee
could develop miore detailed guidelines. ‘In examifiing ‘the research
Work smce 1974 a,nd the eﬁ'orts ‘to! get epprovel of certem types of

IR NN Department .of Henlth Education and Welfare Pupife Health Service Nattonat
Inqtitutee of Health.. Recombinant DNA Research, v..1. . Documents Relatinf to -NIH
Guidelines for Research 'Involv!ng Recomblnant DNA MolecuIea February 9?5—June
1976Ibﬁiugust 1076, po 48,7000 o ] Loty o [ERREE:
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vectors and hosts for DNA' tecombinaiit’ work it is important to note
that'the réséaichers were passing throtigh a sta.ge of evolving ounide:
lines. These’ chafiging” requiréments induced ‘frustration on the part
of some “invegtigators ‘for it meiant that whils the requlrements of
existing ' guidelines were bemg satisfied, approval of biclogical re:
search systems often was being con51dered in ‘an’ atmosphiere of debate
on new qualification requirements: This “ad hoc™ approach- became
more critical as the membeis of the NITH DNA comninitte became more
sensitive’ to the légal ‘and’ social implicitions of their task. (See' ap:
pendix 5 for u' list ‘of ‘the éommittes mermbers as of April 1976, Dr.
Letoy Wilters, Diréctor of the Kennedy Tnstitute, Center for Bm-
ethms, recently eoeepted appointmeént ag e‘member) ,
‘The second ‘meeting of the NIH DNA- Recombinant commlttee, on
May 12-13, 1975, dealt ‘witly ‘the-task of ‘developing more" specific
recommendatlons ag an ‘evolution frony the Asilomar guidelities.. Thls
task was initiated by # stibcomimittee ‘chiiived by Dr. David'’
Stanford University and produced a ‘proposalwhich wa

during: subsec;uent disenssions as the “Hoghess” * paper. Emphasns in

the “Hogness” paper was placed uapon‘rore 'detailéd ‘descriptions of

the concept of biological containment and also wis directed tow! d the
of the’ criteria to ‘be used 'in selectlhg'“ph :

" The third mestin of the NIH eommlttee‘wes held m-Woods Hcﬂe,
Massachusetts in Ju % 197 5, At this meeting, the “Flognéss” pa. ,
vevised: and & 51gn1 cant level of controversy about the’
be an to'emer ' : 5 i L
s’ anticipated, the debate ‘was polarized’ around - :
~deo'ree of biological ‘and’ physical contaiiiment beirng: oposed, for
‘certa.m types of résearch. Some eritics’ beheved ‘that the gaid
“were too strict'and would seriotsly handicap or éven prevent @
research: while 6thets: belisved that the ‘Woods Hole versior
lax and might induce an unsuspeeting’ o poorly‘quahﬁed ]
to ‘conduct research tinder eonditions’ Whmh wOo dfma,dequa,tely msure
sa,fet'y in'the event of an accident.®* g

Forezample; o group'of 48 scientists who atfended the Cold ‘7-‘;pr1ng
Harbor | bacteriophage; meetlng sent a. letter t6' Dr. Dewitt ‘Stetten,
Chairman . of the DNA committee, in which they ‘expréssed their con:
cern about the Woods Hole' guldehnes In then' Tetter, they spee1ﬁee]1y
listed’ examples ‘of containment which were’ believed to provide an
inadequate degres’ of safety. The petitioners, including Dr, Richard
N. Goldstein of Harvard Medical School; also & pressed their belief
that the NTH committee should include’ broader repre: ion from
other fields of expertlse and specifically’should” mclude 1ent1sts not
dlrectly involved in ¢loning experiments,?® - \ -

Because of “the rather significant eontroversy' genemted bv the
Woods Hole' ‘giiidelines, Dr. Stetten decided to cn-eu]ate the Woo
Hole draft’ s,]so -within the seientific commumty in order to secure a
w1der peer: rev1ew The detaﬂed eomments whlch he reoelved mdlcated

-4 wWade, Nicholas Recomblnant DNA NIH Group Stirs. starm by Dra_fting Laxer Rules,
Science v, 190. Novemher 21, ’(67—7 9, et

= DNA Committes’ Has I{s Cnties Naturé v. 257, October 28 1975+ 637,
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2, need for further sienificant, revision. -.Apcord-inﬁly,:D%;;;Eliz.&beth» M.
Kutter, Evergreen State College, Ylympia, Washington, was asked to
chair another subcommittee and prepare arevised version of the guide-
Jines, The “Kutter” version was considered at-a fourth public meeting
of the NIH DNA committee in: La Jolla, California.on Becember:.4-5,
1975.: At this meeting, 2 side-by-side comparison.was-made of the
“Hogness”, “Woods Hole” and' “Kutter”. versions: of :the. guidelines
in.which. each section was compared  (similar, to.& legislative -bill
analysis) and. differences were, ‘examined by. the;committee members.
The laborious and. often argumentative discussion of these three ver-
sions resulted in the preparation of a revised document; which. was
then presented to the Director of the National Institutes .of Health
{Dr. Donald. 8. Fredrickson).for _his consideration .and.approval.
The “La Jolla” deocument, now. referred to as-the “NILEk Proposed
Guidelines. For Research Involving Recombinant. DNA .Molecules?,
represented the results:of long hours of vigorous.debate not:only dur:
ing committee. meetings-but. involving long.telephone:conferences
among '.committee .. members, rinterface, during. the public. meetings
between committee members.and. researchers attending as observers,
examination of letters of comment. from. various groups, contributions
by interested foreign .nation representatives,.san.increaging: acknowl-
edgement, of the need.for public participation.in the resolution of those
points affecting the prohibition of certain types of research and.the
establishment. of safety. procedures,and: for. the.approvaliof vector
aﬂd hOStoe]'lSyStemS‘) cieldosiri i et o Popledd, st i
.. Following -2 public meeting. on the guidelines held-by the Director
of NIH, the DNA Rdcombinant Molecule commitiee .was-asked. by
the Director to consider the new comments.received and to recommend
any -further. change to. the guidelines. At a.meeting held April 1-2,
1976, -the DNA committee reviewed the comments received by the
Director and provided him.with aratlonale for acceptance or rejection
of , proposals. for change. Ad the same meeting, a viral vector.devel-
oped by Dr: Philip Leder was approved.o. .- a ol sniae bre wod
... At their most recent public meeting: on.Septembe: -14:.1976, the
Recombinant DNA Molecule Program Advisory Committee:continued
their examination of the published guidelines with- the intention of
providing further change. as necegsary. This meebing .also. provided
an opportunity for the:committee to consider the research needs-for
a-highly secure research:facility, proposals for-a program to.construct
and -distribute -cloned.segments- of mammalian. DNA ; NIH- patent
policies on developments in DN A recombinant molecule research; ex-
periments to assess the biohazards which had -been. postulsted :for
DNA recombinant molecules and requests for certification for a mutant
hiost for cloning and: & VArALVeCtOT: © - o Fyuro - i s ser L indt o
" 'A mutuant strain of . ¢oli-host: with-two. specifie. plasmids: devel-
oped by Dr. Roy. Curtiss, University:of :Alabama, was approved for
nge in DNA recombinant, research. A. second viral vector developed
by Dr. Philip Leder (NIH) as well:as vectors developed by F. Blatt-
ner. and others at the University of Wisconsin were approved con-
tingent upon the completion of several additional tests. Thus addi-
tional formal steps -of :compliance: with gnidelines have ‘heen: taken.
Copies of the minutes of all meetings held by the Advisory. committee

|-
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are’ avallable from Dr.: Willidmi(artland, Emcutwe Secretary, Re-
coinbihant DNA: Molecule Programﬂ Admsory Comnuttee,;N MS,
NIH,PHS, Room 4A52; Bldg, #:31, Bethesda; Md, 20014 -
4 NIH Adfuwm'y Oommzttee Actions onithe DNA. Reeom mmt
Gmdehms ~—When, the DNA Recombinant . Advisory, ecommittee; |
eompleted their-deliberations at La-Jolla, the. proposedl.gnidelings were
forwardedito the Director of NIH; for-his con31derat10n and possible
adoption: Despits the; ‘fact, thatiall meetingsiof the. DNA. Recombinant
Advisory: committes: had-beeri’ public, Dr. Fredrickson. depided :that
further: publiciserutiny of the proposed guidelizies would: be: appropri-
or-to adeption, The Director: convened a: publicamesting of his
VI A dvigory.-Committee! { a special :Advisory Committes to: thele-
rector,-see’ appendix:6).-for the: ;purpose of, discuissing rthe guidelines
4nd toinyite public.comment: This meeting washeld.on: I‘ebruary 9-10,
1976. The-Director broadened the participation:in his' Advisory: Com—
mittee meeting: to. add mdditiongl, scientific.and: lay Tepresehtatives
‘131clud1ng;former ‘embers and individuals knewledgeable.in the fields
efiethics and socioeconomics -as well a 'ologlcal research +The tran-
seript; of that meetmg'a,n"d the; hst of ;v1ted pa.rtlclpafnts have: been
published.# ; A T 1 iy
After review of the comments submltted durm nd.following th
meeting, the, Director: asked, his-DN A Recomh nt: Advispfy com-
‘mittee to evaluate a-number of the.comments for possible-incorporation
into the propos.ad gmde,lmes and.to justify the exclusion .o recommen:-
dations rconsidered: mappropmate Since, 4. great deal of concern: had
been expressed at his .Advisory Committes: meetmg about: theimposi-
tion. of the guldelmes on.non-NEH: 1nvest1gators ithe Director also held
an. 1nterao'ency megting with representatives of other Federal agencies
to discuss the proposed DNA guidelines:. The congern. expressed abiout
the problem of gaining eompliance with the guidelines by private re-
searchers alse . Jed. the.Director .to.hold -a: -meeting:. .with “selected
industry representatlves The list of the invited participants at this
industry: meeting isprovided in appendix 7.”Finally; the ‘Director
;personally pr0v1ded special: ‘briefings:to selected: Houise “and': Senate
cormmittes:staff members on the: actmns ein contemplated for dlS—
semination of the guidelines. - kS : B
. The guidelinesvere then pnbhshed in’ the I‘ederal Reg1ster Ori: July
71976 after final-consideration of:all/of the commeéntsiteceived: (se
appendlx 8)i A-number of: policy. considerations were taken intoiac
count prior. o' publication. Tn:Kis preface; the Director noted: that:
“had been: particularly :concerned - with the’ process of implémentirig
the gnidelinese He stated that the: gmdfehnes arernot regulations and
thus:do: not: have the Same force: as law except that: contro could he
‘exercised through: the' fundln;n iprocessd icontrolled bv NIH.<He ex-
progsed: his belief: that, ‘administration shotild: Temain’as  flexible s
‘possible;since-frequent: adjustments in requirérients wereanticipated.
i In-publishing the:guidelines: in ‘the Register, the Direstor:invited
further comments thus leavmg the door open to further publie deba.te
on theiapplicability of any particuls ﬁca,tlon. _
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~"The Difector oft NTH hag’ a_ttemgtedt ito determine a method of rex
golving the applicability of the guidelines to investigators not: funded
with NIH money. For example, the National Sciénce Foundation, the
Energy Research and Development Administration-and the Depart-
ment'of ‘Agriculture all appeared to have potential intérests im DNA
recoribinant molecule research. "As noted, the Director of NTH! held
irieetings with ‘the Federal agencies which might be involved and it
wag ‘decided to'attempt to:secure voluntary compliance from these
Federal ‘agencies and from industry. By September 22, 1976, the Na-
tionial ‘Science Foundation,’ the Energy: Research and: Development
Adininistration-and ‘the Department-of Defense had indicated: that
they would complyin research funded by their agencies.* The Depart-
‘ment of Defense indicated that although no research of this type was
eurrently being funded; the Department would comply if such research
“was initiated. Although the Department of Agriculture had not indi-
‘cated that they would comply, the absence ofthis agreement wagnoted
as being due'to the ‘administrative review:precess as it might affect
various research programs-and notany basic disagieement With the
intent of the guidelines, The Director of NIH indicated that he anitici-
pated that the USDA also would indicate compliance with the zuide-
Tines'in the nearfuture,: i o i e A e T

At the Senate hedringsheld in'September,” the’ President ‘of the
Pharmaceutical Manufactuters Agsociation indicated ‘that the drig
industry endorsed the spirit and intent of the suidelines'and that with
some ‘minor modifications should and would aceept the guidelinés. At
this same hearing, 'the subcommittee ‘chiairman “introduced ‘into’the
Tecord & copy of a letter to the Preésident of the United States hich
‘he and Senator Jacob K. Javits inidicated their coricern with the jssiie
of DNA recombinant Test :

v

vk, Inibroduction~—The eatlier-corarhittee reports, particularly Sup-
plement I %, provide additional background information concerning
the unique actions of the regearch scientists who!directéd public atten-
tion to the new developments in DNA Recombinant research, As.a
result of thege dctions and ‘the work discussed in:this report; most of
the public attention-on: the DNA-recombinant moleéuls issue his BHeen
focused on the.gunidelineg.The general public interest in the recom-
‘binant research itself has been ‘somewhat more superficial even thiough
dt:ids believed, in the-opinion ‘of many observers, to ‘be one-of ‘the
greatest-achievements in modern science; even: more significant: per-
‘haps:than the development. of nuclear péwer. However, the guidelines
havereceived the publicity-beeause-they are’the firét effort to-control
Ahis'research and, nematter whether:the'interest is to delay or prohibit
such-research:or toraccelerate: developments, it has-been quite natural
that-the debate in-this area of genetic research should become polarized

1y
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#1.8. Senate, Labor and Public ‘Welfare Commitiee.. Subcommittec ioni Health. Hedrings

on the Guidelines for DNA ‘Recombinant Molecule Research, Testimony by Dr. Donald

Frederickson. September 22, 1978. Unpublished. o o
2 Thid. Statement of C. Joseph Stetler, President of: the Pharmacentical. Manufacturers

Association.
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 the; guidelines: have pltted frlendly rlva.ls against each
‘other in the reuearch field; aroused communities to a fever pitch. about
the control of Fesearch Wlthm universities; resulted in the fear that this
1mporta,nt area of research mlght be drlven to other. lands if restric-
tions becoms, tog, prohibitive} produced eoncern, within the mmds of
envzlronmenta,hsﬁs rabout-. a,. potent:lal new.-source of pollution in the
‘biosphere; and engaged the attention of ethicists, lawyers; theolotrlans,
and; pmctlca,lly eve1y,other public interest group which can be identi-
fied, Since, this is not.the. first-effort by a. Federal agency to control
research in:some way, an initial reaction might, be to ask why so much
furor has evolved over the proposals. The answer to this question in-
volves a number of factors.
"' First of all, the proposals Jown. as the Recombmanﬁ DNA’ Research
Guidelines: are guidelines and not Federal regulations being promul—
gated. W}.th theifores’of law.iSecondy these:proposals for regulatlon are
unigtie in that they weis stimulated by thie very research scieiifists who
are conducting the research. Third, the “enforcement” proceédute pro--
posed in-the.guidelines:will. depend upoxn the approval by theipeer re-
view: h1erarchy which-hay evolved within: theNational Institutes of
Héilth  for review and approval of reséarch fiunded under’the usigl
contracts. and grants. procediires (sincé, the National Insintutes of
Health has. been funding the bulk: of the:government. research in this™
area, control of-thésmoney also provides: control ‘over the. research)
Fourth, there is concern that comifiercial ﬁrms may not’‘choose to
compr with the guidélines and, since there is.no prospective, proce-
dure for hcensm,q, inspection;:fines. or ;other penalties: for monesm-
pliance; the guidelines . may not really be. effective with.industry.:

Other factors which ‘male the guidelines of interest depend ipon
_the perspective. from. which. they, are viewed. Some researchers con-
sider the guidelines as am:unnecessarily. restrictive control over inde-
pendent-research ; others are-concerned that foreign nations may-de-
velop less. retmctlve guidelines. or-none at all and the benefits of the
research will be lost to American mdustry Others think that the guide-
lines, should. never have been written gince they imply an. a,pproval
of a type-of research which is viewed. 2s too: dangerousto be eonducted
at all.?". Those who,are interested.in &, continning participation: of the
public in the development.of policies of such. mgmﬁca,nce question the
manner. in. which the guidelines were developed. by. researchers who
ara mvolved in the research, the limited analysis of risks and benefits,
and whether the guidelines detract from cons1de1 ation of alternatlves
to. DNA, resea.rch e SRR ot

"The guidelines.are an extremely 1nterest1ng serles of requ1rements
;for they reveal much of the. status of the research and introduce Tiew
concepts, :L‘eo'aldmg safety, systems for research. with potentially dan-
perous organisms,. For these peasons a,lene, aside from the public pohcy
1mphcat10n of the uldelmes,‘some time should be taken to examine
the objectives established at this point. It should be kept in mind that
_although the gmdelmes have been pubhshed a,nd ATRLTOW bean*

;alround the DNA yecombinant,molecule; guidelines. The, debates about

93:‘ Cq]‘nlargoff Erwin, On the Dangers of Genetic Meddling, Science, vol. 192 June 41 976
J ® Siémrlig’?(; B‘rancine Robinson. Recomblnant DNA Risks and Benefits, Sclanee vol 192
 June
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utilized, the NTH oommlttees have s contmumg task of evalimtion and
modification as experiefice dictates, Further, as will’be discussed later,
the Director has published a Draft Environmental Tmpact Statement
‘which ‘provides ancther route of participation by all mterested par-
,tles for ‘input-and- modification of the: guidelines. :

9. -Suminary- Comments On The Guidelines:—~The Dep'u'tment of
Hea,lth Educa.tlon, and Welfare Guidelines For the Conduct of Re-
combment DNA Research were formally pubhehed in ‘the Federal
Registér on July 7; 1976.% These guidelines, the results of the efforts
‘of the'many’ 1nd1v1duels described in an earlier section of this report,
. ‘were published - W1th a preamble from the Dlrector of NIH Whlch
indicated:: - ¢ ‘

.. On Wednesday, June 23, 1976, the Dlrector, Na ]
with -the concurrence of the Secretary of Health, Bdocation, and Welfare, and
the:Assistant : Secrétary ‘for- Health, issned guidelines that will gévern the
;eonduct of: NIH . supported research’ on’ recombinant DNA molecules. The NIH
is: also undertakmg an .environmental: 1mpaet -agsessment .of. these guidelines
‘for recombingnt DNA research in accmda‘ ,,e w1th the National Env1ronmental
'Pohcy Act of 1969, - : B
; Tha NIH recognizes a special obligatmn to-digséminate information” -om
these guidelines ag widely a® podgible, . . . Accordingly, the Guidelines will be
gent to all.of the approximately 25,000 NIH grantees and contractors, The Guide-
lines will-be sent to medieal and SClentlﬂC Journals, and editors of these journals
will bé agked to request that investigators include a ‘deseription of ‘the physical
.and biological ‘containment: pProcedures. used 4n any ‘tecothbinant rekearch they
,report on,; International health and-.gcientific orgamzatmns Will also ‘Teceive
) .cop1es ‘of the gtudehnes for their review..
. Tt must be ¢learly under stood by the 'reader the.t the ‘mater 1&1 that follews
is not proposed rulemaking in' the technical sense, but 1s a document on wh1ch
early public comiment and partlcipatlon is Invited ™

The gu1dehnes prov1de a sumnmary of the chronologv of the work
-éonduéted to prepare them ns well as'a summary 'of the science policy
considérations and the considerations within NIH' for further mple-
* mentdtion of the guidelines outside the NIH.

There ‘ire threée major provisions' withifi the 0'u1delmes They ‘are
quite comprehenswe a,nd are mcluded as eppendlx 4 for further
information. - -

- The ‘guidelines develop a,nd expend the concepts proposed at the
‘Asilomar Conference for the establishment of physical and. b1010g1ca,1
containmerit criteria graded as to’ degree of safety dependent upon
'the risk assessed-for a particular type’ yof éxperiment. -

v (@) Physical Containment: Physical containment laboratoties are
dPeserlbed in four degrees of sa,fety code numbered Pl P2 P3, end
P4 R

P1 faellltles are desonbed 28 mlmmal fe0111t1es mvolvmg ebore—
tories with no special engincering deésign. This i§ the type of leboretory
commonly used for microbiclogical worl with no or only minimal
‘hazard:®* (It is of interest to recall ‘Thowever, that a great deal of
work with important’ pathogens’ had beeii performed in the past at
Ievels now deﬁned as PI—PEZ 1evele of (:Ont :

B TR, De ?artment ot Hea.lth Educatlon, and ‘Welfare National Institutes of Heul H.
?7"32’3“"’““ DNA Research Guidelines! Federal Reglster vol, 41, .Tuly 7. 1976 27902—-
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h) level of conﬁnement it snmlar to'the Pi la,boratory “with the
,added requlrements"'for an dautoclave (a ‘device’ for steam sterilizing
culture media, glassware, ete.) within the building and'the laboratory
‘may have a biological sa,tzety cabinet depending upon the experimental
work,: Aceess 1o the laboratory may be somewhat more restricted’ than
‘with the P1 laboratory. The gulde ines preseribe the laboratory prac-
fices which should be followed as a rainimum with such experlments
ia,s are authorized to be conducted in P2 facilities.s?
“P3 laboratories are described as prov1d1n modera.te level of
_safety These laboratories must Have special bngineering design ' fea-
:tures and physical containinent facilities, The labore.tory ig separated
“from general public access with' controlled  aceess facilities ‘such as
‘air-locks, separate corridors or ‘other design features as hecessary.
Biological safety cabinets must’ be prov1dediW1th1n ‘the controlled
laboratory area and an ‘autoclave also must be available within the
“puilding “and’ preferebly within ‘the’ controlled accéss -laboratory.
Ventilation' systems ‘or air flow control must be desigried to prohibit
-recirculation of exhaust air without treatment and a positive air pres-
sure is maintained within the laboratory with all exhaust going out-
side the building, Apain, minimum laboratory practices are described
.as are the types of DNA recombinant expertments Whlch ca.n be con-
“ducted, within such a laboratory.® =
. P4 faelhtles are’ “intended to prov1de the’ hlghest defrree of sa,fety
?possﬂale within available hiohazard techriologies. These facilities are
 designed to permit work designéd’to contain microorganisms that dre
_extremely hazardous to mian or may cause serious épidemic disease.
The. laboratory is either 4’ separate” building ‘or 4’ ti; hily ‘controlled
‘arex within. bulldmg which is completely Tsolated rom'other aress
, ding, A-:ram, specre.l safety cabinets must be’ used,
,encrmee_r g desion Features- are developed to prevent the escape’ of
microorganisms to the environment, air‘flow is controlled, personnel
.access and cleanliness is t1§htly c;ontrolled and other’ safety features
‘are. prescrlbed l(i)é%eratlon procedures for ’WOI‘k Wlth1 uch Ia,bora.-
Oriet sorl Bl ' o

, ¢ THe' pnnolple of” blologmﬂ,l conta.m-
ment is unique’in these guidelines' and a great deal of time is'devoted
o descrlbmg this"ides.’ Basmally, the idea of containiient-evolved
“from thé'work with Eschérichia coli which: suggested that it would be
"possible to “eo truct” o' variant of this hactérivm’ which 'woild’ be
stidious’ rowth' requirements that the probability-of its
fsumvrno' outs1de of the preelsely controlled 'laboratory eulture condr-
5t10nswou1dbevery glight, & oows o

“: "The levels'of hiclogical” eontemment are emgnated EKl through
"EK3 (theraeronym LK derives from the K-12:variaht-of Escherichia
“goly: nsed in’ many experlments) swith:the highest:level of ‘biological
-gontainment being an - BKS variant, The knowledge -already: gained
-from: working with:some:variants-of 'these.microorganisms and;wﬂ:h
plasmid vectors of a particular strain supported this dden of a “weak-
_ened” strain sulta,ble for experimental work. Furthermore ‘ knmvledge

v‘r, NN TE & BrAd
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hed ‘been, . acquired: about; the, suxwveblllty 0uts1de the laboratory. of
E coli hosﬁ W1Lh plasmld or’ bact‘ vartints which-also had

1 . coli) and- the
mjd or pha,rre et r'produced 2 degree of ‘Safety described s
bemg siitable for use with the permissible expernnents Bpecific data
on.| the. survival proba,blh 3 permitted: for various hiost vector systers
are described (the testing” of proposecl host-vedtor: gystems 18 being
continnously monitored and changbs to’ the’ guldejmbs are’ a.]:ready
evolwng) .35 The zwa,lla, _1]1ty of a suitable mutant of Z. coli (or an
‘tltern Ve 010anlsm) 1g ebsolutely essehtial to" the conoept of biologi-
‘cal ¢ontaininent. Despite the fact that many are opposed to the use’ o:E
‘this microorganism, it ‘is- -the organism’ which has played the fnajor
‘role in D’\TA recombinant work thus far. and is not likely to be éither
'smpp]anted or prohlblted without a gieat.deal more discussion. Thus,
Dr. Roy: Curtiss 1_&} iversity of Alabama) ‘development of a muta.nt
.of E’ coli and D emimttee approva,l of thls Weakened mutant is
gnificant, achievement. ;
Vhat he. dld_was to manipil t 9 a-mutant
va.nety ~which is depen&ent upon an externil sowice offan’ amine acid
‘neéeded to construct its cell wall, made it sensitivé to tetaperatires, re-
duced its capabilities to incorporate DNA within it§ chromosomes, aiid
reduced ifs.ability to exchange genetic miaterial. with other 'baeterm
~This mutant is believed to, have.a very, low Probability ‘of survival
_under non-laboratory eondltlons Dach time. Curtiss thought he had
solved the problem, the microorganism, demonstrated an’ ability ‘to
use glternative mechanisms. for: development Further selective mufa-
‘tion finally permitted ‘Curtiss to, démonstrate to the NIH-DNA
‘Recombinant. Committee that the. mutant_form was safisfactory for
use in the “EX2" experiments. pexmitted, by the gulde“lmes Similar
m‘fmt 18 expeneed An attempts to. construct weekened_ phsmlds or
—:phages (virusesh. .. by i

It 1g desirable in cqns;Ldermg blologlcal eontam ent, t0 Ansare ‘{hat
the combined host-vector does not survive, that is; that the vector does
ot transmit the required- growth characteristics in somegway to.the

“host, Or.that the, veckor cannot suryive:if. it should gscape in the host
Ve though. the host: might not survive..For. this.reason vectors are
-either- selected for their specificity of hest or vector mutations may. be
selected to provide the desired characteristics of limited 1nfect1v1ty

«A rcomplication: of: this: construction .of ;safe biological host-vector
-8¥stem.-is sthat:the host and: the. vector: poust stili:be-able to.grow, and
* reproduce under conditions which assure a reaSena.bly high degree of
“productivity within the bounds:of ithe -experimental control. If the
rutants sélected sire so-wéskened that reasonable productivity during
‘cloning’ cdnnot - be :acéoinplished then-ono of. the -advantages.of th

TDNA recombmant gystem is eliminated. Tlus, theskills of: the Tmicro-
:bwloo:[st or’ vn‘ologlst must be &evoted to 'the selutlon of several snnul-
“taneo : : = S

e i, 2T914-2701T. - .
1933 Lee:‘ier, E. M. Self Destructing E. ¢oli Developed at Alapama, Bioscie ce v 26 April
76




Alterna,tlves which' mwht ‘alleviate some of ‘the dlﬁiculty in usmg
bloloclcal containmentas a Safety factorwould be:to-develop host-
vector systems that do not rely on bacteria, some strainsof which are
pa,thOO'emc Unfortunately, 4. coli i, the organismi ‘about’ which the
labgiést quantity of: information. 1s currently available. The, develop-
ment’ of & similar ‘data base eni andther- mmromgamsm mlrrht mean
a significant delay oi research. Work is procesding:on Baleus sub-
£ilis as a potential alternative host cell, -

The guidelines then list the various. combmmtlons of; _physical and
biological containment which are required 25 a minimum for the
conduct of vatios combihationisof permissible experiments sueh as
those involving DNA from plant" “bikds, cold ‘blooded vertebrates,
primates, and others. In certain instances, the host-vettor systems are
not yet available to perrait some of these experlments to be conducted.®”

Table 1 is a summary of the combintiohs'of- P 'ysmaJ and biological

contamment required forv rious experlments

TABI
: The. guidelines define foiit levels 6f physicalcontain degignated: in dider
of increasing strmgency, Pl to P4, ahd’ihree levels 'of bmloglcal containvment,
EK1 to EX3, and assign expenments to them on the basxs of pote'ntml risk:- The
B i3

following is a summary of contammeut lew warmus gourzes of
DNA: :

(a,) Shotgun Exper' nts: o ;
Non-embryonie' pr 1ma.te t1ssue__.,__-
Embryonie primate tissue or germ 1in
Other mammals
Birds

yoles.
If class 2 pathogen,
carries a p,:g.thogen

Prokaryotes that exchang . B, el
Class 1 agents (nonpathogens) _______ ———
Low risk ;gathogens {1

bacterfa). -
Moderate I‘lS K
8. typhi). o N ST e
Higher risk pathomnq R
Prokaryoteg that do not exchange genes with

E. coli: o :

Ciasg 1 agenfq : . : .
Class 2 agents. (moderate nsk pathogens)n P

: Higher path ogpnq
In all above cases, if DNA is atleast 9% percent pyr
‘before cloning and containg no harmful genes, . eithe
physical or biological containment levels can be reduced
one step. .

14 i

F bid. oD, 27917-27050, :
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f(b) Dlonm,, plasnnd ban.termphage and 0 h
genes in B, .coli . : R

. P4+EK2 or’ P3+EK3’

< Animal ¥ 'es___ : NS
1If ‘clones free from harmful regwns _____ P3I+EE2: :
Plant viruzes ~ .- ‘P34+EKL or P2+EK2.
‘ 99 percent pure organelle ’DNA anates....__ P3}-HEL or P2+EK2

Other eukaryotes ... ';P2+EK1
Impure organelle DNA': shotgun conrht‘ ns -
: apply. ‘
i l’lagmld or phage DNA from; hosts that X
change genes with B cah spe
LI plasnnd or.phage gen me does no con-. -
tain harmful genes or:if DNA segment ,
99 perce't pure ‘and characterised.”’
. Otherwise; Shotgin conditiohisiapply. LT
B "Plasmlds with phage from h?@’sts which: do not-: AP
. éxebange genes with . co O N T ST
‘Shotgun conditions, apply, unless mmimal!: F2+EE2 or P3+EK1L,
risk that recombinant will increase’ SR
pathogenieity or ecologlca} potent1a1 of‘
the host, then: = ¢
NB ;cDNA's, synthesised: in-vitro from cellular OF. 5 .. v
vn-al RNA’S aré included. in above categorles
(c) Ammal virus vectorsss . 1t . L
H ..-Defective: polyoma ]
TINA from nonpathognn
DNA from Ciass 2 agent ...
. If cloned recombilignt contain
A e e

It mserted DNA--ig 99 percent -pure-seg-
ment of prokaryotic DNA lacking toxi
‘génicl genes; or a segment: of-eukaryotic
“DNA whose- function-has besn’ estab
~hshed ‘and -which has prevmusly been’ L
‘cloned in a prokaryotic host-vactor gys =3 &
tem, and if 1nfeet;1v1ty of SV40 in human
Zeelld-ulialtered: ‘

Defechve SV40 lacking substantlal sectlon ‘ofs
the -late - région++DNA -from- nonpathogens, - :
it no helper uﬁed and ne ” s‘partlcles bz

. broducéd. :

Defective SV40+DNA from Héfipathogeén can’
be used to iransform established lines of -
nonpermisfive cells itnder P3 ‘provided no
infection parficles produced, Rescue of SV40
from suchicells requires. - g

(@) Plant host-veetor systems:

P" condmons can be apprommated by 1nsec1:—

el

=z

e,

mmrobmloglcal practlce -
P3 conditions requlre use of growth ehambers S
under negative’ pressure and routme fuml-’»"" R
gation for insect eéntrol.” R
Otherw1se, similar condmons o those pre-
Toeir s - geribed. for-animal. systems. apply; . - .

Nore—Norman, Colin, Genetic Manipulation Guldelme
262, July 1, 1976: 3.
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The guidelines exphmtly prohlblt certain types of. expenmenta

A1) élonlng of recombinant DN As derived from the pathogenic or--
ganisms in Classes 3, 4, and 5 of “Classification of Etiologic Agents on
the Basis of Haz&rd” (see appendix: 9) or oncogenic viruses classified
by NCI as moderate risk, or cells Imown to, be mfected Wlth such
agents, reélgardless of the host-vector systems msed;. .+ .

“(#) Deliberate formation of recombinant DNAS contammg genes
for the biosynthesis, of potent toxins (e.g,. botu]mum or dlptherm tox-
ins ; yenoms from insects, snakes, cfe.). -

(m) Deliberate creation from pla,nt pathogenq of recombmant
DN As that are likely to increase virulence or host range. :

(w) Deliberate release into the, envlronment of an‘y organlsm con-
t‘umn«r a-Tecombinant, DNA molecule.. ,

{v) Transfer of a drug resistance tralt to mlcroorfrmnsms that are
not known to acquire it naturally if such acquisition oould compromise
the use of a drug to control disease agents in human T veterinary
-niedicine or,agriculfiire :

Tn addltlon, at this time large-sca,le experlments (e g ., Note than. ten
liters. of -culture) with recombinant DNAs known to:make harmful
products are not to-be:carried out: [Approval of larger seile’ experi-
ments‘of 6bvious sotietal benefit' muy Ee ‘possible if approved by the”
DNA. Molecule Program. Advisory: Corntnittee; of . NIH.3 ..

. The guidelines also. list-the responsﬂolhtles of the individual inves-:
tlgator and the institution inivolved in a particular experiment: Addi=
tional responsibilities are asmgned to'the, NTH Tiitial Review Groups.
to’in¢lude requirements to:insure eviluations of propesals involving-
DNA. recombinant research. The:- re5p0n51b111tles ofthe- DNA Riecom-
binant : Moleculs "Program - Advisory ~Cominittee *are “deseribed’
(ineluding: respons1b1ht1es for’ approving propiosed new host—vector
systémis), and the’ I‘eSpOIlSlbﬂltleS of all NITH staff include speclal cri--.
teria to insure adequate review forsafety:of DNA. recombmant mole-‘
cule research 28 SRS i

AL IMPAOT STAT‘B) NT

Durmu the éor 1derat1ons of the' crmdeh “the Dlrector f NIH
was 11r0'ed ‘to-promulgdte an Enwronmental Impact Statement. Sub-’
qequent to the issiance of the guidelines, the Director determined that
it would “be’ advantageous to the public atid in “compliance with the
National Environmental Policy Act (NEPA) of 1969 to issde'such'a’
statement. The Draft Environmental Impact Statement was issued
in the Federal Register on September 911976407 (sée appendix 10).
This statement prowdes a description. of the recembinant . DNA re-
search: events leading to the development of the gmdehnes, a descrlp-
tmn ‘of the issues sesociated with DNA recombinant resedrch, a discus- .
sion of the guidelines and other proposed action; anid an’ assessment of
the possﬂole environmental impact of such guidelines. The issuance of .
the Draft Enwronmental Impaot Statement afte’r' the pubhcatmn

NANT MOLDGULAR ENVIR’ONL

28 Thid., pip. 914—27915 C
@ Yhid., pp. 27920-27921.

2 Recombinant DNA Research .Guidelines. , Draft. Envu-onmental Impact Statement
I‘ederal Register yol. .41 Septemberg 1976 333426—3848 .
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actlon on the rruldelmes higs besn crititized becnus“ the' NEPA is i11-
curé' public’ reaction before the actions'contemplated fuel
v impleinented: i -the’ Draft Environmental Staterient, the:
Director justifies this unusual action by ‘poifiting out; that it  was his
posﬂ:lon that-the Pubhc interest’ Would be -best served by immediate
1ssuance of the guidelines: His opinion was théit the 111(31111006_ of the
escape of potentmlly dangefous’ organisms was ‘greater it the absence
of guidelines‘and thai: prompt issuance of ‘guidelines was necessary to
gain cooperation of scientists not controlled by NIH Frind a3 'Well as
thiat! of Tesearchers in otherhationg, "
The possibility’ that NEPA procedures; partlcu]aﬂy the' Env1ron-=
mental Tinpact Statametit; would be the appropiiate procedure for
assessing biological technologles, and more ‘specifically the DNA te-

combmant 1sstie was considered earher by Parenteau and Cat7 .
These authors point outs " S ;

At present, no mechamsm emsts for systematlcally dlssemmaf:mg mform’t-:
tion on this important research effort to the public; public debate of these 1ssues
[bmmedmal technologies] requires’ finding some such mechanigm;

47 One eplution to- the:information gap problem Hew in' requiring Federdl
agenmes regponsible. for: funding . these' regearch.; programs-fo: prepare .and 'dis-,
seminate defailed statements explammg the nature of the Work and the costs
and benefits that gre Iikely toresult. .

. As we stand on- the verge of gich breakthroughs { genetlc dnvi

y 'o fertrhza-‘
hon e‘tc?) :in -biological ‘TeSearch, it becomes necesgary t@ exa:mne the degree to
which society can-and should control that research.: :
It would seem that.biological technologies,. \mth thelr great potentml for .
dlrect impact of mankind’y physical, intellectual, and psychologlcal charactenstms
fall squarely withiti the poliey-declarations of NEPAY
~Where @ techhology is rapidly taking shape and will be 1eady for appllca--"
tlon wﬁ:hm a short time; NIH ought: fo make a;gerious effort! to explain, in:as’
great detaﬂ as data will penmt the envlronmental effects of its appheatmn
. ... The need for relymg on NEPA " procedures in 'this area is underscored
however, by the’ alternatwe of leaving the process entirely in ‘the ‘hands ‘of the_
seientific :community: without publie: participation ot séritiny: That alternatwe‘
is unacceptable.® !

This discussion, encouraging the use of the anronmental Impa,ct
Statement’ (EIS) for asdessing biomedical techndlogies, suceinetly
summarizes .the larger issue sof public. participation.in the.decision
malnng process for. technologies haying obvious societal impacts. Ap-
parently, the Director of NIH Teached the same conclusion about the
use of an EIS, although the t1m1ng of- the pubhcatlon may net héwe-
been fully a,ccepﬁa»b' .

. RISKS "ANJ':&, 'BEN_ FITS OF DNA REGOM! NA,. T, MO ECULE RDSEARC]‘[ -
1 Beneﬁts.—Th “beneﬁts postula.ted most freque' Iy, it the research
with DNA recombinant molecules s sucecessful, can be c]asmﬁed n
three broad categories.’ . '
. First, and of fundamental 1mp0rta,nce to all creneblcs research the '
techmque is considered important as o fine tool for the exammatlon
and identification of gene’ function. The number of genes per chromo-
some for the higher organisms is so large that, w1th-procedures other'

‘wparefitent, Prtrlel & ana’ Rnbert . Cats) Publie Avsesqment of. Bio]og{o al ’I‘echnoT .
ories: Unn NEPA Answer the Challenge? Qeorgetown Law Journal, vol, 64, TFebruary
1875 + ATO-695,

4 Tbid., pp. 380 882, 684, 695,
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thak recombman{: olecile research, dtthas:been almoest impossible to
‘d6'more than cotrelate function: with g-particular:chromosome: It has
eXeopt in & few‘ rire: 1nsta,nces) ‘heen very-difficult to constructimaps
el inl thepoint: (g erie) which: Tegu-
latesa, pzr,rtmular blochemlcal activity e:dempherlng of the meaning
“of 'duplichte” géne ‘sequeiices on’ a: dhromosome;: the locationyof ‘ac-
frepressmn sections- (or stop-and start: se¢tions-of:chromo-
_somes), the determiintion of interactions of adjacent geres, the effect
“of ‘relocatiofi o displacement of normally adjacent: sectlons, andariany
onal “factors are of theaitriostiinterest. Asipointed out:by
T rr‘experiments ‘to:paih!infdrmation on: the

1ght 'be provldedgby GlOIl'lIJ.U‘ DNA recom-

EOS 1

I W111 only be possuble to correct by o*enetlc engmeermg GiL pa,rtlcula,r
“pene controlled deficiency when: lmowlfedge of the gene or'combination
of geénes, or, posmona,l relationships o ‘genes within chromosome pairs
‘or-even ‘between ‘pairs of chrotmosomes, is known. Currént information
18 far- from - sufficient / tt- actomplish*this: ‘chjective, " DNA~ recom-
‘binant research is'identifisd as an dmportant method for carefully iso-
Titing many of these individual: factors and then relating these factors

‘to' filnetion.” Even with this résearch techmque, the task will be labori-
“ous’and: detailed fér the DNA 6f a ‘maniinalian cell adds up to be the -
equivalent of séveral million’ genes. Tt is'the knowledge that the task
“wullrequire a’'great dealiof time and effort Which adds to the SerEe of
“urgency about continuing research,

. The attempts to determlne this -ty

“nitisted “prifmarily “vith ‘ticrooreanisis and viruses bect

‘contain somé of the ‘smxpleqt orga,mzed chmmosome structuré, that is
‘small niumbers of genes of ihformation units: Work on the ex¢hatipe’of
"DNA ‘betweeti species, getiera. snd even differerit kingdotns, has Been
L)urqued in“order to test the thesis of the confmon nature of DNA to
‘Al living organisms. An a,lternatlve bitt ‘closely “allied teehmque is
“dirécs transfer of DNA by cell’ fu' ' her procedures fori 1ncorpo-
mtmn GEDNA fragments. :
Intorder-to have confiderice’ 1n'ﬂle 1nforma,t10n bemcr'derlved from
‘Yeconibinant vesdarch; the investightor must be Sure’ that the- gettes
“introduced 1#t6 the host’ gysteny: are the ‘structires of interest atid that
‘these genes actlially are producmg’ the function being obsérved: For
“this'reason; the techmques for assuring a'reagonable Supplv of purified
-segments of DNA are 1mp0rtant Clonmg facﬂfltates the collectlon of
th]S material,
The research with- Tecombmant molecules as Well a5 Wlth cell fusmn
: and other'methods for introdieing exotic DNA. into cells alss provides
an7opportunity to explore some of the interactions invelving extra
‘nuelear structures such ag the-plasmidsin bacteriarand the cytoplasmic
cactivities: of interest in'the cells‘of higher organisms. There’ Is con-
siderable interest:in all of the mechanisms of gene translation,'the ac-
tions of mesdenger RN A; and protein production. Much of thisactivity
soeeursoutside: the . nucleus ahd therefore 18 of mterest 111 the total
- istudy of genemc functlon SREEERES G i

& of nforma,’mon hme,bean

4 Lane, (‘hartes Rabbxt Hemoglohin From Frog I}ggs Seclentlﬁc American v. 235
August 1976
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- On an evén more fundaméntal level, recombinant research adds to
‘the ‘knowledge' concerning the evolution of: different. species. . These
investigations: permit ‘exploration.of theories concerning the genetic
mechanisms bfl:) natural-selection. and provide an opportunity to test
-gome-of the theories concerning-mutation.and selection at: the molecu-
lar level. It-is apparent already that there are many sectlons of chromo-
somes ‘of distantly related species based on current classical tazonomic
‘méthods, which are véry similar.if not precisely identical. . . ...
A-second -classification of benefits from recombinant researc falls
i1ito-the more easily identifizble area of potential therapeutic benefits.
“These are the beénefits most frequently identified by the lay person as
being directly:related to this researchy Although there 1s consldgr_gble
doubt at this point as to whether such an achievement is really possible,
the brightest vision is the dreami of being able to.insert the: correct
.gene to replace or override the influence of a- defective gene. or com-
‘bination of genes which is producing a serious structural or metabolic
~deéfect. It is hoped that some day the recombinant. technigues will
produce the knowledge to permit the isolation of a defective gene:con-
trolling a-partieular defect and permit the introduction-and incorpora-
-tion of .a correct ‘gene..Thus, the gene therapy would. be permanent
‘and no drug- or other lifetime care would. be required. If.defects can
~be detected .during. early development, and provided our knowledge
-of ‘growthiand development:at the.earliest:stages.is adequate, :guch
““oenetic engineering” techniques would enable mankind to prevent the
suffering and sorrow now borne by the thousands of children with
¢ genetica?lly'indqced birth defeets. . i+ .10 55 oy s S
~...11 the answers to.the questions ab

B : st, ut the disruptive activities asso-
.ciated with cancer can-be secured as. a result-of contributions from
-recombinant research; then the diseages may possibly -be attacked at
the: most. fundamental level. In some. instances, the association of vi-
‘ruges with cancer leads to.the suspicion that viral transport of DNA
-and other incorporation of new or foreign DNA may induce cancer: In
~other instances, the basic assumption is-that; in‘some way, the control
system of the cell may be disrupted, thus leading to:the uncontrolled
. growth. known..as  cancer.. ‘Another.: theory suggests that. genomes
. (genes) -with the potential for initiating malignant. activity may be
-resident in the cells of cancer prone individnals and exposure to appro-
- priate -environmental : stresses ; induces .-tumorigenic .or. ~malignant
‘activity: Investigations-at the moleeular level should aid in evaluating
“many. of: these, hypotheses.and ultimately may. permit: genetic inter-
ventlon to prohibit the statrt of the cancer cycle. Lol ;o

-+ Asfinal éxample in-this group, but not:the last which .could be dis-
ceugsed. In..4 more comprehensive . report;-is:that these research-tech-
-nigues -offer-the epportunity.to biosynthesize an enormous:variety of
. Enot,e‘ins of extiemely great- valie in therapeutic. medicine. Enzymes,
-blood components; and a host of otherimportant humarn proteins seem
-to hé¢ithe.promise: at the end.of-this research- (see the paper by Leder-
“berg in-appendix 11 foi-further-discussion, on this point)e:: in .o
:.»The!thitdbroad ¢ategory of: benefits relates-to-the  opportunities
hypothesized for the improvement of plant-and-ahimal-spécies, not
only in agriculture but in other important applications. -,
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. It has been estimated, for example, that it may be possfble some day
to, produce more plants with the genet ,-c‘apabﬂ:tty to convert atrhos-
pheric mtmgen into the n1trate for ‘ecessary for plant synthesis
of protein. This capability now exists in Some plantsias a result of
symbiotic relationships betsween eertain: plantfs ‘and ‘badteria, Tt has
been speculated, and indeed this speculatmn ‘maybe near fruition, that
it may be possible to induce genetically this nitrogen fixation ¢apabilt
ity in plants, such as corn, where such 4 capability does not now exist,
The 1mphcat10ns, in terms of reduced energy demands for the - produc-
tion of artificial fertilizers containing nitrogen, aré indeed important
in today’s energy deficient environment ‘and are also relevant to’ the
need for mcleased productzon of food. . SR

he opportunity to improve the efficiency of blosynthetxc produﬁtlon
of ‘enzymes and other chemicals'of industrial Importance by genétic-
ally enrrme_ehnd improved charactéristics in ‘microorganisms used in
ferment ion and other processes appears to be'an obviously important
commercial opportlm:tty Processes involving the production of alco:
hol from grain, of modification ‘of metabohc Touttes to provide such
capabilities for other plant products, streteh thé 1maalnat1011 m terms
of , potential bloenero'y conversion’ Systems o

"The mechanisms’ of photosynthems, while already ong of the 1 1more
efﬁclent procésses. in nature, if sighificantly 1mprovec1 in eﬁicmncy
m1ght help to: alleviate food shortages Indeed, the potential exists to
permit the constriiction of spécific organisms with unusual character-
1sties for 1mprovements in the photosynthetic process and also changes

-in-metabolic functions related to the synthesis of all of the essentml
amino. acids within.one plant. food source. :.. ., - ;

Only the; 1mag1nat10n of the investigator seems, to 1 ,mt the potentml
apphca,tlons in agricultire and mdustr'y ‘At the same time, an acceler;
-ation in the 1mprovement of characterlstms of a rlculturally 1mp0rt-
.ant animals ig-being. ‘hypothesized. . "

*“The use of microorganisms to aid in. the cony smn of Wasbes mto
nseful products orto “clean uP” hazardous, spills. of chemjcals is: benw-
examined. If the characteristics: of an; oil- consuming microorganism
-could he: lmproved perhaps.such -an, organism: ¢could -be: used: £o. con-
vert fuels into innocuous breakdown. products and thus the: pollutlon
danger; to watér: and. Innd, ecosystems from such spills could be gig-
nificantly-reduced. In  other' problems; slidges or: mdustrlal Wastes
1iight:be treatad with: ‘specially .constructed. micreorganisms ta per:
‘mit conversion-either to useful’ products;:even with: some side benefits
“in:the form ofiuseful energy, or at-least a-¢hemical feduction to proi
uets whichi could be safely returhed: to the envirdnment. .

¢ Whilerit s trué, that many - of ‘thest: benefits . could. be: obta,med
'throuah normal genetic hybridization procedures, the scope of modifi-
_—cmtmn and the- rate atiwhich such modifications coild be accelefated
is said toibe ordersiof magnitude greateriif thérecothbinant work can
be ‘developed ‘to:the>point where: such -capabilities can be applied.dIn
most 1nstances, excluding a few near term developments of potential
‘tommiercinl value with microsFgatiisms,; a gieat deal of “work must:be
-done: at the basic research- Tevel to' determine; whether many: of: thiese
potentlal beneﬁts are actually feasﬂo]e Mu h of tl 8 mformat'On made
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tladltlo"al hy ridr; atmn expem nbe utilized.
Hewever, the DNA' recomibinations bejng produced or contemplateéd
will result.in many rearrapgeménts and gene.combinations which do
1ot oceur at.all naturally or, if they Have oceurred ‘do so with such'a

low order of frequency that it 1 almost 1mp0$51b1e to detect such

9. Risks~—The d15éu§smns of rlsks almost 1nvar1ably take the form

. concern about, ca,testrophle epldemles or the creation of new and
uncontrollable harmful, .grganisms, For purposes -of systema,tlzmcr
these (hseussmns, the, ; rlsk estlma,tes may eiso be cla,ssﬁed 111to ‘three
genera] categories. .

LAt the ba.sm research level, opponents fenter B phll\ ophma, level of
debate and challenge the ablhty of investigators to ever quantify the
benefits or.the risks in a fashion to, permit. evalua.tlon and. mtelhgent
decision making, The fear has been expressed that DNA recombinant
research may. somehow adversely affect the diverdity of natural gene
pools. (See the papers by George Wald, ‘\ifue Ptashne and Robert
Smshe]mer in 1ppend1xes 12 and i3.) . L

"There are frequent atid “detailedanalogies - drawn betWEen ‘the
dilemmas confronted in the current nuelear power debates and: the
basic research proposalé in the field of DNA recombinant reseatch.
Statements, occasionally in the' form of demands, have beens made that
@ ‘full moratoritim om. all DN A recombinant research should be insti-
tuted until all of the social, legal, aiv oral’ 1mphea,tlons of this
resehreh have boen thomughlv exemnﬁed Ohargaﬁ‘,-for éxhmiple, dig-
bussed the “awesome irreversibility of what is being contemplated,”
He continued hlS discuission by’ expressmg OTIek out the factthit
thefe is'no way, of r ally kniowing what 15 happenifig in changitg the
orientation of genes within new’ organisiiis Bnd thit we might be pro-
ditcing an’ ipthvisible Httack on ' the biogphere: Taring: ‘asks whether
ma,nkind is to be allowed to try, by ‘direct: genetic mampulatlon ‘toy
improve’ ‘the huirias’ speeles beyonid'the réguirements f6r therapy ¢ He
fiibstions whethier man” dan’ be' trasted o approach sich ' important
regearch frontlers 4 the right spitit: Te ‘exprésses the fear that the
wlEruistie alms of DNA recombinant moleeuler research ¥ fa,ll under

o Hedrtless raled of the marketplace.s: 3 : :
“wln genera.] miany of these cbjectives: Weuld heVe to Be: eountered by
Proving-the: nega,tlve an-inipossible taske+The issucg-are ‘veryimpor-
tant a8 they expose basic condernsabout the-ethics of seience generally.
A% pointed out+by' Sinsheimer; Tisksimust be assessed 'in’ terms: of
probability ealoulations which are vlrtually 1mpeselb1e to measura$®
It was this general-issue ofethicsin science!and: the-problem of ‘re-
Bolving phﬂosophlcal ‘conflicts betiveen: science and-non-scientists that
wag the topic nbd conference held in: Juns 1976 at-the: very:timesthat
the Director ©f the Nationa] Institutes-of Health wis requiring acon-
tinuing examination of :public reactions fo proposals:for gitidelines to
ccntro DNA. recombmant re..ea,re 41 The: comeldenee‘betWeen this

i E e -"-']‘1' o, . H
c.;meddling Scienee Yol 162 .Tune4 1976

<145 HaFing, | Bernard Ethics nf l\lenipulatton New York Sesbury: Pregd, 1975 159211,
: 1¢ Singhelmer, Rebert Troubled Da.wn For Genetie Dngmeering New Scientist Octo
-‘her 18, 19751 1482151,

# Steinfels. Peter, Blomedical Resen reh nnd the Public, A Report I‘rom the AirIie House
Conference, Bastings Report. June 19761 21-26.
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increasing expression, of concern: about, ethical issues in science and )
the controversy.over thé ability Ty

2 8¢ &nampuldtlons of
hasie Tife, processes: is: most rematkable, 1t provides an ideal oppoi-

tumty to.introduce the evolving method gies 0f cthicists In'an‘exam-
ination of the most important’ developments of life scienéesfrom: the
perspective of public. participation in the science ‘policy making’ pro‘c—
‘el The_DNA recomblﬁzmtt molecul ¢
opportutiity 6. 4 '
-after-thefact '

igsticdoes 1ndee pro¥idea unique
ution rather than

morodﬁiculﬁ to critieize:th value of DNA recombumnt
the perspective of potential: therapéutic applications, even
‘hérs there are strong bpposing ‘Opinions Part' of this concerh is:di-
rected, toward the fact that much of the research involves the use of
¥R coZ@ & mlcroorga,nlsm which: is-a common.inhabifant.of the inmph
inibest incé this'is'an orgunismeaiready’adapted tothe human:en-
yironinent, the'¢ondernis that acc1élents mlo'ht restiltdn easy erftiy 4 and
' mi’ectmn of human_.b ings.t® . :

YT

oncogenie VlI‘uS .’tor example, OT (MG had am unexpected: reszstan s to
drug: ther&py, or could produge some new and unexpected toxin, then
Juman beings might.be exposed . to & disease which. could, reaoh epi-
-demic preportions. The arguments ; about probabilities of escape; prob-
abilities of survival if escape doesoceur, and probabilities that. _such an
escaped: host would indeed be pathogenic are, described asimpossible to
-calenlate. and therefore meamnglecs in terms of, evalua,tlnfr potential
risk. The positien: is that the opportunity.for. risk exists and therefore
.the research should not.be condncted, For example, the Boston :Area
Recombinant, DN.A; Group. has. presented.s recommendatlon that.'a
safer-host. be developed an “coli be. abandoned within.two vears
-for . use.in this. research. The oounterargum n{, is that delay would
.occur until the. required; mformatlon abont: alfernate hosts. was made
available. Another concern is about the needrfor haste to.continpe th13
‘research. What:difference does it: really’ make if it takes five years
‘Jonger to develop.a process or-technique 1f, in waiting, a higher degree
of safety is assured. The proposal is mado that the risk. at this, pomt
-is too -great to: ]ustlfy hurrled contmuatmn in, the: face of so miany
sunknowas, ;- B . )
" Thoge. opposed to DNA reCo! ) :
; su_ccesses in drug. therapy, 1mprovements in. .diagnosis, the
-edge of dietary therapy, and the evalution of a. greq)
=a;nd control of environmental: factors may. prow_do Jju
opport' : toacope with O*enetlcally induced d;seasez y

.-f'u

. ponents oint to the
; areot Sticeesses already achleved mn the moré classm types of plant arid
_ ..iammal h b 'dlza,tlo emments b

mAnderson E ansfer of "a FPlasm
Intestine Na,ture. v.-253; ane B, 1975 :
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‘»Some fﬁthe potentlal d"‘ \ZETS of using ‘ecombinant techm tes in
Pplant hybndmatlon are discussed 1 in more “detail by Doy. He indicated
that genctic engineering with pla,nts cells should be discussed ag thor-
oughly as the- present, dlscussmns are beo'mnmg Wlﬁh a.mmal cells.
Speci cally, he noted ; : . SR

The poss1b111t1es of this ﬁeld are gomg to attract a0t of workers beca{xse o:f
the selence, . but:also . becanse, of the posm’bﬂlty of grants, fame,” and fortune
and reahstxcally, T think in'someé qharters, ‘because of the possibility of creating
agents of blological warfare, I find among many scientists, and plant:bidloglsts
in‘particular, either a lack of understanding or a reluctance:to -acknowledge the
spossibilities of accidental. disaster .or ;deliberate evil, Secientists- working! with
transgenosis- in animal. systerns and. . viruses have recently clearly recogmzed
-the possible dangers.. . ., I shall not.reiterate the arguments, but I' would urge
that plant b1ologlsts part1c1pate in‘the proposed digeussions [0n DNA gmdelmes]
“The Doténtial dangers ‘of' the human and’ animal’ worl: appesl’ to- the émotions
-gind therefore have an‘immediate inipact,-éspecially. in.the pedia. To my knowl-
iedge the, analogous: poss1b111t1es in plant. bmlogy ‘have not been disenssed. I .do
not think that ideas can be stuppressed, nor ‘do I think that poss1b111ties ‘for
runderstanding and good should be foregone bepause of DOSSiblhtleS for evil whmh
‘might then go on in Secret [Notetthe plant stiences are represen‘ted on the NIH
-'DNA Recombmant 'Molecule ‘Advisory. Committee]. o ,

The uss of 111"211:1'0 festilizatiof:- techmques Swith' relmplantatlon in
host'mb'thers is viéwed as a safer niéthod for improving the production
‘of animals ‘of ‘agricultural’ importands which' ‘has ot yet been: fully
exploited. While ‘acknowlédging the possible’ value oft ‘ecurmg im-
proved 'sca,venwers ¢ ‘organisms: capable of ‘currently” unavaﬂab]e
‘bioenérgy ‘cohversions or Wa$ste processinig; the counterargument iy
“that too 1little is known' abot’ ecosysteni 1nteract10ns t&' ‘be able to
“predict the potential eifects of such 'organisms if 'veleased: into the
‘environment. Experlences‘ ith other aceidentally” introduced orga-
"nisms (such as American chéstnut’ bhgh‘t) which have proved ‘cata-
‘strophic are citéd as supporting this fear. ' Again, however, the ability
to select naturally oceurring hybrids suggesis that there is no need to
. rush ‘into the uiknown dangers of recombitiant reséarch.s - =~
U During a symposmm &t the’ University of California, Berkeley,
“April 1976, a nimber of the unusual événts which might ensue follow-
‘ing supposedly beneficial  genetic engineering ‘were discussed:  Dr.
‘Ananda Chakrabarty, a- m1crob10100‘15t it General Electrié Labora-
tories, Schenectady, New York, reportedly pointed out that while it
“liad been possible to mampulate . ¢oti to produce a strain ‘which'can
“convert cellulose into assimilablée sugars and fatty acids, this might
‘not be as valuable a metabolic capability as first perceived. For exam-
‘ple, while it might appéar that the ability to convert cellulose (such
as. wood) into soluble E roducts would be a valuable capability in the
human gut, 2s is how the case with ruminating animals, the éstablish-
ment of such organisms in’ human beings might result in the pro-
“duction of fatty acids and sugars faster than the intestine could
_absorb them and lead to dietary problems, and posmbly even harmful
: toxms. Chakrabarty also descmbed ‘the GE lab’s success in constructmg

4 Doy, Colin H. Asemal ,Approaches, Includlng ’1‘1'9.:13%l nosls and Somatlc Cell Hybrid
izatlon to the Modification of Plant Genotypes and Phenotypes, In: Genetle Improve-
. ;ne%f: of1 9S7e§d giftectins Proceedings of & Workshop National . cademy of Sclences agh-
S 1ngeon —3

gmf.‘anadian Scientist Tsolates Pollutant—Gobbling Bacterin, InterCom.  vol 4 August

976: 5.
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& bacterium' which could’metabolize erudeoil! He indicated, however,
that it might be possible for pathogens:in‘the environment to/capture
these new gene combinations and permit-the pathogen to.multiply in
a-crude oil -$pill to the point where an epidemic of disease. might be
possible: These examples are illistrative of the type of concerns being:
expressed by many researchers'about the need. for total ecological in-
formation before such research results in the release.of genetieally
engincered: organisms’ into an envirohment.st: o5 covesd i

' 3. 'General 'Comments.——Qther commeénts which emerge in' the risk/.
benefit ‘debats agsociated with the justification of thercontinuation: of
DNA recombinant research examine rrhore specific-as well as-broader
issues ‘on. general res¢irch and development. There-are-questions as
to the wisdom of‘diverting research funds dt this time to-an expansion
of recombinant résearch when other areasiof lower risk réquire fund-
ing. Théye are assertions of the increasing rieed for a fuller'social par-
ticipation i decision making’ for réséarch which willultimately im-

pact oni allof society. il s sy e B o Ty
“Qthershave been quoted as'saying that scientific investigation must
néver be:permanently halted in the ‘face of hazard-=only ignorance,
not knowledge, is the real:danger to mankind.®? McDougall points. out
that' genetic’engineeringhas ‘been ‘goifig: on : for ‘many: years.”s He
suggests that the real concern stems fromithe suspicion'thatithere will
be an-abuse  of power -and that there has been:undue:emphasis:on
potentigl hazards. . s s TSN IIITHE S Fe 1

*Davig has asked opponents of the research-on recombinant molecules
to consider that L. ¢oli‘is already exposed to free human: DNA:which
has "been ireleased from ‘broken cells in the: gut and:that natural re-
combittation: may ‘very well have been going:on:continuously.®* Under
. thesé conditions, ‘one would' expect: that rardom: recombinations-bé:
tween fre¢ DNA and: bacterial DNA-would have oeéirred ‘given the
number ‘of: opportunities available and thé time period o association
of the two erganisins. Thus, there probably: alréady-has been some-tést-
ing: of ‘these combinations by natural selection and, if thisis truse; then
experumental recombinants would:probably not produce any new un-
usual combinations.. His ‘second point is that'since natural evolution
tends;to emphasize selection’of the combination-providing s competi-
tive advantage, deliberate recombinants would have a lower probability
of survival. He‘;conclud’qs by asking:.whether the rigk:of ‘working with
recombinant molecules is really-so:much greater than the -historical
risk of dealing with many of the lmown pathogens to warrant prohi-
bition or severe restrictions on recombinant reséaichi,. . vionc bt o
-, Thereiis a general recognition by both sides' of the controversy thai
the success of either biological or physical containment control Systems
imposed for research on recombinant molecule will be dependent toa
high degree on compliance with any gunidelines and-on the capability
of: the . investigator, Investigators-involved: in the development of
these techniques at this time tend o be the elite among the total seicri:

i}

-, ;% Genetic . Engineering : /Two-edged. Sword. Chemieal Week,- May- 12, 1976 '65—66
L2 McWethy, Tocl, Selence’s Newest Magie, A Blessi A X '8 Vo
Hegort, vor 51 Juiy 17, 1970 adsb. st " \essing or'a Curse. U.S. News and World
cDougall, Bnne: . enetle En, earing -4 . it ) H
AppiLiorstwdsgs, 0 SN “: "¢ Hazard or Blesslag? Intellect, vol. 104;
. B Davis, Bernar .. Evolutio Jdemiol : R E ; S50l
Augast 6,1076: 442, Lo And Recombinant DNA: Sclence. sol. 193,



40

tifie (and semiscientific) | community iwhich may eventually enter this

field. Whilemot discussed: intensively in the-debates over;this research,
there: appears-to-be. in the background of many of the.discussions, a
concern:that“sleppy” technique or a.casual approach to research ray
inereaserthe risk to @ higher degree than has.been.estimated on the
basig:of research: accomplished: thus. far.. There. is no .question that
aceidentewill oceurio, «it si v fimmrs oo D i
~ Recent instances confirm. that.the bichazards. of controlling dan-
gerous microbiological research exist even under.the best of condi-
tionsand even-when the .danger is evident. For example, a research
worker at theMicrobiological Research Establishment, Porton. Down,
Salisbury, ‘England. was: reported- to have ‘been.infected with viral
hemorrhagic fever 4s .4 result of accidental penetratiorn of the protec-
tive gloves-being used in the. highest level of:biological security for
such experimentation. This accident. cecurred at a laboratory reported
ag providing’facilities nnhrivaled in- Western Europe. for safe handling
of the most dangerous viruses known.” (Similar exposures have. been
reported in:&:rare accident during research work with: Lassa Fever,
another dangerous disedse.) In the case of viral hemorrhagic fever,
no:knewn cure-is ‘available.i¥Xet, such resesrch must continue if the
vaccines are to be developed: This is not to say that such: risks-must be
assumed. for ' dangerous -work -with recombinant DNA :research, it
simply: illustrates that viruseés-develop inormally. in. nature.and can
be coped with under existing experimental situations albeit with .some
degree-of risk:'This is, however, the type of situation envisioned by
gomeeritics as-a potential hazard in-working:with recembinant mole-
culesinvolving the transfer-0f genes with unknewn biological activity.
- Btudiés-have:been made to determine the extent of aceidental irifec-
tion=eveh within.such highly -sewire: and ‘tightly -controlled: facilities
25 the former biological warfare research laboratory ab Ft.. Detrick,
Maryland; These studies have shown'that while the-incidence:of
infectionleading to-éither morbidity or-mortality has been relatively
low, it has eccurred frequently enough to-demonstrate thatthe best of
systems is net oné hundred-percent fail-safe. In these instances, a large
proportion of the infections were the result of humanfailure to-comply
withsafety requirements: None of the infeetions resulted-in epidemics
in’the surrounding communities): /- e e ieh SaaT e
 Trwin and Stoner have indicated:that there is 4 niead for continuous
évalustion ofilaboratory proceduresto insure that alb safety conditions
arésbeing followed.® They propose a:need for & continuous review of
the biohazard control literature to aid in identifying wéaknesses in
control :systems; -consultation with: special authorities ‘on “bichazard
control; ‘the need for an independent active surveillance program in-
volving ‘engineers, microbiologists;:and other specialists; the néed: for
regitlar on-sitednspections to check physical conditions; the availabil:
ity of'safety cabinets; spécial instrumentation of safety cabinetsto in-
sure appropriate operation at all tites; regular evaluation ‘'of labora:

5 Tipwrence; “Eleanor; Porton Ligb! Will:Study Fever Virus: Natire; v. 255, May 13, 71075 :
4.85. A See: Morbidity and:Mortality Weskiy Réeport,: Center for Disease C’on‘trg!. 'Aﬁagtsa,
1.8, Department of Health, Education and Welfare, Publie Health- Service.'v. 25, Decem-
ber 23, 10751138, 383 for ‘A repori-of ‘the accifent with ‘African hemotrhagic fever).

% Irwin, John and_Gerald D. Stoner. A Pacet of the Biohazard Contrel Prograin:
Agent -Registration, Risk ‘Aszessment and Computerization of Data. American Journal
of Public Health, v. 66, April 1976 ; 372-374. s e
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tory rosearchers and technicians’to detérmine the adsqdacy of prac-

ticesy dnd 'the use 6f written teports of ‘evalilition to ‘nstire gx;.‘il\e_ga;l

record ‘of investigitions. -Ag miay e ‘appreciated, such 4 deséription
i ‘ ythat legislation’and government r

! ; 5
hints strongly th ot egilation may beé're-
giired which might lead to inspectio: ‘ation of Iabotatdries
in a fashion now being proposed . frelinical Tibora-

sase Control; Atliita, alveady has somo’re-

torigs: The Center for Digé ’ ; i sc

- gponsibilities 'in" this aréd. Tegislators haved' sugpésted publicly that

logistation may be required to insure public' safety, particularly’for

sommerdial ‘fécombinant research ‘where ‘dompliance with' 'the NTH
: ; y'quiestipn ibout such Tegislation 18

that it "does nof impose an un-

eséarch, academic and indus-

. Roy Cur 1, Professor 'of Microbiology; at the Univérity
of Alabimd'ahd the'designer of the first host-plasmid variant of &.
coli 't be dpproved by, the NTH'DNA Recombinant Advisory Com-
mittes as BK? has provided’a detdiled analysis of the potential haz-
ards associated with DNA recombinant work. As a trained miicrobi-
ologist, who obviously is supportive of the DNA recombinant work,
he is guite frank about the need to provide a high degree of assurance
for the safety of such work. Perhaps it is his realization that inex-
perience and careless personnel can so easily lead to aceidents that
prompts his attention to this problem. In a recent review, he sum-
marized the potential biohazards and identified the need for personnel
training, the types of facilities required, and the requirements for
emergency or accident contingency plans. ¥e also provides informa-
tion on the probabilities for escape and survival of recombinant mole-
cules and the need for additional information before deliberate intro-
duction Into the environment in any form is accomplished. As he
points out in his analysis, even the best of guidelines and safety pro-
cedures will be meaningless if there is noncompliance with recom-
mended procedures. He notes that it is his belief that any release of
DNA in one country would essentially mean release throughout the
world (assuming survival)., He suggests the need for some interna-
tional authority to regulate beneﬁciaFuses of recombinant molecules.5
. The NIH DNA Recomhinant Molecule Advisory Committee has not
ignored many of these well justified expressions of concern. As a part
of continuous revision of the guidelines, several tasks are of immedi-
" ate concern.

The NII has a special task to provide continuing information about
the conditions necessary to ensure safety of the physical facilities de-
seribed in the guidelines for experiments of varying degree of risk.

- The DNA Recombinant Molecule Advisory Committee is meetin
regularly to consider comments from all sources to determine the nee
for revision of the guidelines as new information is made available.
The development of weakened hosts and vectors is being closely moni-
tored and the test protocols for approval of such hosts and vectors is
in a dynamic state of development with the best available information
being used to ensure that all potential hazards are being considered.

8 Curtisg, Roy IIL Genetic Manipulation of Microorganisms : Potentlal Risk: -
fits, Annual Review of Microblology. v. 30. 1978 507—53{;3. ol Risks and Bone

80497 —T7—4
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.. Begguse s0;much. of the information about both risk’and.benefit
is very speculative, there is.a continuing feeling of uneertainty which
can only be resolved by regular reevaluation. To this end, the Director
of :the National Institutes of Health has indicated every:intention to
provide for public participation and contribution to.all of the processes
leading to.the, guidelines under his :control. - .. = w0 oo o
.. As noted by:a.number. of investigators, and a point which-was ad-
dressed specifically by.the, American Society. for Microbiology in its
considerations, of the DNA:. recombinant:research. issue, the task of
coping. with; the fears raised by speculation about the potential of an
epidemic from: some recombingnt molecule will require greater partici-
pation by epidemiologists. There.is a great deal of experience; from the
Iaboratory study of extremely virulent pathogens.. Microbiologists and
virologists have learned to work with a high degree of safety with such
organisms. Epidemiologists have a familiarity with the factors deter-
mining the spread of diséase. Thus; there are data available, both from
history and from theoretical risk models, to support a.more precise
examination of this concern and.perhaps clarify the actual extent of

+ : el . :
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The' House Commlttea o' Sclenoe and Technology, Subcommlttee on
* Science; Research;and Technology has béen evaluating the impending
developrents'in: the wvarigus:genetic techiiologies for amumberof years.
" THe committee’s interest became ‘formalized iri 1971 durmg an annual
'conference onsresearch and-development. :Ais aresult, ‘a program:of
monitoring the:developments to-follow the progress: of DNArresearch
was initiated. Althotigh no formal hearifigs-have beeirheld specifically
on DNA recombinant research to date, the committee has published
two separate, veports on.the progress of this technology.se that.the
Members mlghi: be kept aware of theissnes, These reports. have sarved
ag' useful referenee docuinents mot-only for the' commiittee members
bui Fothér Meimbers of both’Houses: Thig Teport hag been pre-
pared to prov:fde the committee and other Members with a summafy
analysis of the'current status of the work.in DNA. recombinant. ‘work
speolﬁcally S0 that the need for further actmn can be determmed

: \The -Suboommlttee i, Health,3 _
Public Welfave held tweo hearings du n

sre focused - d1reot1y on the. DNA rec gbmant. moleculo 1ssué. M
first heanng wag held immediately follo ng the ASllomar confe.rence
Quos‘mons e in | thls he’ ing.and: oon51de1ed‘by wi neqses as

gators that they felt compelled to stop itforatime? .
"“Isthere a safety threat to the general, poplglatmn'l Y
What'are the implications of the research. for society as, Whole ?
o How.could nonscientists' pa lolpate in, the process; even: -if that
' ’eg'ﬁ desm_able, what should be done now in terms of public pohcy
in'this ares,?

, Jas it prop_ r-for sclentists alone to decide to stop and,ﬁ \enh To.
sure theTesearch ¢ -
‘What are the potentlal dangers, of Federal intervention?? ’
These questions were ot answeredfully during this brief hearing
and, it was announced. that the issue would: be the Sub]ect of a;¢on-
ot;ln‘ ling diglogue, p -

""A" second hear 2 A
1 76 These hear'ngs

ferEn g

s, held by the suboommltbeo on ,epbom er
‘much more compr hensive

Congresss §a “‘Committe ! Libor & and unin We ubeom itt : o1
Health, Genetic Engineering. 1975, Examination of the Relationship of @ Frg: s§5mt§

And . ita -Selentific - mmunit 94th Co
4nd. th tentif 0& i g Congress,” 1g§ Ressions: April 22 1975 Washlngton,
(43)
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being the NTH Guidelines on Recombinant DNA Research Witnesses
ineluded representatives from the DHEW, the EPA, the Pharmaceu-
tical Manufacturers Association, and the Environmental Defense
Fund, The General Electric Company was invited to send a represent-
ative because of their known involvement in the DNA research but
refused: the invitation; Researchers testified from. several.of the major
universities (Dr. David Baltimore, MIT; Dr.-Norton Zinder, Rocke-
feller University; Dr. Robert Smshelmer ‘Cal 'Tech; and- Dr. Hal-
sted Holman,. Stanford) -Thege witnesses represented the contrasting-
range of views concerhing the ‘aceeptability of the guidelines and the
need for the research. The views expressedrby some of these witnesses.
have slveady been.cited in othér sections-of this report with the.excep-
tion of the statement:byDr-Wilson K. Talley; Assistant . Administra-
tor for Research:and Development: His comments are of inter est. for-
they: indicate the concerns which ded o théestablishment of & Fedoral
mteragenéy eocrdination: committéeion DNA:to: determine the appli-
_cability-of the gmdelmes to: a11 Federal acencms Durmg h1s testlmony,
Dr Talley gaids &

“Hecase e NIH' nly apply ‘1o’ researcl‘lf condueted of sponsored by
NII—I universal prdtestion agamst ‘the potential hazards of this resesrchilcan
only: be accomplished if-the gdiidelines are extended:to eover; recombiitang re-
search. performed, by, other Federal . agencies and. the private sector. I strongly
support the extensmn ot the. eoverage of the guldehnes to.all recombmant DNA
researeh performed in the 8. To this end, BPA will aetively partmlpate on the-
mteragérix;(;y eommzttee on DNA research Whieh has fbeein estathhed by the .
Presiden b et I RIEEE

[Note: W}ule Dr T&lley, ha,s referred to thls mteragencv comm1ttee

as being establishied by the President, the formation:is not enite that
formal. The committee ig one formed by the Secretary of HEW with:
the Premdent’q approval andig chaired by the Directer of the National
Institutes of Health. Sena,t' Kennedy and Jayits had.forwarded a.
letter to the President on July 19, 1978 in which they had expressed
their ¢oncern about the need, for 1mplementat1on of the NIH guidelines:
at all levels of responsibility. In their letter, the Senators urged the-
President fo explore all executive means for extending ‘the guidelines.
and if leglslatlon ‘was con51dered necessary, to make proposals to the-
Congress. The interdoency comlmftee id'one of the: mechamsms adopted
by the Secretary of HIEW to explore the p‘roblem of amplementmg the-
guidelines among all Federal agencies. ]
" Agdin“the Subcommittes on Health mdlcated rthat this t0p1c was:
considéred to be'of sufficient concern to warrant ‘further evaluation
and as indicated by the Chairman, he would consider 1 gislative action
in' the ‘event that mdustry does not voluntam ply. with the
gmdeh.nes. . o .

which eventually may be viewed as a model method -
evolvinggocial problems; Under the l:lrectomtef for Sc ence uca,tlon
of the NSF; there'is 4 special project on Ethical and Human Values.

m Sc1ence and Technolqu As opq pa,rt of rbhls progra.m, the Massa—

Congréss Henate:
) 21, 1976 op. cit

L
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chiisetts Institute of Technology has acespted o task, funded by NSF,
to prepare-an otil and documentary histbry of all activities associated
Awith the DNA tecombin tmﬁl@gﬁe igsue:’ Parsohal interviews are be-
g taped with &l individiials“who have “sipnificanit contributions: to
ake 1n the débate: The' procesdings of the various conferénces and
mectings in this ¢ountry; and whersyar:possible in-other nations, are
beinip” vecorded. ‘A archive of official ‘dobuments, articles; and other

I

printed Hatérial pertinent to-any aspebi’of the controversy is-being
constructed to supplement:the taped itterviews. This project, under
the: direction:of:ilir: Charles -Wemner; Department. of :History, MIT,
i 'heing’ identified - with ‘increasing intevest and-enthusinsm: by re-
searchers around the country. The Erolei‘%tf migterials will be available
to historians or other researchers desiring ‘to study the evolution of
this.issue.and for this.reason . unique record of an exceedingly
- complex social policy: fssuei . -l 5 ‘ Fgrn et o g

F e e e T T S

zeziThi OFHER : FEDERAL  ACTIVITIES: ¢ iyofolfond 451

The Director of the National Institutes of Health has been holding
Interagency meetings with other executive agencies to determine the
best conrge of action to follow with regard to adherence of these agen-
cies with the NIH guidelines. As indicated earlier, most of these
agencies have indicated their intention to comply. Total sgreement
has not been reached on this problem however, and the interagency
meetings are continuing in an attempt to resolve this problem.

This interagency committee also is examining legislation to deter-
mine whether there is anthority already in existence to permit regula-
tion of all DNA recombinant research—whether Federal, State or
local government, university, or private. The laws under which the
TDA, OSHA, EPA, the Center for Disease Control and others oper-
ate are being studied to ascertain whether these agencies, collectively
or individually, already have the responsibility to permit regulation
if necessary. There are many difficulties involved, such as the need for
additional State-Federal agreements for OSHA regulation of univer-
sities, and if it appears necessary, one of the tasks of the interasency
committee is to recommend such additional legislation as might be
Tecessary. -

Among other ideas tentatively explored has been the potential need
for a Biohazards Commission of some tvpe to oversee DNA. recom-
‘binant research as well as possibly other biological hazardous experi-
mentation. In the Office of Technology Assessment, the Advisory Panel
on Decision Making on R&D Policies and Priorities, hag initiated a
case study of the manner in which decisions are made regarding the
funding of research and development. Dr. Robert F. Rushmer, Pro-
Tessor of Bioengineering and Social Management of Technology, Uni-
versity of Washington, a member of this panel, hag initiated an
analysis of the DNA recombinant molecule issue as a prototype for
developing mechanisms for presenting points and counterpoints about
evolving technologies.? It is his intention to develop this analysis into
a case study for presentation to OTA. .

, 3Letter to the Advisory Committee 02 Recombinant DNA Molecule Program, Sep-
tember 3, 1976.
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"iAs an exdmple-of the: type of legislative action; rela,ted to: problems
in; genetics which was initiated. during. the 94th, Congress, one bill is
of particular interest.S:72515,: introduced by ‘Senator: Ixenneé[yf‘ or
himself and Senators Javits. and Schwelker, contained. s provision of
direct Televance to.the DNA ‘recombinant issue. The. primary purpose
«of: the: bill: was to aménd: the Public Health-, Service Act to. esta,bhsh
& Pregident’s Gommlssmn, For; the ) 21} ,

ical. a.nd=,beha.v10r research, Sectlon. 483 of

volved 'in- biomed
ﬁIwy_Duld,h_a,ve_-req the Com; 1551011 Iso to, e

.conduct ‘an . investigation: ‘and: study “of past present” and prOJeeted ‘re-
search in-the -modification: of:any living: organism or virus-b¥ the inspection ;of
xecombinant ‘DNA- moleeules. The, Commigsion shall consider. the ethical, rsocxa;
and legal.lmphcatlons ‘of such Tesearci and evaluate the potential haz J
_by ‘sueh research both to Tesenrch personnel the human ' subjects’
‘gearch; anid to the public-at 18T, The Commlssmn shall, if appropriate, develop

guidelines on how such research shounld be carried:out i ins order to:profect! humau
health.

The legislation passed: the Senstebut notithe House.




TV ON—FEDERAL REAGTION TO DNA RECOMBINANT RESEARCH A\TD
ST THE: GUIDELINES ; sty

'I‘he debate _concerning, the NIH u1delmes ‘and the issug of DNA
recombinant, research is not limite to the Federal hleurarchy ‘alone
nor to those institutions paiticipating in the Federal decision- making -
process. ThlS is 1 ‘tru]y nataonal deba.te, mdeed it is even inter natlonal
;m Scope.
UAS may be noted’ m the selected examples in the f0110W1n0' para—
“oraphs, the issue has rapldly expanded down’ to the level of local
_government. ‘There are dc¢tive discussions going’ on ranging in $ize
.and intensity from small student/faculty dlscussmn groups up to the
level of serious consideration at the State'level of the need for con-
‘trols through Jegislation or other regulation, A few ‘of the mote
‘prominent, : 1nstances havé been selected and summarized in order ‘to
_eonve ‘the extent to which this i 1ssue occup1es attentmn thr0110hout
the 1 and the World. :

Umvermty of Mlchlgan faculty membels attended-’fthe Asﬂomar
Gonference and have assisted: on:the; NTH Recombinant Molecule Ad-
! vigory: Committes:: The Umvers1ty, followirig the suggestions of sev-
veral faculty nembers, initiated a, paxja,;llel local stiudy and disciission
‘of the resedreh on teconibinant DNAin early 1975, The University
- committee, hasutalized; the: same process.of evaluation:being followed

“atthe Federalleyel. The.committee thembers represent university pro-
“grams'in ' lgalth'and’ Thuman values, law ind ‘psychiiatry, philosophy,
-medicine; genetics,. hlStOI‘ ,-biochemistry, physics and mental health,
- “English, hterature, socia Work and social-psychology.. Deans of the
f‘SGhOOIS of the University. were consnlted and the news media was con-
-tacted to insure. public awareness. The faculty was informed of the
-deliberations, university opponents of the Tesearch-programs. were, of—
fered opportunities to-discuss their views, critics from other: universi-
“ties or institutions were invited to. Submlt their views, the literature
was _examined-both scientific a.nd ethical literature—and, the ocen-
: patmnal andfsafe‘by aspects of the issue were considered..
.- The University of Michigan report on-a.“Policy for the Molecular
.‘;Genetlcs and. Oncology. Program” essentially adopted the NTH guide-
lineswith the recomrmendafion that the research be allowed to con-
tinue, Tt was recommended that: the NTH. gmdelmes ghould. be the
~code.of practice for all.work.on the.campus . regardless of the.source
~of:-funds; only- research 2p. to:and including work at the P3 level of
containment should be ‘permitted (P4 work would have to be com-
pleted outs1de the”Unlversrty campus: unless separate and,spec:tﬁc ap-

4
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proval was provided by an appropriate Un1vers1ty decision-making
authority) ; the University should establish a Biological Research Re-
view Committes to maintain continuous surveillance of activities as-
sociated with such research; the Review Committee should set up a
procedure for reporting accidents and maintaining records of such
‘events; :appropriate’ training for' 4ll personnel be. mstltuted, Prode-
dures for continuous monitoring: be: established ; and that the Uni-
versity Senate Assembly Committee on Reseerch Policies regularly
review all practices to detérthine wheéther- eny new policies or changes
needed to be instituted. .. ., .

otential ha,blhmes
which - nught e a sociated with formal’” approval of Tesearch which
might involve injury. The legal liabilities were considered by the Uni-
Versrty counsel from the stendpomt of tiegligence and strict liability,
workmen’s compensation, nuisance statutes, State ocenpational health
'md safety legislation, Tederal statutes, immunity. against claims, and
insurance requirements. The University ¢ommittee determmed on the
‘basis of this legal analysis that there were no exceptlonal legal in-
Tibitions to e antlelpeted with the possible: exception of the need
for strict adherence to safety regulations and included in their recom-
mendation that DNA recombinant reSea,rch be permltted to continue.

Nevertheless, there was not unanimity in the committee’s decision.
A dissension was filed by Dr. Shaw Livermore, J1, of the Unlver31ty ]
Department of History. Dr. Livermore’s dlsagreement wis not with
regard to the considerations.given to. the containment and other safety
considerations. Like 's’e’irera,l other ob]eetlons whlch have been vo_tced
‘nmtmnelly, he gaids: i - s Bl canhtallE P

‘T do not: beliéve that the Umvermty ot Mchlgan should encourage vekidrch
-in DNA recombinant technology ..} i I believe that the limitations-of our:gocial
-capacities for directing such a eapablhty to fulfilling human. purposes. will bring
with it-a-train .of awesorme and posmbly disagtrous consequences . . . Neither
‘01 share a generslized fear of science ‘and ‘tachn . What T am intent
‘apon 1s ‘the partmular natire of “DNA: recoxhbmanbmese réhil |, THe elaimg
-oft freg inquiry: and-individual-ihitintive -are among: theé most! zealously guarded
in: & free society: and. they:ghould remain.so . ... I de not, -sense that .we are
;nesently at such 4 cérigis [, . a1l temporamly—safe means, to reheve human
dlStI‘ESS are ‘justifiable] or 'a¥e so poweﬂess, that we muist” suspmd judgment to
'Jrasp at each prospectiof: temporary alleviatio

* After the pubhcatlon_of*'the University dominittes’s report; o ot
emthue of the report was prepared by a'group of feculty members and
presented to the Regents of the Umver51ty on 'April 13, 1976, The
committee responded to the’ cmthue i a-détailed comment whiech Teft
‘the impression that the eriticisms were: for' the most part infounded,
The arguments-aiid countérarguments. were: similar {0 the objections
and eounterob]éthons béing voiced about ‘the” Natlonal Tustitwies of
‘Health guidelnes. As at Hdrvard University, eXdmination of the
DNA reseerch isérie was ‘coupled with the need to upgrade university
“facilities to provide eppropnate contamment end sec‘urlty to meet the
'qumrements of the guidelires, Pt
Tt should niet be surnvised from the‘precedmo-'summarv that the
only conmderatlonsbn thls toplc 111 Ml,ehm‘eﬁ W at the Unlversﬂ:y

- 11 gfptemeiit of Dts@ent %aw : 'ermore -Jei Report: of ﬂi‘é Untvereetty Committee to
Recommend Policy for the Molecular Genetics and Oncology Program. {Committes B), The
Tniversity of Michigan. March 1976. iyh
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lsvel THa Wisghténaw Couity’ Democratlc Party pmwded a copy of
X resollitlonithey initiated whic commended that DNA recombinant
méleculs research be testricted by Taw to a limited 1 umber of facilities
equlpped £ prevent inddvertent éscape of test'organismg until’ further‘
data ‘on the'magnitiude of the risk are availible. Three mstitutions in
Washtendaw Connity, Michigin' wére identified as carrying out DNA-
recombinant work: The” Umversfoy of Michigan, Eastern Michigan
University and the Parke:-Davis Resedrch Laboratories. Tn their 1et-'
térto th “'Chalrmen of the Science and Technology Committee, the
suprgestion was madé that other Tesearchers could make arrangements
to condiiet redétfch at these' limitéd number of facﬂltles untll :,uch
time as more information on the risks could be deveéloped:2™ '

0. HARVARD' UNIVERSITY-CAMBRIDGE

“Perhiips’ the ‘most hlghly pubhcmed ‘disagreer lent” revardmcr the;
conduct of DNA recombinant research’ bectirred at Cambmdge Mo
sachusetts. Tn this unWersﬂ:y setting, the Cambridge’ City Comneil
challerigéd the right of Harvard ° mversfcy to’ conduet potentially
danorerous research within thé City. Asinthe case at the University of
Mlchlgan, Harvard University needed to upgrade some 'of its'labora- -
tory space in order to meet the more demanding requirements ‘Specified
in thé NITH guidelinés. The controversy about tle research drew the
attention of prnponents and opp nents of DNA. recombmant research',_
:Erom aH ; er‘the Nation.

1xig ] rvard contr v recelved $0° mueh _
hlgh Tevél attention 1§ that Harvard and MIT are already among the
relatlveﬁ' few. institutions havitig researchers highly eapable of con-
ducting 'stich- research. The isite hdd also been discussed ‘during &
public: symposmm at’ Massa,chusetts Tnstitute of Techticlogy a.ncl f
earlier event§, not only in research in molecular biology but also in
the social’ Impact oF medical genetics, had made members of the facul-
universities pamgnlarly sens'twe to the pubhc pohcy

thelr reséarch,” - ‘

3 public heatings he y,the Oambmdge
City “Cotincil’ were ho different’ from those simmsrized within this’
report or discussed at other symposia. However, hére'the problem was '
immediate and local. Harvard and MIT have members of their faculty
who present both opposition and support of the research. The City
Counell Dosition.was one of, concern. about, the potentml -rigk, to the
public, The result of the lisarings was to establish a temporary mora-
torinimn o the conduct 6f the' “hlcrher risk” types.of such research..In
the meantime, Harvard Tniversity s completing the planned rengva-
tmn of the hboratomes Whn,h 1ed ’co the focus of attentmn on this issue.

D Nl'.‘.W ‘YORK STAT'E Py

The ﬁrst State level actlon on the HNA’ 1,eeea,rch S has hacn.
initiated by the State’ ‘Attorney General’s Office’ in New York: Hear:
ings were.held in October 1976 to consider the need for actioh 6 o=
trol DNA recombinant research. The: options considered during the-

2 Wasghtenaw County Dernocratic Party letter to the Chrtirman Committee on Science
- and Technology May 26, 1
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October. 21 hearings . ranged: from -witnesses calling -for-a complete
moratorium to a requirement for adherence to the NIH. guidelines.as:
suitably modified to meet any additional: State regulations. The State
hearing provided another forum for a discussion of the main grounds.
of debate which had been covered by essentially the.same witnesses at.
the University of Michigan, the Harvard-Cambridge hearings, and
during the various stages of development of the. NIH guidelines, There
has evolved a well identified -core of proponents and objectors in this.
area and public hearings tend to provide an: opportunity for further
discussion. of the same issues. No definite action hag been taken: as yet .
buf, it is significant that a State judicial body has now. entered the

national arena of debate onthisissue:. . . ..
E..BAN. DIEGQ,- CALIF., CTTY.; COUNCIL

.. The San Diego.City Department:of Environmental Quality has been
holding ‘a series of s’emi.—%)or’m_al, meetings for:-the past several months.
to-examine the different, points of view regarding the conduct of DNA. .
recombinant molecule research. at the Dgnivé;rs_ity. of California San .
Diego:campus. These meetings are not being lield in response’to.any -
particular public pressure but to insure that the ity government and.
the nniversity officials haye examined the'issue sufficiently to avoid such -
conflict as has evolved in other localities, Tt.is anticipated that after.
one or two additional meetings the informal hearing group, a.s0-called.
“Quality of Life Group” will prepare a report for the Mayor, of San .
Diego and-the City Council which will; provide somé perspective for

the local government to determine whether any action is needed. Since,:
the City has no jurisdiction over university activities, any. formal -dis-.
agreements or representations for change or control will probably have

to flow through the State government.to university officials.. If; is un-

likely that serious misunderstandings. will occur; since the:University
is represented.on the working group.by Dr. (lifford Grobstein, Vice ;
Chancellor for University Relations and William' Davis, staff member .
from the City Council’s Department of Environmental Quality par--
ticipates in-the public meetings. At :this time .(December 1976 .1t is

anticipated that it will probably be February 1977 before the report to .
the Mayorwill beavailable.. . . i ¢ G

'

“Perhaps the area of primary concern regarding DNA recombinant’
résearch is that segment of the industrial research community which '
is alresdy conducting such research. As practical applications of the
technique. come near, there will certainly.'be an expansion of effort
in the non-Federal sector, including primarily commercial research

" efforts. e reer mer e :

The Director of the National Institiites of Health was aware dur-
ing the early stages of guideline development. that one of:the.critical
factors in the success of a voluntary compliance with the guidelines.:

I Wade, Nicholds, Recombinant DNA': New. York Stite Ponders  Actlon to Co
gearch. Selence. v, 194. November 12; 1976 : 805708, - t:=0 2, o 00w
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would be industry acceptance, It .was for this reason, thet he held a
meeting with some 30 industrial representatives (see appendix 7). to
determine thejr reactions to the proposed guidelines. During this meet-.
ing; it 'was evident that some research was-already underway. General.
Electrie; for example, had been reéporting on its work with waste con-
verting microorganisms primarily for purposes of developing biocon-
version energy systems. Miles. Laboratories indicated an interest in
biosynthesis of enzymes. In general, the industries seemed to be some-
what hesitant to.comimit-themselves with regard:to the guidelines since
it was:believed that the guidelines might eventually assume the status
of:régulatory law and: this would place:an‘entirely different perspec-
tiveon their views about the detailsin-theguideliries: There'is no com-
prehensive-compilation’ of the. extent and nature of DNA work which-
15 being ‘condueted in-industry either:in’ this' counfry:-or throughout:
the'world, although! it appears that at least:seven companies %ares%oingx:
some recombinant work, These aré, in‘addition to Lilly,'GE, and-Miles,
Abbott Liaboratories; W.: R. Grace: & Co.,-Merck, and ‘Upjohn.* Tt is'
obviousthat knowledge of the precise nature'éf any-research being con=:
. ducted: would have:igreat value'in thé-competitive'industries ‘and just:
a8 with:other ‘prb‘}ix{ietémy'work;”théi‘e evidently is concern aboutmains:
taining industrial:sécurity. Flowever, itris!this/¥éry tehdency -for:
secrecy: whichi:produces: a’ counter. concern that: potentially risky re-.
search might be attempted if no control ot guida‘.nce;'i_sg,éxércise_zﬂ late
‘Although Pharmaceutical Manufacturers Association President,
Joseph:Stetlerzimplied: during congressional hearings that the:drug
industry-endorsed the -guidelines and probably ~would:not objeét tot
some monitoring.? it does not appear that thisspiriti§-general through'.
all industries. (Stelter added Upjohh to the'known list of othier com-
panies presently conducting DNA: tecombinant ivesearch.) Stetler in=
dicated during his festimony that the-only problems he anticipated
had to-dowith the protéctionrof:trade’secrets and the provision:re-:
stricting ‘'volumes”to - ten"liters. /This latter provision: would ‘nob be"
acceptablé in any:commercial applieations.” i nssenilahive it
JPMA aldo” inldicated their ‘support ‘for: the use!of mormal. patent:
application procedures to protect developments whichiemerge during -
DN Arrecombingnt ‘researeh: ™ Lh he ant P eand
More recently, s news report wasiinterpreted by some individuals
a8 meaning that there was moresrésistance to the/gnidelines on:the
part of drug ‘and ‘chemical execvitives than might ‘be inferred: from:
the earlier testimony: of Mr: Stetler. The Department of: Commeree:
held a meeting with' répresentatives-of 17 companies to ‘discuss:the-
compliance procednres needed in ‘order: that commercial development-
niight proceed "safely in'this-area: of résearch. During this eeting,.
the representatives 'of these industriés-apparently indicated thatthere:
would be s number 6f: changes required bifore-the guidelines would
he-acceptable asivepulations. Accordingito: reports available, the in-
dustrial Tepresentatives -wounld- atcept al&yster-which would require:
then to register to conduct such researéli but-would fiot! force them to:

RN EO

i

Lo nansizy | Wary; About, Genotic Guidelines. Chemical and {Englneering News, June 7.;
5U.8. Congress, Sengie, Cormmittee ont : Taboy rand "Public “Welfare! Subclrmmittee fon'
Health, Hearings. September 21, 1976. op. cit. .
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com 1P",[y with the' guldehnes even"théufrh the? 1mp11cat1 1
the s would“be violuntary' comphance o In eneral, however, there s
nn 'S 'eclﬁc 1nf01mat1on to indicate that any basm changes n- dridus-
) pﬂmary conoern cemed to be the:

t Hid béen establlshed

+The: hstmg of. the precedmcr speclﬁc éxany les of'-State or 'local dov-:
erninéntiéxamination of:the : DNA -recombinant mdlecnle’ issue or’
industry: reactiéng should- by:no sheans:be mterpreted o medn that -
these: are -the ofily-discussions: which -are -otcurring. TheBiological
Safety Committee at: Yale University; New? Haven: Connecticut has:
attempted; through public discussions which have iincluded the city:
government, to:keep: their:community apprised of ‘activities: &t that .
umvermty. In fact, Dr. .Frank - H. Ruddle, ‘Chairman. of the  Yale.
Biological -Safety: Committée has glreadymade d propoesal to;the NIH
with regard to the pogsibility:of establishing a national repository. for .
DN A ‘material :whichwould; previde some supportzto all investigators:
and -thus prevent unnecessary duplication .of effort: Such a. national-
repository: for DNA-material would-beé similar iR concept to:ithe.
American Type: Culture: collection.: Princeton Wniversity. ‘has’ ecom--
I]))leNtf{d a. study recommendmo- approval for rese&rch ori. recombmantz
Oi:her mdlwdua}s and e*roups have expressed Goncern: or: support'
for this ‘area-of.research irem all over: the Natlon and fmm ma,ny?'
diverse sections-of ourigociety. ;- SRR
‘TheNew ‘York :Academy: of Sc1ences has sponsored .one mlaqor
symposiuih which included s discussioniof this'issue. The National-
Academy of Sciences has-endorsed the guidelines. The Envirenmental
DefenséFund and the Natural Resourees:Defense Council have peti-
tioned;the Department of Fealth, Edueation,and Welfare to apply-
the guidelines to all investigators re,;zrdless of source of funding: The
petition, ‘incidentally,: cites as., tegal justification. for TIEW. action: of
this'soft the anthority of NIF to regulate the spread of communicible
diseases. The Federation of American Scientists has, polled its mem-‘z
bershlp to-determine opinions: regarding: ‘the -research. ;
~The: American Assocmtlon for-the Advancement of- Sclences, ag a.
part of itsexpanding role in inereasing public understanding of public.
policy:issuss will: probably continue! to- ‘play an important roleii in pro-
viding a public forum. for tlie disensgien of this issne, The American
Institute of Biological Sciences régularly provides discussions-oh this
subject foriits membérship: The American Society for Mmrobmlocrv-
established ani-ad hoe committee to-study the NTH :guidelines. Thelir:
recommendations: essentislly ‘endorsed the:: -guidelines . with: sevéral.
recomniendations: t6"strengthen ::containment: criteria and..to- pro-:
tect susceptible researchers. The ASM:.committee also indicated a need-
for increased® ASM tesponsibilities:in the area of education: for DNA -
' recombmant molecnle researchers. The National Academy of Sciences
is" planning ‘" special “workshop -irn“their *Academy” Forum Series
{Mazrch. 1977) to-consider research. on- recombmant DNA '

¢ (ohn, Vietor. Drug Indnstry Seekq to Alter U.8. Rules on Genetic Stﬂdws The
Washington Post. November 20, 1976 : i
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A special congressional stafl briefing on the need for legislation to
control recombinant DNA research was held on December 14, 1976
under the sponsorship of the Environmental Study Conference [an
informal congressional group supported by Members of both Flouses]
and the Scientists’ Institute for Public Information.

Although the proliferation of interest in this issue has not been
totally unexpected, there is some concern about the potential for the
evolution of ordinances or regulations on a local basis. Since the
research transcends local boundaries, there is a strong interest in the
development, of standard guidelines. In the discussions held thus far,
the NTH guidelines have occupied a central focus of attention. There
probably would be no objection by NTH if State or local regulations
evolved which utilized these gunidelines as the core for any locall
enforced regulations. The evolution of a maze of regulations woul
on the other hand, contribute to great confusion as to requirements and
undoubtedly interfere with effective control over research which
crosses not only State but international boundaries. Evidence for
this same interest in other Nations is available not only from the state-
ments made by foreign participants at U.S. meetings but also in the
debates which are producing regulations in these other Nations.






. INTROD'UCTION

_ A number of nations hove a.Iready talen formal actmn to regulate
-or-consider-regulation of IINA :recombinant research. The T.8..De-
‘partment. of Health, Education, and Welfare is making a direct effort
_to maintaii jopen. 11nes .of communication :with these- ‘nations so-that
their views: reaardmg the NTH - guidelines:may be- considered as-well
-8 to determine any new.data which. might.require:evaluation in’the
"United States. This cogperation was evidenced from the first-Asilomar
‘meeting on and including the meetings of.the NIH DNA:Advisory
Committee meetings which havebeen attended. by foreign representa-
%vgsé prmc:npall r.the Umted ngdom, VVest Germany, and the

Toward the end of 19°71; the ‘British Assoeiation for the Advance—
inent of Science expanded ‘its’ efforts to make the public aware of the
‘developments and ; .consequences “of science. In this: objective at least,
the BAAS was attempting, in the same way ag the American Associn-
‘tionfor the Advancement of ‘Seience; to be miore responsive’ to the
need for  greater interaction between' society and the scientific com-
munity. Amon the several areas of long range ‘interest selected .for
special ‘study by a’ working group of the BAAS was a thomugh
‘exniination of the scientific, social, ethical” and legal issues associated
‘with advances in’ genetics ind’ blology 1 By the end of 1974, the work-
ing group had eompleted i ‘series of papers on topics,in this subject
'a.rea ‘and ‘a_report._ had ‘beeni” published in the form of a book:? The
efforts of the working group ‘are of mterest not;'only because of the
perspectives about, the evolving issues in ‘genetics which are preaented
‘bt also’because this'; group, attempted. to provide for an' examinition
of these issues by a broad spectrum of representatives of different
-segments-of'society : the press, the Parliament, many fields of medicine
-and“biomedical ‘reseatch, law) and sociology. This "working group
effort provided'a natural baclground for the more intense examina-
tion.of the DNA.. reeombmant molecule 'ssue Whlch bega.n to evolve
-during:this period., . : S

In another related actmn W1th1n the Unlted ngdom, 2’ Workma
party was seb up by the Secretary‘ of State for. Socwl Serwces to

1Socia1 Concern and B!ologieal ﬁdvances p' a’" Study Group British Associa-
“tlon Pablication 7412, Britisll Association FD}: the Aﬂvaneement of Secience. London
September 1974, 18 p. -
nes, Alun and Ws.lter o Bodmer Our Future Inheritance - Cholce ‘or, Chance? A
Study by & British Asgoéiation ' Working ‘Party. Oxford Univ’ersity Pregs, 1974, 141
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determine whether there was a need for taking special measures to
‘control laboratory studies with pathogens. This action was initiated
following an accidental release of smallpox virus from a laboratory
in London. The time span of this study overlapped the DNA
recombinant issue. Therefore, their report included a recommenda-
tion that a “Dangerous Pathogens Advisory Group”. be. constituted
to provide advice on control measures for DNA recombinant research.?

The first comprehensive assessment of DNA recombinant molecule
research was initiated following theé publication in the journal Neture
of the request by Paul Berg and others for a moratorium on certain
Fforms of this research. Upoh: review iof this statement; the Advisory
Beard to thé Research Coundils-estaBlished another: Woriﬂna" Party:
BTG dsseds’ the' poténitial beneﬁts and’ poteitisl hirards of eeh‘mques Yehich
allow +the experimental mignipulation: of the:genstic’ cgmposm(‘m et riiero-orga-
gmsm, .and.to report.-to -the: Advisory: Bﬂard for rthies ’R.eSe&rch‘n(}ouncil‘ :

- iThe #*Aghby” Reporb prowded “niimber of récomin
=f0(3used on the needforsafety in hafidling ay ]
‘combinant  molecules, “A’ central ‘théme in this- ‘report,as i MEny te-
ports-in ‘other nations, dealt ‘with:the potential danger of accidental
‘dissémiination of DN:A recombinants with | unpredlctable ad poten-
tially dangerous characteristics. The general reaction to ths-Teport
appeared to be quite favorable, For: example‘ Bernard Dixon reported :
.. Lord Ashby’s. report. is, notable, therefore;.in examining ‘a potentiél;hazaid of
‘umque seriousness—and one which has been brouﬂ*ht into the arena-of publie
‘debaté by # group of Scientists’snxious about the repercusamns of then' own
Work, Tt is also’ unprecedented inihe elarity and: ‘simplicity -of ‘1t prose Thea
.committee: felt, guiterightly; .that:the - sub;lect should :be made accessible to
people not: famlhar with 1ncreasmg1y opagné jargen: of microbial genetics. One
cannot but applaud the motives of hoth. the researchers. anﬁ the Ashby. panel in
stlmulatmg publle awareness and d:seussmn in’ thig vay. .

" Dixon was ‘not, entlrely satlsﬁed ‘with - the report however ..and
‘pointed out.that the. Ashby report 1dent1ﬁed research, indicating that
‘the K~12 E. coli could serve in the human infestine ¢:but at the game
time sucrg'ested that the. hkehhood of. such an:.event, iwag, extremely
Temote, The Ashby report was criticized further by. Dixon for not
calling for a complete stop to all. resea,rch antil the. necessary- sa,fety
systems had been developed. . ..

The next Qhase of the British exatination of: thls issue wa com—
pleted by a “Working Party” asmgned the task to: .

. 4g)-draft. al detitral :code of: practicd and o make: recomm‘endatmns for ‘the
_\.estabhshment of-a.central advisory serviee for laboratories using the technigues
availdble for such genetle mampulatmn and for the prowsmmof necessary
'trammg facilities; . : i
i(bY:to: consider the: practlcal aspects of applymg in :approp caﬁes the
controls advocated by the 'Workmg Party on the Laboraﬁary'EISe ! Dﬁngerous
.Pathogens et H E :

SDepartment ‘of “Health and Social Qecurity Report of the Working Partv un the
Laboratory Use of Dangerous TPathogens. [S8ir Geor"e Godher Chalrman London HeL'
Majesty’s Stationery Office. Moy 107540 pv o ..
. *Secretary, of State.for, Edueation :and Science Report of! the Workmg
“Bxperiméntal Manipnlition of the Genetic Composition of Micro- Orga;msms-
Chan- an] January 1975.. London. Her . %&jestvs Siationery (Office, 2 NS

""" Berngrd. Not Heod: Enough, ew Sclent{st. Jannary. 23, 1975 186, .
°Anderqon . 8. op. cit.

% Secretary of State for Mducation and Service. Report of the Working Party-on the
Practice of Genetic Manipulation [Professor Bir Robert William, Chairman] August
1976. London. Her Majesty’'s Stationery Office. 31 p.
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“Ar sumimary of +the ré¢ommendations!:
'fwas prepared by the'editors:of Natures

The 'workiig ‘Darty ‘divides’ ‘experiments into four ‘eategories (dependmg on
-"thexr vhazards) and: prévides: a-code: of practice: ito--cover: each. category. . . .
Researchers will Ssubmit.details of their experiments o & “Genetie Mempulatmn
. Advisory Group. (GMAG) which will vet and categorize the work, They can
_then decide voluntarily whether or not to ab1de by the advice of the GMAG

to' follow the code of practics;: "

A YBut atithe same: time, detaily ‘of the. expenment wﬂlz'have to: be subnntted to
‘the Health and Safety Commission (HSC) which has turned its eye spemﬁcally
‘to all forms of genetic manipulation. of microorganisms, including those which
preceded the advent of the new technolo“y fof recombinant DNA. The HSC will,

.through its inspectors, police the work using the existing, (and very wide ranging)
’Hea]th and Safety at ' Work Act, which it sdministers. The great advantage of this

i Alet i3 that 4t applies fo all employers, in{ndustry). public-laboratoriés and uni-
‘versities.. This-has allowed.the. working party to, avozd the problem being faced

.;in -the United States, where gmdelmee control ‘only research sponsored by the

“National Instifutes of Health (NIH) and leave mdustrial and defense-r—'*lated.

A wvork largely untouched . _

, Tl"e British I—Ieelth and Sefety Commls ion did’ not talke lono to

“promulgate ‘a proposed document for tegulations for “Compulsory

“Notification of Proposed Ezperzments in the Genetic Mampuletlon of

_:.ﬁMlcro organisms.? . ' .

Althoucrh the request for comments on thlS document ad 2 closmor

“date of November 1, 1976, this date ¥as extended to permit add1t1one1
-comments to be submltted Reports in the liferature indicate that the

“scientific community is quite disturbed by the stringency of the pro-
posals in the HSC draft regulations arnd by the sweepmg soope of the
'1'esearch encompassed by the regulations.

1 As the HSC regilations ‘are “inder evaluation and consideraticn for

. rev151o, ‘prior 6’ promulgatlon, the British Geneti¢ Mempulatlon Ad-

-visery Group- has initiated its examination,of the problem. Sir Gordon

~“Wolstenholme;Chairman of the :Group has-already met with the Di-

rector of the U.Si National Institites of Heelth to cons1der the prac-
“ticatity of the guidelines which'at® evolving.e*

Britain’s Institute of Biology had already ehdorsed the guldelmes
-developed at'theAsilomir Conferétice. This organization as well'as the

- British- Society- for- General- Microbiology: the Association:of Tini-

wversity: Teachers; and ‘the “Association: of: Scientific, Technical; ‘and
Managerial Staffs are all directly eﬁected by the’ proposels of the

- Health and Sefety C‘ommrssmn. >

: e 0 ‘ ANADA‘V . . coie
_.’I‘he Medrcal Researoh Councﬂ‘ of,Ceneda, estebhshed'en"ad hoo

) to make recommend tlons to the Courieil regardmv the safeguarde to be Te-
|quired“in MRC Supported researeh on recombmant D’\TA moIecules aud eertam

8 Genetic Guidelines : -Handle ,With Care. Nat’ﬂ
-also: Eawrernde; Eleanor, Genetic: Manlpulation;:-
‘ber 2, 1976 4-5.

V. 263, September 2,/ 1976 1. See
uideliues Out ‘Nature. v.:263. ‘Heptem-

» Health and Safeiy: Commisslon Consultatlve Document Compnlsory Notifleation“of
. {Jé-gposed Experiments .In.the Genetic Manipulation -of Mlepp-Organismg, Liondon.: August

n Briga)a.in and: T, Discuse§ Genetie Eng‘lneering N Seientlst NOvember 8’ ¥ 'j :

Draftt Report to'-fhe: Medieal Research iGoundll From 'Its Ad HbE Coirlmittee on
Guidelinee for Handling Recombinant DNA Molecules and Certain Animal Viruses and
=«Cells, March 1976. T2 p.

80-497— 77—t
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" Fhe (ommittee submitted its réport: to:the Canadian- MRC and a
oopy was provided to the Director of the 1U.S; National Institutes of
-Health for his:eomments, The report. provides: recommendations, for
- mechanisthg #nd procedures: for monitoring of MRC Sleported Te-
"search. As in the 1.8, giidelines, it was Sug‘gested ithat the: pr osed
"MRC guidelines also be adopted fornon-MRC funded research. Safety
procedures and containment 1evels are.described for yarying degrees
vof 1heyla,rdems work with: v1ruses dells .and recombment DNA
-molecules. . ¥ ‘ f

There isno formal Government policy in this area; s'there 11ke1y
: to be.: The number: of Amnstralian sclentists llkely to ‘do work in this
field is strictly limited #hd ‘well kinown'to the scientifie cominunity. -

. The Australian ‘Academy of ‘Sciences has convened ‘s “Standing
“Committee on Recombinant DNA Molecules.” On behalf of the. com-
mittee, Professor G, L. Ada of the Australian National UmverStlty has
prepared a report, titled “Guidelines for Both Physical and Biological
“Containment, - Procedures for VVork Involvmg Recombmant Nuelem
" Acid Molecules.”

- Basically, the document.sets up and descrlbes ﬁve “rlek” cateuorles
and prescrrbee approprla,te ‘containment meastres” to be followed j in
each case. Thege categories are as “follows ¢ () mihimal risk experi-

_mients; (b) low risk experiments; (¢) moderaté risk experlments (cl)
‘high rlsk experiments; and (e) exper:tments to be deferred I

A final category includes: =~ . ,

*Technically feasible expenments wh1ch present such semous dangers that iLhelr
‘performance ghould not be undertaken at this time.:with clirrently .available yvec-

_tor-host systems and presently available contaiiment capability. These include
‘the cloning of recomhinant nucleic deids from highly pathogenie organisms «(i.e.
~clasy 8 and 4 detiological agents ai classified by HEW), nucleic acids:containing
~toxin.genes and large: séale experiments: ‘(more’than ten liters of culture) using
recombinant nucleie acids that are able to make products potentmlly harmful

_to ma.n, ammals or plants v
Whlch

The Potennal for Ecologmal D1Srupt10n or: Pathegemmty of ‘of: the Modlﬁed
Orgamsm Could beBevere,” and Thereby Pose a Senous Bmhazard Both W1thm
. _and Outsule the Laboratory .

Containment procedures for “h1gh rlsk experlments” 1nelude “1sola-
tion from other areas by air locks and a negative pressure environment,
clothing changes and showersfor. entering personnel and laboratories
fitted with- treetment systems to inactivate or remove biological agents
‘that may be contaminants in exhatist air and liquid and sohd wastes,
The handling of agents should be confined to biological safsty cabinets

" from which the exhaust ‘air is incinerated,” Containment procedures
* also prescribe use of “rigorously tested vectors and:hosts whose Urowth
.:can be confined to the laboratory.”
Rigk descriptions-and: ‘containment levels for other eabegerles are
approprlately scaled down.from high risk category..
o The Standing Committee of the Academy reguests sc1entlsts Work-
. 1n0‘ on or. proposing work:in-thig area to study.guidelines-and then fill
L:m a. questmnnalre The comm1ttee will. assess t.he degree of ha,za,rd in
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submitted proposals: and-will:-recommend - appropriate-containment
procedures. The Department of Health expects to be able to monitor
‘proposed’ studles thitough theneed for finaneing of proposed progects,
‘thevast majority of which comes’ fromi 0ve nment SOuTCes in one Iorm
or‘anoth"‘ g . 5 :

There'is no: ewdence avallable a,t thistime-that there ate. any restrlc-
‘tions o PN A recombinant-research in the Soviet Union: Thisnatien
‘hast had. represeritatives: in: attendancé ati meetings:in’ithe United
States, for example, at the Astlomar Conference which: develﬂped
‘theinjtial ‘gdidelines; -and.’at thé - public- meeting: -of -the . NTH
DNA | “Recombinant {Advisory (Comniittee. Seme: indieation : of -the
Soviet: attitude about:this research can be found in 4 recent papetpre-

pared; by . T: FrolovieIn. addition to :discussing: the: usual éxamples

‘eited: Wlth regard:to: the benefits and fisks of this: research; including
“a big-danger in the case of theiruse formilitary-purposes as. well-as
“in: the ha.nds of various kinds:of ill-intentioned:persons?.-Frolov notes:

4, i, ivoices are. being raised swith increasing frequency: concerning the

:meed:- for democratic (sic) :control over scientifie research in fields-abut-

ting on the vial interests and man and mankind.” ** It has also been
learned 'informally:that-the Soviets have réquested:a c¢ultureiof the

-viral: veéetoi‘being, proposéd: for- approval’ in DNA recombmant To-
searchat the 1.5 ‘National Institutes of Elealth..

*In anotherireport; :Academician; Vladimir- Engelhardt xwho att&nded
¢he As:loma,r Oon:[eirence is: uoted 48 Saymg' SHE

P
~exaggerated. At the: mo ent, molecular bxologxsts aré happy if” they ean transfer
;juSt Qne-gene. . .iThe: possmlhty of: bmmpulating the huge ntlmber of separate

eomplex problem that it clearly Tied in the d1stant future . . . wher. such
genetle engu_leeljm_g__ beeomes-poss;ble, society will be mature nough to overcomn

' ite-of controversy over; recomblnant DNA Work in
t is country as:been at: the Pasteur Institute. Géneticexperiments of
:this type - had: been: temporarily-halted awaitirigithe guidelines from
Agilomar: Followiiig’ the publication -of thesdé! gu1de11nes, the French

igovernmént!forned t#Wo committetst ohe to examine the ethies'of:the
research thé-othierto. develop safety limits toicontrol the research. At
the time of this repoit, no definitive guidelines had: been: made avail-
-ableito the T.8.:government, but the controversy at the Pasteur Tngti-
‘tute-is very similar toi thie:débates occurring :at Harvard, Umvermty
of Michigan and other campuses in-the Umted Sta.tes. i _

'Recomhmant Molecule: Advmory Grou HEW Mareh 1976,

I8 Wrelov, IV, Research - on ‘Man, enetic Tnginesring)! Vopros Fnosoﬁi 0.’ 197
83 95, no:.8,.-1975: /121138, (US. .Totnt Publications -Research Service JPRS 6630‘?
December 5, 1075.) .

4 A Unique Plan for Soviet Moleeular Biology. New Scientlst. January‘ 1976 53
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G OTHER NATIONS AND INTERN.&TIONAL ORGANIZATIO‘\IS‘

Gommlttees to examme the DNA recomb ant. research problem and
_’develop national Jpositions ., regardmg this -research - have been:estab-
lished in Sweden, (Swedish Medical Research Couricil); Japan,.the
Netherlands (Royel Academy-of Science Advisory Commlttee), and
“West Germany. While other nations have entered into discussions af
-intérnational iconférences on génetics:andi ¢cell physiology,there'is at
iprésent. no indication that . procedures :ag idetailed - as: those! describéd
For the Umted States, the Umted ‘Kln«dom, or Canad& have been
.completed
11T he. Eumpean Selence Foundatlon hes recommended a,doptlon of
the guidelines’ proposed by the United Kingdom. Apparently, the
ESF- prefers:the British approach because: of the: greater emphasis-on
“physical containment rather than biological containiment and the fact
that the Britishzapproach would apply to alldaboratories and not just
rgovernment: funci[()éd reséarch. One:important factor considered by
BRF invits evaluations was'the need for:all nationsito ‘cstablish-essen-
‘tially ‘similar;control-lévelsiin-erder’ toprevent the movement of re-
‘gearch from' one- country to another in search of the least stnngenf
‘CO‘ndlthl’lS RN

(1At the:16th General Assembly of the Internatlona.l Cenncﬂ of Scl-
Bntlﬁc Unions:meeting in Washington; DIC:in October1976, the Coun-
il approved the formation:ofa Committee on: Genetic Experunen“ta—
tibn to monitor; agsist, and advise on récombinant DN Azresearch.i®

The European Molecular ‘Biology Organizatiohthas established &
standing committee on Recomblnant DNA. to;provide advice.and as-
'sistance to any members engaoed in:genetic engineering Tesearch: Al-
‘though the EMBO: standing committee hag o regulatory erlegislative
responsibilitiee, it g prepared to’ provide help on’scientific and ‘tech-
‘nical gspects of Técombinant, Tesearch, EMBO also has noted that a
¢ollection of bacteria, plasmids, and bacteriophages best suited for re-
combinant work should be esta,bllshed within Europe or elsewhere
within the framework of EMBO, The EMBO advisory committee on
:DNA recombinant research:also hasadvised the Director:of NIH of

“their full support of the neéd-to carry out:éxperiments specifically de-

-signed. to proyide information.to perinit:assessment of:the hazards
‘being postulated. for this. ‘type of reséarch. EMBO -has beenirepre-
‘sented: at several of fhe. meetings held by NIH: and at: Asilomar and
-exchanges communications avith the Dlrect.or of: NTH with regard to
the:guidelines which are’evolvingin the United-States. - "~
- The World -Health: Organizationi has been:nrged to cdordinate re-
-oombmant DNA studies: In the Septemiber WHO Chromcle, however,
the position of WHQ was stated: as:follows: : r s
... While WHO has a clear duty to act as.a worldwide coordinator and promotér
‘of internationdl’ eollaboratlon in th1s field :[Safety of research ofi DNA Teecsm-
‘binants],- it should: not- fteelf- set up: guldehnes but should. ensure that Member
Btates dre kept fulIy mformed oft gu1dehne§ promulgabed w1t1nn countnes c'h1eﬂy
mthsuch.research o et lat PRI N P

1 Kenward, Michael. BEurope Urged to Adopt UK's Genetle Tules, Scienee and Gov-
-ernment Report v. Y1 December 1, 1876 : 3-4.
25“{51;6'{1 SAets on DNA, Taiwan, Spaee Yssues. Chemlcal and ¥ngineering News, October
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.. . In view of the potential benefits 0f research cn DNA recombinants, it is
suggested that an expert group should meet within the next 12-15 months for a
detailed examination of certain promising technical areas.

. . The potential benefits of research on DNA recombinants in relation to
agriculture are emphasized. The nutritional impleations are enormous, and the
possilzglity of obtaining new energy sources from plants should also be borne in
mind. . . .

In summary, the DNA recombinant issue is receiving world wide
examination in actions ranging from the specific recommendations to
utilize the resources of the Occupational Safety and Health legisla-
tion in the United Kingdom to control all research wherever per-
formed to an attitude of little or no immediate concern about the issue
at this time. In all instances, it appears that lines of communication
have been established among the various governmental groups and the
efforts of the U.S, National Institutes of Health are receiving careful
and regular scrutiny. '

37}; Towards More Effective Blomedical Regearch, WHO Chronicle, v. 30. September 1976
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alone. cannot -solve the problems of. contemporary life, Indeed teehnology has
in some cases gwen “Fige to problémg . . . The rapid’ developments in the field of
genetic research present perhaps’the foremost area for socidl concern aboit: the
Pposgible: applmatlon of: basic: researeh ‘Future- dlscovenes andrefinements-of curk
rent procedures will force society to confront squarely and resolve the question
of fhe role of science and technology in modern life. The necesszty for pohtlcal
lega vand'ethical decisions- wilks Hrize fr! genetms more than:in cther‘areas. of
geiéntific research Heciuse of the fat reaching impdct genetids hag on Humsnity,
Geuet e reeearch mvolves ‘the fundamental €lementyt ofrwhat 1t means to! be! human

: ea.dmg commentator has postulated that there ‘are four 'types 'ofi per-
" egption: with' regard togcientific reseakch [citation gwen in’the Gardner article].
Whenthe' eonsequenees of Hny 1ine of research are WhENGWIH; the' poss1b1e oliteome
mayhe viewed ‘With'extrems optimisin; 'moderate’ optiniism; moderate: pessinism,
or rachcal pessnmsm 'I‘he extreme opt1mlst seeg the pursult of selentlﬁc reSearch

The i e'rate loptimist “believes ‘that more henefit’ than hayth generally resulte
from sclenhﬁc research and therefore that reeearch should proceed When th

t desplte the- beneﬁts geléntifie” researe
'IIy. harmful to modern eoelety §

As is ewdent in. any

‘combinant issue, there s a spectrum «of_peroeptlons prese H_One sag—
nificant, aspect of the. debate is the fact that Ihese various perceptions
are. belng yocalized early in the research stage and this the deb te, can.
be effeotlvely engaged before full blown. teehnolooy emerges. Ttisin the
action-reaction part. of the issue where there, is a pa;'tlcular:conoem.

r example, in'a recent commentary ¢ on pubhc 1ssues ov '_the past
B0’ yeors, the New ,S’owntzst noted : '

. /The: 1mp110at10ns of thlS comment Vis-a.vis.an unprecedented con-
straint; overi scientific work is.evident algo in the remarks of Dr. Stan-
ley N. Cohen when he testified before the Senate Suboommltbee .on
" Heglth. Dr. Cohen pointed outs -

Whlle 1t zs essent 11’01- the pubhe to be assu ed th
knowledge are carried’ out safely, I beheve that 1

= U @grdner; Bitbira’ Toretntihi The “Potential fo¥ "(enetie’ Bnpinésring ',‘A':Propo 1.7
International Leral Control. Virginia Journal of International Law, v. 16, Winter’ 1976'

"2 Twenty Years On, New Scientlst. November 25, 1976 : 427,
(63)
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'publlc Ainterest if the initiative of the scientific community in rz{imng issues
of experimental safety should lead to 2 decision by the public te direct [emphasw
added] the scientific course of such investigations.® .

Dr. Richard Roblin voiced a similar concern:

. T hope that r,h1s move toward self-reg ulation on the part of the sclennﬁc
commumty will be given a chance to demonstrate ltS effectlveness before other
forms of socml control are applied.*

In contrast with this concern’abotit certain basic scientifie rights of
free inquiry, Sinsheimer believes that we may be at a point in scientific
achievernent beyond which we. ‘should ‘not proceed. He perceives Jong
range philosophical issues in the DNA recombma,nt debafce Wh1ch he
beheves have not'been adequately addtesseds

“Dr. Susan Wright (University of Michigan), an outspoken critic of
the process by which the NIH guidelines evolved, recently summarized
her concern about rea,chmg pubho pohcy declslons on. dﬁﬁcult issues:
generai]y -

Advoeates of th present pohey [on DNA recombman{; researeh] maintam that
the public has; part1c1pated in its formatlon “Let -it be. clear: that expressmn of
views:to :decision makers is.a quite different matter from:participation in deci-
gions. /Through the mechapism of a. techmcal .commiitee, decision-making :power
has been concentrated in the. hands Of:. front-rank researchers, all. of whom. are
committed-to -biological research in-general and many, io recombma.nt research
in. particular: There hag been no representation from those. most 1mmed1ate1y at
risk-~technicians and maintenance. personnel; . for .example;. no.representation
from public: 1nterest wand envxronmental organmatlons no replesentatlon :from the
gpubhc at-large, - - .

Tids: questwnable, ther self-l egula on. of thls type ean be rehed upon as a
means of making public policy . Scmntxsts must recognize that in'a. democra—
tlc smnety, they.do not have specml rights to self—government for Jan: activity
which. carries gerious zmphcatmns for. the .whole society. . ... anortunately,
proeedures for making poliey. de(nsmn on hazardous areas of smence and tech-
nology. have not yet, sbeen developed - P

‘Accountable commigsions at.the local and nation 1evels estabhshed to formu-
late .policy - for.-all work . that roses biological. hazards might, aft‘ord one path
Such bodies would require access to the widest possible range of iechrical perspec-
tives from both advocates and erifics, But their membershlps should reﬂect the
faet that Lthelr dec181ons Wduld be oh miatters of Publ i : ;

pﬁbhc at: la,rge and by pubhc interest grotps. The pemlstﬁnce of tHlS
concern by the advocates of a neéd for even more public participation
indicates that further efforts may need to be made: (For exa,mples of
tha'spread of Partlclpa,tmn thus far, ; see the several llsts of partlclp nts
in the appendices.) i
It igdifficult toresol vie this complex issue inte a mlmmumrof fﬁct@rs
for easy’ evalnation Findaméntally, however, thers ippear-to bg 4ev=
eral basic issues. One, there is'a strong’ cmtlmsm ‘that the decidion to
continiie the resestch wasmade essentmlly on-the basis of a determina-
tlon ‘th the 'research ould be conducted ho an “acceptable” level 'of

*11.8, Congress Senate Genetic Engineermg 19 Henﬂnga op cit BN 10 1

* Roblin, Richard, Ethical and Secla] Aspeetg of Experlmental Gene Manipulation
Federatmu Proceedings, v, 34. May 1975 :-1424:

U.8. Congress. Sena.te Repombinant DNA Research ‘and’ the 'NIE Guidelined. Seps

2%1;1]321-) 21,751976.- op. cit. (Hee alse Apperndix 13 for an ‘editoriAl” ‘by Sinscheimer on’ this

right, . Susan. Doﬂbts Over Genetlc En, inee tn, Gontr . INE clentl. Dec T

2 1976g B0 hat. : A : g Fing.: oIs. it S tst embe
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safety’ ra,ther than examining. the igsue from the perspective of whether
the research shoyld be conducted at, all. In this respect, the DNA re-
combinant molecule issue ‘is:being likened to the nuclear enero'y prob—
lem;,Some would prefer that the research had never continued to the
technology. Twoy, there:is-an even mnore: fund_a,mentafl questlon which:
many wish would receive more attention. This js the igsue of soeretys
mf:eractmcr ‘with science and th dctermlnatlon T the basic’social Te-
sponﬁbihtles Ffor the decision m‘tklllg process.. The scientist is begin-
ning to acknowledge: the’ rlght of society to participate in the evalua-
tlon of the 'scope and Tate 6f investment: of resources in research but
still'wants to tetaih cértain busid' tightsof fieedormn of 1 1nqu1ry Theré is
a.nucleus of resistance to total scientific freedom. 4s ‘the. ability to
tamper with the most fundamental processes of life-challénges the
ability of seciety to perceive the:implications of this capabllltv Pet
haps thisis' fundamentally 4 ‘fenr réaction,’ The ethicists ate finding,
this aspect of the issue 4. fertile’ ﬁcld fo 1nvest10at10n Th1rd af tﬁ‘e’
research ig to-continue, there i Is ¢ concem i i

emergence of’ Stronger eriteria; . thormg, 110ensmg, mspcc-
tion, education, and training.of investigators in this field. The British
approach, through.their Occupatlona,l Health and Safety Agct, pre-.
sumes. a.need - for. such. regulation, Acéidents recorded- in hlstory sup=:
port the need.for control, partictilarly as the research becomes. THIOFe
widespread :and involves individuals without s hztgh a.level of com-,
petence or experience-as. the: early. cautious 1nvest1gators Related to
this: need. is. the. fact that this research.is.not limited geographically:
or. by national scientific. capability, Fxperience in-othér. fields of re::
search have.demonstrated that ressonably standard cotitrols, if estabs
lished; will be/ required, otherwise the Tesearch-effort will move to- the
frea: pf Jegst reS:{stance. In fact,:.- Gardner emphasized: this.point:
spemﬁcaﬂy peliocren bt aleen e e lieehl i T aiieitn.
(fenietic Feséarch Tas rédche a criieidl Stagé:
society’ is now-challenged: to assert: reasonable and: carefully- consxdered control:

over the. direction of man’s evolution. Such tontrol is essential in .orderto-
prevent an 1rrat10na1 reactlon to unexpected : future events or an unmformed;

. "_publxc perceptmn of sclentlﬁc mampulatmn of human evolutmn

In & Very thought provokmg lecture, Dr. Arthur. Komberg con-
sidered this new social evaluation of biomedical research which is
oceurring and which has lentstrength-to the current controversies con-
frontmg the DNA recombinant molecule research, He summarized his
<doficern in-one sentence when he said: “Strong social, economic and
political pressures notw thieatern acquisition of basic knowledﬂ‘e ?* Korn<i
berg certainly ‘does not: challenge ir his article; the- seriousievaluation
‘of the commitwient’ of’ resoitrces -to basic research; but he asks that:
the impact be carefully considered in terms of the rewards whlch may:
be lost 1f ba,sm research ds actively. 1nh1b1ted 5. :

7 Gardner, Bau‘bﬂra Jeremiah ‘opi-elt; pi428: et i
8 ornberg, Arthur. Research, The Lifeline of Medicine The New England. -T ournal, Of
Itiedl(:lne V. 294 May 27 1976 1212—1216 .
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M ecula.r biolog ;slgn -
eause ‘it has not cured aﬂyone yet A hundred years ago the same might Have'
heen gald" of hlstolog JAL that tifie ‘edllular’ anatomy and pathology ‘began to
1mp10ve our- understandmg of many. diseases; today, xmoleeular anatomy and:

' pathology, -give us mifich:deeper insights. .. . .

_-What has moleeular bmlogy contnbuted to th1s work [stud1es of proteolytne
enzymes and their inhibitors; haemoalobm dlseases, etc.]? Tt has sipplied thé
Easm concepts of mierobial genetms mutagene51s, répair ahd feed-back control’;
ftohag supplied. the techmques of transferring genehc material from one stram
of:Bacteria -to another.:. .« These concepts-and. techmques were. developed by:
geientigts who .set out, to 1nterpret fundamental blologlcal processes 1n phymca}
and ch mlcal te;rms

i t60: yourig: &' science: for 1t- 0} be iéleat eXactly Where it will pay ff,
Whence We may do- best®if -we: spread our- efforts -over. .a: wide feld. ;. ;
. s There, is a unity of life at the,molecular- level. whlch implies hat any-
t "ng found t0 be true in B, cou may also hold in man, . . ..
‘In the future, the most Jmportant contribution of u:noleeular bmlogy to
medmal practiée may well be genatic engmeermg, but early hopey that'enkaryotic
genes could be transcribed and translated in prokaryotes have notiyet materialized:
Enote, this has now been: accomplished].Instead, workers. may!tryito.gee:if cul-
tiires of animal ’ viruses carrying human genes could be used for the manufacture
of )therapeutlcally mportant human protems ’

" The guidelines are out and the Timitations on certain typesof DNA
récombmant research aié now proscrlbed more'spemﬁcully The" con-
tinuation ‘of DNA tecombinant research'and’ the rapid’ Progress in’
éxploring new “of esearch 'with this tool are evidended in thef
many papers ‘cited within this report and in the selected bibliography.
Tn faict; the interest isgo intenss now that a nétw Journal, “Gene,” will
ba devoted to-publication: of réssarch'in this area. In hep: report of
the Biochemical: Scclety s "9th+ Harden Confererics” “The ‘Role ' of
Recombinant: DNA-in- Melecular Bmlogy,”i Septémber 2024, 1976,
Eleanor Lawrence: provides’ ample Hustration-of how the' researchers
liave continued: theirefforts to solve the mysteries‘of DN A regulated:
activities.®® She identifies research from all over the world: 'West:
Germany, Switzerland;.the Netherlands, England, the United. States,
and Scotland, for: example, all: had -scientists:in. attendance who re-
ported on ‘theisefforts" ‘Involving” plasmid-and viral vectors and the'
intricate technigues of recombmant DNA miolecular research. Thig iy
not to say that the practlcal beneﬁts'are immediate nor that here has

' been y c‘h inge in’ t ta of fi knowledae 'Lbout the rlsks

8Tt idsjust-as dlﬂicult to 1denﬁ1fy sm&wmty ‘opmﬂ.ons regardmg the
nearfiess of apphcaﬁmn of genétic engineering:techniques in'hunan
beings. as-it:is: to:secure ia: resolution of: thie public: policy issues con~
cerning the 1sks of the expemments In a: edltorml A La.ncet it was
noted that: .7« Pl e b T -
Apphcatlon of gene cloting to “genetlc engmeering”—'m the ‘sénseiof de-E

I1berate manipulation of the genetic constitution of an orgamsm W11:h a- v;ew
~to altermg 1ts o.haractenstacs—-ﬁs a very metant prospect. oo : :

® Peratz, MF Fundamental Research in Mo eculnr Bio!ogy Relevance 6 Med{eine.
Nature, v. 262, August &, 1976 ;1 449-458,

16 T pwrence, Bleanor. Nuts and Bolts of Genetle Engineering, Nature, v. 263 October-
28, 1976: 726~727.



¢ Before any senous steps ecan be taken in this .direction, at least. three
ma oY problémis ‘must be resolved. Fxrsﬂy, the ‘gene of genes to-be cloned have to
be isolated from the parent organismi it pureform. It isinc accident that s _the
stuccessful experiments to date haveinvolved the gene coding for rabbit globin: .

No other-mammalian’ gene, or its corresponding messenger R.AN.A. template, has
yet been 1solated with comparable purity. . -Secondly, 'a smtable vector must
be found to ¢arry the gene from donmor to remplent species, since native DINA.
«does ‘not readily’ gaily access to-an irtact cell. .- Thirdly, there are. -the fundas
meéntal questions ‘of whether a:gene-inserted into the cells of g given -organism
will. finetion at all and, if so, whether its;expression. will be Sl‘ibJECt ‘to m)rmal
controls ata cellular level ..At fpresent thls whole area 1s a closed book

- Thes Medlcal Trlbune is more opmmlstm :

Glearly, it 1s vow pc)ssmle to make iyt double«stranded DNA Onee itg: puriﬂed
RNA has been prepared. Tt should:then be relatively simple with'the use-of ayail:
able techniques to synthesize large quantities:of particular, genes. -The ultlmate
rdu'ectlon taken by these advances in molecular hmlogy rema ng uncertam \

However, as noted. in the. earher dlscussmns on betiefits, pote tial
apphcatlons aresmuch closer in other sreas such as blosynthesm of
pharmicenticalsand the constraction'of “scavenger” bacteria. In- thesa
instances, the technology for producing the “genetically enginesrsd”
organisms is not the immediate obstacle: It s coneern that insafficient
information.'is ‘available to predict that there will be- no. pdverse
environmental: haza,rdb whnch seems to ha,ve tempora,rll} sIoWed [prog-
Tess in this area; :

« The NIH O‘Illde].‘HIBS (a.s Well A% the remlatmns/ gulde,lmes of other
natlons) ‘are-a’ fact. These guidelines are obviously a dynamic-coms
promise between: those who “would hold up-all DNA- recombinant re-
search: until:all of the pertinent public policy or safety: questions are
answered and thosewho would like toicontinue to enjoy the freedom
to exercise their own prerogatives about the nature and direction of
their work.:Sincethe: Director of the National Institutes of Iealth
‘has clearly indieated that the NIH guidelines are subject to revision,
there still exists a confinuing opportumty for: mputs mto the. process
of evaluating these standards. -

. Several questions still seem to be relevant to thls contmumg evaluas
tion. The guidelines are voluntary. The British approach suggests that
alterndtive methods might be itilized toinsure enfordement, Iy the
United: States as in the British Isles, the Oceupational Safety an
Health Act requires the conduet of work under safe conditions, Fur-
‘ther, some laboratories are already subject to inspection and:certifica-
‘tion by the Center for Disease Controland: Eroposals to expand ¢linical
laboratories’ leglslatmn wil pm]ect ‘this authomty ‘into other
lwborabones. o ;

- Although the. NIH. guldelmes p rov1de ﬁor . system of peer‘ review
-extendmrr from resporisibilities of the individual investigatorthréugh
his’ unwersﬁy and to the NIH, there'i§ really no centra,l ¢ontrol Gver
all DNA recombinant research. 'The publication of a Draft Environ-
mental Impact Statemeént to secure public reaction to the NIH guide-
lines provides an opportunity for ideas to be con51dered concerning
thie'need for national biohazards contfol or/some othier licensing or
:_stratlon system to be conmdered Pro Is for regmtratwn a.nd

- 11 Gene Cloning: One Milestone on a Very Long Road The Lancet Apri] 24 1976 893
19172 Adfances in Molecular Biology. The Medical Tribune and Medical News. February 4,
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jon. of all. 1a ,ratorl g and. pe.rsonue " undert
récombinant research-have been discussed. . 41 ;

- As'noted by the téstimony-of Dr. Talley from the. Enmronmenta,l
Prot tion' Agency, thérd is 1ittle irformation availablefrom the'stand-
point:of potential ecosystem hiazard. This aspect of the DNA recombi~
nant isspe could proﬁta,bly be. exa,mmed in.more detail and .the
necessary programs to acquire theneeded information properly: mple-
mgrited: The ‘current plansiof thé National-Institutes of Health!'to
begin ‘an assessment of the hizards to acquire datd to validate  (or
ctnvahdate) the probability calenlations:of risk:are being supported
on:a:auch-gmaller scale of . investment than.the. 1nves’oments to con-
tinue the: DNA‘recomblnant research: The orlgma,l oharge to the DNA.
reoomb nt olecule committee Was tog

ce“tlﬁwf: §

P ntlal bmlogleal and eeologlcal hazards of DNA reeom-
.bmants of varions typés, for ‘déveloping’ procednres which will minimize the
spread of (8iich ‘mélecules” within the!human and other populations,: @nd: for
devisingi gnidelines to: be followed ,by-mvestlgators WOrklng thh potenhally
hazardous, recombmants .

. 'The dast charcre seems t have recelved the hlwhest prlorlty Crltlcs
of the pace of: reactivation of DNAfrecombinant research efforts have
said that the first two chargesshould have been thoroughly developed
before the guldelmes were approved. As a matter of fact, however,
since ddherence to;any guidelinesat this point is voluntar (except as
governed by:the péer review process during NIH fundlnogr the Agilo-
mar guidelines-were aétually the first step toward: lifiing the.mora-
torium on certain. types of-research and:the NIH gmdehnes simply
are moresspecific:and in some'instances more restrlctwe as they apply
to NIH:funded research. - :

:1t-1s difficult: to determinerthe’ best course AMOiLg the na,ny actlons
bomg proposed {The- ma]or&ty oplmon seems to be to Uet on Wlth the
worla (rrobstein has said« Sl ; SRR

Questions. d1ctated by anmety about the iuture- .are often vagiié and d1ﬂicu1t
Both-to phifase: and- to ANAWErS They #7é; nonetheless; . dangerous to 1gn0re Ve
both ‘the risks and.the bernefits; are-hard-to ‘quantitate; .and néither may. bear
equally on’ all groups. Dlscussmn .of what: can be done to reduce uncertamty may
not yield' umversal assurance but it can lessen purely imagined fears, Such
fears, 0therw1se, may cotiie to dOmlnate publlc reactmn ar d become ma;or deter—
‘minants i'new policy decigions: é
- Tt isdiraportant; therefore, fo broaden and: transform the restncted context of
the Asilomar- conferenee and the, resultmg NIH guidelines. The approach should
,now he domlnated not by, fears but by fundamental and posmve objectives: i)
to continde expahision of the understanding of genetic phenomena; (11) to’ mmi—
mize foreseeable hazard, whether to health, essential human relatmns 0
‘environment:; ‘(i) to wconsider the priorities. t0 beuagsigtied: 4o reahza on of
positive soclal benefits frfomigrowing génetic enigingéiing capability: (w) to give
“due p1ocess” to. deeply held values whose aceommodations may. requirg, tlme

.....

. 1"U 8. Department of, Health Educatlon and Welfare “Publie, Heulth Servie‘e
“nstitates” of -EHealth! H Pu e isor:r Groups Auth

‘Members, July:d: 10764 :
U Grobstein, | Clifford. Reco
v. 164, December 10, 1076 1
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