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tEPARIMENr CF HFAL'IH AND llJMAN SERVICES 
PUBLIC HEAT.:m SERVICE 

NA.TION1\L I~TI1UTES CF HEALTH 

RECCMBlNANr ONl\ ADVISORY CCMMIT1'EE 

MlNUl'ES CF ~ETIN:;l 

January 27, 1986 

The ~canbinan.t INA Mviroty Camnittee (RAe) was comena:i for its thirty-fourth 
meeting at 9:00 a.m .. on January 27, 1986, in Buildil'J} 31, COnference Roan 10, 
National Institutes of Health, 0000 Rockville Pike, Bethesda, Marylan:1 20892. 
Mr. Fobert Mitchell (Chair), Attorney at Law in california, [resided. In 
accordance with Public Law 92-463, the meetirg was ql9n to the ptblic. The 
following were present for all or part of the neetirlg: 

Committee members: 

Barbara Bo\o.lrnan 
Royston CIQ\lles 
Mitchell COhen 
Bernard Davis 
Charles Epstein 
Susan GJttesma.n 
Irvirg Johnson 

W::>lfqao:} Joklik 
Edward Korwek 
J. Robert MaCNaughton 
Mark Mills 
Fobert Hi tchell 
Gerald MJsgrave 
TlY::mas Pirone 

A carrnittee roster is attached (Attactment I). 

Ad hoc consultants: 

David Friedman, University of Michigan 

Jeffrey Roberts 
Frances Sharples 
Anne Vidaver 
LeRoy wa:lters 
Anne Witherby 
Willian J. Gartlarrl, Jr. 

(ExeOJtive Secretary) 

David Martin, Genentech, Inc., South San Francisco 
IlJsty Miller, FrErl Hutchina:>n cancer Research Center 
Robertson parkman, Children's Hospital of tos Argeles 
Mark Saqinor, Metabolic Research Medical Grrup, Inc., [os Angeles 

I'Ihe RAe Is ooviroty to the National Institutes of Health (NIH), aoo its 
recan.nen::lations srould not be cons iderro as final or iilICceptEd. The Office of 
~ambinant DNA Activities should be consulted ~r NIH policy on specific 
isst:es. 
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NOn-voting agengy representatives: 

,1oseph Autry, ~parbnent of Health am Human Services 
fIor..Iard M. Batman, ~terans Adninistration 
Bernard Grei fer I ~partment of Canrnerce 
E):)win Shykioo, Department of Conrrerce 
Sue A. Tolin, I:eparbMnt of Agriculture 
Morris A. Levin, EnvirO/1l1ental Protection ~ency 
Herman W. Lewis, National Science FOlD1dation 

Liaison r~resentatives: 

Daniel P. Jones, National EOOCMn'ent for the Humanities 

National Institutes of Health staff: 

w. Frend1 Arrlerson, NHLBI 
Stanley Barban, NIAIO 
Irvifg D:lla~, NIAID 
Rosalind Gray, 00 
Sarrlra Hecker, NIGMS 
Philip Kantoff r NHLBI 
Stefan Karlsson, NHLBI 
Becky Lawson, N lAID 
Rache 1 r..ev i nson, OD 
Jean McHachlin, NHLBr 
Elizabeth Milewski, NIAID 
Robert T. Simpson, NIADDK 
ViI'Qinia Start-Vanes, NHLF31 
Bernard Talbot, NIAID 
Jamie zweibel, NHLBI 

Others: 

c. Blakey, Federation of .MI.erican Societies for Experimental Biolcgy 
Chia Tirg Chen, ~partment of Labor 
Barbara Culliton, Science Ma'Jazine 
Thecdore J. t:eLcqgio, Pennwalt Coqoration 
Joel Il:I.lrymple, Department of ll:l!fense 
rx:minic DO' Diascro, Pennwalt COqoration 
Peter Farnham, llnerican :3ociety for Biol(lJical Chanists 
Ralph M. Faust, G!orgetown University 
Gersron W. F1sl'Dein, Genetic ErgineeritlJ Letter 
Jeffrey Fox, An:wi!rican Society for Microbiolo;;JY 
Keith ~lund, International Medical Tribune 
lelal HartltBn, Lexirgton Biohazard. Canmittee 
Susan Jenks, Medical W::>rld News 
Il:)rothy Jessup, D:!parbnent of Agriculture 
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Alwyn ... "JohnEnn 
!tx:Jer Johnson, Genetic Ergineerirg News 
Attila T. kadar, Food and Drug Administration 
John H. Keene, Abbott Laboratories 
Rihito Kimura, Kennedy Institute 
'Karen Kocher, Canrrerce Clearirghouse 
Jean Marx, Science Magazine 
Jeff McCullcugh, University of Minnesota 
Michael Norton, British Embassy 
Greg Pearson, Rlue Sheet 
Reg'inald Rhein, McGraw-Hill w::>rld News 
Jane Rissler, Environnental Protect ion }l,gency 
Marvin a,gul, The lbgul Groop 
Harold M. Schmeck, New York Times 
Mark C.. Segal, Envirormental Protection Agency 
Brian T. Sheehan, COcper Bianedical 
Gary Spies, Genetics Institute 
~rt Steinhr<Xlk, Los Argeles Times 
Clarence E. Styron, ~nsanto Canpany 
Joseph Van fbuten, Scherin;:J-Ploogh 
William J. Walsh, National AcadEmY of Sciences 
Stephanie Zobrist, Embassy of Swi tzerlarrl 

3 
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I. CALL 'IO ORDER AND OPENIM; REMARKS 

Mr. Mitchell, Chair, called the January 27, 1986, rreetirg of the Recanbi­
nant [lI;IA. Advisory Carmittee (RAC) to ordE:':!r. He said this public neeti~ 
had been fonnally annoonced in ~ ]);!canber 20, 1985, Federal Register (50 
FR 52176). No written comments have been received on the major actions 
anncunced in that Federal R~ister. Mr. Mitchell said cannents can be 
subnitted after the rreetInq ana used to assist the Director, NIH, in arriv­
ing at a decision. 

Dr. Gartlaro infotmed Mr. Mitchell that a qoorum was [resent for the 
January 27, 1986, rreeting. Mr. Mitchell said he would recognize speakers 
in the follcwing order: primary reviewers, other RAC nenbers; ad hoc 
consultants: non-voting representatives to the RAe; RAe's adminIStrative 
staff; members of the public who submitted written documents or comments; 
and finally other members of the public Ylho wish to ccmrrent. 

Mr. Mitchell int.rooucoo the newly ap{X)inte::'l mambers of t.h3 PAC~ Dr .. Charles 
Epstein of the University of California, San Francisc:o; Dr .. Wward I<$::)rwek 
of the law finn of Keller am Heckman of Washin;Joon, D.C.; Dr .. Gerald 
Pllsgrave, President of Econanics ~rica, Inc., of Ann Arbor, Michigan; 
Dr. Paul Neiman of the Fred Hutchinson Cancer Research Center in Seattle, 
washi~ton: Dr. Jeffrey Roberts of Cornell Uliversity in Ithaca, New York: 
and Mr .. J. Robert McNaughton an ecornnist am administra tor fran Betheerla, 
Maryland. 

Mr. Mitchell then introduced the ad hoc consultants for this meetirg: 
Or .. David Friedman of the UniversITy of Michigan; Dr. Mark Saginor of the 
Metabolic Research Medical Grrup, Inc., of leIS Argeles, Cal i fbrnia; 
Dr. David Martin of Genentech Inc., of South San Francisco, California; 
Dr. A. Dusty r1iller of the Fnrl Hutch inson Cancer Research Center in 
Seattle, washirqton: and Dr. Robertson Parkman of Childrens Hoopital of 
r.os Argeles, California. 

II. ~INt1rF.S OF 'll1E SEPrEMBF..R 23, 1985, RAC MEETING 

Mr. Mitchell called on Ms. Witherby to review the minutes (tab 1256) of tha 
september 23, 1985, RAe meeti~. Ms. Witherby said the minutes apJ;:ear to 
be accurate. Ms. witherby aoo Dr. Walters each r:ointa'i rut a typ:xJraph­
ical error. 

Dr. EpStein moved apprCNal of the minutes as corrected. Dr. Gottesman 
seconded the rcotion. The minutes were unani.rnaJsly approvErl. 

II I. PRORJSAL to KIDIFY APPENDIX (1 

55 

Mr. "1itchell called on Dr. Sa:;:rinor to .begin discussion of the prq;>osal 
(tabs l250/rv, 1253) to modify Appendix J of the NIH Guidelines. 
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Dr. Sagioor said current Appendix J of the NIH Guidelines for Research 
Involving Recombinant DNA Molecules descr~ the Federal Interagency 
Advisory Carmi ttee on Recombinant DN7\ Research ani lists those departrcents 
arrl egencies which had representation on this canmittee as of ~er 
1980. '!his carrnittee has not met since 1980. Recently another interagency 
canmittee, the Biotechnolcgy Science Coordinatirg Canmittee (BSCC), has 
been established to provide for interagency science policy coordination 
am guidance aoo for eccharge of infonnation. The mmlation of this can­
mittee was announced in a Federal Register notice on NOvember 14, 1985. 

Dr. Taloot, D::!-puty Director of the National. Instirute ct. Allergy aM Infec­
tious Diseases, in a merrorandum dated November 25, 1985, Slggested .Appendix J 
of the NIH Guidelines be modi fied to reflect the aJrrent situation; current 
Appendix J would be deleted and the ~llowing language substituted: 

"Appendix J. Biotechnolm Science Coordinatil1$l CatII1ittee 

liThe followil'l] excerpts frcm its charter (signed OCtober 30, 1985) des­
cribe the Biotechnology Science Coordinating Oomndttee: 

IIpu~se 

liThe r:tJnestic Policy ~r1drg Group on Biotechnolcgy has detennined that 
in the area of biotechnolcgy with its rapid growth of scientific 
discCNery, scientific issoos of interagency concern will arise fre:;Iuently 
and need to be cctllTlunicated anong the varl00s agencies involved with 
reviews of biotecholcgy applications. The Federal. Cootdinatil'YJ CruncH 
for Science, Engineerirg, am Technology (FCCSET) establishe::l by 42 
U.S.C. 6651 is an intengency science camnittee chaim by ti'e Director 
of the Office of Science am Technolcgy P:)licy with the mission of 
cooroinatirg science activities affectirg nora than one a.Jency. COnmittees 
may be established under FCCSET for addressing particular science 
issoos. Thus, the Biotechnolcgy Science Cooroinatirg COnmittee (SSCC) 
is established to provide fOrmally an opportunity fiJr interagency science 
'(X)licy coordination am guidance am for the eKcharge d. infonnation 
regarding the scientific aspects of biotechnology applications submitted 
to Federal research ard regulatory agencies £Or apprCN'al. 

"Functions 

The ooee will coordinate intera;:rency review of l!K:ientific issLes relatoo 
to the assessnent and approval of biotechnology research applications 
am biotechnolCQY proouct applications am postmarketirg surveillance 
when they invol \Ie the use of recanbinant RNA, recanbinant DNA, cell 
fusion or similar techniques. The BSCC will: 

"( a) Serve as a coordinating forum for addressing scientific };rOblE:l'll.S, 
sharirg infor.mation, am develcpirg consensus; 
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"(b) Pranote consistency in the develq:nent of Federal cgencies ' 
review procedures and assessments: 

"( c) Facilitate continuillJ cocperation Cff\On;] Federal C,Qencies on 
ererging scientific issues; and 

"(d) Identify gaps in scientific knowledge. 

"Authority 

"To accanplish these fll1ctions the: BSCC is rutrorized to: 

"(a) Receive documentation fran agencies necessary for the performance 
of its fLl1ction; 

"(b) Comuct analyses of broaj scientific iSSLes that ecterrl beyord 
those of anyone agency; 

"(c) D:!velq:> generic scientific rec<lnrn3rrlations that can 00 applied 
to similar, recurrirg applications: 

"(d) Comene worksoops, syrrq:osia, and generic research p:-ojects 
related to scientific issues in biotechnology; and 

"( e) Hold periodic public meetillJs. 

"Members and Chairman 

"The BSCC includes the fullOtlillJ initial mambers: 

"Department of Jlqriculture 
Assistant secretary for Marketirg arrl Ins[€ction Services 
Assistant Secretary for Science and Education 

"Department of Heal th anj Human Services 
Commissioner, Food and Drug Administration 
Director, National Institutes of Health 

"Environmental Protection Agency 
Assistant Administrator for Pesticides and TDxic Substances 
Assistant Administrator for Research and Development 

"National Science Famdation 
Assistant Director for Biolcgical r Behavioral am Social 

SCiences 

"The BSCC is chaired by the Assistant Director for Biolcgical, Behavioral 
and Social Sciences of the National Science Foundation and the Director 
of the National Institutes of Health on a rotatirg l:asis. 
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IIJldministrative provisions 

II ( a) the BSCC will report to the FCCSET through the Chair • 

.. (b) Meetin;:ls of the BSCC shall .be held periodically. Sare public rreetings 
will be held. 

"(c) Confidential rusiness infonnation am prcprietary infonnation shall 
be protected under the confidentiality requirements of each member 
cqency. 

"(d) SubCOl'lmittees ard worki~ grOJps, with r:articipation not re-
stricted to BSCC members or full-time Federal. employees, may 
be fonned to assist the BSCC in its work. 

"(e) All RSCC members will be full-time Federal anployees whcse 
conpensation, reimbursement for travel expenses ard other 
costs shall be borne by their respecti\e agencies. 

"(f) Each member of He BSCC shall prO/ide su::h Cl'Jency sUp[X)rt am 
resources as may be available an:! necessary for the operation 
of the BSCC including undertaking special studies as came 
within the functions assigned herein. 

"(q) An Office of Science am Technolcgy IUlicy staff member will 
serve as BSCC Executive Secretary. II 

Dr. Walters said he favored this mooification of Appen:Hx J. However, he 
wished to note that an "asyrrvnetry" exists bet!neen RAC's purview and the 
purview of tre BSCC. The RAC deals with recanbinant INA arrl mA derived 
fran recanbinant DNA. The RSCC addresses recanbinant DNA, reccrnbinant ~A 
and cell fusion. 

Dr. Johnson rx:>inted Q..It that s:xne resp:msibilities of the BSCC will OJerlap 
RAC responsibilities. The BSCC has stated its intention to be involved 
in scientific issues related to assessment and approval of biotechnology 
research applications; these issues in regard to recombinant DNA research 
have trooitionally been the purview of the RAC. 

Dr. Sharples said the current Appendix J of the NIH Guidelines indicates 
that the members of the Federal Interagency Advisny Canmi ttee hGrl en:1orsed 
and agreed to abide by the NIH Guidelines. She asked how the creation of 
the BSCC am m:xUfication of Appendix J t«xJld affect the a;;,reanent to 
abide by the NIH Guidelines. Dr. Talbot said this propased nodification 
should have no effect on the status of agency agreements to abide by the 
NIH Guidelines. 

Dr. Gottesman moved acceptance of the prqx>sal to m:xUfy App;!rdix J of ti'e 
NIH Guidelines. Dr. Cooen seconded the motion. By a vote of seventeen in 
favor, none ~JX>sed, am no abstentions, the RAC apprc:wed the motion. 
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IV. proPOSAL ro KlDIFY APPENDIX C -
Dr. Friedman began the discussion of the prcposal (tabs 1250/11, 1254, 1259) 
to add a new section to Appendix C of the NIH Guidelines. This IrOdification 
WOJld exenpt certain tvJ:es of experiments imolvil'YJ extrachranosanal elEments 
and graro positive bacteria. 

The prcposal originated with the RAC l'ob:ddrg Groop on Gran Positive Bacteria 
\Jlhich was convened in res{X)nse to a request by Drs. Richard Novick am 
Joan Polak of the Public Health Research lnsti tute c£ the Ci t¥ of New 
York. Drs. Novick and Polak requested that a canprehensive exdlangar list 
be establist:ed for the gram-positive Eubacteriales. 

At the I.:Ecember 2, 1985, meetirg of the l'brkirg Groop on Gran Pcsitive 
Bacteria it was ncA:ed that section III-[)-4 of the NIH GJidelines states 
that certain classes of recombinant DNA molecules are exempt from the NIH 
Guidelines; organisns exenpt lI'lder Section III-D-4 are listed in Appen::Ux A. 
Dr. Friedman described the philosq>ilical basis of ApIEndix A. In evalua.tirg 
orqanisms for inclusion on an AWeooix A list, an estimate is made of the 
probability that the canbination of genes might occur in nature.. If the 
canbination coold occur in nature, there srould be no spacial hazam in 
creating sum an organi91l by recanbinant DNA techniques; aoo the canbination 
of orqanisrns can then be exemptEd fran the NIH Guidelines. 

Genes are exchaD;)eC between bacteria in nature by transduction, transfor­
mation, or conjugation am evidence stowing such excharge is the basis fur 
inclusion in Appendix A. Four categories of conjugal genetic exchange are 
considered in evaluatil'Q the (rotability that the canbination might occur 
in nature: (1) orqaniSTIS which exchange chranosonal genetic info:rmation 
l4hich becanes stli>ly intEgrate:l into too mst chranosane; (2) organhrns 
which exchange c~ information that is not necessarily integrated 
into the chronOSCfl1e of the recipient; (3) organisns \\tlich smwevidence 
of a plausible mechanism for exchange; and (4) organisns ~ich can receive 
or donate b~ host ra~e plasmids. 

In 1978, RAe accepted evidence of chraoosanal eKdlarge ani plasmid nobiliza­
tion of chrarosanal genes bet'Ween organisms as an indication that no "novel" 
organisms 'WOUld tle created throoqh laboratory canbination of the genes of 
these organisns. Later, infonnation accumulated in gran-negative bacteria 
demonstraten that chranosanal gene ec.cnarge ocOJrroo at s::ne frequency 
when plaSllid exchange occurroo am RAC accepted that plasmid exchange in 
qram-negative bacteria could result in transfer of chromosomal genes. 

However, exchange of DNA in gran-pcElitive bacteria does not appear to 
follCM the nXlel otserved in gran-nEgative bacteria. F' Episones are ncA: 
knCMn in qrarn-positive bacteria an::} chran:Jscrnal. gene transfer by this type 
of conjuqation has not been described in these organiS'llS. Gocrl an:! 
abundant evidence demonstrates the transfer of broad host-range plasmids 
in the gram-[X>sitive Eubacteriales. However, little or no evidence 
exists for exchange of chiarosanal Dw\ by this mechanism although mcst 

-" 
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experts feel chrarosanal exchange occurs by this mechanism in gram-pcsitive 
bacteria in nature. 

On the basis of the available data, the WOrkiNJ Grwp on Gran Positive 
Bacteria suggested that a new section be cwjded to Appendix C. ntat new 
section would be entitled A{:pendix C-V, Extrachrarosanal Elements of Gram 
positive Organisms. The current Appendix C-V, Footnotes and References of 
Pg?endix C, would be rerurnbere::1 Appendix C-VI under tre IX'cposal. Prq::osed 
Appendix c-v would read as follows: 

"Recombinant DNA molecules derived entirely fram extrachromosomal elements 
of the organisns listed below (including shut tie vectors constructed fran 
vectors described in Appendix C), prcpaqated am naintained in or.ganisns 
listed below are exanpt fran the NIH Guidelines. 

t'Bacillus subtilis 
Bacillus pumilus 
Bacillus lichenifi)nnis 
Bacillus thuringiensis 
Bacillus cereus 
Bacillus amyloliquefaciens 
Bac iUus brevis 
Bacillus natto 
Bacillus niger 
Bacillus aterrhnus 
Bacillus amylosacchariticus 
Bacillus anthracis 
Bacillus globigii 
Bacillus megaterium 
Staphylococcus aureus 
Staphylococcus epidermidis 
Staphylococcus carncsus 
Clostridium acetobutylicum 
Pediococ(lls dcrnnosus 
Pediococcus pentosaceus 
Pediococ(lls acidilactici 
Listeria grayi 
Listeria murrayi 
Listeria monocytogenes 
StreptococaJs WCXJenes 
Streptococcus agalactiae 
StreptococOJs sallJuis 
Streptococcus salivarious 
Strept.ococaJs craroris 
Strepbococcus pneumoniae 
Streptococcus avium 
Strepbococcus faecalis 
Streptococcus artJinoous 
Streptococcus sobrinus 
Streptococcus lactis 
Streptococcus mutans 
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Strepbococcus equisllnilis 
Streptococcus the:t:1llq)hylus 
Streptococcus milleri 
Streptococcus durans 
Streptoco::::OJs mi tior 
Streptococcus fetus 

"Exceptions. 

"Experiments describe:1 in Section IlI-A which rEQuire s.r;:ecific RAe rwiew 
and NIH approval beDore initiation of the experiment. 

"Large-scale experiments (e.q., nnre than 10 liters of culture) require 
prior me review and approval (see Section III-B-S). 

"Experil1'lEmts involvirg the deliberate clonirq ci genes cooirg for the 
biosynthesis of 1IX)1ecules toxic for vertebrates {see Appendix F)." 

Dr. Milewski infonned the canrrrni ttee that the ozganian Lactobacillus casei 
h~ inadvertantly been deletErl by typographical error fran the lIst published 
in the Federal Reqister. 

Dr. Friedman said tre Worldn;J Groop on Gran. Positive Bacteria also SlQ.;J&sted 
the first paragraph of Appendix C-IV, Experiments Involving Bacillus S\.tltilis -
Host-Vector systems, be modified. That f.Brcgr~h currently re«is as follows: 

"Any asp:>rogenic Bacillus subtilis strain Nlich does not revert to a 
sJX>refonner wi th a frequency greater than 10-7 can be used for 
cloning DNA with the exception of those experiments listed below. 
Indigenrus Bacillus plaSTIids arrl pha;Jes W10se tost-rarge does not 
include Bacillus cereus or Bacillus anthracis may be used as vectors." 

'Itle secorrl sentence of that parcgraph 'iNOUld be deletoo am the paragraph 
would read as follows: 

"Any asporoqenic Bacillus subtilis strain which does not revert to a 
sJX)reforner wi th a frequency qreater than 10-7 can be used for cloning 
DNA with the exception of. those experbnents listed below." 

Dr. Frie::1man said nost experiments invo1virg gran-positive organisms may 
currently be performed under Section III-C of the NIH Guidelines. section 
III-C sp3cifies Riosafety Level (BL) 1 containnent con::Utions an:! requires 
notification of the Institutional Biosafety Committee (!Be) at the tUne 
of initiation of the experiment. Dr. Friednen said the workirg grcup 
hoped the proposed nodification \oiOUld simplify review [rOCedures for protocols 
involvino broad host-range ~asmids ana organisms on the proposed list. 

Dr. CIO\llles said he was sympathetic to the view that, if QXXl evidence of 
excharge of extrachranosanal elements exists, chronOS01\al gene trarsfer 
alnost surely takes place. He would have liked to have seen a broader 
exemption; nonetheless, he supported. the wotkirg gr'CUp rrcposal. 
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Dr. Davis said he felt sare concern because the recamendation is based on 
a list irg of species. Speciation in bacteria is qui te arbi trary in conpar­
ison to speciation in higher organisms to which an interfertility criterion 
can be applied. He woOOered how future dtaroes in tl'e definition of a 
species would affect the "I«)rki~ groop I'eCamendation. Would newly nerred 
or renaned species becane "non-exempt" until the' NIH nodifioo the list? 

Dr. Davis favored the drafting of language whim states general criteria 
rather than listirg speci fie organisms. He moved that latlJuage su::h as 
the followirg be added to the l«)rkirg grcup proposal: "any gram pc:sitive 
organism that shall be denonstrated to meet the criteria c£ genetic 
exchange accepted by the ccmmittee nor this list of organisms shall also 
be exempt.tf He said his rr~sal was an attsnpt to avoid "settirg up a 
situation that will provide maximal protection at the coot of lIlnecessary 
delays." Dr. Johns:m su~rted Dr. Davis' prcposal. 

Dr. Clowes also suprorted Dr. Davis' suggestion; he felt organisms could be 
cauqht in a rureaucratic targle if sp3cles were renaned aOO generic larguage 
describing the criteria for inclusion on the list did not exist. 

Dr. Walters said a sp:!ci fic listirg of organisms offers an .nvantcge: 
investiqators would Umnediately ~ by reading the list whether an organism 
net the' sp:!cifiej criteria. If ll:". Davis' a:'fditional wordirg were a:1ded, 

"-- invest igators would presumably need to subni t data that their organisn 
met the criteria, and .sane grcup W)Uld have to rariew' the data arrl make 
a decision whether the criteria had been fulfilled. 

Dr. Gottesman pointed cut that most experiments irwolvirg gran-positive 
Eubacteriales are currently covered by Section tII-C of the NIH Guidelines. 
Since these experiments can be perfotmed under Btl contairment wi th nct.ifi­
cation to the me, experinents involviD.;J these organisms are p:Bsible 
under relatively simple procedures. She said she did not cpp:>se generic 
la~uage oot it should be fully discussed before it is added to the NIH 
Guidelines. In addition, the larguage srould clearly irrlicate who will 
decide that the criteria for exemption have been met in specific caseSf 
shall it be the princip3.1 irwestigator, the me, or (RIll\? 

Dr. Talbot su.;Jgested that Me act on the propc!Elal subnittoo by the ~rking 
qroup since that lan;:ruage ha:t been published in the Federal Register. A 
generic statement could subsequently be developed and published for plblic 
conment in the Federal ReQister pr:: lor to a future RAe neetirg. 

Dr. Davis withdrew his ROtion: he recanrrended the "I«)rkirg groop consider 
develq:>irq generic larguage for future coooideration. 

Dr. Friedman II'OVed acceptance of the notion as it appeared in the Federal 
!29ister wi th the ajdi tion of Lactobacillus casei to the list. Dr. Clowes 
seconded the motion. 

By a vote of seventeen in favor, none CPlDsed, and no abstentions, RAe 
recanmended the notion. 
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v. PROPC6ED REVISI~ OF APPENDIX C-I 

Mr. Mitchell asked Dr. Friedman to describe the prcposal (tabs 1250/III, 
1251) to m:xUfy Appendix c-r, Reccrnbinant 00As in Tissue CUlture, of 
Appendix C, EXE!l!J)tioos Under Section III-[)-S. 

IX. Friedman said IK. J«X>ert simps:,", Chair of the NIH !BC, requested a 
rrodification of t.te NIH Guidelines to exempt 9:)Jl'Ie experiments in tiSSlE 
culture involvirg viral sequences. Currently experi.ments in \\hich eukaryotic 
viral seauences are prq:la;Jated in tisslJ3 OJlture cells must be rEgisteroo 
with the IBC. In requestinq this rrodification, Dr. Simpson p::>intErl out 
that many experiments in tisSLe culture involve the use of IIshuttle" vectors 
containing small amounts of eukaryotic viral DNA and bacterial plasmid 
sequences. Examples of the types of viral sequences utilized in these 
constructs are the SV40 origin of replication, splice junction, f01yadenyla­
ticn signal., am the herpes ttwmidylate kinase gene (TK). 

Dr. Friedman said the NIH IBC contended that since such shuttle vecbDrs 
are not. capable of generatirg infectious virus the re;Jistration requiranent 
is not necessary. Dr. Simpson suggested Appendix C-I be nodified to read 
as follows: 

·~n:Ux C-I. Recanbinant mAs in Tissue Culture. Recanbinant rNA 
rrolecules that are prq>agated am 1lBintained in cells in tisSlE culture 
are exanpt fran the NIH Guidelines wi th too exceptions liste::l below. 

nExceptions. 

"Experiments describEd in Section III-A which re:Juire s~cific RA.C 
review and NIH approval before initiation of the exparinent. 

nExperiments involving rNA. fran Class 3, 4, or 5 organisns (1) or cells 
known to be infected with these agents. 

nExreriments il1\lolvirg the deliberate introouction of genes codirg for 
the biosynthesis of molecules toxic for vertebrates (see Appendix F). 

"Experiments involvi~ CNA nnlecules \to'hich contain more than boIo-thirds 
of a primate retroviral gencrre." 

Dr. Gottesman sa.id the iSSU9 of row the NIH Guidelines slnuld r8Jard small 
fragments of viral genames in tissue culture was discussed by the RAe 
l'brXirg Groop on Viruses at its lbvember 12, 1985, n:eetirg. She said 
her understandiTlJ of the '«>rkirq group discussion was that if an infectirus 
aJent is not involved, tissue culture cells are essentially canpletely 
contained since there is no mechanism by which recanbinant DNA. could nove 
to other syst9lls. For this reas:>n, the NIH G.lidelines exSllpt experiments 
in tissue culture when no viral DNA is involve::l. N3 the recently developed 
no~infectious shuttle vectors containirg small pieces of J:NA of viral 
origin do not provide a mechanism nor dissemination of recombinant DNA 
fran tissua culture, it is lcx.;;Jical to exanpt these ty~s of vector corstructs 
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fran the NIH Guidelines \!then they are used in tissue culture. 'Ibe challenge 
is to deve1~ generic larguage which would eKanpt sLCh constructs but not 
exanpt fran: me review experinents involving infectirus agents. 'Past 
approaches to similar issl.J'i!S specified sane I,Drtion of tte genane as "defective" 
and placed defective frcgnents under less stringent restraints than nondefective 
particles. '1.be ~rkirg Group on Viruses dis:usSiE!d this issl..e rut did not 
reach agreement on ltlat percentage of a viral genc:rte could be consi<Ered 
a "defective" fra;ptent. 

Dr. Joklik agreed with tt'. Gottesman 1s Sl.IlII1ary of the workirg groop dis::;us­
sion. He said his recollection of the intent of the w:>rkirg grrup lIIl'iS to 
exempt viral regulatory sequences am genes sLCh as t~ 'II< gene En that me 
reqistration would not be required Dor commonly used shuttle vectors. 

Dr. Miller asked if anptotrq>ic onccgenic retrcwiruses would be exanpt moor 
the lal'V.:1uage prOJ;1OSed by Dr. Simpson.. He did not think it appropriate to 
exempt such viruses. Dr .. Joklik replied that HDse ty.!'J9S of viruses "WOUld 
be exenpt under Dr. Simpson' s proposed 1al')JUage. 

Dr. Gottesman asked if RAe agreed with the concept of aernptiI'9 in tiss..e 
culture small non-infectious pieces of viral DNA, and there was agreen:ent. 
She asked for cannents on larguage exE!1\ptirg fragnents of less than 3 
kilobases (Kb). Dr. Joklik said 3 I<bs is sanewhat less than half of two 

"""'-..- types of qenanes that might be of concern, retrcwiruses am paJ;X>vaviruses: 
a 3 Kb limit \'K)uld exanpt all origins of replication, p:>lyadenylation 
signals, splicirg signals, etc. 

Dr. Talbot said this could te acconpl1shed by chargin:J the fuurth "exception" 
in Dr. Simpson's proposal to reach 

"Experiments involvinJ 'mA rrolecules 'Which contain more than 3 Kb of a 
viral gencJ'l'e." 

Dr. Gottesman expressed concern that a statsnent moor "exceptions" might 
not be sufficiently obvious. 

Dr. walters asked whether this r,rcposal would COler both RNA am [Nl\ viruses. 
Dr. Gottesman replied that it would. 

Dr. Miller J;X)inted out: that a shuttle vector construct might contain origins 
of replication, IX>lyadenylation signals,. aBi other regulatory genes of viral 
origin. The total anount of viral 1lI1A in one Shuttle construct might 
exceed 3 I<b but the vector 'WOUld be noninfectious. He asked if it would 
be possible to nriiify the )X'~ed larguage to accamrodate sl.J:h constructs. 

Dr. Barban p:>inted out that the TK gene, a canrronly usEd. marker in many 
vectors, is 3.4 Kb. Vectors containirg the 'IK gene would rot be exenpt 
under the proposed larguage. 

Dr. Gottesman moved that }!q;)pendix e-I be modi fied to rea;j as fo llows : 
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"ReCOTlbinant T:NA nolecules containirg less than on~hal f of a 
eukaryotic viral gemane (all viruses f.ran a sirgle Family being 
considered identical) an1 that are p:-c:pagatErl ara naintainoo 
in cells in tissue culture are exempt trom the NIH Guidelines •••. " 

Dr. Epstein stgQested the word nard n be deleted fran the phrase "ard that are 
nropaqated." Dr. Gottesman agreed. ~. Joklik seconded the JTOdifiej motion. 

Dr. Walters asked why the clause "all viruses fran a sirgle Fanily beillJ 
considered identical" was included in the motion. Dr. Gottesman explained 
that the clause {recludes the exemption of experiments involvirrJ closely 
relatoo viruses where the total of their canbined DNA exceeds one-half of 
the gencrne since infectious particles might be regeneratEd fran suc:::h experi­
!Tents. Similar text already exists in the NIH Guidelines in the Note in 
Section III-B-3 and its two explanatory footnotes. These footnotes, 
appropriately rrodified, should al00 be now adde(l to Appendix C-I. 

Mr. Mitchell called the question. By a vote a seventeen in favor, none 
q::)J)osed, aoo no abstentions, the RAe accepted the motion. 

Later in the meetirq, Or. Miller suggeste::l that the word "al'¥" srould be 
substituted for the article "a" in the phrase "one half of a eukaryotic 
vi r al genaTle." 

Dr. Gottesman moved that RAe reconsider the earlier motion. Dr. ernen 
seconded the motion. !tie RAe voted to reconsider the earlier motion by a 
vote of seventeen in favor, none q:>p:>sed, am no cbstentions. 

Dr. Gottesman then roved to sutstitute the word "any" for the article "a" 
in the phrase "one half of a eukaryotic viral qenane." Dr. walters secorrled 
the "",tion. By a vote of seventeen in favor, none cpposed, am no aootentions 
the motion was carriei. 

VI • PROPCSED p.l)DIFlCATIONS OP 'IHE GUIDELINES 10 REFER 10 RNA 

Dr. Gottesman said this proposal (tabs 1250/I, 1252) addresses the fact 
that the current NIH Guidelines do not explicitly refer to mAo As tt-e 
RNA-containirq retroviruses are increasirgly being used as vectors, it 
makes sense for too NIH G.!idelines to refer etplicitly to mAo A RAe 
workirq groop, therefore, develcped a propcsal to rrodify Section III-A-4, 
Section III-B-3, am Section III-B-4-a of the NIH Guidelines. 

Section III-A-4 of Section III-A, Ex~riments that Require RAe Review 
and NIH and IBC Approval Before Initlation, currently reads as fbllows: 

"III-A-4. ~liberate transfer of recanbinant DNA. or DN.\ derived fran 
recanbinant rNA into human subjects (21). The rEquiranent fur RAe 
review should not be considered to preempt any other required review 
of experiments with human subjects. Institutional Review Board (IRB) 
review of the proposal should be cOTlpletro before suhnission to NIH.'t 

-' 

-



Under the ~r-ldl'Q grcup proposal, the fi:r:st sentence of Section III-A-4 
would be modified to read as nollows: 

"III-A-4. r:eUterate transfer of recanbinant DNA or DNA or RVA 
der-ived fran rec:anbinant r::NA into human slbjects (21)." 

Section III-B-3 of Section IIl-B, Experiments that ,ReqUire IOC Approval 
Before Initiation, currently reMs as lOIlows: 

"nI-B-3. Ex~riments Involvi;9 the Use of Infectious Animal or 
Plant Viruses or Defective AmInal or Plant viruses in the Presenoe 
of Helper virus In TIssue CUlture Systems. 

"Caution: Special care soould be used in the evaluation d contain­
ment levels for eX{)9riments which are likely to ei thar enhance the 
pattogenicity (e.g., insertion of a mst onccgene) or to eKtem 
the host range (e.g., introduction of novel control elem:mts) of 
viral vectors under coOOi tiona loA'lich :penni t a lX'oouctive infect ion. 
In such cases, serious consideration should be given to raising 
the physical containment by at least one level. 

"Note.--Recanbinant DNA rrolecules which contain less than two-thirds 
of the qenane of any eukaryotic virus (all virus fran a sirgle 
Family (17) beirg considered identical (19» may be considered 
defective arrl can be used in the absence of telper under tre con­
ditions specified in Section III-C." 

Urder the workirg groop prq::x:::,sal, the title of Section III-i3-3 Ijt,1(JJld be 
modified to read as follows: 

The note would be rrOOi Had to read as follows: 

"Note .--Recanbinant INA rrolecules or ~ nolecules derived trerefran 
which contain less than two-thirds of the genome of any eukaryotic 
virus (all virus fron. a sirgle Fanily (17) bein;! consideroo identical 
(19» may be considered defective am can be used in the absence of 
helper under the comi tions spacificd in Section JII-C." 

Section III-B-4-a of Section III-S, ExiSrtments that Require IBC ~al 
Before Initiation, currently reads as ilCIWB: 

"III-B-4-a. DNA. from any source except for greater than two-thirds of 
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a eukaryotic viral genon.e may be transferrEd to any non-human vertebrate 
organism and propagated under conditions of physical containment comparable 
to BLI and appropriate to the organisn under study (2). It is imp:>rtant 
that the investigator demonstrate that the fraction of the viral genome 
being utilized does not leoo to productive infection. A US!::lA pennit 
is required for 'NClrk with Class 5 agents (18, 20)." 
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Under the workin;.1 grrup prcposal, the first sentence of Section III-B-4-a 
'WOuld be nodified to read as follows: 

"III-f3-4-a. Recanbinant INA or ~ rrolecules derived therefran fran 
any source except for greater than two-thirds of a eukaryotic viral 
qenane may be transferred to any non-h\JITlan vertebrate organisn am 
propagated under conditions of physical containnent canparable to BLI 
arrl appropriate to the organiST! under study (2)." 

Dr. Gottesman said this pr;oposal was evaluated by the l'brkirg Grrup on 
Viruses at its N:Jvember 12,1985, neetirg, am supp::>rted by thatgrrup. 

Dr. Korwek asked if this proposal referred specifically to RNA derived frcm 
ll.\lA. or to reconbinant RNA. He noted that the RAe charter referred to 
recanbinant DNA and would have to be revised if RAe's jurisdiction was to 
be extended to recanbinant RNA. Dr. Gottesman rEplied that the prcposal 
referred to RNA derived fran recanbinant DNA. She said that while the 
description of the prcposal in the Federal Register annruncanent refers to 
"recanbinant RNA," the la~\lage which would be added to the NIH Guidelines 
does not include the term "reconbinant ~." 

Or. Joklik said there is currently no such thing as "recanbinant RNA." 
There are no knCMn restriction rucleases which cleave FNA am no knOtm 
ways to join RNA segments outside living cells. 

Dr. Clowes suggested an explanation of the intent of the prq;x:>sal would be 
useful to !Bes. He al&") suggested that the phrase "e.g., retroviral vectors" 
be a::1ded to the prqJOserl larguage to irdicate too purpose of the modifications. 
Dr. Davis disagreed with the second suggestion. 

Dr. Miller supported the )'rq:x>Sal as publistm in the Federal Register. 

Dr. Korwek asked if t:he current phrase in Section III-A-4, "DNA derived 
fran recanbinant rNA," was not superfluous. Dr. Gottesman said that lao;}uage 
ha:J been inserted in this section of the NIH Guidelines to specifically 
co.rer seqrrents of IlilA even if they \ere treate:l with restriction rue leases 
to separate them fran other saJnents of DNA to ~ich they hal been previoosly 
joined ootside living cells. 

Dr. Gottesman moved that RAe accept the prcposed redifications of Sections 
III-A-4, rn-B-3, and III-B-4-a as announced in the IRcanber 20, 1985, 
Federal R~ister with the suggestion that the office of Recombinant DNA 
Activities (ORDA.) transmit a merrorandum to IBCs explainillg" the intent of 
this {rClpC>sal. Dr. Epstein secorrled the motion. 

Mr. Mitchell called the question. The l'OC>tion was carded by a vote of 
fifteen in favor, none q>p:>sed, am one abstention. 

-
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VII. REPORI' OF THE W)RKING GROUP 00 VIRUSES, NOiEMBER 12, 1985 

Dr. Gottesman reported on the N:>vember 12, 1985, neetirg (tct> 1260) of tre 
w:>rking Group on Vi ruses. She sa id this ~rki rg grrup was formed to: ( 1) 
crldress the impact of recent discoveries in virolcgy on tre NIH Guidelines; 
and (2) respond to scientific issues originating in a 1984 memorandum from 
the Assistant Secretary for Plannirg aooI')Jalua tion, Department of Health 
am Human Services (arns). 

Dr. Gottesman said the workin] groop at the rbvember 12, 1985, rreetirg 
discussed whether to modify the NIH Guidelines to cover explicitly RNA, 
whether experiments involvirq non-infectious viral rNA. in tissw rulture 
miqht be exanpted from the NIH Guidelines, and \'.bether Appendix B should 
be rel/ised to reflect more accurately the situation with retr<:::Niruses. 

Containment conditions and review procedures for experiments involving 
viral genes are specified in several sections of the NIH Guidelines: 
(1) Under Appendix C in certain conditions, viral genes may be pt"q->agated 
arrl rreintainoo in cells in tissoo culture, or may be clonoo in E. coli, s. 
cerevisiae, or B. subtilis host-vector systems. These ex~rinenrs--are -
exempt. (2) Under Section III-B, viruses classified. in Apperrlix B can be 
used under specified contai~nt which ranges fran BU to BL4. The mc 
must cpprove of the experiments before initiation. (3) lhder Section 
III-C, Experiments That Re ire IOC t'btice Simultaneousl With Initiation 
of Experiments, expenments HNolvlrg v ruses are also cOJered.. SectlOn 
III-C contains a "caution" indicating that s-pecial care should be used in 
evaluatif"Q containnent levels for experiments imolvirg eukaryotic viral 
rNA. 

Dr. Gottesman said under tte current NIH Guidelines most eo:.periments involvirg 
retroviruses may be performed under AL2 contaiment conditions. There is, 
oowever, a "caution" in section III-B-3 Wlich states: 

"Special care should be used in the evaluation of contaiment levels 
for experiments which are likely to either enhance too p3.trogenicity 
(e.g., insertion of a host onc099ne) or to extend the hcst range (e.g., 
intrcx:1uction of nmel control elEments) of viral \ectors under corni tions 
\tohich permit a productive infection. In such cases, serio...ls consideration 
should be given to raising the physical containment by at least one 
level." 

The workirQ group felt that the recanrmroation is apprcpriate particularly 
if the vector is non-defective, oncogenic, and has a broad hcst range. 

Dr. Gottesman said a JXlssibility \IOJld be to charge this "caution" to a 
reouirerrent. She said she would ask the merrhers of the W'Jrkirg Grcup on 
Viruses to consider develcpirq such a rrcposal for mod:ification of the NIH 
Guidelines. 

Dr. Cdlen suggested the mode of transmission of the virus slnuld also be 
considered in designatirq containnent levels. IX. Joklik agreed.. 
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Dr. Gottesman said the world~ grrup generally concluded that clonirg of 
an oncogene in bacteria does not present a serious risk. 

Dr. GotteSfllan said the workirg group also discussed the {rotability of 
rescue of a defective retroviral vector through recombination with an eoda­
genoos virus. The \liUrkin;J qrcup discussion irrlicated that restraints on 
retrovirus pr~ssirg and maturation make it lHllikely that an infecticus 
retro.Tirus carryi~ a cloned piece of genetic information would be generated. 
The general rule for retroviruses appears to be if the virus is oncogenic, 
it is defective~ if the virus is norrlefective, it is not onccgenic. There 
are, however, cases in \tA1ich a virus carries an oncogene and is infectirus. 

Dr. Gottesnan said she ha1 reached the conclusion at tte workirg groop 
rmeti~ that knowledge in retrovirolcgy is aCCUInulatirg very rapidly although 
many aspects of retrOV'iral biolcqy are rurrently lI1knCMll. An apprcpriate 
working group should continually monitor the situation regarding retroviruses 
and the NIH Guidelines. 

Dr. Friedman, who hcrl partici[)Cl,ted in the l'bvem.ber 12, 1985, ~etirg, said 
he felt same concern over the possibility a retroviral vector might recambine 
with errlcxtenous human retrCNiral sequences to fom a nOle1 virus. He 
asked whether any full-length endogenous retroviruses have been identified 
in the hunan genane. 

Drs. Arderson. Miller, and Joklik said they ware not aware that al'¥ full 
length retrovirus had been identified in the human genome although attempts 
have been made to irduce such viruses. Kncwledge in this area, however, 
is partial, am one should proceed with surveillance arrl careful evaluation. 

Dr. AOOerson said the retroviral vectors currently beirg considerEd for 
use in human gene therapy are based on murine retroviruses. These viruses 
have very little lnmolcryy wi th hunan seqoonces, am the Ir0bability of 
recanbination with hl.lIMn endogenous sequences is therefore very low. This 
isslE will be carefully evaluated by the Workirg Grrup on HlIlBn Gene 1herapy. 

Lr. Miller said human gene therapy vectors will be highly defective, 
oonh::rrPlcgws with human erooJEH\Cl.lS retrOV'iral seqt:ences, am unlik.ely to 
be rescue:.'! by recanbination. These vectors present different issues than 
onc<:g'enic viruses which are currently beirg studioo in the laboratory arrl 
....nich are not beirg considered for use in hUITlciO gene therapy. He p::>intoo 
rut that retrO\l'iruses hGl\1e been studied for o.1er 50 years prooatirg recan­
binant DNA. He asked if any investigators had acquired disease fran such 
laboratory sbJdies. Dr. Joklik said he knew of no soch evidence. 

Mr. Mitchell sLlJgested the W:'Jrkirg Grrup on Viruses should continoo to -.reet 
since knowledge in this field is accumulatirg very rapidly. 

--
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VIII. RE)'JUEST ill CIARIFY ASSIGNMENT OF CCNI.'AINMBNT LEVELS 

Mr. Mitchell said Ms. Iclal Hartman, the Chair of the Biohazards Camnittee 
of Lexinqton, Massachusetts, has requested (tab 1258) that RAe clarify its 
intent when it ~ts contairrnent at "BL2 containnent plus BL3 practices. II 
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Dr. Hartman said these recOllJOOndations of "mixed" contail"P'"OOnt levels pose 
problens for o..rersight canmi ttees soch as the lexin;:Jton Biohazards Canmittee. 
Many local ordinances mandate canpliance with the NIH Guidelines; they 
also prohibit experiments requiring Bt3 or BL4 containment. 

Dr. Korwek asked if i t ~u1d help if a staterrent W3re added tD the NIH 
Guidelines irrlicatirg that when the NIH Guidelines sfEcify a mix of contain­
ment and practices, the containment designation is the primary designation. 
Dr. Gottesnan preferrEd that RAC offer an interpretation rather than modify 
the NIH Guidelines. Dr. Korwek agreed aoo lTOVed that the sense of the RAC 
is that "where there is a mix of practices arrl containment, the level of 
designation refers to contail1'OOnt. It Dr. Johns:>n seconded the IIDtion. 
Dr. Talbot clarified that this does not charge the NIH Guidelines but is 
merely a RAe recatlllendation to towns interpretirg local ordinances. In 
cases in which the NIH Guidelines mix practice levels and containment 
levels, the RAe recanrrends the town consider the primary designation to be 
the level of containment. 

Mr. Mitchell called the question. By a vote of eighteen in favor, none 
q')[X)Sed, and no abstentions, the rrotion wa.s carried. 

IX. ~EMENTS 

Mr. Mitchell informed RAe that the Health Research Extension Act of 1985 
(tab 1257) mandates establishrrent of a Bianedieal Eth ies Board canposaj of 
six senators am six representatives. This board will ap{X)int an a:lvioory 
committee to review ethical problems pertaining to biomedical research 
includirx;J develq:Jl'ents "in recanbinant I'NA technolcgy which have 
implications for human genetic engineerirYJ." 

X. REPORI' FROM HUMAN GENE THERAPY IDRKING GROUP 

IX. ~'Jalters reIX>rted that the Vbrking Grrup on Hl1Jl\3.n Gene Therapy net on 
D3canber Hi, 1985. fie said this meetin;:J was primarily an eiucational 
session for the hOrki~ groop. 

Dr. Walters said IX. W. French Amerson of the NIH presentei a rewiew of 
the construction of retroviral vectors. rt". Anderson des::ribed the structure 
of retroviruses am explainoo how the virus can be modified to create a 
vector to carry a gene into cells. Modifications which would permit the 
vector to infect a cell rut not replicate ani proouce infectious particles 
capable of infecting other cells were also described. 
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Dr. 'Walters said Dr. Gottesman then rt:pOrtErl to the Workirg Groop on Human 
Gene Therapy on the November 14, 1985, msetirg of the rhrkirq GrOlp on 
Viruses. The Vklrkirg Group on Viruses haj raised no issles related to 
human gene therapy that were not already ajdressed in the "Points to Consider 
in the Dasign am Suhnission of Hl..Il'Ilan Sanatic-Cell Gene Therapy Protocols," 
a:lq>ted by the Me in Septenber 1985. 

Dr. Walters said Dr. George Scarqos of the Johns Hopkins University then 
described the current status of transqenic animal studies. The working 
group learned that the currentrneans of producing transgenic annnals are 
inefficient. Transgenic animal studies are bei ~ done: (1) to look at 
tissue specific development and gene eKpression; (2) to study the phenotypic 
effects of ~reign gene expression; (3) to study how oncogenes function; 
(4) to understam how mutations can disrupt gene fmction; am (5) to 
create disease models. Dr. walters said the working group requested this 
rep::>rt to attanpt to nnnitor the status of research inl101virg animal <;]9t::m 
line modification. 

Dr. Walters said Dr. Santel Ackerman of the Focd arrl Drug Mninistration 
(FQ\) described the processes for subnission to FIll\. and FO!\ review of appli­
cations for irwestigational new drugs (INn). Dr. walters reported the 
workirg groop learned that: pre-IND discussions bet'W8en investigators and 
the ~ are pe:rmi tte::l am enCOJr~ed by the FO!\: am FUl\ considers the corr-
tents arrl even the existence of an IND application to be confidential infer- . .....;" 
mation. '!he workirg group was reconfinned in its view that the RAe arx:1 its 
"'brkiD'J Groop on Ruman Gene 'Iherapy will perform a valuable function in their 
review of human gene therapy protocols \<l>'hich will supplanent the FDA review. 

fr. walters said the l«)rkirg grcup believes it is llnrortant to attanpt to 
fonnulate a description of the purpose an:! the contents of the "Points to 
Consider" in lay language. The w:.>rking groop is in favor of inviting any 
research grrup that is intemirg to sut:mit a (rotocol to sutmi t r,reclinical 
data. 

Dr. walters said prq:JOsals to perroD"n human gene therapy ~ld have to 
be sutmitted to OR.DA about 15 weeks in advance of a RAe meetirg. This 
tUne-frame will be necessary to permit publication of an announcement of 
the proposal in the Federal Register and review by the working group. 

Mr. 'Mitchell thanked Dr. Walters for his lYesentation. He asked when the 
\tiOrking group intended to finish their \ttOrk on a lay summary of the 
pur[.Ose an::] contents of the "Points to Consider. If Dr. Walters said he 
hoped a draft would be ready by the spring of 1986. 

XI. ~IENTIFIC SESSlOO ON HUMAN GENE THERAPY 

Mr. Mitchell said the next item on the agenda was a scientific sesston 
designe:l to infoD"n PAC members of the principles, processes, am proce::iures ........, 
which might be involved in human gene therapy. [Rappjrteur's Note: Attach-
ment II contains a glossary of terms am pertinent illustrations am tables.) 
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A. Prospects for Hunan Gene Therapy 

Mr. Hi tchell called on r:r. David Martin to ~ in by disc:ussirg prcst:ects 
for human gene therapy. 

Dr. Martin said he would describe the cardidate diseases theoretically 
amenable to gene therapy and irldress the three major issues associated 
with httnan gene toorapy: (1) efficacy~ (2) safety~ ara (3) ethics. 

t'r. Martin said efficacy in hmnan gene therapy depends on five consid­
erations (1) the apprqJriate gene must be identifiEd am ioolatoo;, (2) 
the gene must be: introduced stably into an expression system; (3) 
apprq,riate tissoo specific expression must be oiXainoo1 (4) an appro­
priate level of expression must be obtained, Le., sufficient expression 
to rellerse a phenotype but not 00 much as to cause detrimental effects; 
and (5) the disease should have a rewrsible phenotype. It does not 
do any gc:x:d to correct a disease biochemically tnless the phenotype 
will be corrected in a way that justifies the effort and exposure. 

Three questions can be p::>sed concemirg rarersibility of phenotype. 
The first question is "what is the phenotype?" The second question is 
"W1at is the p3th:::lqenesis of the disease?" An l.Ilderstaroirg d the 
phenotyp9 and the pathogenesis would suggest wh.ether the phenotyP'l is 
rellersible. Th.e third question is "have lYe\1ious tterapies been su:::cess­
ful and do these attempts provide information about reversibility of 
phenotype?" 

Dr. Martin said the three p:'imary carrlidate diseases fur human gene 
therapy are recessive diseases caused by enzyrre deficiencies~ i.e., 
the defective gene does not rroouce a fLllctional enzyrre. 

lRap(X)rteur's Note: Higher organisns package their DNA into se;Jnents 
called diranosanes. There are bo1o cq:>ies of e~h of 22 chranosanes 
(called autosames) in the cells of a human. In addition, there are 
two sex chr01"l.osanes. Fenales have two "X" chranosanes am nales harJe 
one "X" am one "Y." Therefore, in normal human cells, there are 46 
chraoosanes: two sex dlranosanes am two ccpies of ea:::h of the 22 
other chrarosaoos. The eJg cells or ova contain 22 chrarosanes and an 
X chrooosare. The sperm contain 22 chrcrnosanes am either an X chranosane 
or a Y chromosome. 

TIle chranosanes carry the genetic infovnation necessary to direct the 
processes of the cells c01"l.pasing the body. Scree c£ the genes in the 
approximately 100,000 penes contained in the chromosomes of a human 
cell may be "faulty" am contribute to or cause disease in the individual 
PJssessirg the defective gene. A defective gene can be passed to 
offsprirg. 'nle diseases caused by faulty genes can be classifie:j t.y 
the pa.ttern of inheritance. They can be recessive, daninant, or X-linked. 

Recessive diseases occur when the offsprirg receives t'AO copies of a 
defective qene, one fran each of the parents. Usually, the parents 
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are unaEfected~ they both carry one ccpy of the detective gene rut are 
protected by the presence of one normal copy of the gene. Such individuals 
are called carriers. Each child of this c(J.Jple has a 25 percent risk 
of inheritinq a double dose of the defective gene; a 25 percent chance 
of inheritill] two normal cq>ies of the gene~ arrl a 50 percent chance 
of being a carrier like the parents. 

D:rninant direases occur when offsrrirg receive one ccpyof a defective 
gene fran either parent and havirg just one cq>y of the gene leads to 
expression of the disease. 

X-linked di:rorders are carried on the X chranosane. X-linked diseases 
usually affect boys because males have only one copy of the X chromosome; 
they have no second X chromosome be balance the effects of a defective 
c~y of a gene carried on the X chrcm::>sare. Males inherit their X chraro­
SCJ'I'Ie fran their rrother arrl their Y chranosane fron their father. If a 
rrother is the carrier of one nonnal X chrarosam am one X chraoosane 
carryirQ a faulty gene, each male child has a 50 percent risk of inheritirg 
the faulty X chrOmosome and a~percent chance of inheriting the normal X 
chranosane of their mother. Each female child has a 50 :p=:rcent risk. of 
inheritinq the faulty X chromosome and becoming a carrier like her mother.] 

Dr. Martin said daninant diseases, Le .. , diseases due to the fresenee 
of an abnormal gene daninant to the normal gene I would be far JIDre can-
plex to treat with human gene therC(>y than recessive diseases. It is 
hypothesized for recessive diseases that introduction of the normal 
allele of the defective gene smuld allcw, at least biochanically, for 
sare correction of the disease phenotype. In a daninant disease, for 
successful treatment by gene therapy expression of too abnotmal gene 
would have to be interrupted. Although sene progress is currently being 
made in learnirg to intaJrate genetic material into s~ci fie chranosanal 
sites of manrnalian cells, the technology needed to s:p=:cifically arrl rerro­
ducibly interrupt expression of an abnonnal gene is still not. available. 

IX. Martin said two of the candidate diseases for human Q3ne therapy, 
adenosine deaninase (AI)&..) deficiency am purine rucleooide ptospo:nylase 
(PNP) deficiency, are autosanal recessive diseases1 Le., the affected 
genes are on autosanes. The enzyme purine rucleoside phJspoorylase is 
lacking in PNP deficiency; the enzyrre adenosine deaminase is absent in 
AJlA. deficiency. In the nomal irdividual, AM ard FNP are present in 
every tissue of the body. The other candidate disease, the Lesch-Nyhan 
Syndrone, is caused by a defective gene on the X chrOTlosane. 9iomenically, 
Lesch-Nyhan Syndrome patients are deficient in the enzyme hypoxanthine 
guanine prosphoribosyltransfp.rase (HGPRI'ase). f{;PRTase is an errz:yrre 
normally ubiauitoos in tissues of the body. It is absent frem every 
tissue in Lesch-Nyhan Syndrome chil~ren. 

Dr. Martin said these three diseases are the primary candidates for 
human gene therapy because: ( 1) the di sease presents a \.J1 ique phenotype 
rec()(Jnizable by a mother; and (2) since easy assays exist for these 
three enzymes, the diseases have been ex:teooively studied am the 
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genes which express adena;ine dearninase, purine nocleoside phcspoorylase 
aM ffiPRTase have been isolated. 

Dr. Martin then describe::i the phenotype of these three diseases. He 
said the deficiencies of A.I)!\ and PNP are present at birth. Sare of 
the children afflicted by Am deficiency are oorn m.m.nodeficient. 
For other AD!\-deficient children, the oounodeficiency develcps saneW1at 
later in life. The immunodeficiencies asrociate.i wi th FNP deficiency 
are not usually present at birth; they develq;> at approximately 12 to 
18 l10nths of life. In both AM am PNP deficiency, the thymus, if 
present at birth, subsequently involutes, i.e., disap{.ears. Thyrnus­
dependent lympJncytes will also decline conccmitant with disappearance 
of the thymus qland. 

The clinical cmrse of both ~ am PNP deficiencies involves recurrent 
infections, usually of viral origin. Many of these children die of 
chicken pox. These children are particularly sU9:!~tible to viral 
infections because the T lymphocytes (T cells) Which are dependent 
uJDn the thymus are respallSible for resistance tn viral infection. In 
both A.'OA and PNP deficiency, T cells are narkoclly reducEd or absent 
once the disease is full-blCMn. If AflA. afflictEd children survive 
long enough, they will al9:l lose their B cells \<lhien are resp::msible 
for hurroral immunity. A ffiCljor difference between Ana. ard PNP deficiency 
is that PNP deficient children do not have a defect in their hunoral 
immunity; B cell function is nonnal. 

Althouqh the deficient enzymes are absent fram every tissue in the body 
of afflicted individuals, the immme systan is the only organ systan 
specifically affected. In PNP deficiency, only a {:Ortion of the 
immune systan, the thymic ann, is affected. 

Dr. Martin said the I.esch-Nyhan SyrJ:1rCl'te presents as a broad spectrum 
of disease. The clinical phenotype was originally describaj as a 
cerebral palsy with croreoathetosis. A croreoathetcsis is an incoor­
dinate movement, particularly tre coarse movement, of large mus::::les. 
Lesch-Nyhan Syndrome patients are mentally retarded although the degree 
of retaroation varies throoqh a SJ)3ctrum. .Ma:Jt of these ~tients, but 
not all, have a very bizarre self-mutilation syndr~, e.g., bitirg 
their lips, biting their fin;Jers, scratchirg their face. These patients 
produce too much uric acid (hyperuricElllia) am develop gout at a very 
young acre, arrl they usually die d. renal failure due to the accumulation 
of sodium urate and uric acid ard concanitant nephritides provoked by 
kidney stones. Because they are physically disabled t they are trone 
to developing P1etmnnia. 

AlttDugh the major symptams of the syndrane, choreoathetosis, mantal 
retardation, and self-mutilation, are dt.e to central nervOls system 
involvement, there is no reccgnized anatoodcal or biochemical abnonnality 
unique to the central nervOls system. 
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Dr. Martin said prior to six nonths of .:ge Lesch-Nyhan Syndrane is 
very difficult to detect clinically although it can be detectEd bio­
chanically. The clinical disease ustally cQnlTences at aboot six nonths 
of age am can be recognized by 12 ITOnths of age. At three years of 
age, the disease is clearly evident; am as it [;rOJresses t severe 
secondary contractures of the hcmstrings and self-mutilation beCaTe 
evident. 

Dr. Martin said this pattern p:::>ses a question which must be considered 
before gene therapy is attanpted on children suffering fran ~sdrNyhan 
Syndrone: is there a p) lnt in too develcpment of this phenotype beyorrl 
which the disease is no longer reversible? 

Dr. Martin said the enzyme deficiencies in these three carrlidate diseases 
occur in three consecutive biochenical steps of the same rretabolic path­
way (Att~hment II, Figure 1). Adena;ine deaTIinase catalyzes the 
deanination of adenosine am deoxyadenasine to make inosine am deoxy­
inosine. Incsine is a substrate fran which purine rucleoside poo&­
poorylase makes hYIDxanthine. HYP'xanthine is the substrate for 
F[;PRTase. f(;PRI'ase COJ1li'erts guanine or l"¥p'xanthine to GiP or inos ine 
m:mq;>hosphate (IMP); IMP is the major precursor for the purine nucleotides 
ultimately used in the synthesis of DNA. 

rr. Martin said the patoologic effects of an enzyrre deficiency can ,......,.;' 
generally be attributEd to: (1) insufficient rroouct or secorrlary 
product; (2) toxicity fran substrate aCClDIlulation or fran an abnonn3.1 
netabolite of the acrumulated stbstrate. 

IX. Martin said abnonnal metabolites accumulate in AtlZ\. and PNP defi­
ciencies. He described the mechanism of toxicity in BNP deficiency. 
The enzyme purine nucleoside phosphorylase catalyzes the phosphorolysis 
of four substrates: incsine, deoxyincsine, guanc:sine, am deoxyguancsine. 
Patients lacking purine nucleoside phosphorylase accumulate all four 
of these slbstrates in their urine arrl plasma. These stbstrates cirrulate 
aM can cross cellular ment>ranes through a facilitated transp)rt systEm. 
Qle of these four s1.bstrates, deoxyguanosine (dG), is a qui te p::>tent 
pretoxin. ~xyguanasine can enter cells am be phoopoorylated to the 
nucleotide, deoxyguarosine tripoosphate (dGI'P). Poosprorylata:i rucleo­
tides such as dGTP accumulate in cells since phosphate groups prevent 
diffusion acra;s mEI11branes. Deoxyguan03ine tripoosphate inhibits the 
enzyme, ribonucleotide reductase, ....tlich is necessary for fonning pre-
cursors for rNA synthesis. In too absence of pur ine n...Iclecs ide pros­
poorylase, OOA synthesis is inhibitQ;j aM cells do not troliferate. 
Thymocytes must proliferate in order to differentiate to nonnally 
functioning suppressor and helper T cells. 

The patt:ogenesis of ADA. deficiency is };robably similar. In the absence 
of adenosine deaminase, adenosine aoo deoxyadenosine accumulate and 
can di ffuse in am rut of cells by a facil i tatoo transp;:>rt systen. 
Deoxyadenasine is a nore potent pretoxin than adenosine; it accumulates 
as deoxyadenosine triprosphate (dATP), toA1ich is also a p)tent inhibitor 



"'m 

of an enzyrre necessary for producing substrates for DNA synthesis. 
\t)en cdel"lCSine decrninase is ct>sent, deaxyadencsine cirrulates, acrumu­
lates in thymxytes as dATP, and prevents DNA synthesis and prolifera­
tion. This may not be the woole story of tba pattogenesis of ADP. 
deficiency. San:! evidence suggests that adenosine triphosphate (A'IP) 
and nicotinanide aienine nucleotide (NAn) levels may be decreased in 
some cells and variation in these levels may contribute to some of the 
imllu.me dysfLllctions seen in ADA deficiency. 

In the Am deficient patient, ATP accumulates, dGTP aCctUnulation is 
not otserved: in the PNP deficient patient, dGTP aco..unulates, dATP 
accumulation is not observed. The abnormal accumulation of these 
nucleotides can be detected in erythrocytes am. lymplncytes. The 
pretoxins can get in and out of every cell, and they clearly cress the 
blood-brain barrier. 

Dr. Martin Hen diocussed the evidence supp:>rtirg the lyp:>thesis that 
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a toxin may be produced in the Lesch-Nyhan Syndrome and attempted to 
identify the pretexin. Altlnugh uric acid is OIIerprOOucoo in Lesch-Nyhan 
Syndrane patients, the pretexin is not uric acid, because uric acid 
levels in I.esch-Nyhan Syndrane children can be rooucej biochanically 
or phannacologically with no effect on the major signs of the syndrane. 
Animals treatoo wi th ur ic acid do rot display the Iesch-Nyhan Syndrane. 
In addition, there are other diseases in whim urate levels are very high 
in infancy, am Hose children do not have nrurolcgic ct>no!ntali ties. 

Dr. Martin then canpared the pathogenesis of Iesch-Nyhan Syndrare to 
the patlngenesis of FNP deficiency in an attenpt to identify the 
pretoxin. Children afflicted with PNP do not usually have neurologic 
abnormalities while children afflicted with Lesch-Nyhan Syndrome 
have neurolOJic abnormalities. In both PNP deficiency and the Lesch-N}han 
Syndrone, purines are massively overproducoo. In INP deficiency, 
hYfX)xanthine is not converted to IMP because the body cannot make 
hypoxanthine. In the iesch-Nyhan Syndrane, hnoxanthine is not convertoo 
to IMP because the enzyrre ffiPRI'ase is missirg. 

Coold the preroxin in I.esch-Nyhan Syndrane be l¥r:oxanthine or s::me 
derivative of hypoxanthine? There is one very intriguing series of 
experiments i!llTolvin;:l ex(X>sure of experimental. animals to large 
doses of hYJ;Oxanthine and xanthine derivatives. Rats or rabbits 
treatei with an W50 of methylatEd. xanthines will self-mutilate, chewirg 
their paws. Methylated xanthines apparently induce a syndrare that in 
sane ways mimics the Lesch-Nyhan Syndrone. The most effective metl¥lata:f 
xanthine for inducir.;J a self-mutilation syndrrne in these animals is 
caffeine. 

Dr. Martin then discussed tlla efficacy of fCelTioos thercpies in reYers­
ing the phenotype of the three candidate diseases. Bone marrow trans­
plantation is curative in AJYI,. ci3ficient patients if an HIA matchErl 
donor is available as shown by a number of criteria, e.g., T cell and 
B cell functions are quantitatively ard quali tatively normalized. Rei 
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blcxrl cell infusions, i.e., takirg blood fran nonnal in::Uviduals, 
irradiating the blood to kill the lymphocytes, and infusing the erythro­
cytes into AOA.-deficient children, are efficacioos in ct>aJt half of 
the treated children. The patients regain an a1mcst normal rumber of 
T cells arrl T cell functions; ard in many cases, transiently regain B 
cell function. In the presence of normal erythrocytes, the high dAlP 
levels decline arrl ATP levels increase ard stcbilize. The imrm.ne 
systen reconstitutes oot will subsequently decline~ dA'IP will reaco..un­
ulate. Reconstitution of the iImn..II'1e systan is transient because rEd 
cells normally die with time; arrl as the infused erythrocytes are 
destroyed, the toxins reccOJrnulate. 

'11lese experiments show it is not necessary to introdoce adenooine 
deaminase into thyrrocytes. All that is neErled to recorstitute the 
nmn.lle system is detoxification of the envirol'1'OOnt by rerroval of the 
pretexin. If the ertllirorment is detoxi fioo, adencs ine deaninase deficient 
thymx:ytes or precuroor thyrrocytes can repqlulate the inmme systen. 
A number of children h~e been carried for several years with such 
treatment. Eventually, however, the reconstituted imnll1e systen develcps 
antibodies to the infused red cells. 

Ik. Martin said other therapies have been anployed in attEmPts to treat 
these d1ildren, e.g., parenteral or oral ctlministration of ur idine or 
deoxycytidine. Sate indications of pcssible efficacy have been observed . ..--' 
with these therapies, but these otservations are not cOl'Yincirg. 

Bone marroN transplantation is curative for PNP deficient patients if 
an HIA matchErl donor is available. PNP deficient p:ltients have been 
transfused with erythrocytes with less impressive results than with 
AM deficient patients, but such rrocedures offer clear irrlications 
that the inrm.ll'1e system of PNP patients can be transiently reconstituted 
by transfusion with nonual rEd blo:xl cells. Parenteral or oral oomini­
stration of uridine or deoxycytidine has no effect. 

Dr. Martin said a tx:me marrow transplant has been trie::i as therapy in 
f{;PRTase deficiency and will be discussro by Dr. Parkman. Excnange 
blood transfusions have no effect. Adenine was cdministerEd several 
years ago to one of a set of identical twins at flicted with the Lesch­
Nyhan Syndrane. There was no observed effect. Various neuroactive 
pharmaceuticals have been tried. Occasionally there are clallns of 
syrnptanatic improvenent; the elTaluation, hCJ\oK:!ver, is stbjective. 
Allcpurinol, which considerably diminishes hyperuricemia, has no effect 
on central nervQJS systen (CNS) Emetion in Iesch-Nyhan Syndrane patients. 
There are variable subjective observations suggestillJ 5-hydroxytryptcphan 
may he s:::mewhat efficacious in oome I.esch-Nyi1an Syndrane patients. 

Dr. Martin said these studies point out a serious problem in evaluating 
the effect of a ther~y on patients sufferirg fran the Les::h-Nyhan 
Syndrome; there are currently no good objective criteria to determine 
whether a therapy mode is efficacioos. Such criteria are necessary 
to evaluate the efficacy of hwna.n gene therapy. At the rnc:rrent, the 



roost prOnlSlrg rreans of quantitating an aspect of the Lesch-Nyhan 
Syndrane enploys r:ositron anission t:x:::8'oography (PET) ~ans to evaluate 
alucose rretabolism in the brain. Glucose netabolism in the brains of 
lesch-Nyhan Syndrane patients was conpared to gluccse metabolism in 
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the brains of normal individuals by Drs. Pallela and Kelley at the 
University of Michiqan. The PET scans slDw that gluccse metabolism in 
the caudate nucleus in the brains of Lesch-Nyhan Syndrare patients is 
siqnificantly reducErl as canpare:l to activi ty in the noll11al brain. If 
the rate of glucose rretabolisn within the caudate nucleus normalized 
against the cortex is plottEd versus the aJe of t~ irrlividual in 
years, normal individuals fall within a certain range. The Lesch-Nyhan 
Syndrane patients fall well be 1 001 the normal rarge wi th the eKception 
of one patient. »lile this patient has the other symptans of Lesch-
Nyhan Syndrane, he has noonal rrental function. 

The caudate nucleus is invel ved in gross rotor J1'OVE!Ill3nt, arrl reduced 
activity in the caudate nucleus is consistent with the observation of 
choreoathetosis in children with I.eech-Nyhan Syndrcrre. 

Dr. Martin said the next crucial question is "what enzyne level will 
be sufficient be reverse or prevent the symptoms of these candidate 
diseases wi trout causirg detrimental effects?" 

How much adenosine deaminase would be necessary be ameliorate the 
symptCJTlS of AnZ\ deficiency? lKung tribesnen of Swth Africa have a 
[Xllyrrotphisrn in their inbred pcpulation. They have aboot 5 to 10% of 
nonnal adeJ"'103ine decminase activity in their lymph:>cytes. These 
individuals are :i.rranunolOQ'ically nonnal.. In addition, it has been 
observed that rome ADA deficient patients are helped if 5 to 10% C£ 
their erythrocytes are replaced by infused notmal erythrocytes. 
Thus, '5 to 10% of the nomal expression level appears to be sufficient 
to ameliorate symptoms in ~ deficient patients. How much is boo 
moch adenosine deClllinase? There is a disease, a hemolytic anemia, in 
which same individuals have a 30 to 70 fiDld increase in ~ activity. 
Presumably these levels are too upper limit of nomal. Therefore, the 
window of efficacy for AIl!\ is probably sane\ri1ere bebeen 5 ard 5000% of 
nonnal Grlenosine deaminase cctivity. 

Much less is known about the enzytte levels which might be therapeutic 
for PNP deficiency. Heterozygote carriers \'tho have 50% of the nonnal 
level of purine nucleoside phosphorylase are asymptomatic. There are 
two brothers in Halifax who have approxllnately 0.5% of the nODnal 
level of PNP. These brothers both have a rather mild imrmnodeficiency 
disease. One of then has survived chicken p:>x. So for INP, probably 
sanewhere in the vicinity of 5% or nore of normal levels of purine 
nucleoside phosphorylase will be needed to affect symptoms. 

W1.at range of em:yrre level v.uuld be therapeutic for the Lesch-Nyhan 
Syndrcme? 'TWo brothers ."no have between 5 am 9% of the nonnal level 
of H:}PRTase have an unusual canpulsive cqgressive behavior: they both 
have been incarceratoo several times. This otservation sug~sts it is 
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probably goin;} to take 10% ot:" more of nomal levels to .:meliorate the 
behavioral abnormalities. However t sore '[)ercenta<}:! above 1% of normal 
levels may ameliorate s:::me of the symptans of Lesch-Nyhan Syndrane. 

A critical question is ~ere does that enzyrre activity have to be in 
the I.esch-Nyhan Syndrane p3. tient' s body? [):)es it have to be expressed 
in a tissue specific pattern in the brain? Would enzyme in the blood 
he sufficient if circulatirg levels \oOJlr'l oostroy the pretoxin? 

Dr. Martin sa id the issue of tissue spec if ic expression appears bo be 
less imJ.x>rtant in considerirg gene therapy of ADA. and PNP. In JlJY\ 
and PNP deficiency, it is clearly not necessary for the ~ne to be 
s~cifically expressed in thymus tissue j infusion of nonnal t:"e:.l cells 
is an efficacioos therapy. It is also known that the pretoxins, deoxy­
adenosine in l\l'll\ deficiercy aoo deoxyguancsine in INP deficiency, can 
diffuse in and out of cells. 

Dr. Martin said the question of whether tissw s}:ecific expression is 
necessary to affect the CNS aspects of the Lesch-Nyhan Syndrane might 
be c:rldressed by an RIA histocanpatible bone marrow transplant. Coold 
such a transplant prevent occurrence of the disease or the ap~arance 
of symptans if the child were treatoo early enoogh? COOld treab:nent 
reverse sane of the signs and symptans of the disease? 

Dr. Martin said since WCIllen are "oosaics," studies on female carriers 
of the l.esch-Nyhan Syndrane might provide ans....ers to sore questions. 
He explained that all wanen have two X cht:"ooosanes. Very early in 
embryogenesis in females one of the two X chromosomes, either the 
maternal X chranosane or the paternal X chranosane, is inactivated. 
Approximately half of a woman's cells will have an active X chromosome 
fran the father, the other cells will have an active X chranosane fran 
the lTCIther. Female carriers of the Lesch-Nyhan syndrcrre have one X 
c:hranosane carryirg a defective H:;PRTase gene an::'! another X chranosc:me 
that has a oonnal fGPRTase gene. These wanen are not, however, mesa ic 
throoqhoutJ only ti'Ya nonnal x chrcrnoscrne can be round in too erythrocytes 
of carriers of Lesch-Nyhan SyndrCtTJa. Apparently there is same selective 
disadvantage to erythrocytes or erythrocyte pt:'ecursors that do not 
express normal fJ3PRTase activity_ It is a relative rather than an 
absolute selective disadvantage; if it were an absolute diSCldvantzge, 
I.esch-Nyhan Syndrame patients would have no roo bl~ cells or they 
would be severely anemic. I.esch-Nyhan Syndrane ratients are not 
anemic except fior same occasional secondary vitamin deficiencies. 

FEI1Iaie I.esch-Nyhan Syndrane carriers are nwrolcgically nonnal; toore 
are no detectable neurologic abnor:mali ties in Lesch-Nyhan carriers 
even t:.I"Dugh clinicians can datect mild abnotmalities in irrlividuals 
with partial IDPRTase deficiencies. Are female carriers ll1.(J3aic in 
brain tissue or is }l;PRTase deficiency selected aJainst in brain 
tissue? If carriers are not mosaic in their brain, as they are not in 
their erythrocytes, there would appear to be a distinct selective 
disadvantage for H:;PRrase deficient brain cells durin;} develcpnent. 
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The existence of a selective advantage might effect the outcore of ~ne 
therapy. There is one caveat to this l1Y'pottesis~ cells very chEely 
abutted have "tight junctions" bet-ween them aOO can to sore extent 
excharqe nucleotides, specifically IMP, back am forth across t~ir 
cell borders. It is thus conceivable that in a LesclrNyhan Syndrare 
carrier, cells that have fGPRl'ase "cress-feee),r ttose that do not express 
the enzyn:e and could account for the lack of CNS symptans in carriers 
of the I.esch-Nyhan Syndrane. 

Dr. Martin said the safety issues aseociated with hwnan gene therapy 
can be grooped in essentially four general cater,;pries: (1) Is there 
any p:>tential acute toxici ty due to gene toorapy? (2) Coold repli cation 
canpetent recanbinant viruses develop? (3) Could cancer develcp as a 
result of gene therapy? (4) Coold a degenerative disease develq:, as a 
result of gene therapy? Both cancer and degenerative disease could be 
caused by insertion of the retrc:wiral vector into the d1ranosane 
(insertional mutagenesis). 

nr. Martin de.scribErl one approach to bJildirg safer retrOlliral vectors; 
the introduction of a "kamikaze" gene or a "suicide" gene into the 
vector. The "suicide" gene would be a gene which enccrles a lllique 
enzym::! that would convert San:!' non-toxic conpound to a toxin. Cells 
harboriq:)' the kamikaze vector cculd be eliminata:1 by feedirg the patient 
a drug toxic only to cells harboring the vector and thus capable of 
converting the nontoxic drug to a toxic drug. 

Although such a "suicide" gene has not been tested directly I Dr. Martin 
described a related experiment. 'nle enzyne cytos ine decrninase converts 
5'-floorocytosine to S'-fl1.Drouracil. Manmalian cells do not have 
an enzyrre stCh as cytosine deaninase S') they cannot coroert 5 '-fluoro­
cytosine to SI-floorouracil. 5'-floorouracil r an inhibitor of RNA 
synthesis, is a widely used chemotherapeutic agent in the treatment of 
cancer. 111e Japanese have purified cytosine deaminase, injected it 
stereotactically into brain tunDra of humans, am then fed the patients 
5'-floorocyt.osine. 5 1-fluorouracil was generated in the vicinity of 
the t.unors but not in other parts of body. The brain tunor cells were 
killed l:¥ this therapy. '!be systemic toxicity associated with 5 '-fh.oro­
uracil therapy was minimal in these patients arit limi too to cells in 
the hnmediate area into which cytosine deaminase was injected. 

Dr. M.artin said the deficiencies of AM am mp aM the LeoclrNyhan 
SynCJrCJTe are all rare diseases. Yet many investigators have ruUt 
their careers on irwestigatirg rare dieeases.. Rare diseases can 
teach an eoo.tmrX.ls aroc>unt abaJt normal physiology and p:ttoolcgy_ He 
quoteO William Harvey: 

"Nature is n<:where a::custor!'! rrore q3enly to display het:' secret 
mysteries than in cases where she shows tracings of her \twOrk 
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apart £rOll the beaten path. Nor is there aI1i better way to ajvance 
the proper practice of medicine than to give our minds to dis:;overy 
of the usual law of nature t:¥ careful investiga twn of cases of 
rare foIl'llS of disease." 

Dr. Epstein asked Or. Martin row many diseases he tl'"ought might be CII1en­
able to human gene therapy. tr. Martin said currently there are only 
five or six diseases anenable to human gene toorcpy. The genetic 
defect resp:msible for the phenotype must be known, the phenotype must 
be reversible aOO the gene identifioo aOO is)latro. He trought several 
other recessive diseases would hecom candidates for human gene therapy 
within the next few years. UltiInately a few hundred recessive diseases 
miqht be treatable by sanatic cell human gene therapy. 

Dr. DaVis asked why diseases involvilYJ expression of abnotmal hemo­
qlobin 'itllere inferior candidates at this tine for human g;:lne therapy_ 
Dr. Martin replied that genes involved in herooglobin proouction must 
be expressed in a finely-tuned, tiSSle specific manner. The technology 
is not yet available to achie.r9 su:::h apressien. 

B. Gene Transfer Usir!! Retroviruses 

-

Mr. Mitchell asked Dr. Dusty Miller to describe aspects of retroviral . ...-' 
vectors. 

Dr. Miller said retroviral vectors are a goo::J rretrod for transferrirg 
genes into somatic cells for several reasons: (1) Retroviruses can 
efficiently transfer genes into large numbers of cells in a p::>~ulation. 
(2~ Stocks of ma.ny hundreds of milliliters (mls) containirg 10 to 
10 particles per ml can be generated to produce an enormoos number 
of transfer vehicles. (3) Cells infected by retrcwiruses are not 
extensively damaged. (4) The linear organization of the viral ~ncrre 
is preserved up:m intSJration into t~ rost rNA even th::>ugh retro­
viruses integrate at randOOl sites. (5) O1ce integrated, retroviruses 
'becane an inteqral part of the genane am behave like cellular genes. 
(6) Retroviruses contain strong trans=riptional elements, enhancers 
aOO pranoters, aOO prCJJ'ide other signals requiroo for transcription 
9) they can provide all the elenents necessary to express genes inserted 
into the retrOJirus vector. (7) A variety of sizes of foreign I:NA 
(anything fran about 1 kilobase or less to over 7 kilobases) can be 
packaged in a retrcwiral wctor. A wide variety of spliced versions 
of gene(s) can be used. (8) :Replication defective retroviral vectors 
can be introouced into cells in the absence of helper virus; in that 
situation, they will not propagate further. Thus, if cells in culture 
are exposed to retrCJJ'iral vectors aOO subsequently reintroouce::l into 
the patient, there is very little potential for Stread of the vector 
to other tissle. (9) RetrCJJ'iruses can infect a wide variety of cell 
and tisSle types. Retroviral vectors can be constructed to infect '~ 
l1'Ouse, rat, cat, dcg, rronkey, arrl human cells ~ these vectors can be 
tested in animal rrodels and used directly in huroans. (10) High-titer 
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stable vector-produci~ cell lines can be constructe:l, kept in a freezer, 
am thawed when neErled. The cell line used to produce a retraviral 
vector for a htnnan gene therapy protocol could be certifie.1 and would 
not have to be constructe:'i each time tl'w:! vector was neOOed. 

Dr. Miller said retroviruses are positive stram ~ viruses, i.e., an 
RNA genane encodes retroviral protein products. UJ.X>n enterirg the 
cytoplasm, the si~le-stranded RNA. mlecule is reverse trans::ribed into 
a IN\ fom, termed the praJ'irus (Attachment II, Figure 2), W\ ich 
integrates into the genare of the infectej cell. IDng terminal rer;.eats 
(LTRs) are present at the junctions between cellular rNA arrl viral 
genc:ne. Each L"I'.R contains strong transcriptional el~nts or regulatory 
signals necessary for expressirg a gene, e.g., "enhancers," seqtences 
that can enhance the transcriptional activity of flanking viral or 
cellular ll'lA, pranoters, ard other signals requira:i for viral tran­
scription. For exanple, transcriptional elements sum as CAT and 
TATA ooxes are in the LTRs1 transcription initiation begins in the 5' 
LTR site; and the 3' LTR contai,., a p:>lyadenylation site .. 

The major proteins of the retraJ'iral cooirg ra;:Jions are the ~ p::-oteins 
which are involved in virion assentJly and structure, [plymarase (E2:!) 
proteins which are iroolved in reverse transcription, arrl ernelcpe 
(env) proteins which are involved in virion absorption/penetration and 
are the primary detenninants of retraJ'irus mst rarge. These ~oteins 
are made fran RNA transcripts 1Ilhidl rtI'I the full length of the virus. 
There is also a slDrter-lergth transcript for the viral ~ p:'otein. 

cr. Miller then explained h~ a typical retroviral VI'::l'ctor was con­
structed (Attachment II, Fi9ure 3). He said the gene encc:diIl] the 
enz'\{Yl'e, hyp::>xanthine guanine phasproribosyltrans£erase (ffiPRTase), 
was linked to the retrCNiral LTRs s:> that the rEgions cooiOJ for viral 
protein were either canpletely rEllDVed or truncated. No viral pt"oteins 
CQlld be expressed by the vector. The vector construct has very little 
viral infonnation, is replicat.ion defective¥ am must be "rescued" by 
helper virus or by packagirq' lines in oroer to produce virus J;:6rticles. 

01:". Miller said it would be useful in human gene therapy applications 
to generate replication-defective P'lrticles fur use as vectom wi trout 
generating helper virus. Strategies to produce such vectors in the 
absence of helper virus rely on "packagirg lines. II Such a stratElJY is 
shown in Attachment II, Figure 4. 

Dr .. Miller then st:owed a slide (Attacment II, Figure 4) dE!nOnstratir.g 
that packagirg lines can produce helper-free vector particles. A retra­
viral vector canyirg resistance to mettotrexate (DHFR) was introduca:l 
into cells of a packagirg line. Almost all of the clonal cell lines 
proouce IltFR virus. The lines vary in viral titer produced. Titers of 
helper virus pvoduced by these packaging lines are at least a million 
fold less. 
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Dr. Miller said the assay is imp:>rtant in ootenninirg whether packagirg 
lines produce helper-virus free vector. Several types of assays are 
available. cne staroard assay measures reverse transcriptase cctivi ty 
in cells infected with virus pr:odu::Erl by the pa.ckagirg cell line. 
Reverse transcriptase assays are relatively insensitive in the serse 
that the lower detection limit is probably no fe\\er than a hundred 
particles in a ml of su~rnatant. In a secord assay for helper virus, 
virus to be assayed is used to infect cells harboril"XJ a transformirq 
virus, am these cells are mixed with a flat, non-transfonned rat cell 
line. Virus production is obsetved as the production of \I foci" (Attach­
[Mnt II, Figure I)}. N:mtransfor:med cells fum a flat monolayer arrl 
stick tightly to the dish: they do not pile up. In areas where a trans­
fonnin;:J virus is proouced, a localized "fucus" is ol:::served as traoorormed 
cells round up aoo. cc:rte off the dish. Theoretically, any cell in the 
lX>pulation carryirg a helper virus is detected by su::h an assay; thus, 
the sensitivity of this assay is said to be on the order of one particle 
per ml. A similar assay that avoids the use of transf01:mirQ viruses 
tests the ability of the vector to induce virus proouction. A cell 
Une is exposed to the test virus am virus ~cduction fran trose 
cells is measured. IX. Miller said these assays could be used to test 
bc>ne rnarrCM cells am blocrl for the Iresence of. helper virus. 

Dr. Miller said retroviral vectors can efficiently transfer nonselectable 
qenes am their regulatory elenents. This capability is an irnp::>rtant 
consideration in develcping hUI'lBn gene therapy vectors. He des::ribed 
the construction of a retroviral vector containirg a rat growth roJJt\one 
(GH) minigene controllErl by its own regulatory elerrents. Regulation of 
protein expression fran an irrlucible ~ion as "'Bll as ooIOClQ'eneOJs 
production of the particular protein was sought in cells infected with 
the vector. If the regulatory elements can be transferred am are 
active, protein production frOOI the Gi gene should be resp:>nsi~ to 
substances such as dexamethaa>ne or tlyroid hotmone which are imucers 
for growth n:,nrone p:-oduction. '!he rat growth oornone ~ne has an 
internal polyadenylation site and was fused to its own transcription 
praroter (Attachment II, Figure 6) before insertion into the vector. 
The htntan fGPRI'ase gene was also intrcducErl into tre construct in 
order to permit selection of infectErl cells. The ffiPRI'ase ~ne \oBS 
under transcript ional control of the retroviral LTR. 

The Cli-ffiPRl'ase vector was used to infect cells lacking the f{;PRI'ase 
gene. Several irrlepeooent clones were selected on the basis of fl;PRTase 
activity. All the selectej clones secrete growth tornone in the un­
irduced state am res~m to notmal irducers for grOltlth rormone [X'oo. 

duction by increasing their growth oornone synthesis. Rea9:)nable 
levels of expression of growth h:nJ1lone were otserved, i.e., ten to 40 
fold lower than cultured rat pituitary cells expressing growth hormone. 
Cells not infected with the virus produce less than one nancgran (rg)! 
ml of growth OOrnone. '!his experirrent shows consistent transfer of 
the gene, resp::msiveness of the gene to iroucers, am efficient am 
stable T,rq)8gation of functional genes and their regulatory SeqUi:lOceS 
in retroviral vectors. 

-
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Dr. Miller said sevecral other cell lines ~re infected with the vector 
am have been st:own to irrlucibly express the grCMth romane gene. In 
I3C1OO lines, however, widely variable expression of the growth t'nnrone 
gene was ol:::served. Sane clones express the Gi gene at high levels in 
the absence of induction. Scree clones show a 2.4 fold induction. Sare 
clones appear to make very little if arv Gl even trough all clooos were 
selected on the basis of R:;PRTase eXJ;ression. A similar exr;ression pat­
tern may be observed in hwnan gene tharcpy [rotocols since the target 
oroan, the hematQJXIietic system, is canposed of diverse cell types. The 
hierarchy of cells in the hematopoietic/ l~id systan includeS VariOlS 
lyrnproid aoo myeloid elerrents includin;:J T cells, B cells, erythroid cells, 
qrarulocytes, macrq:,hcges, platelets, etc. A bone marrow transplant 
represents a mre conplicated situation than infectirg cells in culture. 

Dr. "'Iiller then demonstrated that a gene su::h as t~ rat G:l minigene 
and its regulatory controls can be transferre:1 by the vector in an 
unrearrarqed fashion into cultured cells. Restriction enzyn:es that 
either cut outside the vector or in each LTR were used to treat the DNA 
of infected cells. The restricted rNA was separated on an ~arase gel 
and transfe~red to a nitrocellulose filter Which was then pcobed ~r the 
presence of sequences lnnolClJooS to tte Gl gene or tte IUPRl'a!ge gene. 
Fragments containing single new integrations could be detected on the 
qel. The cell lines contained a sirvle Gl-ffiPRTaee lX'OIJ'irus of tM 
correct size. These eXJ:erinents and the inducibility of the GJ ~ne 
suq~st the viral vector can be transferroo in an unrearrarged fashion. 

Dr. Miller then described a protocol for infectirg mo.Jse narrow with 
a retroviral wctor. A ROuse is first treated with an agent that causes 
damaqe to the oone marrow. 1be danage causes bone marrow cells to 
replicate ard is necessary since retroviruses only infect nplicatirg 
cells. Five days after injury the marrow of the treated animal is 
re:roved aoo the marrow cells overlaid onto vector-prcrlucirg packagirg 
cells in culture. After a perioo of co-cultivation, the narrow cells 
are harvested, gra;,m for a fertad d. tirre In the presence of a selective 
aqent, and subsequently assayed fbr the rre&ence of wctor carryirYJ a 
selectable drug resistance marker. Mcst of the cells at this IDint 
will falm druq resistant colonies !!:!. vitro ard contain the vector DN\. 

In orincinle a human gene therapy rrotoool is relatively simple. 
Bone m9.rrow would be rem:::>ved fran the patient, infected with the retro­
viral vector, aOO transfused back into the patient who has received 
whole body irradiation or chaootherapy to ablate the oone I1\3rrow and 
provide a physiolcgical space fOr the a.ttolcgOJs gene inserted bone 
marrow cells. However, several questions should be addresse:) before 
proceedirg with human gene t.he:rapy_ One useful application eX retro­
viruses in basic science has been the demonstration that the pluripotent 
stan cell will qive rise to all of too cells of tre mouse hEmatopoietic/ 
lymphoid system. '!he pluripotent stan cell can be detected by the 
Presence of too retroviral vector arrl its descerdents tracked. 
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However, obtainirg consistent expression of the intS,;Jratoo vector in 
all the different cell types has been a prcl:>lan. Only a few of the 
mice actually express the gene carriej on too retrcniral vector. It is 
not easy to infect 100% of the mice and to obtain expression in all the 
cells derived fran the pluri)XJtent stan cell. 

It is not known whether human pluri[X)tent stan cells would be infected 
by the retrOV'irus vector. Altlnugh infection of plurip::>tent stan 
cells has t:Jeen denonstrated in mice, it is not clear that pluripotent 
stEm cells fran humans or any other lalge animal can be infected by 
retroviral vectors. Even if the pluripltent stan cell or sate cell 
derived fran it is infecte:i by the vector, the vector an::1 its genes may 
be- inactivated durirrJ normal differentiation of the infectoo cell. It 
is not knONl1 whether incctivation might ocrur. 

Retroviral gene transfer is currently best understood in the mcuse 
systan, aoo there is still a great deal to learn fran this systan. In 
dogs, m:>nkeys, or hwnan cells in culture, less is known. For exemple, 
for animals other than mice, expression in the varioos cells of the 
hanato[X)ietic system has not been denonstrated at all. 

Or. Miller said at this time it is oot known if the anptDtrcpic vectors 
will work in other anima Is. All current vectors are based on murine 
leukemia viruses. These vectors 't«>rk particularly 'Well in mice1 tDwever I 
it is not known whether other animals can be efficiently infectoo by 
these vectors. There have been suggestions that IXimate retrO'liruses 
be used for human gene therapy protocols, but gene transfer eXJ;erinents 
imolvirg primate retrOYiruses have not yet been done. 

Efficient transfer of vectors into large animals must alB:) be denon­
strated. A large animal differs considerably fran a mouse. In experi­
ments with mice, one animal is sacrified; all of its bone marrow is 
taken, treated, am transplantej into a genetically identical animal. 
In a larger animal such as a human, marr<:::M must be taken frOOl the 
patient arrl returned to the same irrlividual. Qui te a lar:ge rumber of 
cells must be infectej am represent a considerable scale-up from the 
infection protocol used with mice. 

Currently, it is not known how long hlUTlan bone ma.rrow cells can be 
cultured in vitro arrl still ergraft after transfusion back into the 
patient. 1b date the longest period marrow has been cultured outside of 
a mst is on the order of 24 hours. 

1he persistence of the transferred genes in other animals must alS) be 
derrr::mstratErl" Persistence of expression has been measunrl in mice, but 
currently there are not enough Il'KlI.lSe data to justify a human exs;srircent. 
Exl,)eriments in mice suggest ~re are fairly SlDstantial problsns in 
obtainin,;) reaB:>nable expression levels. Several groops have rep:>rted 
low expression of vectors canyirg the a:iencsine deaninase or purine 
nuclec:::eide phospmrylase genes in mcuse marrow cells. 

"---
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Problems could also arise with the technique used be generate efficient 
infection of the cells. In experiments that work well wi th mice, bone 
mar~ cells are co-cultivated with virus-producing cells. The protocol 
WOJ,ld be cleaner if bone marrow cells cruid be cultured wi th a surer­
natant containing the vector since it may not be easy to renove co­
cultivated cell line elements fran the treatoo bone marrcw cells. The 
possibility of contamination with these elements is an added variable 
which stould be evaluated. 

~inally, it is not known whether in human gene therapy lYotocols the 
bone marrow must be ablated by radiation or chemotherapy. It may not be 
necessary to ablate the marrow in hum::1.n gene therapy r,rotocols since 
the patient will be transfused with autolOJoos tissue. W1ether select­
able markers ard in vivo selection JX"ess\lr'e cruld be anplC!{ed is another 
question which should be addressed. 

One n91ative aspect of retroviral vectors is the p:>tential for mutation. 
Mutations can be categorized as: (1) Those that will result in death 
of the cell. These mutations are not a concern because tmse cells will 
disappear, and sone cells may be lost without affecting the fLU1ction of 
the organ. (2) Those that activate an onccgene (insertional activation) 
or deactivate a dominant gene which restricts cell growth (insertional 
deactivation). Insertional activation or deactivation cruld result 
in transformation. Animal studies to date have not yet clearly a:ldressed 
the issua of insertional deactivation. \mether insertional activation 
will occur with a fairly high frequency should be tested. Available 
nouse data do not sl.Qgest a high fre:}Uency, but much larger rurnbers 
of vectors and cells will be used in human therapy than in moose protocols. 

The problem of insertional activation CQ.lld be avoided if site sJ.:Scific 
recombination, i.e., the ability to alter specifically a gene, were 
p::>ssible; however, site sJ;Bcific reconbination wi th high efficiency is 
technically not feasible at the present time. 

Wi th all of these unans~r€d question, Dr. Miller tmught stbrnission 
of a protocol to the NIH for review would not likely occur within the 
next six nonths. 

Dr. Miller said the "points to Consider in the D:!sign am Submission of 
Hunan Sanatic-Cell Gene Therapy Protocols" are well designed. Several 
conmi ttees of experts will probably be req-uired to rariew technical 
issues. Technical expertise is needed for all the different issues in 
hunan gene tmrapy, e.g., vector construction, ethics, viral recanbin­
ation, efficacy, and safety. 

Dr. Gottesman asked what rercentaJe of retroviral vectors are rearrarQed 
internally uron integration into a chrarosanal site. fr. Miller said 
it is difficult to determine a p:=rcentcrJe based on the types of assays 
he had described. However, usil-.;:J a vector which encodes EfJPRrase and 
factor IX, a blcxxi clottin;::) factor, 40 HGPRrase JX)sitive cell clones 
had been screened to determine whether factor IX was also made from the 
viral vector. Thirty-ni ne clones producoo factor IX: one clone did not. 
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C. !391e 0.£ All~neic Bone Marro,.; Transplantation in co,rrection of Genetic 
Dlseases 

Mr. Mitchell asked Dc. Robertoon Parkman to describe allcgeneic bone 
marvow transplantation and the potential role of autologous bone marrow 
transplantation in the treatrrent of genetic diseases. 

Dr. Parkman said allogmeic bone marrow transplantations pt:'edict Wlich 
genetic diseases will oonefit fran autolcqous gene iosertOO transplants 
(human gene therapy). Currently bone marrow transplantation can be 
used to treat three classes of disease: {l} cancer that does not resp:>rd 
to standard therapy: (2) diseases in which stan cells are absent; and 
(3) diseases in which defect iva stan cells are [)resent. In this third 
category, the types of abnormali ties '¥\hich can be slJ:cessfully treatEd 
by allcgeneic bone marrow transplantation can be due either to defects 
in structural genes, to defects in the re;Julation of gene eX[)ression, 
or to defects in differentiation. Human geM ther~y or rutolcqoos 
gene-inserted transplants would appear to be applicable to genetic 
diseases in this third category. 

Genetic diseases can be catEJJorized by resfXlnse to allcqeneic bone 
marrow transplantation (Attachrtent II, Figure 7). The first cater;pry 
is canprised of diseases in which the expression c£ the genetic defect 
is restricted to bone marrow derived cells; JY!(Bt of these diseases 
involve defects in roo blooj cells, the immune systan, or grarulocytes. 
The disease can be correctei by ablating the abnonnal bone l'Mrrow am 
replacirq the ibnorma.1 stem cells with oormal stan cells. 

Diseases in the second category are characterizoo by a generalh:ed 
defect expressed throoghout the I.xrly. The ronormal prmucts accumulate 
in either bone marrow derivaj or non-bone marrow derivErl cells, and 
small GInOunts of eXo;Jenoos enzymes crlministen::d by infusion or otgan 
graft appear to reduce or reverse the accumulation of the abnormal 
substrate. Stora;:}e diseases are in this cat~olY. 

The third category consists of generalized or restricted genetic defects 
in which an abnormal proouct accumulates in non-bone marrow derived 
cells and these accumulations are not red1.£ed by the administration of 
excgenoos enzyroos. Diseases sl£h as cystic fibrosis, hanophilia, aoo 
phenylketonuria are in this category. This third category of diseases 
would not be curable by bone marruw transplantation. 

lr. Parkman said patients suffering fran genetic diseases in \'him the 
missillJ gene rroouct is normally expressed in henatopOietic am lympJ:oid 
derived cells are most likely to benefit from transplantation of 
histocanpatible normal bone marrow. Ablation of the lbnonnal steIl 
cells arrl replacement with normal histaconpatible stan cells results in 
petmanent arrl conplete correction of genetic diseases in this cat.€gory. 
No cases of successful1y transplanted patients driftirg back to their 
disease have been otserved. 
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In those categories of disease amenable to bone marrow transplantation, 
one of the first issU9s to he consideroo is the relationship of i"etero­
zygote enzyrre levels to clinical phenotype. Following successful bone 
marrow transplantation fran a normal donor, approximately 10% of the 
Ixme marrow cells will be of donor origin. Assuming that the aTOC>tmt 
of enzyrre ~r cell is the same in all cells of the bcdy am that each 
harozygOJs cell has 100% of the nonnal enzyne level, after su:::cessful 
transplantation the p2ltient at best would have 10% of nonnal total 
txJdy enzyrre activity. Therefore, if levels greater than 10% of nol1'Ml 
levels are nee:'led to affect phenotype, transplantation therapy will 
not ameliorate clinical disease since the transplanted patient will 
at best p:-oouce 10% of normal total bcdy levels. 

Dr. Parkman said the relative amount of enzyne in circu.lati~ cells as 
canpa,red to the target tissrn must also be consideroo. If cirrulatirQ 
cells have one "rreasure" of enzyrre and the target tissue nonnally 
expresses 100 "rreasures, II it is 1.Illikely that an a:::lequate level of 
enzyrm could be transp::>rted into the target tiSSte to produce a clini­
cally significant effect. An active as oprosed to a r:essive trans[X)rt 
mechanism appears to be an imJX>rtant factor in rrovirQ circulatiRJ 
enzyme to intercellular sites. 

Results wi th allq;jeneic bone marrow transplants will probably be surerior 
to results with autolOJous gene inserted bone m3:rrow transplants. If 
clinical stabilization or imprCNe:nent of th3 p:ltient cannot be froouced 
by a procedure in ....nich every transplanted cell is hCIlK)zygrusly normal r 
given all the limitations it is not probable that autolc:gcus insertEd 
bone marrow transplantation would have a potential therapeutic role 
in treati~ that disease. 

Dr. Parkman said the bone marro,.,r in :fDst-natal life in humans appears 
to be composed of two populations, lymphoid stem cells and hematopoietic 
stem cells (Attachment II, Figure 8); it is not clear whether the 
plurir:otent stem cell fran which both grcups are derived is fresent in 
h1..Dllans in IXlst-natal li fa. A bone marrow transplant in humans is, 
therefore, a transplant of t....o separate stem cell pcpulations. One 
or the other or both JX>pulations can ergraft, am this has a great 
deal of clinical significance. 

[RapJX)rteur's tbte: It is i'¥rothesized that plurip::>tent stErn cells 
are the undifferentiated progenitor cells of hematopoietic stem cells 
arrl lympl'nid stem cells. Cells such as erythrocytes, mac rq>hcges, ard 
granulocytes differentiate from hematopoietic stem cells. Lymphocytes 
am plasna cells are derived fran the lymph::>id stan cells. 

The progenitors of macrcphages, the praronocytes, originate in the bone 
marrt:M; these cells are released into the circulation as monocytes. 
Monocytes comprise approximately 3 to 8 percent of the circulating 
leukocyte population. An even greater rumber of leukocytes, estimatEd 
to be approximately three times the circulating population, exists in a 
marqinal fX>ol consistirg of monocytes crlherirg to epithelial surfaces. 
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Ur.on enterirg t issl.e, nnnocytes develq:> into macrcphaJes.. M.acrcphaJes 
kill bacteria, fungi, and tumor cells. They ala::> fmction in the indoc­
tien of the immune resp:>nse by' processiNJ an::'! presenti~ immm(XJenic 
material to lymphocytes. 

two separate populations of lymphocytes differentiate into the lymphoid 
cells involved in humoral (B cells) and cellular (T cells) Unmmity. 
These populations become restricted to lymphoid differentiation ~ior 
to migration to the thymus where T cells are generated or to the 
fetal liver am adult bone rnarrCM v.here B cell revelcprrent occurs. 
This phase, termed primary differentiation, reflects a genetically 
prCQramned sequence of differentiation. 

B cells represent approximately 15 to 20 percent of the ootl1lal .r;:eri­
pheral blOCld lymptocytes, 50 :t;:ercent of the splenic lymprocytes, arrl 
75 percent of the lympmcytes in the bone marrow. Their chief role is 
the prcrluction of antibcxiies. The first recCQnizable step in ~velcp­
ment of B cells is the energence of lympmid cells v.hich contain small 
amounts of intracytoplasmic IgM but lack the surface irnmmo;;llobllin 
receptors characteristic of mature B lympoocytes. These pre-B cells 
are first generated in fetal liver am are fuund aloost exclusively in 
the rone marrow of adults. Pre-B cells proliferate rapidly and spawn 
immature B lymprocytes which express surface IgM receptors.. Lymptvcytes 
camlitted to synthesis of 19O, 19G, IgA, and IgE are all derived fraTI 
Igr+abearing precursors throogh a genetic switch mechani9'O. 

Stem cells destined to become T cells proliferate in the bone marrow 
and migrate to the thymus where they acquire the characteristics of 
T cells. Cnce the T cells have left the thymus, this glarrl may continue 
to exert an effect on them by secretion of tf¥rnic h:nmones (tlyrrosin or 
thyroop:>etin). Approximately 70 to 80 percent of normal reripheral 
blocx:1 lymprocytes am 90 percent of lymphocytes in ttoracic duct fluid 
are T cells. They circulate primarily as lorg-lived small lyrnprocytes. 
T cells are il1\101ved as helper or SUf.l)resror cells in mooulatirg the 
hnmune response and regulating B lymphocyte differentiation. T cells 
that have becone sensitized to foreign substances are t.te principal 
effectors of cell rrediated irnmll'lity. Secondary differentiation follows 
stimulation of specific clones of lymphocytes by antigen. 

Because of the pivotal role played by T lymphocytes and the canplex 
interactions involved in :irmnme res(Dnses, immme deficiencies primarily 
involving T cells are usually also associated with abnotl1lal B-cell 
function. Conversely, immunodeficiencies manifested primarily by 
inabili ty to produce antibodies may be caused by T-cell defects not 
associated with abnormal cell-mediated llrumunity.J 

Dr. Parkman said in most transplants the marrow is taken by nea:He from 
the material' iliac crest of the donor. The bone marrow is then filteroo 
throuqh a series of stainless steel screens and transfused intravenrusly 
into the rec:ipient. Stem cells have the capaci ty to "h:rne" to the 
bone marrow: presumably their surface carbohydrates direct their migration. 

'-



A "physiological space" has to be available if transplanted stan cells 
are to ellJraft in the recipient. It is not known. what" space't rreans 
biochemically, but functionally a hematopoietic engraEtment will not 
occ:ur wi tt-out prior treatment to eliminate resident hematopoietic stan 
cells. When the recipient's hematopoietic stan cells occupy the 
physiol<X1ical sp3ce, transplantErl hanatopoietic stan cells do not 
engraft. They whither aOO die. For this reas::m, drugs or whole body 
irradiation are administered prior to transplantation to ablate the 
recipient's bone marrow. 

An immune deficiency syndrane, adencsine deaninase (Al),.\) deficiency I 
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was the first genetic disease to be successfully treated by bone f\\3.rrcw 
transplantation. T lymprocytes are markedly rooucoo or absent in 
children afflicted with A~ deficiency. In 1968, a child who did not 
receive any treabnent to prepare a "physiolcgical space" was transplantoo 
with allogeneic donor marrCfti. The lymphoid stan cells of the donor 
et1,Jraftoo; donor hematopoietic cells did not ergraft. 

Dr. Parkman said bone marrow transplantation therapy was next attanpted 
on a r:e.tient afflicted with the wiskott-Aldrich Syndrane. Wiskott­
Aldrich Syrrlrare is an X-linked recessive di9)rder with irrnnrnological 
components; the symptoms are eczema, thrombocytopenia with platelets of 
reduced size and function, reduced T cell function, decreased capacity 
to produce antibodies to carbchydrate antigens, T lyrnptncytes deficient 
in a structural glycoprotein GPL-llS, and platelets with an abnormal 
glyccprotein. Ma;;t Wiskott-Aldrich Syndrone pa.tients do not survive 
childhood; they die of complications of bleeding, infection, or 
malignancy. 

Dr. Parkman said the effects of the wiskott-Aldrich Syndrane are due to 
dysfunction of both lymproid and he:na.toJ;X)ietic stan cells. The Wiskott­
Aldrich Syndrcrne was the first genetic disease wi th a hEmato{X>ietic 
COTI[Xlnent for which correction by bone rra.rrow transplantation was 
achieved. The first transplant patient was rreparoo by administration 
of cyclcphosphamide, a drug used to eliminate lymphoid stan cells, ard 
ARA-C, a drug it was toped would eliminate hematopoietic stan cells. 
These drugs were administered in order to create "physiological space." 

Follcwi1'Q the drug preparative regime too p!ltient's 'tIhite ca.mt disap­
peared and he was transplanted with bone marrow fran a female sibling 
with blood type "A." After transplantation the p:ltient's ....nite am roo 
cell count rose. Normally a month after transplantation the patient 
begins to make platelets. However, a month after transplantation this 
patient was entirely dependent on transfusions for platelets. Up:m 
examination, the patient's blcx:rl group was srown to te "0, It his own. 

The Y chranosane was visible in the granulocytesi the granulocytes ~re 
rrale, his own. The pa.tient's own bone marrcw cells rather tten the 
donor's were the source of hematopoiesis. For several months after the 
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transplant tffi T cells ~re female rut they swseqtently reverted to 
male. In summary, a partial lympooid graft occurred, no hematop::>ietic 
graft ocrurraj, an::'! nine months after transplantation, the r:atient was 
back to where he was before the transplant. He never showej any 
irnprOV'ement in thranoocytopenia. 

The patient was then given anti-thymocyte serum and procarbazine as 
~unosuppressive drugs and total body irradiation to el~nate hamata­
p:>ietic stan cells. He was then transplantoo a EeConj time wi th donor 
marrow fram the female sibling. Approxbnately a month after the trans­
plant, his platelet co.mt began to dEe am eventually stabilized at a 
normal level. His raj blood cells \-tere blOCld grrup "A. 'I His granulo­
cytes no lorger displayed a Y chranosone. All lympJnid am hEmatopoietic 
cells were female. Nine years after transplantation the patient is 
doirq fine. 

Ninety percent of the people afflicted with Wiskott-Aldrich Syndrome 
can be cured of their disease if a histocanpatible J:xme marrow donor 
can be found. Altoought the nature of this disease has not yet been 
elucidated, the basic defect in the Wiskott-Aldrich Syndrare is thought 
to be the absence on lymplncyte surface membranes of a glyccprotein 
with a rrolecular W3 ight of 115,000 daltons. An autDlo;;Joos 9::me inserted 
bone marrow transplant cruld be attanpte1 on Wiskott:-Aldrich Syndrane 
patients if the qene coding for this glycoprotein could t:e isolated. 

Dr. Parkman said the original. Wiskott-Alrich Syndrane patient received 
total body irradiation to ablate the hematopoietic stan cells. However, 
sane ethical isstes are ass::>ciatEd with irra:Uatirg dlildren. For 
this reason, a preparative regi.rm involving the drugs cyclcphcsphilTlide 
and rusulfan was develcped. cyclcprosphanide eliminates lymproid sten 
cells; h..lsulfan eliminates hEmltopoietic stan cells. Currently, mcst 
patients are prepared for bone marrCM transplantation wi th drug prepar­
ative regimes. 

Dr. Parkman said bone marrow transplantation was ti'"en used to treat 
Kosbnann's Syndrcrne, infantile agranulocytosis. Children with this 
syndrane are born wi trout grarulocytes. 'nley make nonnal red blcxxi 
cells and platelets ~ however, the granulocytes p['ogress 80% of the way 
throogh differentiation am then stop. The genetic oofect that blocks 
differentiation of the granulocytes at this stage is unknown. These 
patients contract fulminant infections aoo uSlBlly die of these infec­
tions. 

The patient was prepared with the drugs ATS am procarbazine to elim­
inate lympooid stan cells am TPI to eliminate hematop:>ietic stem 
cells. After transplantation, granulocytes of donor origin were 
observed to have ergraftErl. Eight ~ars after transplantation the 
patient contirues to have flllctionirg donor grarulocytes. 
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Kostmann's Syndrane is one of a variety of primary defects in granulo­
cyte function which proouce patients W10 suffer fran recurrent oocterial 
infections. These defects can be suxessful1y treate:.') by allogeneic 
bone marrOW' transplantation am cOJld be treatErl l:¥ autolcgoos gene­
inserted bone marrow transplants if the primary defects 'l!ere knOW'l and 
the genes iEDlated. 

Dr. Parkman said therapy with bone marrOii transplantation was nett 
attempted on diseases of the red cells: thalassemia is the primary 
rrndel. Thalassemia is a disease of cbnonnal gene rEgulation; hanoglobin 
chains are made in an inappropriate fashion. 

If a histocanpatible donor is not available, current toorapy for 
thalassemia involves red cell transfusions every 3 to 4 weeks and a 
drug, nesferal (desferaxamine mesylate). The drug is a:::I.ministere:1 to 
remove excess iron which builds up from the chronic transfusions and 
which can damcge the heart. Both transfusions am Desferal present risks. 
The quality of life is improvEd by this therapy, but people afflictoo 
with this disease still often die in their early 20's. 

If the patients are yourg children wto have not been heavily trarsfused 
ard no not have secondary problems, an 85 to 90% s~cess rate can be 
achieved with allogeneic bone marrow transplantation. 

'Itle challerge for rutolOJoos inserte:1 gene transplantation tter~y in 
treating diseases such as thalassERda is to develop the capabili~ to 
insert normal r8:Julatory qenes to apprcpriately control alpha am beta 
hemoglobin chain expression. 

Dr. Parkman said there are several types of rQ! cell differentiation 
diseases including pure roo cell aplasia. Three children with pure 
roo cell aplasia were recently transplanted with donor bone marrCJ.ol. 
All three children now make re:1 cells aoo are no longer docrned to 
receivirq raj cell transfusions (Nery few ~eks an:1 ~sEera1. Diffe~ 
entiat ion defect diseases of the red cells couad potentially be treated 
by gene inserted autolcgoos bone marrow transplants if tt.:l trimaty 
defects lrJere lU1derstood and the genes isolated.. 

In crldition to raj cells, platelets, am T am B lymprocytes, rronol'1..lclear 
cells are derived from the bone marrow. Mononuclear phagocytic cells 
ard Kupffer cells, the fixed pha;)ocytic cells of the liver, are bone 
marrow derived. Fixed phagocytic cells in the bone marrow are bone 
marrCM derived. The lung macrq')ha;1es are derived fran bone marr<Ml 
and it appears that the micrO}lial cells, the phagocytic scavenger 
cells in the brain, are also bone marrOii derived. Follcwirg st.Ccessful 
transplantation, these bone marrow derived. cells would also be of 
doror origin. In generalized enzyne deficiency diseases su:::h as 
lysosonal storage diseases, these donor cells can function as "cellular 
lirnsanesH which carry enzyrres thrcughout the Ix:rly. 
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The lysoscrnal stora:]e diseases include most of too lipid stora;,e 
di9)roers, the mucop::>lysaccharidoses, the mucolipidoses, am glycop::-o­
tein storega diseases. These enzyrre deficiencies have an aJtosanal 
recessive basis with one or two exceptions. The accumulated material 
often causes visceranegaly or macrocephaly I ard secorrlary atrcphy can 
occur, particularly in brain or muscle. Gaucher's Disease is an exanple 
of a lysosanal stor~e disease. 

The basic defect in Gaucher's Disease is tre lack of tl"e elTlyne 
gluccx::erebrosidase Wi1ich is involved in the hydrolysis of glu::ocerebro­
side, a canronent of red cell roombranes. Glucocerebrcside is nonnally 
phagocytized aoo broken down by macrq>hages. In Gaucher's Disease, the 
macrcphcges p~ocytize the membranes but because they lack glucocere­
brosidase they are unable to break than down. The macrq>hages becane 
filled with rEd cell TIBllbranes. These bloatoo macrcpha;:Jes crcwd rut 
the normal bone marrow, fill up the lungs, am create much clinical 
syrnptana tolcgy. 

Dr. Parkman described transplantation therct>yof a p:ltient with Giucher's 
Disease. The patient was prepared with the cyclq>ha;phCltdde/tllsulfan 
drug canbination am transplantoo with donor marrow. Prior to 
transplantation, the patient haj low levels of gltCocerebrosidase. 
After transplantation, the circulatirg cells hen high levels of this 
enzyrre. '!he research team expected to observe a nonnal henatop:>iesis 
in tre bone marrOil at the same time circulatif'TJ enzywatically nonnal 
cells ¥.ere present, i.e., two nonths after transplantation. However, 
two months after transplantation the r-e tient' s bone marra.i WiS still 
filled with abnormal cells. It....as not until sate six IIDnths after 
transplantation that nonnal bone marrcw fLnction appeared aoo the 
bloated macr~ages began to disappear. Although the half li fe of 
circulatirg cells can be measured in tours or days, the half lives of 
tissue macrcphages are much longeq six IlOnths may be required before 
they beqin to die off. 

This observation is particularly imp::>rtant in corsideril'Q bone marrow 
transplantation as a therapy for diseases affecting the central nervOJs 
system (CNS). If transplant therapy for Gaucher's Disease is a reas:m­
able m::xjel, it will be at least six mnths before any micro;Jlial cells 
of donor origin would 00 otserved in the CNS, arrl any beneficial effect 
fran bone marrow transplantation would be observed. This is clinically 
imp:Irtant if tre CO.lrse is one of rapid deterioration. Transplantation 
can only stabilize a condition. Once a neuron is dead, it is decrl. 

Dr. Parkman said the primary ql.l3stion for a variety of metabolic diseases 
is h:::M well, if at all, does enzyne in the circulation enter the CNS. 
Allcqeneic bone marrow transplants stGbilize too CNS canp:>nent of 
mucopolysaccharidoses because the circulating enzyme can affect non-CNS 
substrate accumulations; in part because an a:::tive transp:>rt mechanisn 
exists. The second question is if the enzyme can enter the eNS, will 
it be able to reverse rns accumulation of the ,tmonnal proouct(s)? He 
hy~thesized that irnproveroont in CNS function may be indoced even if 

---
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circulating enzyrre does not cross the blood-brain barrier if micrcglial 
cells are of bone marrow origin. Bone marrcw derived cells in th:l 
brain could act as trojan horses to introduce the needed enzyme into 
the CNS. At this time, however, it is not known whether micrOJlial cells 
are indeed bone marrow derived. and how rapidly they turn over. 

Dr. Parkman said the next disease his grwp attEmpted to treat thrcugh 
bone mal:'rDW transplantation 'AlaS the t.esch-Nyhan Syndrawe. that 
symptans of too r.es::::h-Nyhan Syndrane COl1d 00 anelioratErl by a bone 
marrow transplant assuming that lOt of the bone Tl\"Jrrow cells would be 
of donor origin following transplantation? Since {SqJle who have 30% 
of normal R:;PRTase activity have problEIDS with uric acid excretion, 
transplantation would not be expected to affect this asf2ct of the 
phenotype. Likewise, people with lOt of nonnal HGRPI'ase activity have 
problems with atl'Btoid rrovements. Pecple who have very lew levels of 
lJ3PRI'ase, i.e., bet\tieen 1 and 2%, may have grot, hyperuricemia, and 
athetoid ITOvement, but do not self-mutilate. If, follcwirg transplantation, 
the patient could produce I or 2% of notmal f[iPRl'ase levels, the self­
mutilating behavior might be correcte:1. 

The self-mut ilation behavior is the aspect of the I.esch-Nyhan Syndrane 
rrost destructive to patients am fanllies. otl'Br as~cts of this 
syndrome such as kidney stones and athetoid movements are clinically 
am societally nore acceptcble. It is the canpulsive aggressive behavior 
that keeps these people wheelchair bound, tiEd down, and unable to go 
out in public. It is the canpulsive 8'Jgressive behavior that, in a 
sense, renders these patients 9JCial pariahs. The most significant 
clinical imprOV'ement then would corsist of arrestirg the self-mutilation 
behavior. 

'IWO assumptions were maCJe in transplantirg a teoch-Nyhan Syndrane dlild: 
(1) since there are no observed m:::n:phological or anatcrnical dlanges in 
the brain, this disease does not ~oouce artf ~rmanent chargei arrl (2) 
circulating enzyme could detoxify the toxic metabolite affecting CNS 
function. After preparation wi th the rusulfan/cyclcprnsphClttide drug 
ccrobination and transplantation, no:tmal levels of R:;PRI'ase ~re observed 
in the patient's red cells, white cells, aro all lymprocytes. This 
observation indicates engraftment of both henBtopoietic am lympb::>id 
elements. Unfortunately, this J:Btient has displayed no clinical 
improvewent in terms of the canpulsive cggressive behavior. Dr. Par'knan 
concluded that either: (1) there is pn:manent daInaJe to the brain 
which cannot be detected I1Orpoologicallyr (2) the behavior is learned 
am after a certain number of years cannot be modifia:l: or (3) the 
circulatirg enzyne is not able to detoxify the central nerveus systsn. 

Dr. Parkman said his groop tor:es to transplant an infant afflicted with 
HGPRTase deficiency since an infant is less likely to have anatcrnical 
d~e to the brain. If a child under the a;Je of a year su:cessfully 
transplanted still develcps clinical disease I this disease probably is 
not arrenable to reconstitution by either allcgeneic or rutolcgoos 
bone marrow transplantation therapy. 
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The phenotype of a generalized enzymatic defect can be corrected if the 
critical enzyme can gain access to accumulations of the substrate 
(At tachment II, Figure 9). If the enzyne is not cble to ~t to too 
site of accumulation, there will be no phenotypic correction of the 
disease. Clinicians in Cincinnati recently transplanted a mild wi th 
Panpets Disease, a glycogen storage disease. Conplete peripheral 
correction of the deficiency was obtaine:1 with bone marrcM transplan­
tation; however, qlycogen levels in the muscle am liver before and 
after transplantation were the same. Even ttough the transplantErl 
marrow cells successfully engrafted am expressed the critical enzyrre 
alpha-glucosidase, the enzyme was not gettirg fran the cirrulation to 
the site of substrate accumulation in the muscles. 

one recent result sugqests eNS deterioration can in rome cases be 
stabilized by allogeneic bone marrow transplantation. [boor derived 
lymphocytes have been detected in the spinal fluid of a child with 
rretachrcrnatic leukodystrqJhy successfully transplanted with all099neic 
bone marrow. Approximately six months after this child was transplanted, 
the CNS decay stabilized. 

Dr. Parkman then discussed how autolcgoos irserted gene bone marrCM 
transplants would be useful. Only 30% of the individuals who could be 
cured by a bone marrow transplant have a histocanpatible donor, i.e., 
70% of the people woo have a treatable disease do not have an appropriate 
dooor. This groop WC\lld benefit fran autolCJ;Jeus inserted gene trars­
plantation. secord, graft versus host disease and its related ccmpli­
cations have a 10 to 20% one year mortality rate. If inserted g9ne 
transplants have a reduced morbidity/mortality because the transplanted 
tissue is autolcgcus, the riskjbenefit ratio would l::e shiftErl toward 
benefit. Third, the patient currently must be prepared for allogeneic 
rone marrow transplantation by canplete lymphoid arrl hematopoietic 
ablation. Wi th autologoos inserted gene transplants, it may be pcss ible 
to achieve engraftment after selective or sub-total lymphoid or hemato­
poietic ablation thereby decreasing the toxicity associated with pre-
paratlon fior a transplant. 

Dr. Parkman sunmarized (AttachITent II, Figure 9) by irrlicati~ that 
the diseases amenable to bone marrow transplantation are generalized 
diseases in which the symptOOlOlQJY is restricted to lyntp"toid am. hana­
tOJX)ietically derived cells such as adenosine deaminase (ADA.) deficiency, 
nucleoside prospoorylase (PNP) deficiency, am Gaucher's Disease. 
These diseases are very good candidates for autolcgoos gene inserted 
transplantation. 

There are other disorders restrictej to lympooid am. hanatopoietic stem 
cells that are correctable by bone warrow transplantation. However, 
the primary defects in most of trese diseases have not yet been 
elucidated. The basic physiol(XJY of the disease must be known before 
these diseases coold be treate1 by autolcgous gene insertoo. oone mart:'CM 
transplantation. 
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Finally, there is a category of diseases \\hich is not arrenable to bone 
marrCM transplantation therapy mless a metlod is develq:>ed to obtain 
expression of gene products not notmally produced by tone marrow cells. 

Dr. Cohen asked Dr. Parkman to canpare tre onccgenic J;Otential of 
preparative irradiation or drug ablation with the oncogenic potential 
of insertional activation by the retrO/iral vectors to be used in hlDT'an 
gene therapy. 

Dr. Parkman said exposure to 1000 r~s of ra::Hation increases tte 
likelih::>od of developirg cancer by lot over the level inherent in the 
individual·s genetic make-up. The preparative drugs, cyclophosphamide 
and busulfan, ~uoe sterility and are mutagens which increase the 
likelirooo of develc:pinJ cancer. However, the likelil"ood of a 10 year 
old child sutvivi~ aplastic anemia without a bone marrCYf.1 transplant is 
25%. A successfully transplanted child may develop a secomary cancer 
fran the preparative regime 40 years after transplantation; however, 
the child would have lived many additional years. The consent furn 
states the potential side effects of the therapy. 

Dr. Parkman said a family with a mEmber afflicted with a genetic disease 
treatable by bone marrCYf.1 transplantation must choose: There is a 20% 
fX)ssibility the child will die fran the transplant when he/she would 
not have died in the short term frClll the underlyil'lJ disease. 01 the 
other hard, if ti"e transplant is su::cessful, the child will prooobly 
lead a full life with normal capacity. Generally if one child in the 
family has alreooy died of the disease, the femily will cpt for the 
attempt to cure the second child rather than having not only to live 
thrOJgh the slOol decay of that child rut also the menories of the de­
cline and death of the first child. 

Dr. Walters asked whether a trial am error phase existed in the early 
stages of bone marrCYf.1 transplantation. Dr. Parkman sa id there ....ere 14 
survivors aroorg the first llO leukemia patients treatoo wi th bone marrON' 
transplantation therapy. However, those patients received the best 
therapy ava ilable at the time; the fact it did not \<K)rk for mos t of 
them is not the issue. Dr. Park.man said he never performs a transplant 
as an experiment, rather he does transplantations as the best therapy 
available at the tine to give the patient the best lorg-tenn quali ty of 
life. 

Mr. Mitchell asked Dr. Parkman whether he tlought bone marrcw trans­
plantation would be effective in older members of the population. 
Dr. Parkman replied that transplantation ther~y of leukemia ard 
aplastic anemia is performOO on adults 40 to 50 }ears of age. Howemr, 
with ege the bOOy is less able tD withstan:l the insult of the pr-epara­
tory ablation. In addition, the severity of graft versus hoot disease 
increases wi th a;)e. An autolcgcus gene inserted transplant might be 
able to circumvent graft versus host disease and the amount of drugs 
necessary to prepare for an autolCX]aJs transplant may be less. 
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Mr. Mitchell thanked Drs. Parkman, Martin, am Miller for their 
presentations. 

XI I. ~ MEETING mTES 

M.r. Mitchell said the RAe is a::::heduled to meet on May 12 am Septanber 29, 
1986. 

XI II. AOJOORNMENl' 

Mr. Mitchell ~journEd the meetirg at 4:25 p.m. on Jaruary 27, 1986. 

I ratEr 

Respectively subndttec1, 

Eli~th A. Milewski, Ph.D. 
Rapp::>rteur 

I hereby certify that, to the best of my 
KnC'IWledge, the foregoirg Minutes and 
Attac ts are acClJrate ard canplete. 

rt E. 
ir 
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P.O. Box 759 
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201 932-3068 
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Professor & O1airnan 
Department of Microbiolo:JY 
Pennsylvania State lhiversity 
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(87) 

RCBERI'S, Jeffrey W., Ph.D. (89) 
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Division of Extramural Researdl Programs 
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LEMEN' f Richard A. 
National Institute for 

OCoupational Safety &: Health 
4676 Co1urribia Parkway 
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Glossary of Terms 

ablate: to rennve. 

allogeneic: sufficiently unlike genetically to intercct antigenically. 

c!"photropic: capable of infectirg cells fran a broa::1 range of different animal 
spacies. 

anatany: a branch of IOOrpoolQJY that deals with structure. 

antigen: protein or carbohydrate substance that when introduced into the 
:tx:rly stimulates the production of antibody_ 

atrophy: decrease in size or wastin:;J away of a body part or tissue. 

autolo;:;cus: derived fran the same irrlividual. 

chorea: a di 9:lrder characterize::J by irregular, spasrn::xHc, involuntary rrovem:;mts 
of the limbs or facial muscles. 

",_ choreoathetosis: Abnonnal bojy [llJvements of canbined choreic am atretDid 
moverents. 

clone: a qroop of genetically identical cells or organisms IX'ooucEd 
asexually from a cammon ancesbor. 

canplementary OOA. (COOA.): rNA syntoosized fran a messel"Qer mA tanpla te 
rather than the usual DNA template. 

cortex:: the ruter portion of an organ ~h as the brain. 

cytoplasm: the protoplasm of a cell, external to the cell's nuclear 
merrtbrane. 

differentiation: the process by \<tlich descerrlants of a canrron parental 
cell achieve and maintain specialization of structure and function. 

CNA probe: a sequence of INA that is used to <:Btect the presence of a 
particular nucleotide sequence. 

eczema: generic tenn for acute or dlronic inflarronatory corrlitions of the skin. 

erythnx:yte: a mature red blood cell. 

exoqenoos: oriqinati~ fran or due to external causes. 

expression: the process by which the blueprint contained in the DNA is converted 
into the structures am biochEJTIical patterns present am cperatil'lJ in a cell. 
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genare: the total of the genetic infonnation containoo in the chrarosanes 
of an organisn. 

helper virus: a virus \\ttich [rOV"ides canp::ments neejed for replication 
and/or packaging of a defective virus. 

hernatqx?iesis: the formation of blcx:rl or blocd cells in the bcd.y. 

heterozygote: an animal or plant in \ok}ich the t\tK) genes of at least one 
genetic locus are different alleles. 

2 

histocarpatibility: a state of mutual tolerance that allows s:xne tiSSlRS to be 
grafted effectively be others. 

hanozygosis: gametes identical for one or more pairs of genes. 

humoral: relating to the extracellular fluids of the body. 

inducer: a substance that is capable of activatirg a structural gene directly or 
by combining with and inactivating a genetic repressor. 

leukocyte: any of the whi te or colorless rucleaterl cells that cx::cur in bloc:d. 

lymphoc),!:es: a white blood cell formed in lympooid tissue throughoot the 
body: e.q., lymph na:'les, spleen, tonsils, Peyer's [Btches aoo rone marrow. 

lyn'!}?hoid: of, relatio;:J to, or constitutirg the tissue characteristic of the 
i ymph nodes. 

macrocephaly: havirg an exceptionally large heaj or cranium. 

messenger RNA (mRNA): a rUxmucleic acid rrolecule produ.::Ed by trans:=ribing 
a nucleotide base sequence fran rNA. into a conplEJTlentary sequence of RN..l\.. 
Messenger RNA nnlecules carry the instructions for assE!1t>ling protein 
lrOlecules fran the chranosane in the Tllcleus to the synthetic apparatus 
in the cytoplasm. 

milliliter (ml): a mit of capacity equivalent to one ttousaroth of a liter, 
and equivalent to 0.033815 fluid ounce. 

mo~olcgy: a branch of biolC9Y that deals wi th tre £OInt arrl structure of 
an Is and plants. 

mosaic: tte juxtaposition in an organisn of genetically different tisstEs. 

mutagen: a substance that tends to increase the frequency of mutation. 

nephridites: inflamnation of the kidneys. 

nonselectable gene: a gene to which a rreans of applying selective fCessure 
does not exist. 

,------
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phagocyte: a cell (as a leukocyte) that characteristically eDJulfs foreign 
material and consumes debris and foreign bodies. 

phenot~: a category or group to which. an individual may be assigned on the 
basis of one or more characteristics obseIVable clinically or by laboratoty 
means that reflect genetic variation or gene-envlronment interaction. 

plasma cell: a monoruclear slightly ameboid waooerirg cell that is usually 
found in association with l~ade chronic inflammations or with various 
allergic processes. 

platelet: a blocx') particulate, irregularly shaped containirg grarules in the 
central part and peripherally, clear cytoplalln, but no definite nucleus. 

pluripotent stem cell: a cell capable of differentiatirg into all c:£ tM cell 
types present in a given tissue, e.g., hanatopoietic tissue. 

polynorphism: occurrillJ in several fotmS. 

prarotor: a region of a DNA roolecule found in the front part of a gene (as 
the INA rrolecule is "recrl" by the ~q>er enzyrres) that controls the eKpression 
of the gene. 

provirus: the intEGrated rNA fom of an RNA virus. 

regulatory sequence: a OOA sequence involved in regulating the eX{ression 
of a gene. 

rescue: the process by which a helper virus [X'ooides canp::>nents necessary 
to the replication and/or packaging of a replication defective virus. 

restriction nuclease: an enzyrre that has the ability to reccgnize a s~cific 
nucleotide sequence in a nucleic acid am cleave the nucleic acid at that 
{Xlint. 

3 

retrovirus iiCkagirg cells: cells which p:ovide factors necessary fOr replication 
of retrovir vectors. 

retrovirus vector: retrovirus designed to transmit specifiC genes. 

reverse transcrition: the syntheSis of OOA. fran RNA, the reverse of J;COCessing 
genetic infonnat n fran tlilA to :mAo 

selection: a natural or artificial process or pressure that results in the 
survival and prcpaqation of organisns but not of others with the result that 
certain traits are ~rpetuated, e.g., the addition of an antibiotic to a aJlture 
to select those organisms which are resistant to the antibiotic. 

splicing: the process by which nonccxUrg material in mRNA is renoved prior 
to use of the mRNA in translation. 
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stem cell: an unspecialized and usually embryonic cell ancestral to one or 
more specialized cells. 

thranbocytg;?enia: decrease in the f"J.DIIber of blocx:i platelets. 

thyoocyte: a cell that develops in the thymus. 

4 

ti ter: the quantity of a substance in s:>lution as detennine:1 by titration, e.g., 
the number of virus particles per ml. 

transfect: the transfer of genetic detenninants fran one otganisn or 0911 
to another by reans of uptake of the genetic material thrmgh the merrbrane. 

transcription: the process by which a canplementary rresseJ)Jer R\lA nolecule is 
formed fran a sirgle strand OOA tanplate. '!he result of the process is that 
the infOl:rnation contained in rNA is transferrErl to mRNA which is then used as 
a template to direct the construction of ~tein molecules. 

visceranegaly: enlargement of internal organs. 



OOIt.lNE OF PURINE METAOOLISM 

Ribol.-5-P + ATP 

01 

Nvd.ic Acich / 
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(1) anidq,Msph::>ribosyltransferase 

(2) byp::>xanthine-guanine phosphoribosyltransferase 

( 3) PRPP synttetase 

(4) adenine phospror ibosyltransferase 

( 5) adenosine deaninase 

(6) purine nucleoside phosprorylase 

(7) 5'-nucleotidase 

(8) xanthine oxidase 

Attachment II - Page 5 
Figure 1 

Fran: Principles of Internal Medicine, Ninth B:1ition (Ed. K. J. Isselbacher, 
R. D. Mans, E. Braunwald, R. G. ~tergjorf, J. D. Wils::m) McGr:aw-Hill 
Bc>d< Canpany I New York, 1980. 
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Figure ·'2. 

Simplified Structure of Petrcwiral. PrOlira! lNA. 

LTR 0 A LTR , 1\ 

~ II , , 

nr1us
\ 

gag pol any 

f t 
U3 

'4' ,. 
E P I 

E: enhancer 

P: pranoter 

I: initiation (Cap) site fur viral ~ syntresis 

r-: replication initiation site for minus OOA strand 

0: donor splice site 

tp: packa;Jing sequence 

A: the major acceptor splice site 

r+: replication initiation site for plus OOA site 

T: tet:minal [p:>ly (A) addition} site fur viral mA. syntresis 

LTR: long tenninal repeat 

gag: rNA enccrling' viral core antigens 

p:>!: DNA encodirg RNA dependent DNA p:>lymet:"ase (reverse trans:riptase) 
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Figure 3. 

HGPRTase - Petro.rlral Vector Cbnstruction 

S'lTR P HPRT NHp B 3· LTR 

LPL ( " ~40'd I { : ~] 
lAin 
) 

0 1 2 .3 "'kb 
I 1 J 1 J 

LTR: lor.g terminal re~ats 

HPRT: OOPRTase gene 
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Figure 4. 

VIRUS PRODUCTION PROM PACKAGING CBLLS CON~AINING DHPR-VIROS 

OHFR-VIRUS HELPER-VIRUS 
CLONE I TITER TITER 

1 6 x 10 5 <1 
2 6 x 105 <1 
3 1 x 107 <1 
4 4 x 106 <1 
6 3 x 10 5 <1 
7 <1 x 103 <1 
B 5 x 106 <1 
9 1 x 105 <1 

----" 
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S+L- ASSAY FOR HELPER VaRUS 

CAT CELLS (C) HARBOR'NO 
A TRANSfORMING VIRUS eT) 

..,,----- TEST VI RUS 

' .. FECT CELLI U"'NfECTED RAT 

COCUL T IVATE 
fOR .. OAVI 
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Figure 6. 

'Ihe Gt-flGPRTaee ~ct:or Construct 

c -.f' P'II\' Il 

fGHmlnl ~:)yt ~ I 

C" T fAT"" AlG 

Structure of the rat GJ min~ene. 
the GH full-lergth eDNA. 

The at pranotor rEgion (black.) WlS fused to 

" < ... < 
< ... 

~~!:J-____ ~L-~~'~~L 1 pLPGHl ~-L HPRT -( ,GM ~ 
5' "3' 

Structure of the viral vectors containirg the GI minigene. n.e structures of 
viral vectors containing the GH minigene in the sane (pLPGU .. ) or q:,pasite 
(pUiGL) orientation relative to viral trans<:ription are srown. 
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Fioure 7. 

1 

Expression of genetic defect 
or abnormal gene product 
restricted to bone ma.r.tQtI 
derived cells 

correctable by JK[' 

Severe carbined f.nmune deficiency 
Wiskott-JUdrich Syndrane 
Infantile agranulocytosis 
chronic granulOl\atous disease 
'ttlalassenia 
Sickle cell disease 
Enzyme-deficiency hemolytic anemias 
Osteopetrosis 
Agammaqlobulinemia 
C2 and C3 deficiency 

( 

GENETIC DIS(]IDER<): 
KBSIBIE IDlE (F JDtlE M.l\RRCM 
TRANSPI.ANrATI<::.N AS 'IHEPAPY 

2 

Generalized genetic defect; 
abnonnal r;roducts acc.unulate 
in bone rrtarrcJW or non-bone 
marrow derived cells; low 
levels of circulatirg enzyne 
reverse acCllt'lulations 

May be COrrectable l:¥ 8M!' 

Gaucher I s disease 
Fabry's disease 
Hurler's disease 
Hlnter's disease 
Cystinosis 

3 

Generalized or restricted 
genetic defect; abnormal 
.r;rcrlucts aca.mrula ted in 
non-bone narrow c'k:!r i vEld 
cells am are not re.1ersEld 
by circulatillJ enzyne. 

li:)t Correctable by BMI' 

ICrabbel S disease 
Met.c.:'!hranatic leukodystrq;>hy 
Q-t, garglicsidosis 
Tay-Sachs disease 
Abe Italipoproteinemia 
Wilson's disease 
Cystinuria 
Cystic fibrosis 
Hereditary angioedEma 
HEIOOphil ia 
Phenylketoruria 
Ryp;!rbi lirubinania 

( 

~ 

I 
rt" 
H 
H 

I 

i 
t-' 
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Figure 9. 

GENERALIZED ENZYMATIC DEFECTS CAN BE cnRR.EX::TED IF LYMfHOID/HEMATOPOIETIC 

IERIVED ENZYME CAN ACCESS TO INTRA-CELLUIAR ACC{JMUIATlOO CF SUB.STRATE. WE 

REr.ATIVE SUCCESS CF THE E.X03EtnJS ENZYME WILL 88 IETERHNED BY: 

A) THE RErATlVE AKX.JNI'S CF ENZYME IN B:fiE MARRCM IERIVED CELLS AS 

cntPARED TO nIE AFFECTE:D TISSUE 

B) IF ACrIVE TRANSroRT MECHANISMS EXIST fOR lHE INl'ERNALIZATICN OF 

CIRClJIATI~ ENZYME 

C) IF CIRCUlATIN:"; ENZYME PHYSICALLY Gr\.HE ACCESS 'ill '!HE AFfEcrED 

TISSUE PARI'IClJIARLY THE CENTRAL NER\OU3 SYSTEM 

MUCOPOLYSAcrnARIrnns filIt.VE BENEFITED FORJI ALImENEIC OONE MARRCW TRANSPIAN­

TATION BECAmE THE CIRClJIATING EONE MARROW rERlVED ENZYME REAOIES THE 

NCN-CNS SUBS'rnA'IE ACOJMUIATICNS. THE SJCCESS CF OONE MARRCW TRANSPLANTATlOO 

IN STAAILIZATlOO CF THE Of.> CQlJroNEm' CF '!lIE DISFA$ES IS STILL UOCERrAIN. 
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DEPARTMENT OF HEALTH .I HUMAN SERVICES 

December 23, 1985 

MEMORANDUM 

'Ib: Manbers 
Recaubinant I'N\ Mvi8Jry Conmittee 

Fran: Executive Secretary 

Subject: January 27, 1986, Meetirr;J - Mailirg I 

Public Health Se1"vlce 

National Ins1itules of Health 
Bethesda, Maryland 20205 
Building: 31 
Room 3B10 
(301) 496- 6051 

'Ihe next neeting of the camti.ttee will be on January 27, 1986, at the National 
Institutes of Health, Blildirg 31C, O:::>nference Roan 10, 9000 RoCkville Pike, 
Bethesda, Maryland. 20892. The rreeting will begin at 9 a.m. 'Ihis will be a 
one day rneetirg. 

either a 
The hotel 

Drs. David Martin, rusty Miller, an:i Pobertson ParK:n:an will be attending the 
rneetirg to participate in a scientific session on hurre.n gene therapy. 
Drs. David Friedrra.n and Mark Saginor will be attending as consultants. 

A preliminary list of primary revie,.;ers is included in this ma.ilirg. 

Ehclose::i for :your consideration are the fullowing docurrents: 

])a. tea of futllre l'l'lE!etiJ'xJs ....... t ., .............................. 1247 

Establishnent of Biotedmology Science 
Coordinating Cbmmittee •••••••••••••••••••••••••••••• 1248, 1249 

Prop:!sed rra.jor actions as subnitted to 
FeCleral ~ister .................. ., .......................... 1250 

BaCkground documents on proposed major actions ••••••• 1251-1254 

Minutes of Septeril::.ler 20, 1985, rneetirr;J of StJl:::M:)rkirg 
.~OI.lp on Htnmn Gene Therapy ..•••••••••••..•••.•••.••••••.• 1255 
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Please bring all these materials with you to the meeting. 

Enclosures 

--
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F'RI~, David 1., M.D. 
Professor 
~par1:roont of Microbio1cgy 
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