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My name is  David Baltimore.  I a m  t h e  American Cancer Soc ie ty  Research 

P ro fes so r  of Microbiology a t  t h e  Massachuset ts  I n s t i t u t e  of Technology i n  

Cambridge, blassachuset ts .  I w a s  one of a group of s c i e n t i s t s  who, i n  

1974,  f i r s t  drew a t t e n t i o n  t o  t h e  p o t e n t i a l  problems 

manufacture and s tudy  of recombinant DNA molecules.  

have been a c t i v e l y  involved i n  d i scuss ions  about  t h e  

inhe ren t  i n  t h e  

S ince  t h a t  t ime 1 

types  of c o n t r o l s  

a p p r o p r i a t e  t o  t h i s  new methodology of modern biology.  

Before cons ide r ing  t h e  r i s k s  and b e n e f i t s  a r i s i n g  froxu recombinant 

DNA technology,  I b e l i e v e  i t  i s  important  t o  p r e s e n t  t h e  technique  w i t h i n  

i t s  h i s t o r i c a l  con tex t .  Xodern b io logy  has  been a very  p roduc t ive  

sc i ence  b u t  has  progressed much more r a p i d l y  ir! t h e  s tudy  of b a c t e r i a  

than  i t  has  i n  t h e  s tudy  of h ighe r  c e l l s  i nc lud ing  those  of human beings.  

Two cons ide ra t ions  have l e d  t o  the  l i m i t e d  p rogress  i n  h ighe r  ce l l s :  t h e  

l a r g e  amount of g e n e t i c  information i n  cells  of h ighe r  organisms and t h e  

d i f f i c u l t y  of c a r r y i n g  out  g e n e t i c  s t u d i e s  us ing  h igher  organisms. 

Reconbinant DNA technology has  o f f e r e d  a p a r t i a l  s o l u t i o n  t o  t h e s e  prob- 

l e m s  of scale. 

away from a l l  o t h e r  genes and t o  be  s tud ied  a s  independent e n t i t i e s .  

U i th  t h i s  new technology,  w e  have a l r e a d y  gained new knowledge about  

t h e  o r g a n i z a t i o n  of t h e  g e n e t i c  material of h ighe r  cel ls  and a t r e a s u r e  

t r o v e  of new r e s u l t s  can be  expected as t h e  technology r e c e i v e s  wider  

The technology al lows individual .  genes to h e  i s o l a t e d  
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a p p l i c a t i o n .  

Fu r the r  knowledge o f  t h e  o rgan iza t ion  and func t ion  of genes i n  h ighe r  

cel ls  is  of c r i t i c a l  importance t o  ou r  understanding of d i s e a s e .  

d i s e a s e s  which now plague 

which ce l l s  malfunct ion.  W e  do no t  understand t h e  b a s i s  of t h e  malfunct ion 

i n  any of t h e s e  d i s e a s e s  and ou r  a b i l i t y  t o  prevent  and treat t h e  d i s e a s e s  

i s  l i m i t e d  by our  knowledge of them. Recombinant DNA technology i s  a 

new t o o l  i n  t h e  cont inuing  b a t t l e  a g a i n s t  our  ignorance of how h ighe r  

cel ls  c a r r y  o u t  t h e i r  b a s i c  func t ions .  It j o i n s  an impress ive  a r r a y  of  

techniques  developed over  t h e  l as t  t h i r t y  yea r s  which have allowed 

b i o l o g i s t s  t o  see deeper  and deeper  i n t o  t h e  func t ion ing  of cel ls .  The 

The 

t h e  American popula t ion  are mainly d i s e a s e s  i n  

goa l  of modern b io logy  i s  t h e  understanding of normal and a b e r r a n t  

l i v i n g  processes .  We are very  f a r  from t h a t  goa l  i n  almost a l l  c r i t i c a l  

areas of human b io logy  b u t  recombinant DNA methods should speed our 

a c q u i s i t i o n  of knowledge. 

The new knowledge which w i l l  be  acqui red  about  t h e  func t ion ing  of 

Because w e  human and o t h e r  ce l l s  w i l l  b r i n g  w i t h  i t  new c a p a b i l i t i e s .  

do n o t  know t h e  shape of t h a t  new knowledge i t  i s  imposs ib le  t o  s p e c i f y  

what c a p a b i l i t i e s  w i l l  be  i n h e r e n t  i n  i t .  It is  important  t o  recognize  

t h a t  a t t empt s  t o  p r e d i c t  f u t u r e  developments i n  b io logy  are s e v e r e l y  

l i m i t e d  by t h e  meager knowledge we have of t h e  b io logy  of h ighe r  cel ls .  

Such terms as "genet ic  engineer ing" have l i t t l e  p r e c i s e  meaning because 

a t  p r e s e n t  we can only  use  our  imaginat ion t o  guess  t h e  shape o f  t h e  

f u t u r e  and our  imaginat ion i s  extremely l i m i t e d .  
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Benef i t s  from Recombinant DlSA Research 

I f  w e  r e a l i z e  t h a t  recombinant DNA technology is only a t o o l  of 

modern b io logy  and i s  n o t  a s c i e n c e  i n  i t s e l f  then  w e  a l s o  w i l l  real ize  

t h a t  recombinant DNA technology by i t s e l f  o f f e r s  no b e n e f i t s .  It i s  t h e  

t o t a l i t y  of  modern b io logy  which o f f e r s  p o s s i b i l i t i e s  of b e n e f i t  f o r  

t h e  f u t u r e  and recombinant DNA methods are one, a l b e i t  a c r i t i c a l  one, 

of t he  t o o l s  t h a t  t h e  modem b i o l o g i s t  can use.  So an  a n a l y s i s  of  t h e  

b e n e f i t s  t o  come from recombinant DNA i s  Pike an a n a l y s i s  i n  1940 of 

t h e  b e n e f i t s  t h a t  might d e r i v e  from t h e  e l e c t r o n  microscope. 

e l e c t r o n  microscope w a s  developed i t s  

we know t h a t  i t  has been a c r i t i c a l  element i n  o u r  increased  unders tanding  

When t h e  

powers were speculat ive-- today 

of bo th  normal and d i seased  t i s s u e s .  

The a p p r o p r i a t e  ques t ion  is  not  what a r e  t h e  b e n e f i t s  t o  come 

from recombinant DNA technology bu t  what are t h e  b e n e f i t s  t o  come from 

modern b io logy  i n  t o t o .  The Congress of t h e  United States  has  f o r  many 

y e a r s  s t r o n g l y  supported t h e  n o t i o n  t h a t  b a s i c  r e s e a r c h  i n  b io logy  w i l l  

b r i n g  wi th  i t  c r i t i c a l  understanding of t hose  d i s e a s e s  t h a t  p l ague  t h e  

c i t i z e n s  of t h e  United S t a t e s .  The Congress has  funded r e s e a r c h  wi thout  

r e q u i r i n g  s p e c i f i c  j u s t i f i c a t i o n  f o r  why one type of r e sea rch  w i l l  be 

more b e n e f i c i a l  than  another .  This  w a s  a very f a r s i g h t e d  pol.icy of t h e  

Congress because i t  represented  an understanding t h a t  i c  i s  imposs ib le  t o  

p r e d i c t  w i th  p r e c i s i o n  where c r i t i c a l  advances i n  modern s c i e n c e  w i l l  

arise. An i n v e s t i g a t o r  working on a worm o r  a f l y  may come a c r o s s  a 

p r i n c i p l e  which i s  c e n t r a l  t o  a l l  of l i f e  and o f t e n  such a p r i n c i p l e  

w i l l  be  more ev iden t  i n  a s imple system than  i t  wil.1 h e  w i t h i n  t h e  con te s t  
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of t h e  complicated b io logy  of human beings.  B i o l o g i s t s  have devoted 

themselves t o  f i n d i n g  t h e  t r u t h s  of  l i f e  and as p a r t  of t h a t  s e a r c h  

b i o l o g i s t s  have developed t h e  methods of recombinant DNA r e sea rch  which 

can a l low modern b io logy  t o  b e t t e r  a t t a c k  problems of human ce l l s .  

What then  are t h e  b e n e f i t s  of b a s i c  r e sea rch?  They are, as they  

must be ,  e n t i r e l y  specu la t ive .  We b e l i e v e  t h a t  deeper  knowledge of 

cancer  w i l l  he lp  t o  prevent  i t  and c u r e  i t  b u t  w e  can n o t  promise t h a t  

t h a t  is  t rue.  

knowledge we w i l l  be  extremely l i m i t e d  i n  our  a b i l i t y  t o  prevent  and 

c u r e  cancer .  It i s  very fa sh ionab le  t o  s a y  today t h a t  80-90% of can- 

c e r  has  an environmental  OK l i f e - s t y l e  cause. From t h a t  f a c t  c e r t a i n  

s c i e n t i s t s  have made t h e  f a c i l e  conclusion t h a t  a l l  w e  need do is  sea rch  

around i n  t h e  environment and i n  our  l i f e - s t y l e s  t o  f i n d  t h e  causes  of 

cancer  and s o  t o  a l low t h e i r  e r a d i c a t i o n .  One of t h e  g r e a t  men in t h e  

sea rch  f o r  t h e  causes  of cancer  has  been Sir Richard Doll. I n  a r e c e n t  

a r t i c l e  e n t i t l e d  "St ra tegy  f o r  Detec t ion  of Cancer Hazards i n  Man" he 

went through our  p r e s e n t  knowledge of t h e  causes  of human cancer  and con- 

c luded "we cannot ,  of course ,  hope t o  d e t e c t  hazards  e f f i c i e n t l y  u n t i l  

w e  'know how cancer  i s  produced, s o  t h a t  a p o l i c y  fdr  d e t e c t i o n  must in -  

c l u d e  t h e  suppor t  of b a s i c  b i o l o g i c a l  r e sea rch ,  Success i n  t h i s  f i e l d  i s  

dependent on t h e  development of i d e a s  and i s  d i f f i cu1 . t  t o  f o s t e r  except  

by provid ing  t h e  cond i t ions  i n  which ou t s t and ing  i n v e s t i g a t o r s  are a b l e  

t o  g i v e  f r e e  r e i n  t o  t h e i r  imaginat ion."  So t h e  l ead ing  i n v e s t i g a t o r  

of t h e  causes  of cancer  b e l i e v e s  t h a t  more b a s i c  r e s e a r c h  i s  necessary  

be fo re  those  causes  can be found. Recombinant DNA r e s e a r c h  i s  a c r i t i c a l  

We can,  however, s ay  wi th  assurance  t h a t  wi thout  new 
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t o o l  i n  t h e  development of b a s i c  r e sea rch  

t h e  f i n d i n g  of  new methods f o r  prevent ion  

You n o t i c e  t h a t  I a m  no t  s p e c u l a t i n g  

knowledge which can h e l p  i n  

and c u r e  of cancer .  

about any p r e c i s e  b e n e f i t s  

which could come from recombinant DNA work. It i s  t h e  n a t u r e  of basic 

r e sea rch  t h a t  w e  cannot know what i t  w i l l  f i n d  and t h e r e f o r e  t h e r e  is  

no way t o  p r e c i s e l y  d e f i n e  t h e  b e n e f i t s  i t  w i l l  b r ing .  

b e l i e v e ,  as I b e l i e v e ,  t h a t  w i t h  knowledge comesnewcapab i l i t i e s  t hen  

b a s i c  b i o l o g i c a l  r e s e a r c h  is  l i k e l y  t o  b r i n g  us  new c a p a b i l i t i e s  t o  

handle  t h e  d i s e a s e s  which p lague  us .  

Risks of Recombinant DNA Research 

But i f  you 

There are two b a s i c  types of r i s k s  which one must t ake  i n t o  account  

i n  cons ide r ing  whether recombinant DNA techniques  p re sen t  a hazard.  One 

i s  t h e  r i s k  of  t h e  misuse of t h e  knowledge t h a t  can b e  provided by t h e  

techniques  and t h e  o t h e r  is  t h e  r i s k s  of s p e c i f i c  damage that can b e  

produced by t h e  u s e  of t h e  techniques  themselves.  I should l i k e  t o  d e a l  

w i t h  t h e s e  two r i s k s  s e p a r a t e l y .  

The p o s s i b i l i t y  of misuse of t h e  knowledge t h a t  can be  de r ived  from 

recombinant DNA r e s e a r c h  i s  a p a r t  of t h e  gene ra l  problem of t h e  misuse 

of t h e  techniques  of modern biology.  

are o f t e n  d i s t ingu i shed :  

weapons and t h e  o t h e r  i s / t h e  development of methods of g e n e t i c  eng inee r ing .  

Two gene ra l  2 a t e g o r i e s  of p o t e n t i a l  misuse 
i n  

one i s / t h e  development of b i o l o g i c a l  w a r f a r e  
in 

I b e l i e v e  t h a t  i t  is  ve ry  important  t o  s t r eng then  t h e  i n t e r p r e t a t i o n  of 

t h e  B io log ica l  Warfare Convention of 1975 which has  been given by t h e  Arms 

Contro l  and Disarmament Agency. They have concluded t h a t  t h e  B i o l o g i c a l  

Warfare Convention bans t h e  use  of recombinant DNA techniques  f o r  t h e  
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development of b i o l o g i c a l  weaponry and i f  t h a t  i n t e r p r e t a t i o n  is  i n t e r -  

n a t i o n a l l y  recognized i t  w i l l  go a long  way towardsprevent ing  t h e  u s e  

of recombinant DNA methods i n  t h e  development of weapons. 

Genet ic  engineer ing" is  a phrase  which covers  two types  of p o s s i b l e  11 

ac t iv i t ies .  One i s  t h e  use  of genes t o  provide  therapy  f o r  a n  i n d i v i d u a l  

who i s  s u f f e r i n g  from a d i s e a s e  caused by a g e n e t i c  d e f e c t .  Such a 

procedure could l e a d  t o  t h e  ame l io ra t ion  of t h e  symptoms of t h e  d i s e a s e  

b u t  would n o t  permanently a l ter  t h e  g e n e t i c  pool  of t h e  human race. 

The o t h e r  form of  g e n e t i c  engineer ing  would be t h e  replacement of genes 

i n  such a way t h a t  p a r e n t s  would now t r ansmi t  new genes t o  t h e i r  o f f -  

sp r ing .  Both of t h e s e  forms of  g e n e t i c  technology are s t i l l  s p e c u l a t i v e  

p o t e n t i a l s  f o r  t h e  f u t u r e  b u t  recombinant DNA methods have brought  t hose  

p o s s i b i l i t i e s  c l o s e r  t o  development. I n  a r e l a t i v e l y  s h o r t  t i m e  i t  may 

be p o s s i b l e  t o  cons ider  gene therapy  s o l u t i o n s  t o  s p e c i f i c  d i s e a s e s  b u t  

t h e  permanent replacement of genes is  probably i n  the f a r  f u t u r e .  I n  

e i t h e r  case, however, i t  is impor tan t  t o  r e a l i z e  t h a t  recombinant DNA 

technology i s  n o t  t h e  s a m e  as g e n e t i c  engineer ing .  It is a t o o l  which can 

b r i n g  c l o s e r  t h e  t i m e  when g e n e t i c  engineer ing  is  B r e a l i t y  and i s  a 

problem t h a t  we must worry about .  You w i l l  o f t e n  hea r  c r i t i c s  argue 

t h a t  recombinant DNA work should be  stopped because of  i t s  i m p l i c a t i o n s  

f o r  g e n e t i c  engineer ing .  

b u t  you must r e a l i z e  i f  recombinant DNA work w e r e  no t  allowed n o t  only 

That i s  a p o s s i b l e  s t r a t e g y  of s o c i a l  c o n t r o l  

would g e n e t i c  eng inee r ing  be f u r t h e r  i n  t h e  f u t u r e  b u t  a l s o  a l l  b e n e f i t s  
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t h a t  can d e r i v e  from modem bio logy  w i l l  be  slower i n  coming. 

The o t h e r  type  of p o t e n t i a l  r i s k  t h a t  may be a consequence of  t h e  

u s e  of recombinant DNA methods would be a r i s k  d e r i v i n g  from t h e  

product ion  of harmful  organisms du r ing  t h e  conduct of recombinant DNA 

experiments.  When I f i r s t  p a r t i c i p a t e d  i n  a p u b l i c  ca l l  f o r  deep con- 

s i d e r a t i o n  of p o s s i b l e  r isks ,  I had s e r i o u s  f e a r s  about  what t y p e s  of 

hazards  could occur  i f  recombinant DNA methods w e r e  used wi thout  a p p r o p r i a t e  

cau t ion .  S ince  t h a t  t i m e  I have l i s t e n e d  t o  e v o l u t i o n i s t s  and t o  i n f e c t i o u s  

d i s e a s e  e x p e r t s  as w e l l  as t o  a range  of c r i t i c s  who have p resen ted  

scenarios of  what k inds  of dangers  could be  brought  about  by recombinant 

DNA work. I a m  today much less concerned about  hazards  than  I w a s  be fo re  

I began t o  l i s t e n  t o  t h e  deba tes .  I have heard ,  f o r  i n s t a n c e ,  how 

rare i t  i s  f o r  any organism t o  su rv ive  t h e  r i g o r s  of t h e  n a t u r a l  w o r l d .  

I have r e a l i z e d  how u n l i k e l y  i t  i s  t h a t  any gene added t o  an u n f i t  micro- 

organism might make t h a t  microorganism suddenly capable  of monstrous 

doings.  I have r e a l i z e d  t h a t  f o r  an organism t o  s u r v i v e  i n  t h e  n a t u r a l  

world i t s  f i t n e s s  must be  c o n s t a n t l y  t e s t e d  by b a t t l e s  with n a t u r e  and t h a t  

l a b o r a t o r y  organisms are poor ly  s u i t e d  t o  t h e  n a t u 2 a l  world because they  

have no t  had t o  b a t t l e  i t .  I have r e a l i z e d  t h a t  s i n g l e  genes are no t  t h e  

de te rminants  of  d i s e a s e  bu t  t h a t  a whole c o n s t e l l a t i o n  of genes must be 

p r e s e n t  f o r  a n  organism t o  be considered dangerous.  Only genes working 

t o g e t h e r  and s e l e c t e d  t o g e t h e r  can make an organism i n t o  a s e r i o u s  determinant  

of d i s e a s e .  So I b e l i e v e  t h a t  t h e  r i s k s  t h a t  are be ing  d i scussed  i n  t h e  

popular  p r e s s  are w i l d l y  o v e r s t a t e d .  
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When w e  f i r s t  drew- a t t e n t i o n  t o  t h e  p o t e n t i a l  hazards  of recombinant 

DNA work, w e  could see t h r e e  areas i n  which s i n g l e  genes might b e  dangerous.  

These included t h e  a c q u i s i t i o n  by b a c t e r i a  of r e s i s t a n c e  t o  c l i n i c a l l y  

u s e f u l  a n t i b i o t i c s ,  t h e  i n s e r t i o n  of toxin-producing genes i n t o  benign 

b a c t e r i a  and t h e  i n s e r t i o n  i n t o  b a c t e r i a  of genes t h a t  may b e  c a r r i e d  i n  

cancer-causing v i r u s e s .  

o f  concern because t h e s e  are s i t u a t i o n s  i n  which s i n g l e  genes might be a 

I can now see t h a t  t h e s e  w e r e  t h e  a p p r o p r i a t e  areas 

danger. The N I H  g u i d e l i n e s  f o r  r e s e a r c h  involv ing  recombinant DNA molecules  

p l a c e s  t h e s e  t h r e e  types  of experiments i n  e i t h e r  t h e  ca tegory  of banned 

experiments o r  of experiments  t o  be  done only  under t h e  h i g h e s t  conta in-  

ment cond i t ions .  The g u i d e l i n e s  then  grade as b e s t  they  can o t h e r  types  

of experiments  a s s o c i a t e d  w i t h  much lower l i k e l i h o o d  of p o t e n t i a l  hazards .  
9 

It i s  my b e l i e f  t h a t  t h e  b i o l o g i c a l  and p h y s i c a l  containment provided by 

t h e  g u i d e l i n e s  i s  s u f f i c i e n t  t o  c o n t r o l  hazards  t h a t  have any vague 

l i k e l i h o o d  of occurrence.  Admittedly,  no g u i d e l i n e s  can  g ive  us 100% 

freedom from r i s k  bu t  t h a t  i s  n o t  a c r i t e r i o n  w e  a s k  of any a s p e c t  of 

ou r  lives. 

Conclusion 

The p u b l i c  deba te  over  recombinant DNA techniques  has  brought  o u t  very  

deep f e a r s  about  t h e  d i r e c t i o n  of modern Biology. 

when such f e a r s  s u r f a c e  t h a t  a broad-ranging d i s c u s s i o n  t a k e s  p l a c e  inc lud ing  

It i s  ext remely  important  
I 

bo th  s c i e n t i s t s  and t h e  p u b l i c  t o  air  t h e  f e a r s  and ana lyze  t h e i r  foundat ions .  

I b e l i e v e  t h a t  t h e  p u b l i c  h a s  been unduly alarmed by t h e  dangers  of re- 

combinant DNA r e s e a r c h  and t h a t  t h i s  i s  liable t o  l e a d  t o  a patchwork of 

r e g u l a t i o n s  r e l a t i n g  t o  such r e s e a r c h  i n  t h e  v a r i o u s  m u n i c i p a l i t i e s  and 
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states ac ross  t h e  country.  

f o r  t h e  f e d e r a l  government t o  s t e p  i n  and provide a d e f e n s i b l e  s e r i e s  

of r e g u l a t i o n s  which can a l low the work t o  go forward under uniform 

cond i t ions  throughout t h e  na t ion .  It would be r i d i c u l o u s ,  t o  me, t o  

have more s t r i n g e n t  r e g u l a t i o n s  i n  one j u r i s d i c t i o n  than  i n  ano the r ,  

e s p e c i a l l y  because t h e  types  of hazards  about which one might worry can 

no t  be  r e s t r i c t e d  by p o l i t i c a l  boundaries.  

I n  t h i s  s i t u a t i o n  I b e l i e v e  i t  is  necessa ry  

There i s  one f i n a l  d i s t i n c t i o n  I consider  very  important .  There 

are c r i t i c s  of recombinant DNA r e sea rch  who are a t tempt ing  t o  s t i f l e  

p rogres s  i n  a l l  of modern biology.  They are f e a r f u l  of t h e  consequences 

of modern b io logy ,  a f e a r  which is  gene ra l ly  d i r e c t e d  toward "gene t i c  

engineer ing."  

p o s s i b i l i t i e s  i n h e r e n t  i n  knowledge would be a s u i c i d a l  p o l i c y  for  

a c i v i l i z e d  country.  

t h a t  can come from s c i e n t i f i c  advances, i f  w e  s t i f l e  r e sea rch  as a way 

of avoid ing  t h e  dangers  we w i l l  condemn our se lves  t o  a l i f e  w i th  both  

no new knowledge and no new c a p a b i l i t i e s .  

It is c r i t i c a l l y  important  f o r  th i s  subcommittee and i t s  p a r e n t  

To c u t  o f f  a f i e l d  of r e sea rch  because of f e a r  of the 

While we should n o t b l i n d o u r s e l v e s  t o  t h e  dangers  

committee t o  p e r i o d i c a l l y  assess t h e  state of modern b io logy ,  

i t  i s  a f i e l d  t h a t  touches on b a s i c  elements of l i f e  i t  is a f i e l d  wi th  

enormous p o t e n t i a l s  f o r  bo th  b e n e f i t  and hazard.  

you w i l l  be  j u d i c i o u s  i n  d e a l i n g  wi th  p o t e n t i a l  hazards  so  as no t  t o  

s t i f l e  t h e  development of knowledge which i s  p r e r e q u i s i t e  t o  new methods 

f o r  dea l ing  wi th  d i sease .  

Because 

I t r u s t ,  however, t h a t  


