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February l, 1957 

On the Possibility of dct cting 
"Transformation·· of soma. tic cells 

of mammals or birds. 

By Leo Szilg.rd 

I skin is tr-~splanted from ~bbit A to rabbit B, 

th t~~nsplanted skin is sloughed off after a period of a r

ent healing. It' subsequently ano her skin tr.:1ns lant is made 

from robbit r to ri...b'bit B, this secnnd. skin transplant do.., not 

aurv1v · _s long a~ does the first transr lant. e may ex re s 

this fact by ying that the first transplant h~s induced 

•
1intolerancc' in rabbit B against some genetically determined 

specific subst--"lce!l or rabbit !- , to ·thich vrc may rei'er, aome

uhat sloppily, as ':antigens ' - in quotes. \Jhat is the nature 

of these "antigens" . 

It has be n recently aho ~u by Billinghwn, B nt and 

Jtledawar(l) that intolerance against skin of' a strain A of mice 

can be induced in mice of strain CAB by injecting into C mice 

extract made fro nuclei of spleen c~lls of A mice, nd they have 

further sho\fn that the active agent in these cell extracts is 

(l) Dr. R. L . Billingham, Dr. R. Brent and ~rofessor P. B. 

l1e<U..v :...r, F.R.S., Nature, Vol • 178, p . 514 ( 195£) . 
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destroyed by desoxyribonucle se. The authors interpret this 

result by assuming that, i.f skin is transplanted from A mice 

2 . 

to CAB mice and induces intolerance against a subsequent trans

pl ntation, the "antigens" of A mic \'lhich c.re responsible tor 

producing this intolerance are substances that are destroyed by 

'\.(· desoxyribonucleasc, and are therefore JJ:"Csumably nucleo-proteins 

or nucleic aci.ds . T'ney write: 

'' So i'ar as we are atr ro, only one hypothesis can ccom-

mod~tc these finuing : that the antigenic substances responsible 

for ski~ transplan~ation ~unity are desoxyribonucleoproteins 

endol'!ed ~-::t th an tieenic and thcrefol"e with genetic specific! ty. 

This hypotheois .t mar' c lH;:ely by · • vldence, but the evidence 

falls short of proof . 

'· 'e wish to :?Oint out here the possibility of ·.nother 

hyr..oth"ois ~ hich. \·muld · ppear to be evtm mor-e likely un . ..:. •~hich 

is as follOl'lS : 

The extract prepared from nuclei or spleen cells of A 

mice (in which the . active agent can be a~ troyed by the addition 

of desoxyribonuclease) induces intolerance in CAB mice against a 

subsequent skin transplant from A mice not because this extract 

contains the ''antigens" o.f A mice but rather because this ex

tract - if injected into CAB mice - is capable of causing a cer

tain number or cells of injected CAB mice to produce the relevant 

''antigens 11 of A micC\ 



-~If thi h . othcsis is correct 6 then we "ouJ.d d 1 

h re with a phenomenon strictly analo ous to that known , 

bacterial tran fonnation. In bact rial transl'onnation nucleic 

acid extracted from a strain of bacterium6 1 is taken up by a 

. diff rent strain .or bacterium, B 1 and this nucleic acid induces ()..., QQ~--~ ~c.hoY\ <;';\:'~Q.. ~\C.\'Z.KA_, 
~ril:l!B! o-:=s'i::c • .dtJ B to IJroducc ceiC•'R specific antigen of 

st:t:uin • 

In the circumstances one feels ~pelled to devi 

different sort of ex"' eriment that m:lght be adequate to detect 

1hether tr .. ms.formati·.n of som.E.tic c-:lla or .'l&a.JII\AIJ<:..l.-,1~ or birO. can, 

1 . _ac:., be acco"l.: lis .ed by n j eoting nucle c cids ,of one indi

vidual into ano-cher nd:.t.V:l.dual. 1Iho rinci.le of an experi-

me .t that might accon\plish thie lpurpoae is as follows: 

ume that r. bbit · :.md t..L'b it , have dif-

fercnt blooti grou>a und that rabbit B carries no natural 1 o-

antibod1.es against the red cell antigens of rabbit A. An extract 

muy than be: re . ~d from s l en ell nucle i vf 2. .. bbit A which 

contains the nucleic acids and nucleo-proteins but as far ~ 
Z:.•...l ·, 'Oe tlce \otz-

OSSible v ry little else . We would regard it sAhaving accom-

plished ~ utransformation" if we can show the follo\'-

ing: 

(a) The purified dcsoxyribonucleic-ac1d-contain1ng 

f~~ction which is prepared from cell nuclei of rdbbit is treated 

d.th desoxyribonueleaae and injected into rabbit B. 'nl.cre appear 
~~ ~ev a. e.\\ GU.• k..: qe-..• s u-~:..-

no antibodies against~~· bbit A aaula 11 in the serum of r bbit B. 

(b) ihen the treatment tlith desoxyribonucle se is 

omitted, the injection or the extract is followed by the pear-

ance o antibodies in the serum or rabbit B aga1nst the red Gell 

antigens of r<...bbit A. 
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(c) Th .. urified desoxyr1bonuclc1c- cid cont ining 

fraction prepa d from cell nuclei of rabbit ~s treated ith 

deaoxyribonuclease. 3ubscquently~ the de oxyribonuclease is ~ 
~ (/ 

destroyed and urificd dcsoAyribonuclcase acid containing 

fraction , prepared from cell nuclei of ~abbit B, is added -

to a rv as an adjuvant in lieu of the destroyed celllnuclci 

of rabbit A. This mi4~turc is then injected into rabbit B. 
-ge:: ~ c<o.<. \\ e...v. -\.-~; ex ex~~ G.\-

No antibodies a~ inst l\r<lbbit A ~--~ must ppe r in the 

serum of rabbit B 
~ '?.~e.~~e. o ~tt.c~Y\ $ \~\ ~e,., G..<....\.\ T\u.. e.\e \ 0\---

If thfl • 'i4ill c .... trc...ct,A robbit _ is indeed c~ able 
"B.u.\ Pr~p;z.ee\c(.t'S lt 

of forcing a sm;...ll" rr:"c·cion of ""he c .... lla of r..1bbit B (s ..... y., 
lZ~P C.""LL... 

tot 1 of about one million cells) to produc(. ..- rsle'Piftt anti-

vn~ of r~bbit ·~ t.en r~bbit B could b~ expected to respond by 

the roduction o~ anti odies specific for these antigen • vUOh 

circulatil~ antibodies, if present, c n be demonstrat~d by 

modem, sensitive, method that permit the a tection of veey 

~mall quantities o: ty e specific antibodies . 

~r~· ngem~nts are now being made for carr.yint out ox

perL~cnts of this typ_ . 

Should it turn out that t~ nefo~~tion can, in f~ct, be 
effected in mammals (and the technique discussed bove coulld 
also show ihether transformation c n be effected in birds}# then 
there is a remote _ osaibility that transfo:rntltion might provid 
the basis for a cure" for a class of rare hereditary diseases. 
In these disease -- galactosemia, ~hen9lpyruvic oligophreni , 
hemophilia, etc. -- ~ defective gen~ is responsible for the ab-

enc of a s!,ccific protein in its functi llll form. Conceiv::t
bly injecting into the )~tient DNA taken f rom nuclei of the 
spleen of' a healthy individual repe tedly and in sufficiently 
l rge quantities might transform · suffici nt f r..tction of the 
cells of the p t1ent to remedy th di turbing manifestations 
of the defect. 
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February 1, 1957 

On the Possibility of detecting 
"Transformation" of somatic cells 
of m~~als or birds. 

By Leo Szilard 

If s1<:in is transplanted from rabbit A to rabbit B, 

the transplanted skin is sloughed off after a period of appar-

ent healing . If subsequently another skin transplant is made 

from rabbit A to rabbit B, this second skin transplant does not 

survive as long as does the first transplant. We may express 

this fact by saying tha t the first transplant has induced 

''intolerance" in rabbit B against some genetically determined 

s pecific substances of rabbit A, to which 1de may refer, some

what sloppily, as "antigens" - in quotes . 1:Jhat is the nature 

of these "antigens" ? 

It has been recently shown by Billingham, Brent and 

Medawar(l) that intolerance against skin of a strain A of mice 

can be induced in mice of strain CAB by injecting into CAB mice 

extract made from nuclei of spleen cells of A mice, and they have 

further shown that the active agent in these cell extracts is 

( 1) Dr. R. E. Billingham, Dr. R. Brent and Professor P. B. 
Medawar, F.R.S., Nature, Vol. 178, p . 514 (1956) . 
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destroyed by des oxyribonuclease. The authors interpret this 

result by assuming that, if skin is transplanted from A mice 

to CAB mice and induces intolerance against a subsequent trans

plantation, the "antigens 11 of A mice which are responsible for 

producing this intolerance are substances that are destroyed by 

desoxyribonuclease , and are therefore presumably nucleo-proteins 

or nucleic acids. They write: 

"So far as we are aware, only one hypothesis can accom-

modate thes e findings: that the antigenic substances responsible 

for skin transplantation immunity are desoxyribonucleoproteins 

endowed with antigenic and the refore with genetic specificity. 

This hypothesis is made likely by our evidence, but the evidence 

falls short of proof . 

We wish to point out here the possibility of another 

hypothesis which ~·1ould appear to b e even more likely and which 

is as follows: 

The extract prepared from nuclei of s pleen cells of A 

mice (in which the active agent can be destroyed by the addition 

of desoxyribonuclease) induces intolerance in CAB mice against a 

subsequent skin transplant from A mice not because this extract 

contains the "antigens 11 of A mice but rather because this ex-

tract - if injected into CAB mice - is capable of causing a cer-

tain number of cells of injected CAB mice to produce the relevant 
~ 

"antigens 11 of A mice. 



If this hypothesis is correct, then we would deal 

here with a phenomenon strictly analogous to that known as 11 , r; 

bacterial trans f orma tion. In bacte rial transformation/ nucleic 

acid extracted from a strain of bacterium, A, is taken up by a 

different strain of ba cterium, B, and this nucleic acid induces 
';,: c 6 ~~~ '~'1..<.-- -1'J t.<:A-. c.-/ "' t.'-t" ·. . . 
bacteri~ ~ ~tr&in~to produce 6~t~ s pe cific antigens of 

strain A. 

In the circumstances one feels impelled to devise a 

different sort of experiment that might be adequate to detect 

whether transformation of somatic cells of mammals or birds can, 

in fact , be accomplished by injecting nucleic acids of one indi-

vidual into another individual. The principle of an experi-

ment that might accomplish this~urpose is as follows: 

He shall assume that r abbit B and rabbit A have dif-

ferent blood groups a nd that rabbit B carries no natural iso-

antibodies against the r ed cell antigens of rabbit A. An extract 

may then be prepared from spleen cell nucl e i of rabbit A which 

contains the nucleic acids and nucl e o-protcins .but as f~r~~ 
p. , j /1/, .. t . . -:. . 

possible very little else . \1/e would regard it as\ having accom-

plished £...J:if).f$1tJt! £o;r 11 transformation 11 if we can show the follow

ing: 

(a) The puri f ied desoxyribonucleic-acid-containing 

f raction which is prepared from cell nuclei of rabbit A is treated 

with desoxyribonucle . .a.~e and inj_ected into r9-bbi t B. There appear 
c:.~ ·~( "{/ t -{ ll.-.-vtz :-j-J~/.1 ~ 

no antibod~es agains~ Jrabbit A~ in the serum of rabbit B. 

(b) \men the treatment with des oxyribonuclease is 

omitted, the injection of the extract is followed by the appear-

ance of antibodies in the serum of rabbit B against the red cell 

anti gens of r abbit A. 

/ 
) 
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(c) The puri f i ed desoxyribonucleic-a cid containing 

f r a ction prepar ed f rom cell nucl e i of r abbit A is treated with 

de soxyribonucleas e . Subs equently, the de soxyribonuclease is 

de stroyed and a puri f i ed de soxyribonucl eas e a cid containing 

f r a ction, p r epar ed f rom cell nucl e i of r abbit B, is added --

to s e rve a s an adjuvant in l ieu of the destroyed cellmuclei 

of r abbit 1\. This mix ture i s then in j e9te into r abbit B. 
''L~.,!.{ .::i !( ~ { f-J./'VV'"J !l ,_ 

No antibodi es aga ins r abbl t A iill.ti gens mns£ appear in the 

s e rum of r abbit B. . ~~ _ ..«' ;; .- /J7Ht:~t-. u :Y' //~e~--f ,... // 
J,t/'l. (>-;I ·',~_?--- / . 

I f -~ extractffrom 1~bi.t A is indeed capable 
.:. >--ItA :t-/l7~~.;4J ____/ 

of forcin g a small - fra ction of t he cells of rabbit B (say, a 
/}..W ~ ~~ 

tota l of about one million cells) to p rodu ce ·tiM PWe"v·a~ anti-

ge ns of r abbit A, then r abbit B could b e expected to res pond by 

the production of antibodies s pe ci f ic for thes e antigens. Such 

circulating antibodies, i f p r e s ent, ca n b e demonstra ted by 

modern, s ensitive , me thods tha t pe rmit the de t e ction of ve r-y 

small quantitie s of type s pe cific antibodie s . 

Arrangements a r e now b e ing made f or ca rrying out ex-

pe riments of this t yp e . 

Should it turn out tha t t r ans f orma tion can, in fa ct, be 

effe cted in mammals (a nd the t e chnique di scussed above coulld 

a lso shov; \'Jh e the r trans f orma tion can be effected in birds), then 

the re is a remote possibility tha t t r ansforma tion might provide 

the ba sis for a '' cure '' for a cla ss of r a r e h e r edita ry dise a s e s . 

In the s e dise a s e s -- gal a ctosemia , ph enol pyruvic oligophrenia , 

hemophilia , e tc. -- a defe ctive gene is r esponsible for the ab

s enc e of a s ~ e ci fic prote in in its f unc t iona l form . Conce iva 

bly inj ecting into the pa tient DNA take n f rom nucl e i of the 

s pl een of a healthy individua l repea t edly and in suf fici ently 

l a rge quantities migh t tra ns f orm a suff icient fra c t ion of the 

cells of the patient to r emedy the disturbing manifesta tions 

of the dc:'ect. 
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