
i )ETEI~MII~ATI{)N BY PI~ECII ' ITATI~)N ()F S P E C I F I C  A N T I G E N S  

PRODUCED B'f T I lE  A D M I N I S T R A T I O N  OF O R T I l O A M I N O A Z O T O L U E N E  

I N T O  THE ORGANISM 

T .  A.  K o r o s t e l e v a  

From ~ e  Laboratory of Experimental Oncology (Dlrect,,r - Corresponding Member of 
file Academy of Medical Sciences of the USSR Professor L. M. Shabad) of the Oncolog= 
ical Institute (Director --Corresponding Member of the Academy of Medical Sciences 
of the USSR A. I. Serebror of the Academy of Medical Sciences of the USSR, Leningrad 

(Received Selxember 9. 1955. Presented by Active Member ~ the Academy of Me* t -  
ical Sciences of the USSR N. N, Petrov) 

Study of the systemic reaction to the administration of antigens formed as a result of the recombination 
of proteins during the pre~mor period has great significance in indicating cbe ability of the ~s tem to hinder the 
beginning t)f the tumt>r process. Studies in this direction are connected wtr~! the study t;f the activity of cancero- 
genic substances by lmmunochemical methods, which are more sensitive than the usual biodmmieal  methods, 

In approaching the shady of this problem, we first set up model experiments in order to discover how the 
addition of a cancerogenic group (orthoaminoazotoluene) to proteins affects; their immunological properties. 

We obtained combinations of human serum proteins, as well as horse and bull serum proteins with diazotized 
orthoaminoazotoluene. The antigenic properties of these combinations were stndied by the precipitation method. 
It was found that artificial antigens caused the formation of precipittns of protein combined ~-ith eancerogenle 
substance, as well as of the original, unchanged protein. Consequently, the union of protein with the remainder 
of the cancerogenic substance changes its immunological propcities, communicating th~ specificity of a cancero- 
genlc substance to it. 

La ter~e  studied the antigenic properties of the compounds of cancer c~gentc substances with proteins forrfied 
in ~ e  system [3]. 

In order to discover the specific antigens, we used the anaphylactic r.aethod with desensitization. 
out by L. A. Zilber [2]. It was found ".]~at during administration to mice of a substance producing experim,, real 
hepatoma the immunolc~gical properties of the liver proteins changed during the first stages of cancerogenesis. 
Specific antigens provoked ~r] the orthoaminoazotoluene were found in the liver of mice which received the 
ca.ncerogenic substance al~ng with nG,-~.ti kf.dney proteins. It is already fx~e;ible to observe changes in the anti~ 
gentc prot~rties of protein, a month after thq~ beginnin~ of the administra.~ic~a of the cancerogenie substance. 
Thus, we established that during the experimental production of hepatoma in the liver of mice. a compound of 
the metabolite of the caneerogenic substance with proteins is formed [3]. 

Since the presence off specific antigem in the liver proteins of mice ~.4xich received cancerogenic substance 
was first found by us (using the anaphylactic method), it was necessary toc infirm this fact later using another 
method. We decided on the precipitation reaction since the artificial antl|;en which was obtained by combining 
the cancerogentc ~ubstance with protein, was tested by this same method. The correlation of the immunological 
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peculiari t ies of a~ltigcn c• ted Iroi~rqiver .dth the syn'hetic nutigcr,, regarding the structure of which some 
data a~e avai lable ,  can give additionM informati~n abLmt the mattlre and properties of the antigen formed in vivo. 

The t~r~'scl~t v,'ork l~ devoted to fl~e study by the prcvlpitatknl method of the specific antigens which are 
formed in flee liver of mice rct 'etving orthoamiuoaz0tol .cue with their f o ~ .  

Mice of file strains Calla and A each received daily 0.1 ml of 1% solution of orthoaminoazotoluene in 
sunflower .~eed oil .  The r animals received the same amount of oil .  

Vario~,s le~gtl,s of t ime after the beginning of the experiment (30. 45. and 50 days) a group of  mice 
(15-~0 animals) in the experiment and controls were beheaded and the proteins were extracted from the l iver  
t~u~. 

The l iver  tissue of these mice was minr in a Lyatop meatcl~lopper and extracted for s hours with dis-  
t i l led **'ate; at  p}i "/.6. The extraction toolr place during ice cooling and mechimical  mixing. Then the extract  
was separated by ,entrifuging from the sediment and used to immunize rabbits and to set up the precipitat ion 
reaction.  Ti,e antigen solutions were p, eserved with formalin and kept in a refrigerator. 

In order to immunize  the rabbits, each animal received an  inject ion of 1 ml of 1% ~olutlon of antigen in 
the vein of the ear twice with a 6-day interval,  then after an 8-day interval a threefold" amount of the same 
solution was administered lntraperltoneally.  After 14 days blood was taken from the vein of the ear  in order t o  

obtain serum for use in the precipitat ion reaction. 

The react ion was set up as follows. 0.2 ml of immune serum was measured ln toa  test tube and .3 ml of 
various dilutions of antigens was added. The l iver  proteins of mice receiving orthoaminoazotoluene and m e con-  
trol animals which received oil were used as the antigens under study. Next the test tubes were placed in a 
thermostat at .q7 ~ for 2 hours, after which rite results of the reaction were determined.  We judged the in tens i ty  
of ~.he reaction by the amount of sediment which formed as well xt by the greatest dilution at which cloudiness 
could be observed. Iu some cases in order to make the results more: exact,  the test ~ubes ~eere lef t  in the refr i -  
gerator overnight and were examined again in the morning. 

The data  which were obtained are shown in the Table,  in whichthe results of 4 experiments are presented. 
New antigens were prepared for each experiment from the l iver tissue of the group of mice receiving ortho- 
aminoazotoluene and of the control group. Three to six rabbits were immunized in each experiment:  tome of 
the animals with l iver  proteins of the mice which received orthoaminoazotoluene, some with the l iver  proteim 
of the control mice .  The precipitat ion faction was set up with the immune sera of a l l  the rabbits. Each serum 
was tested with two antigens: exper~imental and control. As is evident  from the Table ,  al l  the rabbits proved to  
be well immunized .  The zone of maximum precipitat ion for the experimental  and control antigen is found with-  
in the l imits  of the same concentradom of test antigens. This permits comparison of the two antigen*. 

On examining the Table ,  the fact that the immune sera of rabbits, prepared with antigens from the livers 
of mice receiving orthoaminoazotoluene,  reacted well with these antigens (rabbim No. 1, 2, 3, ~,8, 9, 12, 13, 
15, and 16) stands out. The same ~era reacted very weakly with the antigen,  obtained from the l iver  of con- 
trol mice .  

In one experiment  (No. 3) th,. ~ sera of rabbits immunized with the l iver  proteins of mice receiving cancero-  
genie ,ubstance reacted in the same way with the l iver proteins of the exper imental ,  as with those of the control 
animals  (rabbits NOS. "/, 8, 9) at f!rlt. Since these results did not (or re la te  with the data obtained in other exper i -  
ments, we retested the sera of the .,ame rabbits, changing the cone entrat ion of test-antigen*. A number of 
dilutions from 1 :220  to 1 :440  were tested. At these dilutions the difference in the reaction of the sera of rabbit ,  
No. '/ and 8 to various ant igem wa.,; very marked. The ~era of the:;e rabbits reacted more strongly to antigen 
from the livers of mice receiving orthoaminoazotoluene than to c)ntrol  antigens. This confirm* the result~ 
obtained in other experiments .  

It should be noted that in dilutions of from 1 : 55 to 1 : 220, both of the antigens under invest lga~on reacted 
very slightly with the serum of rabbit No. 8. These ant igem formed a comiderably  greater amount of prec ip i -  
tam at a lower concentrat ion (dilution from 1 : 220 to 1 :440)  wi t ]  the same serum. 

Thi ,  can apparently be expl tined by the appearance of the zone of maximum precipitat ion at  such con- 
cen t r ; t iom,  which Is masked in th .~ preceding ease. 
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"i'h~,s. ~s showu ~r~ 1he Tab lu ,  iht. anlib,~.iicx,li~r,,,,cd i l l  the .~ysl,:rr~ o(rab~i~s tnjcr wi th  the I ~ : r  [~ro- 
tclus of mi,-e receivi))~, ~'am't'rogc)flt- ~M~t~mc'e.re:)vt _,~rrc)n~,|), wilh lhe l~ttcr  ~~ci)).~ aud weakly wi~: ~fl)e {iv,or 
proteln.s c4 ,-oiitrol allison'.Ms. "l'hc one rabbit No. 9 for,i~cd au eX('cplit)~) "~.d~o~ $,~'~FUIII reacted in the s ~ e  war  
with the exper imenta l  ~r~d ct)nlrol proteins. 

In ea(-t{ experim~,-~t, some of the rabbit~ were immunized with th--- l iver ~ e l n s  of mice r e c e t v ~ g  oil 
(rabbits No. 4, ,,q, G, "10. ~1. 14, 17, ]9.  and 19). The sera of fl)c~e rabb~',s reacted In the same way w+S~q) the 
anttgc))s from the l i v e ~  ~)f mice receiying cancer~;e,~ic st~bstance .as ~ i ~  the  z~aigens from the liver~ ~f mice  
receiving Oilo 

It .,d~o~,Id be nottt:,ed that antl,~ens from the l iver  of control mice  .'f~r e:(ample,  No. 17fir, whlck ~eacted 
very sli!;htl)- with the se:~:a of rabbits prepared with amigens from the Iia 'e~ of mice  receiving a ca))c~'~genic 
substauce,  gave larger ~recipitates widt thc sera of rabbits prepared wiC~ z n t i g e ~  from the l iver  of m ~  rec~d~- 
fng oil.  T'h_~ Indicate,2 ~ a t  the wear react ion of antigen from the l iver  of cor,*.~ol mice with the seru~7-~ of rzbbtL~ 
i tnmuuized with file pr,~eins of mice receiving cancerogenic  substance (No.  1. ~. and B) is d e p e n d e ~  on flie 
pecul iar i t ies  of the at;~..%odies present in file serum, not on the low acti-r162 of ~:e antigens fr~m nor~'r~ ll 'r  

As f~liows from ~:~ Table,  rabbits immunized with proteins from control  mice  proved to be we.~ tmmu~-Lzed. 
"I'his also indicates  tha~ ~21e antigens of normal mouse ls have consi6ezable zc t iv i ty .  Apparent ly,  #?m protein 
composi tkm of the l i v ~  of mice receiving orthoaminoazotoluene incI'.~. ~ a I~rge amount ~f normas Mver 
anti~;em ax ~'ell as styec~{c ones. This explains the strong reaction of i~r~teim from the l iver  of mic~ r e c e i ~  
a cancero~oe~xtc sub~ta~'.~?e with the antibodies against  the proteins of the contre! group of mice .  

One ~'aouldaxamL,~ethedata obtained in exper iment  No. 4 ( rabbi~  No. 15. ~6, 1'/, 18, 19). In f&, ~ttain A 
mice were ~ e d .  SpecL#Jc antio~ens were found in the l iver  of these mice .  as well  as of strain Cal la  tr~..~ce, ~d,,tnl 
cancerogenic  ,ubs tanc ,  was administered.  The fact  that  such antigens ~e re  fo~med regardless of the ~-~ouse ~ a i n  
correspon~ with the d ~  of V. V. Gorodtlova and L. V. Shershulskaya [13. who ~ o w e d  the absence os r ~an lmmuno-  
genet ic  difference be tween the antigens from the o~ans  of mice  of different  m a i m .  

However. in tile exper iment  set up with strain A mice ,  some pec-~iar i t ies  were observed. R a b l ~ .  l m ~ ' ~ -  
ized with liwer proteirt~ ,<~ the control group of strain A mice,  reacted more tn~ensely with these a n t i g ~  tha~ 
with the l iver  proteins ,zff mt<'e receiving cancerogenic  suV;..r~_nce. Ma}'be in t~is case the presence ot~ ~el)cifi~ 
antigens ~..~-~ehow inh.i~-~'2md the reacrdo~..a of normal a_,~gens with antibodies~ This is not observed iiz ~ a i n  C~HA 

mice ( r a b b ~  No. 1-1a}. 

Thus. the resulr~ Obtained previously by the method of anaphylax~ wide dez, ensl t izat lon were ~onfirmed 
by testing, 19 immune ~ * a  with 8 ant igem by the precipi ta t ion method.  Tlte presence of specific a n ~ e r t t  ~nich  
are formed Frior to the ~Sevelopment of a tumor in the l iver  proteins of ~aice receiving a substance ~ c i a  produces 

exper imemal  hepa tom*  was confirmed. 

These proteins, to~ether with the specific ant'.gens, are contained in the proteins of normal live:r, s ince  the 
rabbits immunized  wig~ r23em form antibodies which react  with the livez an t igem of mice receiving ~ n c e r o ~ e n i c  
mater ia l .  On the other ~and, the prec~pitins formed ~gainst the l iver  an~igera of normal mice react  ~-~r.h tim 
proteins in the l iver  of ~ i c e  receiving cancerogenic mater ia l .  Apperemly,  # .c  specific antigens wh[cz2a are ~ e $ -  
ent Ill the ~roteins un~ea investigation are either very ac t ive  or are pre~ent Lr~ a ~ufficient amount to cause tlm 

formation cff specif ic  a ~ ' b o d i e t .  

In  o re  experimetzT. (rabbits No. 15, 16, 1'/, 18, 19) tile presence of spec i f ic  antigens apparently ~-wen i n -  
fluenced the reac t ion  bezween normal antibodies and antigens conta in ,~  in t ~  l iver  proteins of mice  mecel~ng 

orth oa minoazotol  uen~. 

In comparing the zesults of the experiments described in the presemt communicat ion  with the ~.~ta ob~_Lned 
ear l ier  when testing ar~#ic ia l  antigens, a definite s imi lar i ty  can be o b ~ r v e d  between the antigens ~'~c*n arc  
formed in vi t ro  and in ~dvo. The antigens obtained from the union of ~.~emic~Lt~r pure orthoaminoaz~,toluem~ 
wirJt pro teL~,  l ike the ~.~tigens arising in the system of animals  receiv ing cancerogenic  m a t e r i a l  c ~  the form-  
ation of precipi t ins  in ~ system of rabbits. Both form antibodies - s p e c i f i c  cr~es determined by the c ,  xncerogenlc 
mater ia l ,  a t  well  as n(~r~pectflc ones directed against the "original"  txc~eins which are not joined wiz~ ortho-- 

aminoazotoluene or ira ~ r i v a t i v e $ .  
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Are the lested protcins a mixture t~f si-,ccifh" and uonspeclflc antlgc.tl czr ~re riley a ~ g e l ~  which ~rc Ipe-  
cffic for the otis\ileal protein as well as f~  tile ~-ant-cr~cl:lr combb~atlo~! I T'.:~ problem ~escrvcs fu~-~er stlldyo 
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