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The s e r a  of ra ts  in which an extensive lesion had been produced in the mucous membrane 
of the cecum were tested by the agar diffusion method. A carc inoembryonic  antigen ap- 
peared in the se ra  of 84% of the animals 24 h after injury, and in most  of them it pe r s i s t ed  
for 15-20 days, corresponding to the per iod of most  intensive regenerat ion of the intestinal 
IIIUCOS a. 

KEY WORDS: carcinoembryonic antigen; nonspecific lesions of the intestine; proliferation 
of the intestinal epithelium. 

A previous investigation [1] showed that induced intestinal tumors  in ra ts  contain a specific g lycopro-  
rein which, in many of its physicochemical  proper t ies ,  r esembles  the carc inoembryonic  antigen (CEA) found 
in neoplasms of the human large intestine. In 70% of cases it was detected by the double immunodiffusion 
in agar  tes t  in the blood s e r u m  of ra t s  with tumors .  

The object of this investigation was to detect CEA in the blood s e r u m  of ra ts  with nonspecific lesions 
of the intestine accompanied by intensive prol iferat ion of enterocytes .  This investigation was motivated, 
f i rs t ,  by data in the l i tera ture  on the appearance of CEA in the blood s e r u m  of patients with chronic non- 
specific ulcerative colitis [6, 7] and, second, by personal  observations showing an increased quantity of this 
antigen in the blood s e r u m  of ra ts  with spontaneous ulcerative lesions of the large intestine [1]. 

EXPERIMENTAL METHOD 

To produce mass ive  lesions of the intestinal mucosa,  after  laparotomy a pu r se - s t r i ng  suture was tied 
around the cecum, so that "divert icula" were formed when the threads were tied. In the course of a few 
days the sutures  were  cut out and the mucous membrane developed necros is  in areas  corresponding to the 
"divert icula,"  surrounded by a zone of increased prol i fera t ion of the intestinal epithelial cel ls :  The labeling 
index of the enterocytes  1 mm f r o m  the edge of the wound increased f rom 25.1 :~ 1.8% under normal  condi- 
tions to 36.1 ~- 2.1%. The presence  of a l igature in the wall of the cecum was a factor causing continuous 
t rauma to the mucous membrane in the late periods after  the operation also, and this was accompanied by 
a local increase  in the number of prol i fera t ing enterocytes .  By changing the pe r imete r  of the pu r se - s t r i ng  
suture,  the s ize  of the intestinal lesions could be var ied at will. Most frequently in these experiments the 
zone of injury occupied about one-third of the a rea  of the cecum. 

Operations were pe r fo rmed  in this manner on 35 noninbred male ra ts  (weight 200-250 g) f rom the 
"Rappolovo" nu r se ry  of the Academy of Medical Sciences of the USSR. A s imi lar  operation, but with a zone 
of injury eight to ten t imes smal le r ,  was pe r fo rmed  on ten s imilar  ra ts .  In addition, experiments were ca r -  
r ied  out on five rats  with an art i f icial  anus made at the level of the proximal  par t  of the ascending colon, 
and with injury to the gas t r ic  mucosa,  and also rats  undergoing laparotomy but no manipulations of any sor t  
on the gastrointest inal  t ract .  
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TABLE 1. CEA in S e r a  of Rats  wi th  L e s i o n s  of In tes t ina l  Mueosa  
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T A B L E  2. Comparat ive  Data showing  R e l a -  
t ionship  b e t w e e n  Quantity of CEA in Rats '  Sera  
and S i ze  of Les ion  of Intes t ina l  Mucosa  
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mucosa 
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Both CEA and ant igens  of the n o r m a l  m u e o s a  of the l a r g e  in tes t ine  of the ra t s  w e r e  d e t e r m i n e d  in 
the b lood s e r u m  by the agar  di f fus ion t e s t  t w i c e  b e f o r e  the opera t ion  and frequent ly  b e t w e e n  the f i r s t  and 
35th day af ter  injury.  B lood  w a s  taken f r o m  the caudal  ve in  of the r a t s .  

I s o l a t i o n  of CEA f r o m  t u m o r s  and p r e p a r a t i o n  of the m o n o s p e c i f i c  i m m u n e  s e r u m  w e r e  d e s c r i b e d  
p r e v i o u s l y  [1]. S e r u m  aga ins t  t i s s u e - s p e c i f i c  ant igen of  e n t e r o c y t e s  w a s  obtained in a s i m i l a r  way:  Rab-  
bits  w e r e  i m m u n i z e d  for a long  t i m e  wi th  a s a l i n e  e x t r a c t  of  the s e p a r a t e d  m u e o s a  of  the l a r g e  in tes t ine  
and the i m m u n e  s e r u m  w a s  exhaus ted  wi th  e x t r a c t s  of al l  the other  organs  and the b lood  s e r u m  of n o r m a l  
r a t s .  Each of the i m m u n e  s e r a  f o r m e d  a s i n g l e  l ine  of p r e c i p i t a t i o n  in the agar  dif fusion t e s t  w i th  the 
h o m o l o g o u s  ant igen.  
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Fig. 1 Fig. 2 

Fig. 1. Agar  diffusion tes t  between immune s e r u m  against 
CEA (in center),  homologous antigen (1), blood s e r u m  of a 
ra t  with regenera t ing  mucous membrane of the cecum, 
taken 3 days after operation (2), blood s e r u m  of normal  ra t  
before operation (3), and saline extract  of mucous membrane 
of large intestine of a ra t  (4). Reaction negative with last  
two samples .  

Fig. 2. Agar  diffusion test  between immune s e r u m  against 
t i s sue-spec i f ic  antigen of enterocytes  (in center) and homol-  
ogous antigen (4): 1) saline extract  of organs of normal  ra t s ;  
2-4) as in Fig. 1. Reaction negative with all samples except 4. 

The intensity of the react ion was a s se s sed  visually by the charac te r  and position of the precipitation 
line: I z I I indicates a ve ry  s t rong react ion (very distinct line, displaced toward the well containing the im- 
mune se rum,  antigen in excess with respec t  to antibodies); +++ a s trong react ion (distinct precipitat ion line 
half-way between the wells with the reagents) ;  ++ a moderate ly  s trong react ion (weak precipi tat ion line dis-  
p laced toward the welt with the antigen); + a weak react ion detectable only f rom deviation of precipitat ion 
line in tes t  sy s t em [2]; and - a negative reaction.  

E X P E R I M E N T A L  R E S U L T S  

As Table 1 shows, before injury to the cecum CEA could not be found by the method used in the blood 
s e r u m  of the ra t s .  No antigen charac te r i s t ic  of the normal  intestinal mucosa also was found in the blood 
s e r u m  of the animals .  

After  the operation CEA appeared in large amounts in the se rum of most  animals within 24 h, and 
it pe r s i s t ed  until the 15th-20th day (in some ra t s  even--until the 35th day) af ter  the beginning of the exper i -  
ment (Fig. 1). It is during this per iod that the most  intensive regenera t ion takes place in the mucous m e m -  
brane of the injured intestine. 

Correlat ion was found between the size of the injury inflicted and the relat ive quantity of CEA de- 
tected, in par t icu lar  3-5 days after  the operation (Table 2). In this connection it should be noted that CEA 
was discovered in the rats  24 h after  the formation of an art if icial  anus, but this react ion was t ransient  and 
3 days la ter  the antigen could be found in the blood s e r u m  only of a few animals in t race  amounts. Injury 
to the gas t r ic  mucosa  also was accompanied by the appearance of CEA in the s e rum of four of the five ra ts .  

Altogether  in these experiments  CEA was found in 84% of ra ts  with injury to the intestinal mucosa.  
However, it was never  found after  s imple laparotomy. Tissue-spec i f ic  antigen of the mucous membrane of 
the large intestine likewise was never  found in the s e r u m  of ra t s  with injury to the intestine (Fig. 2). This 
fact, in the w r i t e r s '  opinion, is evidence that the appearance of CEA in the s e r u m  under these conditions 
was not due to necrot ic  changes in the mucous membrane  or to the absorption of breakdown products of the 
enterocytes .  

Production of the CEA in the adult s tate  is thus not specific for neoplasm alone, and it is very  pos-  
s ibly synthesized by the normal  epithelial components of the intestine, so that their  intestine prol iferat ion 
leads to the appearance of this antigen in considerable amounts in the blood serum.  This interpretation is 
in harmony with data in the l i tera ture  showing that CEA can be found, although in very  small  amounts (not 
more  than 2.5 ng/ml) ,  in healthy human blood s e r u m  [4, 5, 7]. The corre la t ion  observed in these exper i -  
ments between the quantity of CEA entering the blood s t r e a m  and the s ize  of the regenera t ing zone of in- 
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testinal mucosa is indirect confirmation of this view. Considering that the increase in proliferative activity 
of the epithelium evidently takes place chiefly through precursors of the enterocytes starting the mitotic 
cycle, it can be postulated that CEA is in fact produced by these cells. The appearance of CEA in animals 
with nonspeeifie intestinal lesions and the appearance of a-fetoprotein after partial hepatectomy [2] prob- 
ably have a similar mechanism. 

The results of this investigation provide an explanation of the false positive results of the diagnosis 
of carcinoma of the large intestine in man with the aid of CEA [3, 4, 7] and its discovery in an increased 
titer in the blood serum of patients with chronic ulcerative colitis of varied etiology [6-8]. 
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