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Summary. The localization of CEA in gastric carcinomata of different histological types 
was studied by indirect immunofluorescence. In well differentiated adenocarcinomata CEA 
was present on the surface of the tumor cells. CEA was absent in anaplastie cancers. Signet 
ring cells contained both CEA and mucus in their cytoplasm; this may indicate that signet 
ring cells are fairly well-differentiated tumor cells. In areas with intestinal metaplasia, CEA 
was detected on the luminal surface of the cells similar to a malignant tumor. 

Introduction 

CEA was or iginal ly  isola ted by  Gold and F r e e d m a n  (1965a) from adeno- 
ca rc inomata  of the  large bowel and  la te r  ex t r ac t ed  from cancers of the  s tomach,  
pancreas  and  l iver  (Gold and F reedman ,  1965b; K r u p e y  et al., 1968; Mar t in  and 
Mart in ,  1970, 1972). I t s  organ- and cancer-specif ici ty,  however,  was d isproved  
b y  several  au thors  (yon Kle is t  and  Bur t in ,  1969; Bur t in  et al., 1972a, 1972b;  
Mar t in  and  Mart in,  1970, 1972; Rosai  et al., 1972; Abeyounis  and  Milgrom, 
1972; Tappe ine r  et al., in press). B y  immunofluorescence CEA was found in 
colonic carc inoma on the  luminal  surface of the  t u m o r  cells as well as in the  lumina  
of the  g lands  (yon Kle is t  and  Bur t in ,  1969; Denk  et al., 1972) requir ing a cer ta in  
degree of d i f ferent ia t ion  (Denk et al., 1972). Wel l  d i f ferent ia ted  tumors  conta ined  
more CEA t h a n  less well d i f ferent ia ted  ones. I n  some pancreat ic ,  gast r ic  and  
colonic cancers CEA was demons t r a t ed  wi thin  the  cy top lasm of some t u m o r  cells 
which exhib i ted  the  morphological  character is t ics  of s ignet  r ing cells (Denk et al., 
1972; Bur t in ,  personal  communicat ion) .  

I n  the  present  s tudy  gastr ic  ca rc inomata  were s tud ied  in more de ta i l  by  the  
indi rect  immunofluorescenee technique.  Ant i se ra  agains t  CEA and a perchloric  
acid soluble ant igen of normal  large bowel mucosa  (NC) were used. The l a t t e r  
an t igen  was shown to be present  in intra-  and  ext raee l lu lar  mucus  of normal  and 
cancerous colonic mucosa  (yon Kle is t  and Bur t in ,  1969; Tappe iner  et al., in 
press) and  m a y  be used as marke r  for mucus of in tes t ina l  type.  Gastr ic  carcino- 
m a t a  t end  to  show considerable s t rue turaI  var ia t ions  in one and the  same tumor .  
Therefore,  the  local izat ion and  q u a n t i t y  of CEA were re la ted  to  the  different  
morphologica l  pa t t e rn s  ve ry  often seen even closely mixed  in one ind iv idua l  
specimen. 

* Supported in part by Fonds zur F6rderung der wissenschMtliehen Forschung (Project 
No. 1543). 
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Material and Methods 
48 stomachs surgically removed for carcinoma were studied. The specimens were obtained 

2-6 hours after surgery, quick frozen in dry ice-isopentane and stored in a --80 ° C freezer. 
Indirect immunofluorescence (IIF) was performed as described previously (Denk et al., 1972). 
Antisera against a perchloric acid extract of colonic carcinomata (anti-CEA serum) and a 
comparable extract of normal large bowel mucosa (anti-NC serum), respectively, were used 
(for preparation see Denk et al., 1972). The globulins of the sera were isolated by ammonium 
sulphate precipitation and hence the term "serum" used in the paper refers to these globulin 
fractions. Anti-CEA serum was compared with a specific anti-CEA serum kindly provided by 
Dr. yon Kleist and gave identical reactions with colonic carcinoma extract. Anti-CEA serum 
was absorbed with perchloric acid extract of normal large bowel mucosa (30 mg of dry lyophili- 
zed substanee/ml serum), pooled human plasma (Hyland, 20 mg dry substance/ml serum), 
perehloric acid extract of normal human lung (30 mg dry lyophilized substance/ml serum) and 
in some instances with human AB erythrocytes. Anti-NC serum was absorbed with pooled 
human plasma (Hyland, 20 mg dry substance/ml serum) and with human AB erythrocytes. 
Commercial FITC-coupled anti-rabbit globulin serum of a goat (Hyland) was used in the second 
hayer. The specifications of the antisera used in I IF  in the present study were the same as 
described previously (Denk et al., 1972). 

Results 

In  par ts  of the  carcinoma with adenoid and adeno-papil lary structures CEA 

could be demons t ra ted  in l inear or granular  form on the luminal  surface of the  
t umor  cells as well as wi thin  the glands if the  glands appeared fair ly well differen- 

t i a t ed  and were lined by columnar  epi thel ium (Fig. 1). I n  some tumors  wi th  

a typical  i rregular  g landular  s t ructures  wi th  cuboidal  or f la t  epi thel ium of low 

different ia t ion CEA was not  demonstrable .  NC was usual ly present  in adeno- 

carc inomata  ei ther  as superficial l ining or in cloudy fashion in mucous secretions 

i r respect ive of the  differentiat ion.  Goblet  cell-like t umor  cells were rare but,  if 

present,  specifically s ta ined by ant i -NC serum. 

Fig. 1. Adenocarcinoma of the stomach. Anti-CEA serum. CEA on the luminal surface of the 
tumor cells. Magn. × 32 
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Fig. 2. Anaplastic carcinoma of the stomach. Hematoxylin-Eosin. Magn. × 80 

Fig. 3. Signet ring cells. Anti-CEA serum. Granular cytoplasmic staining. Magn. × 128 

I n  undi / ]eren t ia ted  sol id or sc irrhous  areas of  the  t u m o r  (Fig. 2) usual ly  
consist ing of cells wi th  da rk ly  and  homogenously  s taining cy top lasm (hematoxyl in-  
eosin) CEA was i nva r i ab ly  absent .  I n  some of these tumors  NC was present  in 
small  amoun t s  as drops  or lakes of specific fluorescence between the  cells. 
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b 

Fig. 4a and b. Signet ring cell carcinoma of the stomach. Signet ring cells infiltrating the wall 
of the stomach, a Anti-CEA serum. Magn. x32. b Hematoxylin-Eosin (comparable area). 

Magn. × 80 

I n  signet ring cell areas  wi th  or wi thou t  a b u n d a n t  mucus  sur rounding the  cells 
mos t  of the  s ignet  r ing cells showed a cy top lasmic  g ranu la r  fluorescence and,  to  
some degree, also m e m b r a n e  s ta ining wi th  an t i -CEA serum (Fig. 3). The specifical ly 
s ta ined  cells were ei ther  f loat ing in the  mucus or still  in con tac t  wi th  each o ther  
inf i l t ra t ing  the  wall  of the  s tomach  (Fig. 4a ,  b). Cells morphologica l ly  s imilar  to  
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Fig. 5a and b. Mucoid carcinoma of the stomach with signet ring cells floating in mucus. 
Comparable areas stained with anti-CEA and anti-NC serum, respectively. Magn.× 32. a Anti- 
CEA serum. Granular specific fluorescence of the mucus, b Anti-NC serum. Diffuse cloudy 

staining of the mucus 

signet ring cells bu t  with dark homogenously s tained cytoplasm (in hematoxyl in-  
eosin stained sections) were negative in I IF .  The mucus exhibited granular  specific 
fluorescence with ant i -CEA serum (Fig. 5 a). T rea tmen t  of the tissue sections with 
anti-NC serum resulted in a quite different morphological image. Mucus was 
stained diffusely in a cloudy fashion (Fig. 5b). The signet ring cells were often 
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Fig. 6a and b. Signet ring cell carcinoma. Comparable areas, a Anti-CEA serum. Granular 
staining of the cytoplasm and of intercellular mucus. Magn. × 3~. b Anti-NC serum. Specifi- 
tally stained droplets of varying size in the cytoplasm and diffuse staining of mucus between 

the cells. Magn.× 80 

hardly  recognized within  the mucus. They  showed a cytoplasmic fluorescence due 
to intracel lular  mucus  deposits of vary ing  size. Contrary to the results obta ined 
with an t i -CEA serum, the immunmorphological  picture was blurred by  diffusely 

s tained mucus between the cells (Fig. 6a, b). 
I n  areas of the g~stric mncosa with intestinal metaplasia the secretory par ts  of 

the goblet cells as well as the mucous secretions reacted specifically with ant i-NC 
serum similar to the mucosa of the large bowel. I n  metaplast ic  areas wi thout  
goblet  cells the NC-specific fluorescence was confined to a small superficial l ine 
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Fig. 7a and b. Intestinal metaplasia of gastric mucosa in the neighborhood of thetumor. 
Magn. × 32. a Anti-CEA serum. Specific fluorescence lining the lumina, b Anti-NC serum. 

Staining of the cytoplasm of the goblet eells 

on the luminal  surface. Wi th  an t i -CEA serum somewhat  var iable  results were 

obtained.  I n  most  of the cases a superficial line of specific fluorescence was 
observed on the luminal  surface of the metaplas t ic  mucosa irrespective of the 

presence or absence of goblet  cells (Fig. 7a, b). In  addit ion,  the surface of non- 

metaplas t ic  gastric mueosa in close v ic in i ty  of the cancer showed sometimes but  
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not regularly a weak superficial fluorescence after incubation with anti-CEA 
s e r u m .  

Independent of the degree of differentiation tumor areas revealed a diffuse, 
but weak cytoplasmic fluorescence with anti-CEA but not with anti-NC serum by 
which the tumor could be differentiated from the surrounding tissue. An iden- 
ticM observation was made in colonic cancers (Tappeiner et al., in press). 

Discussion 

Adenocareinomata of the stomach with or without mucus production contained 
CEA in a similar localization as seen in colonic cancers but in lesser amounts. The 
latter is consistent with the finding of Gold and Freedman (1965 b) that the CEA 
content of intestinal epithelial malignancies decreases from aboral to oral in the 
GI-tract. Similar to colonic cancers, CEA-production and secretion in carcinomata 
of the stomach depended upon the differentiation of the tumor (Denk et al., 1972). 
CEA was not detected with certainty, at least under our experimental conditions, 
in anaplastic carcinomata thus confirming the results of Martin and Martin (1970) 
obtained by an extraction method. However, the diffuse weak but possibly specific 
cytoplasmic staining of the whole tumor area independent of its differentiation 
both in gastric and in colonic carcinomata (Tappeiner et al., in press) awaits 
further clarification. 

Intraeellular CEA together with muein was a striking feature of signet ring 
cells in gastric cancers. These cells were morphologically similar to the CEA- 
containing cells seen in carcinomata of the pancreas (Denk et al., 1972). With 
respect to signet ring cells of the stomach, similar results were obtained independ- 
ently from us by Burtin (personal communication). The production of CEA and 
muein by signet ring cells supports the concept that these cells represent to some 
degree the malignant counterparts of the goblet cells. I t  favours the assumption 
that  signet ring cells are fairly well differentiated tumor cells which gained au- 
tonomy on the cellular level. In this context, the similarities between signet ring 
cells and cultured colonic carcinoma cells (Goldenberg et al., 1972) are striking. 

By I I P  CEA was demonstrated in areas of intestinal metaplasia thus con- 
firming the observations of yon Kleist and Burtin (1969) with respect to peri- 
tumoral colonic mucosa and of Burtin (personal communication) with respect 
to gastric intestinal metaplasia. This finding again shows that  CEA cannot be 
regarded as strictly cancer specific. 

References 
Abeyounis, C. J., Milgrom, F.: Studies on carcinoembryonic antigen. Int. Arch. Allergy 43, 

30-38 (1972) 
Burtin, P., Martin, E., Sabine, M. C., yon Kleist, S. : Immunological study of polyps of the 

colon. J. nat. Cancer Inst. 48, 25-32 (1972a) 
Burtin, P., Sabine, M. C., Chavanel, G.: Presence of carcinoembryonic antigen in childrens 

colonic mueosa. Int. J. Cancer 10, 72-76 (1972b) 
Denk, H., Tappciner, G., Eckerstorfcr, R., I-Iolzner, J. H. : Carcinoembryonic antigen (CEA) 

in gastrointestinal and extragastrointestinal tumors and its relationship to tumorcell 
differentiation. Int. J. Cancer 1O, 262472 (1972) 

Gold, P., Freedman, S. 0.: Demonstration of tumor-specific antigens in human colonic 
carcinomata by immunological tolerance and absorption techniques. J. exp. Med. 121, 
439-462 (1965a) 



CEA in Gastric Cancers 347 

Gold, P., Freedman, S. O. : Specific careinoembryonie antigens of the human digestive system. 
J.  exp. Med. 1~2,467-481 (1965b) 

Goldenberg, D. M., Pavia, I~. A., Hanson, It. J. ,  Vandenvoorde, J.  P. : Synthesis of eareino- 
embryonic antigen in vitro. Nature (Lond.) NewBiol. 21~9, 189-190 (1970) 

Kruppey, ,J., Gold, P., Freedman, S. O. : Physicochemical studies of the careinoembryonie 
antigens of the human digestive system. J.  exp. Med. 1~8, 387-398 (1968) 

Martin, F., Martin, M. S. : Demonstration of antigens related to colonic cancer in the human 
digestive system. Int. J.  Cancer 6, 352-360 (1970) 

Martin, F., Martin, M. S.: P~adioimmunoassay of careinoembryonie antigen in extracts of 
haman colon and stomach. Int. J.  Cancer 9, 641-647 (1972) 

Rosai, J. ,  Tillack, T. W., Marchesi, V. T. : Membrane antigens of human colonic carcinoma 
and non-tumoral colonic mucosa: results obtained with a new isolation method. Int. J .  
Cancer 10, 357-367 (1972) 

yon Kleist, S., Burtin, P. : Loealization ccllulaire d'un antiggne embryonnaire de tumeurs 
coliques humaines. Int. J.  Cancer 4, 874-879 (1969) 

Doz. Dr. H. Denk 
Pathologiseh-Anatomisches Institut 
der Universitgt 
Spitalgasse 4 
A-1090 Wien 
Austria 


