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 Introduction 

  � -Fetoprotein (AFP) was reported as the fi rst oncofetal 
antigen in 1963  [1] . The serum concentration of AFP de-
creases to an almost undetectable level postnatally, and 
it becomes markedly elevated in patients with hepatocel-
lular carcinoma  [2] , yolk sac tumor  [3]  and other types of 
malignancies, including gastric cancer  [4, 5] . Therefore, 
AFP has been used as an important tumor marker in clin-
ical diagnosis. 

 AFP has been shown to have various physiological 
functions, including regulation of cell proliferation and 
immune response, not only in normal embryonic and fe-
tal tissues  [6–9]  but also in cancer tissues  [5–8, 10–12] . 
AFP works as both up- and downregulators of cell growth 
depending on the conformational change of the tertiary 
structure  [8, 12] . The transformation of AFP is induced 
by binding to some ligands, such as steroids or fatty acids. 
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 Abstract 
 The expression of the receptor for  � -fetoprotein (AFP-R) 
was examined immunohistochemically in 47 cancer and 
14 benign human gastric tissues. Rabbit polyclonal anti-
body against human AFP-R was used for immunohisto-
chemical staining. Thirty-four of the 47 cancer tissues 
expressed AFP-R showing granular or reticular staining 
on the cancer cell surface, while only 2 of 61 control cas-
es (14 benign gastric tissues and 47 nonmalignant tis-
sues adjacent to cancer) showed faint and homogeneous 
staining in the cytoplasm of noncancerous cells. There 
was a signifi cant difference in staining intensity between 
the cancerous and noncancerous groups. However, no 
statistically signifi cant difference in staining intensity 
was found among the groups of well-differentiated, 
moderately differentiated and poorly differentiated ad-
enocarcinomas. On the other hand, the staining inten-
sity of signet ring cell carcinoma was signifi cantly weak-
er than that of the three adenocarcinoma groups. The 
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During the courses of these studies, AFP was proven to 
be endocytosed by proliferating or differentiating cells via 
the receptor for AFP (AFP-R) on the cell surface  [11–15] . 
Though the expression of AFP-R has been confi rmed
in several types of cells, there have been no studies on 
AFP-R expression in solid cancer tissues other than breast 
cancer  [14] . The present study is the fi rst to show a high 
level of AFP-R expression in gastric cancer cells in the 
tissue level. 

 Materials and Methods 

 Gastric Tissue Sections 
 Paraffi n sections of 47 human gastric cancer tissues (13 well-dif-

ferentiated, 21 moderately differentiated and 7 poorly differenti-
ated adenocarcinoma tissues and 6 signet ring cell carcinoma tis-
sues) and 14 benign gastric tissues (2 normal, 1 acute gastric ulcer, 
2 chronic gastritis, 5 hyperplastic polyp and 4 adenoma tissues) 
were examined for the expression of AFP-R. Nonmalignant muco-
sal tissues adjacent to cancer were seen in all of the 47 cancer sec-
tions and were also examined as benign gastric tissues. All of these 
samples were randomly selected from our stock blocks of tissues 
resected surgically or endoscopically. 

 Immunohistochemical Staining 
 The expression and localization of AFP-R in gastric tissues 

were examined by an immunohistochemical method. Rehydrated 
paraffi n sections of 4- � m thickness were stained using a Histo-RE-
CAF kit (BioCurex, Richmond, Canada). The kit employs rabbit 
polyclonal antibody against human AFP-R purifi ed from the ex-
tracts of MCF-7, a human breast cancer cell line, by affi nity chro-
matography on an immobilized AFP column. The sections were 
treated with 3% hydrogen peroxide in methanol to minimize en-
dogenous peroxidase activity, blocked with normal goat serum and 
reacted with rabbit anti-human AFP-R serum followed by horse-
radish-peroxidase-conjugated goat anti-rabbit secondary antibody 
(DakoCytomation, Glostrup, Denmark). The treated sections were 
stained with a mixture of 3 � -3-diaminobenzidine tetrahydrochlo-
ride and hydrogen peroxide. Matched slides were stained with the 
standard hematoxylin-eosin. The stained sections were mounted 
with Permafl uor (Immunotech, Marseille, France) and examined 
with a Zeiss Axiophot microscope (Carl Zeiss, Oberkochen, Ger-
many). 

 Grading of Staining Intensity 
 According to the most predominant fi ndings, staining intensity 

of peroxidase reaction products was graded from 0 to 3: grade 0, 
negative staining; grade 1, weakly positive staining; grade 2, defi -
nitely positive staining, and grade 3, strongly positive staining. 
Weak or no staining of nonmalignant cells was taken as a reference 
for negative staining. The uniformity of staining intensity was mon-
itored by simultaneous staining of serial sections of an AFP-R-pos-
itive colon cancer used as a staining control throughout this study. 

 Statistical Analysis 
 Differences in staining intensity of AFP-R between the groups 

of gastric cancer and noncancerous tissues and among the different 

histological types of gastric cancer were examined. Statistical anal-
ysis was performed with Stat View version 4.5 (Abacus Concepts, 
Berkeley, Calif., USA). The Mann-Whitney U test and the Kruskal-
Wallis rank test were used to determine the signifi cant differences. 
A difference was considered signifi cant at p  !  0.05. 

 Results 

 Expression of AFP-R in Gastric Tissues 
 In 34 of the 47 gastric cancer tissues, staining inten-

sity for AFP-R varied in cancer cells (grade 0, 27.7%; 
grade 1, 10.6%; grade 2, 38.3%; and grade 3, 23.4%;  ta-
ble 1 ;  fi g. 1 a, b). These cancer cells showed granular or 
reticular staining on the cell surface. On the other hand, 
nonmalignant mucosal cells adjacent to cancer or in the 
sections of benign gastric tissues showed faint and homo-
geneous staining in the cytoplasm in only 2 cases ( table 1 ; 
 fi g. 1 c, d). Even within the same cancer tissue, the stain-
ing was not necessarily homogeneous ( fi g. 1 e, f). Some 
clusters of cancer cells were strongly positive, while others 
were weakly positive or even negative in some cases. In 
addition, when there were different histological types of 
cancer cells in the same section, there was no consistent 
difference in staining intensity with respect to the cell dif-
ferentiation (pictures not shown). Similarly, staining in-
tensity did not differ between the central parts and the 
invasive tumor margins. 

  Table 1.  Expression of AFP-R in gastric tissues subdivided accord-
ing to the histological malignancy 

Tissue types Samples

positive
staining

total

Gastric cancer
Well-differentiated 10 13
Moderately differentiated 17 21
Poorly differentiated 6 7
Signet ring cell 1 6

Total 34 47

Benign
Noncancerous areas of the above patients 1 47
Normal 0 2
Acute gastric ulcer 0 1
Chronic gastritis 0 2
Hyperplastic polyps 0 5
Gastric adenoma 1 4

Total 2 61
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 Difference in Staining Intensity among Different 
Histological Types 
 There was a statistically signifi cant difference in stain-

ing intensity between the groups of gastric cancer and 
noncancerous tissues by the Mann-Whitney U test (p  !  
0.0001). On the other hand, the Kruskal-Wallis rank test 

showed no statistically signifi cant difference among the 
groups of well-differentiated, moderately differentiated 
and poorly differentiated adenocarcinomas, while the 
staining intensity of signet ring cell carcinoma was sig-
nifi cantly weaker than that of the other three groups (p  !  
0.05;  fi g. 2 ). 

  Fig. 1.  Expression of AFP-R in gastric tissues.  a ,  b  Gastric cancer cells showed granular or reticular staining on 
the surface.  c ,  d  Gastric adenoma cells showed no staining except for 1 case, which showed faint and homogeneous 
staining (pictures not shown).  e ,  f  The staining intensity was heterogeneous even in the same gastric cancer sec-
tion.  a ,  c ,  e   ! 100.  b   ! 400.  d ,  f   ! 200. 
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 Discussion 

 This study showed that in gastric cancer tissues AFP-
R expression is increased compared with noncancerous 
gastric tissues. There was a signifi cant difference between 
the staining intensities in the two groups (p  !  0.0001). In 
our unpublished observations, a considerable number of 
human colon cancer tissues were stained with the anti-
AFP-R antibody used in this study as well as with labeled 
human AFP. Both methods showed identical patterns of 
cancer cell staining, and the staining with the labeled AFP 
was completely blocked with unlabeled purifi ed AFP, 
suggesting that the AFP-R stained with the antibody rep-
resents an AFP-R. 

 Expression of AFP-R and uptake of AFP are regulated 
by the degree of cell differentiation in a variety of embry-
onic and fetal tissues  [16, 17] . Since cancer cells share 
many common biochemical and antigenic features with 
embryonic and fetal cells, the cancer cells derived from 
tissues incorporating AFP during embryonic and fetal life 
would re-express the ability to take up AFP via AFP-R. 
Therefore, the expression of AFP-R in gastric cancer cells 
observed in this study suggests that embryonic and fetal 
gastrointestinal cells also express this receptor. Indeed, 
human embryonic and fetal gastrointestinal tracts pro-
duce AFP  [18] . Thus, AFP might regulate the develop-

ment of the gastrointestinal tract by an AFP/AFP-R au-
tocrine system. 

 Similarly, it was assumed that staining intensity rep-
resenting the amount of AFP-R expression would also 
correlate with the degree of cancer cell differentiation. 
Unexpectedly, there was no statistically signifi cant differ-
ence in staining intensity among the groups of well-dif-
ferentiated, moderately differentiated and poorly differ-
entiated adenocarcinomas. There are several possible ex-
planations for the absence of a signifi cant difference 
among these three groups. The staining was often hetero-
geneous even within the same cancer section. Cancer cells 
with strong staining tended to cluster together. These 
fi ndings suggest that the expression of AFP-R is related 
to the cell cycle of cancer cells, or the nonuniformity of 
AFP-R staining may simply refl ect the heterogeneous 
gene expression in malignant phenotypes, i.e. not only the 
undifferentiated expression but also the heterogeneous 
expression of phenotypes is characteristic of malignancy, 
as demonstrated in hepatocellular carcinoma tissues by 
Taketa et al.  [19] . On the other hand, the staining inten-
sity of signet ring cell carcinoma was signifi cantly weaker. 
The lack of AFP-R expression in signet ring cell carci-
noma may have a different signifi cance in view of the 
specifi c cell structure fi lled with mucus in the cyto-
plasm. 
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  Fig. 2.  Statistical analysis of staining inten-
sity among the different histological types 
of gastric cancer (well-, moderately and 
poorly differentiated cancers and signet 
ring cell carcinoma). 
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 The diverse characteristics of gastric cancer cells are 
another conceivable reason for the lack of a signifi cant 
difference in staining intensity among the three adeno-
carcinoma groups. Gastric cancers have been phenotypi-
cally divided into two conventional groups, the intestinal 
and diffuse types described by Lauren  [20]  or the differ-
entiated and undifferentiated types described by Sugano 
et al.  [21] . However, recent developments in mucin his-
tochemical and immunohistochemical techniques do not 
support this simple classifi cation. The characteristics of 
gastric cancers are quite different not only histologically 
but also genetically, histogenetically and developmental-
ly  [22–25] . In many respects, the diversity of gastric can-
cers may be related to the various degrees of AFP-R ex-
pression. 

 Previous studies showed that AFP can work as a dual 
regulator, functioning in both up- and downregulation of 
cell proliferation  [8, 12] . The steroid receptor superfam-
ily induces conformational changes in the AFP molecule 
and exposes a hidden epitope capable of growth suppres-
sion  [12] . On the other hand, the binding to unsaturated 
fatty acids, represented by arachidonic acid, transforms 
AFP into a variant being readily endocytosed as a growth 
promoter  [12] . In this case, AFP works as a carrier of 
fatty acids essential for the growth of cancer cells via AFP-
R. Newby et al.  [15]  demonstrated the presence of AFP-R 
on the cell surface in placental villous tissues, suggesting 
a possible receptor-mediated mechanism for AFP trans-
port across the placenta between the fetal and maternal 
circulations. This fi nding also ascribes a role for AFP as 

a carrier of some growth factors to proliferating cells. 
Thus, the biological role of AFP is too diverse and com-
plicated to determine its general effect on the growth of 
cancer cells. However, it is clinically well known that 
AFP-producing gastric cancers have a higher malignant 
potential  [4, 5] . It has also been shown that an anti-AFP 
antibody inhibits the growth of AFP-producing gastric 
cancer cells transplanted into nude mice  [5] . Therefore, 
AFP would promote the growth of gastric cancer cells via 
AFP-R. 

 In this study, we showed a high level of AFP-R expres-
sion in gastric cancer, suggesting that AFP-R can be used 
as a new clinically useful marker of gastric cancer in the 
tissue level. 

 Further studies on the biological role of AFP in the 
regulation of cancer growth via AFP-R should lead to a 
novel cancer treatment  [12] . On the other hand, Line et 
al.  [26]  showed the usefulness of Tc-99m AFP as a radio-
pharmaceutical to detect breast cancer. This method may 
be applicable to detect other kinds of cancers, including 
gastric cancer expressing AFP-R. The mechanisms of cell 
growth regulation by AFP/AFP-R remain to be elucidat-
ed. 
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