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Abstract

Thomsen-Friedenreich antigen (T antigen) has been supposed to be a cancer-specific carbo-
hydrate antigen. We have previously shown that one third of the Japanese population normally ex-
pressed T antigen in gastric surface epithelia and the other two thirds expressed fucosyl-T antigen.
Their sialylation and blocked-synthesis were associated with diseased conditions. In the present
study, we studied gastric surface epithelial expression of monosaccharide antigen Tn, i.e., a pre-
cursor of T antigen, and sialyl-Tn. Normal fundic and pyloric epithelia, respectively, expressed Tn
supranucleally and cytoplasmically, but did not express sialyl-Tn. In the intestinal metaplasias and
intestinal-type adenomas, goblet cells expressed sialyl-Tn in their vacuoles, and absorptive cells
expressed Tn apically. In gastric-type adenomas, Tn, but not sialyl-Tn, was detected. Intestinal-
type cancers expressed Tn and sialyl-Tn more often than the diffuse-type cancers. Five cancers
did not express Tn, sialyl-Tn, or the T-related antigens. In these, four were diffuse-type cancers.
We concluded that: a) normal gastric epithelial cells express Tn; b) metaplastic differentiation is
associated with sialylation of Tn and c) expression of Tn and sialyl-Tn is depressed in the gastric
cancers.
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Thomsen-Friedenreich antigen (T antigen) has
been supposed to be a cancer-specific carbo-
hydrate antigen. We have previously shown that
one third of the Japanese population normally
expressed T antigen in gastric surface epithelia
and the other two thirds expressed fucosyl-T
antigen. Their sialylation and blocked-synthesis
were associated with diseased conditions. In the
present study, we studied gastric surface epith-
elial expression of monosaccharide antigen Tn,
ie, a precursor of T antigen, and sialyl-Tn.
Normal fundic and pyloric epithelia, respectively,
expressed Tn supranucleally and cytoplasmically,
but did not express sialyl-Tn. In the intestinal
metaplasias and intestinal-type adenomas, gob-
let cells expressed sialyl-Tn in their vacuoles, and
absorptive cells expressed Tn apically. In gastric-
type adenomas, Tn, but not sialyl-Tn, was
detected. Intestinal-type cancers expressed Tn
and sialyl-Tn more often than the diffuse-type
cancers. Five cancers did not express Tn, sialyl-
Tn, or the T-related antigens. In these, four
were diffuse-type cancers. We concluded that:
a) normal gastric epithelial cells express Tn; b)
metaplastic dedifferentiation is associated with
sialylation of Tn and c) expression of Tn and
sialyl-Tn is depressed in the gastric cancers.

Key words: Tn, immunohistochemistry

H istological expression of complex carbohydrate
antigens such as ABH blood group substances is

characteristic for a given tissue (1, 2). Their expression is

developmentally regulated. Cancer cells are often associat-

ed with changes in the carbohydrate antigens characteris-

tic to their original tissues (3, 4). Phenotypic changes of
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cellular carbohydrate antigens, however, are not restrict-
ed to malignant transformation. They can also be seen in
benign pathological conditions as we have previously
described (5, 6).

The first step of the O-glycosidic or mucin type
carbohydrate antigen biosynthesis is represented by the
linkage of N-acetyl-D-galactosamine (GalNAc) to serine or
threonine residues of apoprotein, forming the structure
named Tn antigen, ie., GalNAca1-O-Ser/Thr. Ga-
lactosylation of Tn forms T antigen, ie., GalSl-
3GalNAca1-O-Ser/Thr. These simple core antigens are
generally supposed to be masked by further glycosylation
in normal tissues, and their expression is a cancer-associ-
ated phenomenon (7-10). However, recent studies using
monoclonal antibodies specific for these sugar antigens
showed that not only cancers but also the benign tissues
expressed them. Normal colonic epithelial cells and
pacreatic acinal cells, for example, express Tn supranu-
clearlly (11, 12). Both hyperplastic and adenomatous
colorectal polyps express sialyl-Tn (13).

Human gastric epithelia expresses ABH and Lewis
blood group antigens (1, 2, 14, 15). Gastric cancer is
associated with changes in their expression (15-18).
Gastric mucin carries these blood group antigens with the
core structure of T (19). We have shown recently that
Thomsen-Friedenreich antigen (T antigen) was al-
logeneically expressed in human gastric surface epithelia
(20). About one third of the Japanese population normally
express T antigen, and it is completely fucosylated in the
other two thirds. We have also shown that T antigen was
expressed gastric cancer-associatedly in the half of nor-
mally expressing fucosyl-T antigen (5). Thus T antigen is
expressed cancer-specifically in the fucosyl-T-expressers
as proposed (7-10) but constitutionally in the T-
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expressers. In is a precursor for T and fucosyl-T
antigens. Although its precise distribution in normal
gastric epithelia has not been described, sialyl-Tn was
reported to be newly expressed even in intestinal meta-
plasias in spite of its absence in the normal gastric
epithelial cells (21). Its higher expression was correlated
with the progression of gastric cancers (22), and its high
plasma levels were correlated with the prognosis of gastric
cancer patients (23). On the other hand, Nakasaki et al.
detected sialyl-Tn in the well, but not in the moderate or
poorly, differentiated areas in gastric cancers (24). In the
present study, we addressed whether Tn is a masked
antigen in normal human gastric surface epithelia, and
what are the changes in the benign and malignant gastric
dedifferation disorders.

Materials and Methods

Stomach tissues. Each 15 of normal fundic and
pyloric mucosae were obtained under endoscopy from
patients subjected to diagnostic endoscopy for nonspecific
gastrointestinal symptoms. Thirteen intestinal metaplastic
and 12 gastric adenomatous tissues were also obtained.
Ten of the adenomas were intestinal-type, and 2 were
gastric-type (25, 26). Among 54 gastric cancer speci-
mens, 35 were biopsied under endoscopy and 19 were
surgically-resected tissues. Thirty one gastric cancers
were intestinal-type, and 23 were diffuse-type (27).

All tissues were fixed in 10 % neutrally-buffered
formalin, embedded in paraffin and cut into 4 xm sections
for immunohistochemical staining.

Immunohistochemistry. 1E3 (IgG), an anti-
Tn mouse monoclonal antibody (MoAb), and TKH2
(IgG), an anti-sialyl-Tn mouse MoAb, were kindly pro-
vided by Professor S. Hakomori, Biomembrane Institute,
Seattle, WA (Table 1). The antigens were detected im-
munohistochemically in an avidin-biotin-peroxidase com-
plex method (Vectastain ABC kit, Vector Labs. Burlin-
game, CA) as previously described (6). Briefly, the de-
paraffinized and rehydrated tissue sections were incubated
in 0.3 % hydrogen peroxide in methanol for 30 min to
destroy endogenous peroxidase activities. Nonspecific
sites were blocked with 2 % normal horse serum in 0.5 %
bovine serum albumin (BSA) in phosphate-buffered saline
(PBS). They were then reacted successively with the
hybridoma supernatant diluted twice with 0.5 % BSA in
PBS for 2h at room temperature, with biotinylated horse
anti-mouse IgG for 30min, and then with the avidin-
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Table | Carbohydrate antigen structures studied in the present
study and monoclonal antibodies used for their immunohistochemical
detection

Antigen Carbohydrate structure MoAb for detection
Tn GalNAca-0-Ser/Thr IE3
Sialyl-Tn SAa2-6GalNAca-0-Ser/Thr TKH2

biotin-peroxidase conjugate. After thorough washing, the
slides were incubated in a substrate solution containing 0.1
% diaminobenzidine, 0.002 % hydrogen peroxide and
0.065 % sodium azide in 0.1M Tris-HCI, pH 7.2.
When the first antibody was omitted or substituted
with the myeloma cell supernatant or normal mouse
serum, no nonspecific staining was observed. The ab-
sence of endogenous avidin- and biotin-like activities were
confirmed with the use of the blocking kits (Vector Lab.).
The extent of carbohydrate antigen expression was
evaluated according to the percentage of cells stained:
negative expression, less than 5% cells stained; moder-
ate expression, 5 to 50 % cells stained; and extensive

‘expression, more than 50 % cells stained. Positive but

only faint staining was referred to as weak expression.
Apical, cytoplasmic, and supranuclear expressions were
distinguished according to the intracellular distribution of
the antigens.

Statistical analysis. Statistical differences
among the groups were calculated using the chi-square
test. A P value of less than 0.05 was taken to be
significant.

Results

The effects of glycosidase digestion on the staining
were examined to confirm specificity of the immunohisto-
chemical methed. After treatment of tissues that were
cytoplasmically positive for T antigen but unreactive with
1E3, with B-galactosidase, they became positively stain-
ed with 1E3. Similarly, when tissues positively stained
with TKH2 but not with 1E3 were desialylated with
neuraminidase, they lost TKH2-reactivity and gained
1E3-reactivity. These observations assured specificity of
1E3 and TKH2 immunostaining.

We haven't stained fresh-frozen tissues, but Oettgen
et al. have previously shown that no difference in staining
of Tn and sialyl-Tn between fresh-frozen and paraffin-
embedded tissues (28).

Normal gastric surface epithelia. Tn was
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detected in all normal gastric surface epithelia examined
(Table 2). Expression was extensive in three fourths of
the cases. Intracellular distribution differed between the
fundus and pylorus. Fundic epithelia typically expressed
Tn supranuclearly (Table 3, Fig. 1A), and pyloric epithe-
lia expressed cytoplasmically (Table 3, Fig. 1B). Posi-
tively stained mucin layers were also found in the luminal
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surfaces of the pylorus (Fig. 1B). Pyloric epithelial cyto-
plasm was rather weakly stained compared with the
luminal mucins. Sialyl-Tn was not detected in the normal
gastric epithelia (Fig. 1, inserts) except for occasional
expression in parietal cells (data not shown). No apparent
difference in the expression ratio of Tn was found between
the T- and fucosyl-T-expressers (20).

Table 2 Expression of Tn and sialyl-Tn by the normal and diseased gastric epithelia

Positve cases (%) for

Diagnosis Number
(—) Tn Sialyl-Tn T-related antigens®
Normal 30 0 30 (100)¢ 0 30 (100)
Metaplasia 13
Goblet cells 0 0 13 (100) 13 (100)
Absorptive cells 0 13 (100) 0 0
Adenoma
Intestinal-type 10
Goblet cells 0 0 10 (100) 10 (100)
Absorptive cells 0 7 (70) 0 0
Gastric-type 2 0 2 (100) 0 2 (100)
Cancer
Intestinal-type 31 I (3) 17 (55)¢ 25 (81)° 25 (81)
Diffuse-type 23 4 (17) 6 (26)¢ 8 (35)° 19 (83)

: None of Tn, sialyl-Tn and the T-related antigens were detected.

. See Table 3 for the intracellular distribution.
: P =0.0346 between the intestinal-type and diffuse-type cancers.
. P =0.0006 between the intestinal-type and diffuse-type cancers.

AR STRESNES N

. At least one of T, fucosyl-T, sialyl-T, or sialyl-fucosyl-T was detected.

Table 3 Intracellular distribution of Tn and sialyl-Tn in human gastric epithelia

Tn Sialyl-Tn
Number
. . Goblet cell . . Goblet cell
Supranuclear ~ Cytoplasmic  Apical vacuoles Supranuclear ~ Cytoplasmic  Apical vacuoles
Normal
Fundic epithelia 15 13 (87)° 3 (20) 0 — 0 0 0 —
Pyloric epithelia 15 3 (20) 14 (93) 0 — 0 0 0 —
Metaplasia 13 13 (100)° 0 3 (23)° 0 0 0 0 13 (100)¢
Adenoma
Intestinal-type 10 2 (20)° 3 (30)® 4 (40)® 0 0 0 10 (100)¢
Gastric-type 2 2 (100) 2 (100) 0 — 0 0 0 —
Cancer
Intestinal-type 31 0 10 (32) 7 (23) — 0 21 (68) 4 (13) —
Diffuse-type 23 0 6 (26) 0 — 0 8 (35) | (4) —

a : Numbers in parentheses show percentage.
b+ Only absorptive cells were positive (See Table 2).
¢ : Only goblet cells were positive (See Table 2).
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Fig. | Expression of Tn and sialyl-Tn by normal
gastric surface epithelia.

A: Tn-immunostaining of normal fundic mucosa with
{E3. Note positive supranuclear staining. insert shows
negative staining with TKH2. Original magnification;
X 200. B: Tn-immunostaining of normal pyloric mucosa
with 1E3. Note positive cytoplasmic and apical staining.
Insert shows negative staining with TKH2. Original mag-
nification; X 200.

Goblet cells exten-

Intestinal metaplasias.
sively expressed sialyl-Tn in their vacuoles (Table 3, Fig.
2C). They were negative for Tn (Fig. 2A). The absorp-
tive cells were totally negative for sialyl-Tn but expressed
Tn supranuclearly (Table 3, Fig. 2A). They also express-
ed Tn apically in some cases (Table 3, Fig. 2B).

Gastric adenomas. FExpression of Tn and
sialyl-Tn by the intestinal-type adenomas was similar to
that of the intestinal metaplasias (Tables 2 to 3, Fig. 3).
The goblet cells expressed sialyl-Tn in their vacuoles but
did not Tn (Fig. 3B). Absorptive cells expressed Tn
supranuclearly, cytoplasmically, and apically in some
cases (Fig. 3A). They did not express sialyl-Tn.
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Fig. 2 Expression of Tn and sialyl-Tn by gastric
intestinal metaplasia.

A: Tn-immunostaining with 1E3. Note positive supra-
nuclear staining of absorptive cells. Goblet cell vacu-
oles are negative. Original magnification; X 1000. B:
Tn-immunostaining with |E3. Note positive apical
staining. Goblet cell vacuoles are negative. Original
magnification; X 400. C: Sialyl-Tn-immunostaining
with TKH2. Goblet cell vacuoles are positively stained.
Original magnification; X 100. Insert at higher magni-
fication; X 1000.

Only two gastric-type adenomas could be examined.
They expressed Tn apically and cytoplasmically (Table 3,
Fig. 3C) but did not express sialyl-Tn (Fig. 3D).

Gastric cancers. Tn and sialyl-Tn, respective-
ly, were detected in 43 % and 61 % of gastric cancers
(Table 2). They were more often expressed by intestinal-
type gastric cancers than by diffuse-type gastric cancers,
ie, 55% wvs 26 % for Tn (0.0346), and 81 % wvs 35 %
for sialyl-Tn (0.0006) (Table 2). These antigens were
usually detected cytoplasmically (Table 3, Fig. 4). Some
of the intestinal-type gastric cancers also expressed them
apically.

There was no statistically significant difference be-
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Fig. 3  Expression of Tn and sialyl-Tn by gastric adenoma.

A: Tn-immunostaining of intestinal-type adenoma with I|E3. Note
positive apical staining of absorptive cells. Original magnification;
% 400. Insert shows positive supranuclear staining (arrow head).
Original magnification; X 1000. B: Sialyl-Tn-immunostaining of in-
testinal-type adenoma with TKH2. Note positive staining of goblet cell
vacuoles. Original magnification; X 400. C: Tn-immunostaining of
gastric-type adenoma with |E3. Note positive apical and cytoplasmic
staining. Original magnification; X 400. D: Sialyl-Tn-immunostain-
ing of gastric-type adenoma with TKH2. Positive staining is not
observed. Original magnification; X 400.

Fig. 4  Expression of Tn and sialyl-Tn by gastric cancer.

A: Cancer cells are negative for Tn, which is expressed apically by
normal epithelial cells (between arrows). Original magnification; X
400. B: Cancer cells apically express sialyl-Tn, which is not detected
in normal epithelial cells (between arrows). Same area as A. Original
magnification; X< 400. C: Cancer cells in a cancer-in-adenoma case
are negative for Tn. Adjacent adenoma cells are positive (insert).
Original magnification; X 200. D: Cancer cells in the same area as
C are positive for sialyl-Tn. Adjacent adenoma cells are negative
(Insert). Original magnification; X 200.

Table 4  Expression of Tn and sialyl-Tn in the T-related antigens positive and negative gastric cancers
T-related antigens
(+) (=)
Tne Sialyl-Tn® Tn® Sialyl-Tn¢
(+) (=) (+) (=) (+) () (+) (=)
Intestinal-type 12¢ I3 20 5 5 | 5 |
Diffuse-type 6 13 8 I 0 4 0 4
@ : No significant difference between the intestinal- and diffuse-type cancers (P =0.2697).
b : Significant difference between the intestinal- and diffuse-type cancers (P = 0.0096).
¢ : Significant difference between the intestinal- and diffuse-type cancers (P = 0.0098).
d : Significant difference between the intestinal- and diffuse-type cancers (P = 0.0098).
¢ : Numbers of cases positive or negative for the antigens are shown.
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tween the T-related antigen positive and negative cancers
in their expression of Tn and sialyl-Tn (P = 0.5997 and
0.4246, respectively).

Six intestinal-type and 4 diffuse-type gastric cancers
were negative for any of the T-related antigens. Among
them, 5 intestinal-type cancers expressed Tn and sialyl-
Tn (Table 4). All 4 diffuse-type cancers, however, ex-
pressed neither Tn nor sialyl-Tn. Thus, all antigen-nega-
tive cases were seen more frequently in the diffuse-type
cancers (4 in 23) than in the intestinal-type cancers (one in
32) (P = 0.0724).

The intestinal-type and diffuse-type cancers were
compared in their Tn and sialyl-Tn expression (Table 4).
In the T-related antigen positive cases, sialyl-Tn, but not
Tn, was more often expressed in the intestinal-type
cancers than the diffuse-type cancers (P = 0.0096). In
the T-related antigen negative cases, the intestinal-type
cancers expressed both antigens more frequently than the
diffuse-type cancers (P = 0.0098).

Discussion

Addition of N-acetylgalactosamine to serine or threo-
nine residues is the first step of mucin glycosylation
forming Tn antigen. Tn antigen is converted to T antigen
when f1-3galactosylation takes place. Tn and T antigens
are claimed to be masked by further glycosylation in the
normal and benign-diseased tissues (7, 29, 30), but ex-
posed in cancer tissues (30, 31). However, we have
previously reported that T was an allogeneic antigen in
normal gastric surface epithelia and expressed normally by
one third of Japanese (20). We showed here that the
normal human gastric surface epithelia also expressed the
most simple mucin carbohydrate antigen, ie., Tn. Thus
Tn and T are not cancer-specific antigens in the gastric
surface epithelia.

We have previously reported that both fundic and
pyloric epithelia expressed T and fucosyl-T cytoplasmical-
ly (20). In the present study, Tn was detected supranu-
cleally in the fundus and cytoplasmically in the pylorus.
These observations altogether suggested that further
glycosylation of Tn took place in the Golgi apparatus
before its movement into cytoplasm in fundic epithelia.
Pyloric epithelia, on the other hand, seemed to transport
Th into cytoplasm without galactosylation. Carbohydrate
antigen phenotype in the gastric surface differs between
the fundus and pylorus. Others have described differences
between the surface epithelia and deep glands in their
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ABH and Lewis blood group antigen expression (14, 15).
Gastric mucosa thus has a unique three dimensional
distribution of carbohydrate antigens.

The most striking change observed in the diseased
gastric epithelia was sialylation of Tn. Expression of
sialyl-Tn was observed in the metaplasias, adenomas,
and cancers. Expression of sialyl-Tn by gastric intestinal
metaplasias was previously reported (21). Similarly, we
have previously shown that the T-related antigen was not
sialylated in the normal epithelia, but highly sialylated in
the diseased mucosae (5). Goblet cells vacuoles were
strongly positive for sialyl-Tn. Sialyl-Tn was detected in
the goblet cell vacuoles of the normal small intestines (32)
but was not in those of the large intestines (31). Although
we do not know the pathobiological implication of the
observed sialylation, gastric surface epithelia seemed
dedifferentiating mainly into the small intestinal-type epi-
thelia in these pathological conditions. Dedifferentiation of
normal gastric epithelia into the goblet cells must be
associated with the induction of @ 2-6 sialyltransferase.
Increased activity of sialyltransferase in metaplasias was
previously suggested (33).

Absorptive cells of intestinal metaplasias expressed Tn
but neither sialyl-Tn nor any T-related antigens. It can be
suggested that N-acetylglucosaminylation of Tn takes
place in the goblet cells instead of N-acetylgalactosaminyl-
ation (22). Or T may be further glycosylated into the
longer sugar chains with ABH and Lewis blood group
antigen activities (19).

We could not find a cancer-specific pattern of Tn and
sialyl-Tn expression. Although they were claimed to be
the gastric cancer-associated antigens (7-10, 22), their
expression is not restricted to cancers (21, 32). We also
have shown in this and previous reports that they were
expressed in the normal and benign-diseased gastric
epithelia (5). However, one intestinal-type cancer was
found in adenoma expressed sialyl-Tn in spite of its
absence in adenoma (Figs. 4C and D). Its surrounding
metaplastic epithelia expressed sialyl-Tn. This particular
case indicated a possible cancer-specific sialylation. An-
other cancer-specific abnormality confirmed in the present
study was the total loss of the O-glycosidic core antigens.
Blocking of complex carbohydrate synthesis is proposed
to be a unique cancer-specific phenomenon (3-5, 8, 34).
Although biosynthesis of the O-glycosidic sugar chain is
probably blocked at many steps, the neoexpressed anti-
gens can not be detected as cancer-specific because in
stomachs their expression is associated with normal and/
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or benign-disease.

Epidemiological data indicated the close association of
intestinal metaplasia with intestinal-type gastric cancer (35,
36). The present observations suggested a cellular lineage
among the metaplasias, intestinal-type adenomas, and
intestinal-type cancers. All of them expressed sialyl-Tn
frequently. Most intestinal-type cancers may inherit the
ability to synthesize sialyl-Th in spite of the lack of ability
to compartmentalize it into vacuoles. Abnormal compart-
mentalization of carbohydrate antigens was previously
reported in cancer cells (37). There were significant
differences between the intestinal-type and diffuse-type
gastric cancers in their expression of Tn and sialyl-Tn.
The T-related antigens were sialylated more often in the
former (5). These two cancer types may have different
cellular origins.

In conclusion, Tn is a normal gastric epithelial anti-
gen, metaplastic dedifferentiation was associated with its
sialylation, and malignant transformation was associated
with its blocked synthesis. Further studies are needed to
determine the clinical implications of the observed
changes. Increased sialylation of cancer cells may affect
their malignant potential (21-23, 38-42). Phenotypic
change in carbohydrate antigens may modulate infectivity
of Helicobacter pylori (43-45). Sialylation of mucins may
have an implication in mucosal cytoprotection against acid
as we have previously suggested (32, 46, 47).
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