Figure 2. Expression of trophinin, tastin, and bystin proteins in intact fallopian whbe and in fallopiztn tube with wihal pregnancy. Immunohistochermis
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of an intact

fallopian tube (A-D) and a fallopian whe with tubal pregnancy (B-IK) for trophinin (A, E, J, K), tastin (B, F), and bystin (C, G). Hematoxylin and cosin-stained

specimen from a thibal pregnancy (1), and high magnif]

the chorionie villi. The implantation siic in C

Overexpression of Trophinin Protein in Maternal
Epithelial Cells in Tubal Pregnancy

imrmunohistochemistry of intact fallopian tubes from non-
pregnant and in utero pregnant women showed barely
detectable levels of trophinin protein in tubal epithelial
cells (Figure 2A, Table 1). On the other hand, various
amounis of tastin and bystin proteins were detected in
the cilia and the cytoplasm of the intact fallopian tube
epithelia, respectively, regardless of non-pregnancy or in
utero pregnancy (Figure 2, B and C, Table 1).

The signals for trophinin protein in tubal epithelia ad-
jacent to the implantation site of tubal pregnancies were
remarkably higher (Figure 2E) than those in intact fallo-
pian tubes (Figure 2A, Table 2). Trophinin proteins were
found in the cytoplasm of tubal epithelia with large apical
protrusions or pinopodes (Figure 2E). Strong signals for
tastin and bystin proteins were also seen in tubal epithelia
with tubal pregnancies (Figure 2, F and G, Table 2). The
levels of tastin and bystin appear to be elevated in asso-
ciation with ectopic pregnancy compared to those seen
in intact fallopian tubes (Tables 1 and 2).

In addition, we also found that within a specimen of
tubal pregnancy (Figure 21), maternal epithelia close to
the chorionic villi showed a stronger signal for trophinin
(Figure 2J) than epithelial cells distant from the chorionic
villi (Figure 2K). Similar observations that strong signals
for trophinin were detected in the maternal endometrial
glandular epithelial cells adjacent to the charionic villi
were made previously in human placenta from early

ation of insets showing immunohistochemistry for tophinin in the area close o (J) or distant from (K)
1) is marked by arrowheads. All photographs except (I) are in the same magnitication, and the bar in (K} indicates
100 pm. Bar in (1) indicates 2.0 mm. (ev, chorionic villi; te, tbal epithelia). :

pregnancy.'® These results suggest the possibility that
an embryonic factor functions locally to induce trophinin
expression in maternal cells.

Expression of Trophinin Transcripts by Maternal
Cells in Tubal Pregnancy

To confirm the results obtained by immunohistochemis-
try, we compared levels of trophinin, tastin, and bystin
transcripls in non-pregnancy, in utero pregnancy and
tubal pregnancy by in situ hybridization. Thus we exam-
ined three intact fallopian tubes from patients unrelated to
tubal pregnancy and three fallopian tubes from tubal
pregnancies. The results showed that levels of trophinin
transcripts in the fallopian tube epithelia from tubal preg-
nancies were higher than those seen in intact fatlopian
tubes from in utero pregnancies or non-pregnancies (Fig-
ure 3A and G). We also observed that signals for trophi-
nin transcripts are strong in the maternal epithelia adja-
cent to the chorionic villi, whereas epithelia far from the
chorionic villi barely express trophinin transcripts (data
not shown). These observations suggest that trophinin
expression by maternal cells is induced by tubal preg-
nancy. By contrast, although the expression levels of
tastin and bystin mRNAs were slightly increased in tubal
pregnancy (Figure 3, B, C, H, and 1), these differences in
tastin and bystin transcripts between intact fallopian
tubes and the fallopian tubes from tubal pregnancies
were not as significant as those observed for trophinin.
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Figure 3. Expression of wophinin, tastin, and bystin transcripts in intact fdlopian wbe and in that with talal pregne mc) I situ hybridization of an intact fallopian

tube: (A-F), and a fallopian the with tubal pregnancy (G-L) for ophinin (A and G, antisense D and J, se

snse; BEoand K, sensce), and

Dystin (C and 1, antisense; F and L, sense) using digoxigenin-labeled RNA probes. \]I photographs pruum(l are in the same magnification, and the bar in (L)

indicates 200 pun. (e, wbal epithelia).

Induction of Trophinin by hCG in Fallopian Tubal
Epithelial Cells

Trophinin was barely detectable in intact fallopian tubes,
regardless of whether they were derived from pregnant or
non-pregnant patients (Figure 2A, Table 1). This ohser-
vation suggests that steroid hormones associated with
pregnancy are unlikely to promote strong trophinin ex-
pression in the tubal epithelial cells.

Since it is known that the trophectoderm cells of pre-
implantation embryo and chorionic villi trophoblasts se-
crete hCG,2"2* we determined if hCG induces trophinin
expression by maternal cells. On incubation of explants
of the intact fallopian tube with hCG at 100 1U/ml for 24
hours, levels of trophinin proteins were significantly in-

creased (Figure 4, A and E). No differences were found in
the response to hCG among fallopian tubal explants re-
gardless of whether they were derived from the region
close to or far from the uterus. The explants incubated
with lower concentrations of hCG (10 1U/ml) also showed
elevation of trophinin protein, but at lower levels than at
100 1U/ml (data not shown). On the other hand, significant
amounts of tastin and bystin were expressed in intact
fallopian tubes (Figure 4, B and C), and their levels were
not significantly altered by incubation with hCG (Figure 4,
F and G).

To examine whether hCG induces the expression of
trophinin at the transcriptional level, we determined the
quantity of trophinin mRNA in the explants of intact fallo-
pian tube by a real-time RT-PCR method. Thus the fallo-
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Figure 4. Comparison of rophinin, tstin, and bystin proteins in explants of inact fallopian tube with or without incubation with hCG. Explants were cultured
for 24 hours without hCG (A-DY or with 100 11/m] hCG (E-HL), and were immunastained for trophinin (A, EJ, tastin (B, F), bystin (€, G), and sceond antibody
alone (D, H). All photographs presented are in the same magnification, and the bar in (H) indicates 50 pn. (e, tubal ¢pithelia).

pian tube specimens isolated from two patients unrelated
to the ectopic pregnancy were incubated with hCG, and
the quantities of trophinin mRNA were compared with
those without hCG. In both experiments, trophinin tran-
scripts in the explants increased in a dose-dependent
manner of hCG (Table 3). These results strongly suggesi
that hCG induces the expression of trophinin gene by the
fallopian tube epithelia,

Discussion

“In this study, we found that trophinin, tastin, and bystin
are expressed strongly in the trophoblasts and in mater-
nal epithelia during ectopic tubal pregnancy (Figures 1,
2. and 3, Table 2). Expression patterns of these mole-
cules in tubal pregnancy are similar to those seen in
placenta during in utero pregnancy.'® Thus the tropho-
blasts of chorionic villi and the maternal epithelia adja-
cent to chorionic villi strongly express trophinin, tastin,
and bystin. One intriguing finding in this study is that the
intact fallopian tubes isolated from women with in utero
pregnancy express negligible tevels of trophinin (Table
1). This finding indicates that steroid hormones alone
cannot induce strong trophinin expression in humans.
Furthermore, the results suggest the existence of a locally
acting embryonic factor inducing trophinin expression by
maternal cells (Figure 2, [ to K). Thus trophinin expression
by tubal epithelial cells depends on the presence of an
embryo. This is in sharp contrast to mouse trophinin,

whose expression is induced by the ovarian hormone,
estrogen, independent of the embryo."®"”

In this study, we showed that hCG induces the levels of
trophinin transcripts in the fallopian tube (Table 3). This
must lead to an elevation of trophinin protein, which was
detected by immunohistochemistry (Figure 4). In preim-
plantation stage human embryos, hCG-B transcripts are
detected as early as the two-cell stage,”” and preimplan-
tation stage blastocysts secrete hCG.>*™** Thus, it is
likely that a human blastocyst secretes hCG before and
during implantation. Given that trophinin mediates cell
adhesion by homophilic binding,”" evidence collectively
suggests that hCG-B secreted from a blastocyst induces
trophinin expression by the maternal epithelium, resulting
in trophinin-mediated homophilic binding between the
embryo and maternal epithelium.

Using fallopian tubal explants, we found that high con-
centrations (100 1U/ml) of hCG induce trophinin expres-
sion in epithelial cells (Figure 4, Table 3). This concen-
tration of hCG has physiological relevance if local
concentrations of hCG are considered. In pregnant
women 6 to 12 days after ovulation the first sign of preg-
nancy is an hCG concentration of greater than 0.325
mlU/mi in the urine on the day of blastocyst implanta-
tion.2® Urine from non-pregnant women shows no detect-
able levels of hCG, indicating that elevated hCG in urine
is derived from an implanting blastocyst. As the concen-
tration of hCG in the urine and plasma is similar and the
plasma volume of a 50-kg woman is 1900 ml,*® the total

Table 3. Quantitative Analysis of Trophinin mRNA in Explants of the Intact Fallopian Tube Incubated with hCG

Incubation for 6 hours

Incubation for 24 hours

o 10 100 0 10 100
Experiment 17 15.8% 35.4 431.2 1.1 31.2 38.7
Experiment 2 2.3 4.1 7.5 34 9.8 27.6

* Concentration of hCG (IU/ml).

¥ Experimenis 1 and 2 were conducted using fallopian tubal explants obtained from each different individual who underwent hysterectorny.

¥ Trophinin:GAPDH mRNA ratios multiplied by 100 are indicated.
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amount of hCG produced by the blastocyst is calculated
to be 617.5 mlU (= 0.325 miU/ml X 1900 ml). Estimating
that local volume surrounding the blastcyst in the fallo-
pian tube ranges from 1 pl to 10 ul, the intraluminal
concentration of hCG around the blastocyst is estimated
to be 617.5 ~ 61.8 [U/ml. Thus the maternal epithelia
adjacent to an implanting embryo is likely to be exposed
to high concentrations of hCG.

The timing and quantity of hCG produced by the em-
bryo are considered key factors in determining whether a
human pregnancy succeeds or fails.?” Statistics of as-
sisted reproduction show that the rate of gestation in-
creases substantially when several embryos of the two-
to-eight-cell stage are transferred into the uterus.2® The
experience of assisted reproduction also suggests that
the guality of the oocyte largely determines the success
of implantation.®® In light of present findings, cocyte qual-
ity may be closely related to the activity of hCG secretion.

It is well known that tubal pregnancy frequently occurs
in chronic salpingitis or salpingitis isthmica nodosa.®®
Since these conditions are associated with inflammation,
it is likely that inflammatory destruction of the fallopian
tube delays migration of blastocyst within the fallopian
tube, thus causing the elevation of intraluminal concen-
trations of hCG. Such delays will also allow time for the
blastocyst to interact with tubal epithelial cells. It is also
possible that signal transduction through the luteinizing
hormone receptor triggered by hCG binding is coupled
to downstream signal transduction of inflammatory cyto-
kines.®'*2 Thus cells undergoing inflammation may be
more susceptible to stimulation by hCG.

Evidence suggests that there is cross-talk between the
mouse blastocyst and uterus to ensure successful im-
plantation.®® Thus spaciotemporal actions of steroid hor-
mones, various growth factors, and cytokines are thought
to play important roles to prepare the receptive uterus for
implantation. However, cellular interactions culminating
in implantation and placentation vary significantly among
mammalian species.®®® We found significant differ-
ences in the expression pattern and in vivo function of
human and mouse trophinins.*®"” Trophinin is strongly
expressed in trophoblasts in the human placenta during
early stage of pregnancy.'® By contrast, trophinin is not
expressed in trophoblastic cells during and after implan-
tation in the mouse.'® Lack of trophinin has no obvious
effect on mouse blastocyst implantation.*”

Genes encoding CG-8 are found only in primates.
Nucleotide sequences of CG-B genes show significant
diversion among primate species, and human CG-B di-
verged further from those found in non-human pri-
mates.®’~*° Considering these characteristics of human
CG-B and the present findings of the activity of hCG on
human trophinin gene expression (Table 3), it is likely that
trophinin function in embryo implantation is unique to
humans. If this is the case, then the activity of hCG on
trophinin gene expression may form the basis of ectopic
pregnancy, a condition unique to humans. Recently, pos-
sible involvement of hCG in tubal pregnancy was sug-
gested based on the finding of hCG expression by the
decidualized endometrium.*® Further studies are needed
to determine the role of hCG on the pathogeneisis of tubal

36.37

pregnancy. Nonetheless, information obtained by studies
on trophinin and CG-B will provide us with a clue for early
detection and prevention of ectopic pregnancy.
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SUMMARY Gastric gland mucous cells produce class Ill mucin, which is also found in Brun-
ner's glands and mucous glands along the pancreaticobiliary tract, and in metaplasia and
adenocarcinomas differentiating towards gastric mucosa. Recently, we showed that class Il
mucin possesses GlcNAca1—4Galg—R, formed by at,4-N-acetylglucosaminyltransferase
(«4GnT). Examining the tissue-specific expression of mucin epitopes is useful to clarify cell-
lineage differentiation and to identify the site of origin of metastatic carcinomas in histo-
logical specimens. Formalin-fixed, paraffin-embedded tissue sections from esophagus,
stomach, colon, liver, pancreas, lung, kidney, prostate, breast, and salivary gland resected
for carcinoma, as well as salivary gland adenoma, colon adenoma, and metastatic adeno-
carcinoma of lymph nodes from stomach, pancreas, colon, and breast, were immun-
ostained for MUC6, a4GnT, and GlcNAca1-4Galf—R. These were all expressed in normal,
metaplastic, and adenocarcinoma tissues of stomach, pancreas, and bile duct, and in pul-
monary mucinous bronchioloalveolar carcinomas. Cells expressing «4GnT uniformly ex-
pressed GlcNAcal—4GalB—R. Only MUC6 was expressed in normal salivary glands, pan-
creas, seminal vesicles, renal tubules, and colon adenomas, and in normal tissue and
adenocarcinomas of prostate and breast. No tissues showed immunoreactivity for a4GnT
alone. Immunohistochemistry (IHC) profiles were similar for metastatic carcinomas and pri-
mary carcinoma tissues. The IHC profiles for MUC6, «4GnT, and GlcNAca1—4Galg—R may
be diagnostically relevant. (I Histochem Cytochem 51:1689-1698, 2003)

KEY WORDS
glycosyltransferase
gastric mucin
immunohistochemistry
mucin core protein

IN GASTRIC MUCOSA, two types of mucus-secreting cells
exist: the surface mucous cell and the gland mucous
cell. The latter, which includes cardiac gland cells, mu-
cous neck cells, and pyloric gland cells, possess class
I mucin, as identified by paradoxical concanavalin A
staining (Katsuyama and Spicer 1978; Suganuma et al.
1981; Ota et al. 2001). In normal human tissues, class
III mucin is expressed in gastric gland mucous cells,
Brunner’s gland cells, and mucous cells of the acces-
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sory glands of the pancreaticobiliary tract (Katsuyama
and Spicer 1978; Suganuma et al. 1981; Ota et al.
1991,1998; Nakamura et al. 1998). Class III mucin is
also expressed in gastric metaplasia of the gallbladder
(Tsutsumi et al. 1984) and mucinous metaplasia of the
pancreas (Matsuzawa et al. 1992; Ota et al. 2001; Zhang
et al. 2001), and in carcinoma of stomach (Akamatsu
and Katsuyama 1990; Lesuffleur et al. 1994; Fujimori
et al. 1995; Nakamura et al. 1998; Ota et al. 2001),
bile duct (Kijima et al. 1989; Ota et al. 1995), gall-
bladder (Tsutsumi et al. 1984), and pancreas {Mat-
suzawa et al. 1992; Nakamura et al. 1998; Ota et al.
2001), as well as in mucinous bronchioloalveolar cell
carcinoma of the lung (Honda et al. 1998; Ota et al.
2001) and adenoma malignum of the uterine cervix
(Ishii et al. 1998,1999) '
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Several years ago, Ishihara et al. (1996) raised a
specific monoclonal antibody (MADb) against gastric mu-
cin, designated HIK1083, which recognizes N-acetyl-
glucosaminal—4galactosef—R (GlcNAcal—4GalB—R).
We found that the distribution of GlcNAca1—4Gal—R
is consistent with the distribution of class Il mucin in
normal vertebrate tissues and in metaplastic and neo-
plastic human tissues (Nakamura et al. 1998; Ota et
al. 1998,2001). More recently, we showed that class
IIT mucin possesses this particular glycan, GlcNAca1—>
4GalB—R, which is formed by a1,4-N-acetylglucosami-
nyltransferase (a4GnT) (Nakayama et al. 1999), and
that two distinct mucin core proteins, MUCSAC and

Nakajima, Ota, Zhang, Sano, Honda, Ishii, Nakayama

MUCS, present in gastric mucin carry GlcNAcal—
4GalB—R (Zhang et al. 2001).

Examining tissue-specific expression of mucin epitopes
in human tissues is a useful way to clarify the cell-lin-
eage differentiation of carcinoma cells and to demon-
strate the site of origin of metastatic carcinomas in
histological specimens.

GlcNAca1-4GalB—R is preferentially attached to
core2-branched O-glycan (Ishihara et al. 1996). The
sialyl Lewis X found in O-glycan are also attached to
the terminal end of core2-branched structures (Fukuda
1996). Therefore, it appears that the expressions of
GlcNAca1—4GalB—R and sialyl Lewis X may be

Table 1 Immunohistochemical expressions of MUC6, a4GnT, and GlcNAc a1-4GalB—R in non-neoplastic tissues?

Tissue n MUCé adGnT GlcNAc a1~-4Galp-R
Salivary gland i0

Duct cells 0 0 0

Serous cells 0 0 0

Mucous cells 10/0.0 (0.0-0.0)® 0 0
Esophagus 10

Squamous cells 1] 0 [i]

Esophageal glands 1] 0 0
Stomach 10

Surface mucous cells [ 0 0

Gland mucous cells 100/3.0 (2.0-3.0) 100/1.0 (1.0-2.0) 100/3.0 (3.0-3.0)

Chief cells 0 0 0

Parietal cells 0 0 0
Duodenum 5

Absorptive cells 0 0 ]

Goblet celis 0 0 ]

Brunner’s glands 100/2.0 (1.0-2.0) 100/1.0 (1.0~1.25) 100/3.0 (3.0-3.0)
Colon 10

Absorptive cells 0 0 0

Goblet celis 0 0 0
Pancreas

Duct cells 10 30/0.0 (0.0-1.0) 20/0.0 (0.0-0.0) 30/0.0 (0.0-1.0)

Acinar cells 9 67/1.0 (0.0-1.0) 0 0

Centroacinar cells 9 67/1.0 (0.0-1.0) 0 0

Periductal cells 8 50/0.5 (0.0-1.0) 38/0.0 (0.0-1.0) 50/0.5 (0.0-1.0)

Mucinous metaplasia 7 100/1.0 (1.0-1.0) 86/1.0 (1.0-1.0) 100/1.0 (1.0-1.0)
Liver

Intrahepatic bile duct 9 100/1.0 (1.0-1.25) 89/1.0 (1.0-1.0) 100/1.0 (1.0-1.0)

Periductal glands 4 100/2.0 (1.5-2.0) 100/2.0 (1.5-2.0) 100/1.5 (1.0-2.0)

Hepatocytes 10 0 0 o]
Lung 10

Alveolar cells 0 0 0

Bronchial epithelial cells 0 0 0

Accessory glands 0 0 0
Kidney

Glomerulus 10 0 0 0

Tubule cells 10 100/1.0 (1.0-1.0) 0 0

Transitional cells [ ] 0 0
Prostate gland 10 30/0.0 (0.0-1.0) 0 0
Seminal vesicle 7 100/2.0 (1.25-2.0) 0 0
Mammary gland 8

Duct cells 0 0 0

Lobular celis 50/0.5 (0.0-1.0} [o] 0

aScores are expressed as positive rate %/median score (25 percentile-75 percentile).

bpositive rate %/median score (25 percentile-75 percentile).
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reciprocally regulated, because these carbohydrates
compete for the common precursor oligosaccharide,
core2-branched O-glycan. It is well known that sialyl
Lewis X serve as preferential ligands for the cell-adhe-
sion molecules E- and P-selectin (Fukushima et al. 1984;
Itzkowitz et al. 1988; Rosen and Bertozzi 1994).
Recently we demonstrated that, in colorectal and
pulmonary cancers, the sialyl Lewis X expressed on
core2-branched O-glycans showed a positive correla-
tion with tumor progression (Shimodaira et al. 1997;
Machida et al. 2001).

We designed the present study to explore the IHC
expressions of MUC6, a4GnT, and GlcNAcal—
4Galp—R in human normal, metaplastic, and adeno-
carcinoma tissues. We also examined the IHC expres-
sions of GlcNAca1—4GalB—R and sialyl Lewis X in
gastric carcinomas and in metastatic gastric carcino-
mas of lymph nodes.
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Materials and Methods

Preparation of Tissues

Formalin-fixed, paraffin-embedded sections of human tis-
sues were obtained from the surgical pathology files of the
Department of Clinical Laboratory, Shinshu University Hos-
pital, Matsumoto, Japan. Specimens consisted of histologi-
cally normal portions of tissues resected for adenoma or car-
cinoma and various tumor tissues, as well as metastatic
adenocarcinomas of lymph nodes from stomach, colon, pan-
creas, and breast (Tables 1 and 2). This study was per-
formed after written informed consent had been obtained
from the patients.

Histochemistry

Serial paraffin sections of 3-um thickness were stained with
H&E for histological examination or immunostained with
anti-MUC6 (Novocastra; Newecastle-upon-Tyne, UK), anti-
adGnT (Zhang et al. 2001), or GleNAcn1—4Galp—R (MADb

Table 2 Immunohistochemical expression of MUCS, a4GnT, GlcNAc a1-4Gal B-R, and sialyl Lewis X in neoplastic tissues at primary

and metastatic lesions®

ad4GnT GleNAc a1-4Gal p-R Sialyl Lewis X

Tissue n MUCé
Stomach
Diffuse type adenocarcinoma
Early 9 78/1.0 (0.75-1.25)
Advanced 14 57/1.0 (0.0-1.0)
Total 23 65/1.0 (0.0-1.0)
Intestinal type adenocarcinoma
Early 11 82/1.0 (1.0-1.0)
Advanced 6 83/1.5 (1.0-2.0)
Total 17 82/1.0 (1.0-1.25)
Lymph node metastasis 9 78/1.0 (0.75-1.0)
Pancreas
Adenocarcinoma 14 71/1.0 (0.0-1.0)
Lymph node metastasis 4 75/1.0 (0.5-1.0)
Liver
Cholangioceilular carcinoma 10 90/1.0 (1.0-1.0)
Hepatocellular carcinoma 10 0
Lung
Mucinous BAC 4 100/1.5 (1.0-2.0)
Other type adenocarcinoma 20 0
Colon . -
Adenoma 53 2/0.0 (0.0-0.0)
Adenocarcinoma 22 0
Lymph node metastasis 7 0
Prostate gland
Adenocarcinoma 9 33/0.0 (0.0-1.0)
Mammary gland
Mucinous carcinoma 10 50/0.5 (0.0-1.0)
Lobular carcinoma 10 40/0.0 (0.0-1.0)
Other type carcinoma 10 60/1.0 (0.0-1.0)
Lymph node metastasis 5 60/1.0 (0.0-1.0)
Salivary gland
Adénoid cystic carcinoma 5 0
Kidney
Renal cell carcinoma 8 0

67/1.0 (0.0-1.0)
50/0.5 (0.0-1.0)
57/1.0 (0.0-1.0)

64/1.0 (0.0-1.0)
50/0.5 (0.0-1.0)
59/1.0 (0.0-1.0)
56/1.0 (0.0-1.0)

71/1.0 (0.0-1.0)
50/0.5 (0.0-1.0)

60/1.0 (0.0-1.0)
0

100/1.0 (1.0-1.0)
0

o

89/2.0 (1.0-2.0)
64/1.0 (0.0-1.0)
74/1.0 (0.25-2.0)

73/1.0 (0.25-1.0)
50/0.5 (0.0-1.0)
65/1.0 (0.0-1.0)
67/2.0 (0.0-2.0)

86/1.0 (1.0-1.0)
75/1.0 (0.5~1.5)

60/1.0 (0.0-1.0)
0

100/1.0 (1.0-1.0)
0

(=

56/1.0 (0.0~1.0)
71/1.0 (0.0-2.0)
65/1.0 (0.0-1.75)

100/1.0 (1.0-2.0)
83/1.0 {(1.0-1.0)
94/1.0 (1.0-2.0)
56/1.0 (0.0-3.0)

NE
NE

NE
NE

NE
NE

NE
NE
NE
NE
NE
NE
NE
NE
NE

NE

ascores are expressed as positive rate %/median score (25 percentile-75 percentile). NE, not examined.
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HIK1083; Kanto Chemical, Tokyo, Japan). To facilitate com-
parison of the distributions of antigens, mirror paraffin sections
of 3-pm thickness from gastric adenocarcinomas and meta-
static adenocarcinomas of lymph nodes from gastric adenocar-
cinomas expressing both GlcNAcx1—4GalB—R and sialyl
Lewis X in primary sites were stained with HIK1083 or NCC-
ST439 MAb (Kumamoto et al. 1998) (Nippon Kayaku; Tokyo,
Japan) specific for the sialyl Lewis X attached to O-glycan.

[HC staining was performed using the Envision+ method
(DAKO; Carpinteria, CA). Briefly, sections were dewaxed
and rehydrated and endogenous peroxidase activity was
blocked with 0.3% H,O; in methanol (30 min). Before im-
munostaining, antigen retrieval was carried out using a mi-
crowave (600 W) for 25 min in 0.01 mol/iter citrate buffer
(pH 6.0) for both GlcNAcal—4Gal3—R and MUC6. For
immunostaining with anti-o4GnT and sialyl Lewis X, anti-
gen retrieval was not carried out. The tissue sections were
blocked with 5% normal bovine serum albumin in Tris-
buffered saline (TBS; 140 mmol/liter NaCl, 50 mmol/liter
Tris-HC), pH 7.6) and incubated with primary antibodies.
After washing in TBS, slides were incubated with peroxidase
and second antibody-labeled polymer (DAKO) for 60 min.
The reaction was developed with 3,3’-diaminobenzidine
(Sigma Chemical; Poole, UK) containig 0.02% H,0,. For
immunostaining of seminal vesicles, the Envision+ method
for immunoalkaline phosphatase (DAKO) was used. Sec-
tions were lightly counterstained with hematoxylin, dehy-
drated, cleared in xylene, and mounted in synthetic medium.

:Nepative controls were obtained by omitting the primary
antibody. The gastric gland mucous cells and Brunner’s
gland cells in the specimens were used as internal positive
controls for MUCS, anti-04GnT, and GlcNAco1—-4Gal—R.
Colon adenocarcinoma tissues were used as positive controls
for sialyl Lewis X.

Evaluation of Immunostaining

The degree of staining in tissues examined with specific anti-
bodies was scored semiquantitatively as O (negative), 1 (less
than one third of the tissue), 2 (more than one third but
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less than two thirds), or 3 (more than two thirds). Grading
of immunoreactivity was carried out by a single observer
(KN). To validate the grading method, all specimens were
graded twice, on two separate occasions. There was no sig-
nificant intraobserver variation.

Statistics

The Mann-Whitney U-test was used to compare the scores
given for immunoreactivities. Spearman’s correlation co-
efficient by rank was used to analyze the correlations
among the immunoreactivity scores given for MUC6, «4GnT,
GlecNAca1—4GalB—R, and sialyl Lewis X. Staining scores
are nonparametric and are presented as median rather than
mean values. ’

Results

Demonstration of MUC6, «4GnT, and
GlcNAco1—4Galg—R in Non-neoplastic Tissues

MUCG6 was diffusely expressed in the cytoplasm (Fig-
ures 1B, 2B, 3B, 4B, and 5B}, while a4GnT was ex-
pressed in the Golgi area (Figures 1C, 2C, and 3C).
GlcNAcal-»4GalB—R was mainly localized in cyto-
plasmic mucus granules (Figures 1D, 2D, and 3D), al-
though in some cells it was localized on the apical cy-
toplasmic membrane.

MUC6, a4GnT, and GlcNAcal—4Galf—R were
present in discrete cell types to various degrees: gastric
gland mucous cells (Figure 1) (cardiac gland cells, mu-
cous neck cells, and pyloric gland cells), Brunner’s
gland cells (Figure 2), mucous cells of the periductal
glands of the pancreaticobiliary tracts (Figure 3),
biliary tract epithelial cells, and mucous cells of
mucinous metaplasia of the pancreatic ducts. In these
tissues, a4GnT-positive cells always exhibited immu-
noreactivity for GlcNAcal—4GalB—R, as described
previously (Zhang et al. 2001).

af

Figures 1-5

figure 1 (A-D) IHC staining for MUCE, a4GnT, and GlcNAca1—4Galp—R in normal pyloric mucosa, prepared from serial sections. In pyloric
glands (A), MUCE is diffusely expressed in the cytoplasm (B), a4GnT is expressed in the Golgi area (C), and GicNAca1-4GalB—R is expressed
in cytoplasmic mucus granules (D). H&E staining (A) and immunostaining for MUC6 (B), «4GnT (C), and GlcNAca1—4Galg—R (D). Original

magnification X200.

Figure 2 (A-D) IHC staining for MUCS, 04GnT, and GleNAca1—4Galg—=R in Brunner's glands, prepared from serial sections. In Brunner’s
glands (A), MUCE is diffusely expressed in the cytoplasm (B), a4GnT is expressed in the Golgi area (C), and GlcNAca1—4GalB—R is expressed
in cytoplasmic mucus granules (D). H&E staining (A) and immunostaining for MUCG (B), o4GnT (Q), and GlcNAca1—4Galg—R (D). Original

magnification X200.

Figure 3 (A-D) IHC staining for MUC6, a4GnT, and GlcNAca1—4GalB—R in peribiliary glands, prepared from serial sections. In peribiliary
glands (A), MUCEG is diffusely expressed in cytoplasm (B), a4GnT is expressed in the Golgi area (0), and GlcNAca1—4GalB—R is expressed in
cytoplasmic mucous granules (D). H&E staining (A) and immunostaining for MUC6 (B), «4GnT (C), and GlcNAca1-4GalB—R (D). Original

magpnification X400.

Figure 4 |HC staining for MUC6 in normal prostate gland, prepared from serial sections. Some prostate gland cells show diffuse cytoplas-
mic expression of MUC6. H&E staining (A) and immunostaining for MUCE (B). Original magnification X250.

Figure 5 IHC staining for MUCS in normal mammary gland, prepared from serial sections. Some cells of the terminal duct lobular unit of mam-
mary gland show diffuse cytoplasmic expression of MUC6. H&E staining (A) and immunostaining for MUC6 (B). Original magnification X300.
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Figures 6-10

Figure 6 (A-D) IHC staining for MUC6, 04GnT, and GlcNAca1-4Galp—R in diffuse type gastric carcinoma, prepared from serial sections. In
signet-ring carcinoma cells located in the lower portion (A), MUC6 is diffusely expressed in the cytoplasm (B), 4GnT is expressed in the
Golgi area (C), and GlcNAca1—4GalB—R is expressed in the cytoplasmic mucous granules (D). H&E staining (A) and immunostaining for
MUCS (B), a4GnT (C), and GlcNAca1—4GalB—R (D). Original magnification X200.

Figure7 (A-D) IHC staining for MUC6, 04GnT, and GlcNAca1-4Galp—R in pancreatic duct carcinoma, prepared from serial sections. In car-
cinoma cells (A), MUC6 is diffusely expressed in the cytoplasm (B), a4GnT is expressed in the Golgi area (C), and GlcNAca1-—4Galg—R is ex-
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Except in the case of biliary tract epithelial cells,
GicNAca1—4GalB—R was found in cytoplasmic mu-
cus granules. The biliary tract epithelial cells exhibited
cytoplasmic and apical cytoplasmic membrane stain-
ing for GlcNAcal—4Galp—R.

MUCé6 without a4GnT and GlcNAcal—4Galp—R
was expressed in a minority of submandibular gland
mucous cells, pancreatic centroacinar cells, renal tu-
bules, prostate glands (Figure 4), and terminal duct
lobular units of mammary glands (Figure 5), and was
also strongly expressed in seminal vesicle epithelial
cells.

MUC6, a4GnT, and GlcNAca1—4Gal—R were not
detected in normal esophagus, colon, hepatocytes, or
lungs. The IHC data presented here are summarized in
Table 1.

Demonstration of MUC6, «4GnT,
and GlcNAca1—4GalB—R in Neoplastic Tissues
in Primary Tissues

MUCS6, a4GnT, and GlctNAcal—4GalB—R were de-
tected in carcinoma of the stomach (Figure 6), pan-
creas (Figure 7), and intrahepatic bile duct, and in
mucinous bronchioloalveolar cell carcinoma (Figure
8). Staining differed quantitatively from case to case
(Table 2).

In these tumor tissues, MUCS6 exhibited a heteroge-
neous cytoplasmic expression (Figures 6B, 7B, 8B, 9B,
and 10B), whereas a4GnT exhibited Golgi staining
(Figures 6C, 7C, and 8C). GlcNAca1l—4GalB—R was
expressed on the luminal surface of anaplastic glands
and in secreted mucins, as well as in the cytoplasm
of carcinoma cells (Figures 6D, 7D, and 8D). In
these tissues, a4GnT-positive cells uniformly exhib-
ited GlcNAca1—4GalB—R.

In gastric carcinomas, the staining scores given
for GleNAcal—4GalB—R in diffuse-type carcinomas
were greater in early carcinomas than in advanced car-
cinomas (p<0.05). The staining scores for «4GnT and
MUCS6 showed no relation to the depth of invasion of
the carcinoma. No significant difference was found
among the scores given for MUC6, a4GnT, and
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GlcNAcal1—4GalB—R, irrespective of histological
type or depth of wall penetration. The scores given for
GlcNAca1—4GalB—R showed a significant correla-
tion with those given for a4GnT (r=0.73 in diffuse-
type gastric carcinomas; +=0.86 in intestinal-type car-
cinomas). There was no correlation between the
scores for a4GnT and MUC6 or between those for
MUCS6 and GlcNAca1—4Gal—R.

In pancreatic carcinomas, there was no significant
difference among the scores given for MUC6, a4GnT,
and GlcNAcal—4GalB—R expression. The degree of
GlcNAcal—4GalB—oR expression showed a signifi-
cant correlation with the degree of expression for
a4GnT and for MUC6 (r=0.65 and r=0.65, respec-
tively).

In cholangiocarcinomas, there was no significant
difference among the staining scores for MUCSs,
a4GnT, and GlcNAcal—4GalB—R. The degree of
GlcNAca1-4GalB—R expression showed a signifi-
cant correlation with that of a4GnT expression
(r=0.91). There was no correlation between MUC6
expression and o4GnT expression or between
GlcNAca1—4GalB—R expression and MUCS6 expres-
sion.

In mucinous bronchioloalveolar carcinomas, the scores
given for GlcNAcal—4Galp—R were significantly
higher than those for a4GnT expression (p<<0.05).
There were no correlations among the scores for
MUCS6, a4GnT, and GlcNAcal—4GalB—R.

In a minority of colon adenomas, prostate car-
cinomas (Figure 9), and breast carcinomas (Figure
10), MUC6 was detected, whereas «4GnT and
GlcNAcal—4GalB—R were not. These IHC data are
summarized in Table 2.

Demonstration of MUC6, a4GnT,

and GlcNAca1—-4Galg—R in Metastatic
Adenocarcinomas of Lymph Nodes

Gastric carcinomas and pancreatic carcinomas showed
immunoreactivity for MUC6, 04GnT, and GlcNAcal-»
4Galp—R. In gastric carcinomas, the degree of
GlcNAca1—-4GalB—R expression showed a signifi-

-

pressed in cytoplasmic mucous granules (D). H&E staining {A) and immunostaining for MUC6 (B), @4GnT (C), and GlcNAca1—-4Galg—R (D).

Original magnification X250.

Figure 8 (A-D) IHC staining for MUC6, a4GnT, and GlcNAca1—4GalB—R in pulmonary mucinous bronchioloalveolar cell carcinoma, pre-
pared from serial sections. In carcinoma cells (A), MUCE is diffusely expressed in the cytoplasm (B), a4GnT is expressed in the Golgi area (C),
and GlcNAca1—-4Galp—R is expressed in cytoplasmic mucous granules (D). H&E staining (A) and immunostaining for MUCE (B), «4GnT (C),
and GlcNAca1-4Galp—R (D). Original magnification X300.

Figuré 8 IHC staining for MUCS in prostatic adenocarcinoma, prepared from serial sections. Some carcinoma cells show diffuse cytoplasmic
expression of MUC6. H&E staining (A) and immunostaining for MUC6 (B). Original magnification X250.

Figure 10 IHC staining for MUCS in breast carcinoma, prepared from serial sections. Some carcinoma cells show diffuse cytoplasmic expres-
sion of MUC6. H&E staining (A) and immunostaining for MUC6 (B). Original magnification X200.



Figure 11

cant correlation with the degree of a4GnT expression
in gastric carcinomas (r=0.79). In both gastric carci-
nomas and pancreatic carcinomas, a4GnT-positive
cells usiformly co-expressed GlcNAcal— 4Galg—R.
Breast carcinomas showed immunoreactivity only for
MUCES. Colon carcinomas showed immunoreactivity
for none of these antigens.
These IHC data are summarized in Table 2.

Demonstration of GlcNAca1—4Galp—R and Sialyl
Lewis X in Gastric Carcinomas and Metastatic Gastric
Carcinomas of Lymph Nodes

The distribution of carcinoma cells reactive for
GlcNAca1-54GalB—R was completely different from
that of carcinoma cells reactive for sialyl Lewis X both
in primary {Figure 11) and in metastatic sites, al-
though we found no negative correlation between
GlcNAcal—4Galp—R and sialyl Lewis X expres-
sion. Carcinoma cells expressing both GlcNAcal—
4GalB—R and sialyl Lewis X were not found.

Nakajima, Ota, Zhang, Sano, Honda, Ishii, Nakayama

IHC staining for GlcNAca1—4GalB—R and sialyl Lewis X in gastric carcinoma, prepared from mirror sections. The distribution of
the carcinoma cells reactive for GlcNAca1—4Galf—R was completely different from that of the carcinoma cells reactive for sialyl Lewis X.
Immunostaining for GlctNAca1-4GalB—R (A) and sialy! Lewis X (B). Original magnification X200.

These IHC data are summarized in Table 2.

Discussion

In this study we evaluated the IHC expressions of
MUC6, a4GnT, and GlcNAcal—4GalB—R in
normal, metaplastic, and neoplastic human tissues.
The results showed (a) that a4GnT and GlcNAcal—
4GalB—R were co-located in discrete cell-types (a
finding consistent with involvement of a4GnT in the
formation of GlcNAca1-4GalB—R in normal, meta-
plastic, and neoplastic cells) and (b) that both primary
carcinoma tissues and metastatic tissues showed simi-
lar THC profiles with regard to the expressions of
MUC6, a4GnT, and GlcNAcal— 4Galg—R.

In this study we have confirmed and extended
our knowledge regarding the specific distribution of
GlcNAca1—4GalB—R in human tssues. GlcNAcol—
4Galp—R has been reported to be present in gastric
gland mucous cells (cardiac gland cells, mucous neck
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cells, and pyloric gland cells), Brunner’s gland cells,
mucous cells of the periductal glands of the pancreati-
cobiliary tract, mucinous metaplasia of gallbladder
and pancreas, and neoplastic cells expressing gastric
mucins [including mucinous tumors of the ovary, ade-
nocarcinomas of stomach, pancreas, gallbladder, lung
(mucinous bronchioloalveolar cell carcinoma), and
uterine cervix (adenoma malignum) (Nakamura et al.
1998; Ota et al. 1998,2001; Zhang et al. 2001) ], but
not in normal esophagus, colon, pancreas, ovary,
lung, uterine cervix, normal and neoplastic salivary
glands, or adenocarcinomas of colon, breast, kidney,
thyroid gland, endometrium, liver, or prostate (Ishii
et al. 1998; Nakamura et al. 1998; Ota et al. 2001). In
addition, we found that GlcNAcal—4GalB—R was
present in the normal epithelium of the intrahepatic
bile ducts and cholangiocarcinoma but not in seminal
vesicle epithelium.

In this study, a4GnT-positive cells uniformly co-
expressed GlcNAca1—4GalB—R, irrespective of whether
the sections were from normal, metaplastic, or neoplas-
tic tissues. The degree of GlcNAcal—4Galp—R ex-
pression showed a significant correlation with the de-
gree of a4GnT expression in various adenocarcinoma
tissues, as well as in normal and metaplastic cells.

The expressions of «4GnT and GlcNAcal—
4GalB—R were more restricted than that of MUC6.
MUCS6 has been demonstrated to be present in human
tissues in which both «4GnT and GlcNAcal—
4GalB—R were positive, such as normal stomach (Ho
et al. 1995a,b; Buisine et al. 2000b; Machado et al. 2000;
Reis et al. 2000), duodenum (Bartman et al. 1998;
Buisine et al. 2000a), bile duct (Bartman et al. 1998;
Buisine et al. 2000a), gallbladder (Bartman et al.
1998; Buisine et al. 2000a), and in adenocarcinomas
of the stomach (Ho et al. 1995b; Machado et al. 2000;
Reis et al. 2000), bile duct (Bartman et al. 1998), gall-
bladder (Bartman et al. 1998; Sasaki et al. 1999), and
pancreas (Bartman et al. 1998; Terada et al. 1996). As
previously reported and confirmed in this study,
MUG6 was distributed in a wide variety of human
tissues in which both a4GnT and GlcNAcal—
4GalB—R were negative. Thus, MUC6 has previously
been demonstrated in normal endometrium (Bartman
et al. 1998) and seminal vesicles (Bartman et al.
1998), adenoma of the colon (Bartman et al. 1999),
and normal and adenocarcinoma of the breast (Bart-
man et al. 1998; Pereira et al. 2001).

The distribution of carcinoma cells reactive for
GlcNAca1—4Galp—oR was completely different from
that of carcinoma cells reactive for sialyl Lewis X,
both in primary (Figure 11) and metastatic sites, al-
though we found no negative correlation between
the GlcNAcal—4Galp—R and sialyl Lewis X ex-
pressions. GlcNAcal—4GalB—R is preferentially
attached to core2-branched O-glycan (Ishihara et al.
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1996), and the sialyl Lewis X found in O-glycan is
also attached to the terminal end of core2-branched
structures (Fukuda 1996). Therefore, the expressions
of GlcNAcal—> 4GalB—R and sialyl Lewis X may be
reciprocally regulated because these carbohydrates
compete for the common precursor oligosaccharide,
core2-branched O-glycan. It is well known that sialyl
Lewis X serve as preferential ligands for the cell-adhe-
sion molecules E- and P-selectin (Fukushima et al.
1984; Itzkowitz et al. 1988; Rosen and Bertozzi 1994).
Recently, we demonstrated that the sialyl Lewis X ex-
pressed on core2-branched O-glycans were positively
correlated with tumor progression in both colorectal
and pulmonary cancers (Shimodaira et al. 1997;
Machida et al. 2001). Overall, these results suggest
that the expression of GlcNAcal—4GalB—R in gas-
tric cancer cells may be a favorable predictor of the
patient’s outcome. Further study will be needed to test
this hypothesis. .

In summary, primary carcinoma tissues and meta-
static tissues showed similar IHC profiles with regard
to the expressions of MUC6, a4GnT, and GIcNAcal—
4Galf—R. Determination of the site of origin of met-
astatic carcinomas using examination of histological
slides continues to present a diagnostic challenge for
the pathologist. It is possible that immunostaining for
GlcNAcal—4GalB—R (with MAb HIK1083), or a4GnT,
in conjunction with immunostaining for MUCS, could
be diagnostically relevant because of their specific dis-
tributions in human tissues.
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Helicobacter pylori infects over half the world’s population and is
aleading cause of peptic ulcer and gastric cancer. H. pyloriinfection
results in chronic inflammation of the gastric mucosa, and progres-
sion of chronic inflammation leads to glandular atrophy and
intestinal metaplasia. However, how this chronic inflammation is
induced or maintained is not well known. Here, we show that
chronic inflammation caused by H. pylori infection is highly corre-
lated with de novo synthesis of peripheral lymph node addressin
{PNAd) presented on high-endothelial venule (HEV)-like vessels.
The number of HEV-like vessels dramatically increases as chronic
inflammation progresses. We found that the PNAd is bound by
L-selectin‘igM chimeric protein, and decorated by NCC-5T-439 an-
tibody, which is suggested to recognize both nonsulfated and
6-sulfated sialyl Lewis X on core 2 branched O-glycans, and
MECA-79 antibody, which reacts with 6-sulfo N-acetyllactosamine
on extended core 1 O-glycans. These results indicate that PNAd on
HEV-like vessels present in the gastric mucosa subsequent to H.
pyloriinfection is similar to those on HEVs present in the secondary

_lymphoid: organs, which are essential for lymphocyte circulation.
Moreover, eradication of H. pylori is associated with the disap-
pearance of HEV-like vessels in the gastric mucosa. By contrast,
very few PNAd were found in the gastric mucosa of patients with
chemical gastritis caused by nonsteroidal antiinflammatory drugs.
These results strongly suggest that PNAd in HEV-like vessels plays
a critical role in lymphocyte recruitment during chronic inflamma-
tion induced by H. pylori infection.

inflammation | peptic ulcers | gastric carcinoma

H elicobacter pylori is a Gram-negative microaerophilic bac-
i terium that infects >50% of the world’s population (1). The
infection of H. pylori is usually confined to the surface mucous
cell-derived mucin (2). If untreated, this infection leads to
chronic active gastritis and develops pyloric gland atrophy and
intestinal metaplasia expressing intestine-specific genes, includ-
ing MUC2, sucrase/isomaltase, and carbonic anhydrase 1 (3-7).
This second advanced stage of gastritis is closely associated with
the pathogenesis of peptic ulcers.

The host responds to . pylori infection primarily by mounting
a strong neutrophilic response. Such a response contributes to
gastric epithelial damage and is followed by chronic inflamma-
tory infiltrates composed of lymphocytes and plasma cells,
forming mucosa-associated lymphoid tissue (8). Although it has
not been formally proven, it is suggested that this mucosal
inflammation in response to H. pylori infection might lead to
gastric carcinoma and malignant lymphoma (4, 5, 9-11). Ttis thus
important to understand how lymphocytes are recruited to the
gastric mucosa during the progression of chronic inflammation.
However, such mechanisms are not fully understood.

In chronic inflammatory states of other systems, L-selectin
and its ligands are implicated in lymphocyte recruitment in those
diseases for which peripheral lymph node addressin (PNAJ) is
induced on high-endothelial venule (HEV)-like vessels (12, 13).
Such HEV-like vessels have been observed in rheumatoid ar-
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thritis, lymphocytic thyroiditis, and inf lammatory bowel diseases
(14-17). In these studies, the induction of PNAJ is detected by
MECA-79 antibody (18), which decorates PNAd on HEV-like
vessels. Indeed, BCA-1, a homing chemokine in the lymphoid
tissue, and MECA-79-positive vessels were detected in mucosa-
associated lymphoid tissue associated with H. pylori infection
(19, 20).

MECA-79* HEVs in the secondary lymphoid organs play a
major role in lymphocyte circulation (12). The MECA-79
epitope has been shown to be 6-sulfo N-acetyllactosamine
attached to extended core 1 O-glycans, GalBl—4(SO3—06)
GlcNAcB1—3Galpl—3GalNAcal—Ser/Thr (21). Moreover,
MECA-79 antibody can also bind to its sialylated and fucosylated
form that constitutes PNAd (21). Structural studies also showed
that G-sulfo sialyl Lewis X on core 2 branched O-glycans, sialic
acid-«2—3Galpl —4[Fucal —3(S03 —6)]GlcNAcBl—6
(Galpl—3) GalNAcal—>Ser/Thr is present as a major L-
selectin ligand on HEVs (21, 22).

In the present study, we found that inflammatory response to
H. pylori infection is associated with the formation of HEV-like
vessels in the gastric mucosa. HEV-like vessels express PNAd,
characterized by binding to MECA-79, HECA-452 (23), and
NCC-ST-439 (24) antibodies, and L-selectinigM chimeric pro-
tein. The expression of HEV-like vessels, assessed by MECA-79
and HECA-452 antibody staining, was highly correlated with the
degree of lymphocyte infiltration. Moreover, we show that
HEV-like vessels disappear once H. pylori is eradicated. These
results indicate that inflammatory response to [1. pylori infection
is, at least in part, facilitated by induction of PNAdJ, thereby
recruiting lymphocytes to the gastric mucosa.

Materials and Methods

Histological Specimens. We retrieved 143 formalin-fixed, paraffin-
embedded blocks of histological specimens with various degrees
of chronic gastritis from the archives of the Department of
Laboratory Medicine, Shinshu University [ospital. Tissue sec-

tions 3 wm thick were stained with hematoxylin and eosin. Based

on the updated Sydney system (25), gastritis was evaluated by
using a visual analogue scale to evaluate five factors, including
(i) H. pylori density, (if) polymorphonuclear neutrophil activity,
(iii) chronic infiltration of lymphocytes, (iv) glandular atrophy,
and (v) intestinal metaplasia. Each factor was categorized into
four grades: normal, mild, moderate, and marked. This grading
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is illustrated in Fig. 6, which is published as supporting infor-
mation on the PNAS web site.

Biopsy specimens obtained from 20 rheumatoid arthritis
patients who had been taking nonsteroidal anti-inflammatory
drugs (NSAIDs) were evaluated according to a system (26)
modified from Dixon ef al. (27) for grading of chemical gastritis.
Five histological features, which are composed of (i) foveolar
hyperplasia, (i) edema and prominence of muscle fibers in the
lamina propria, (¢} vasodilatation and congestion, (iv) inverse
scale for polymorphonuclear neutrophil activity, and (v) inverse
scale for chronic lymphocyte infiltration, were graded from 0
(normal or absent) to 3 (marked). Each grade of five categories
was added to provide a total chemical score that could range
from 0 to 15. Scores from 11 to 15 were considered diagnostic
of chemical gastritis. The Ethical Committee of Shinshu Uni-
versity School of Medicine approved these study plans.

Antibodies and Immunohistochemistry. The antibodies used in this
study were CSLEX-1 (mouse IgM, Pharmingen), HECA-452
(rat TgM, Pharmingen), MECA-79 (rat IgM, Pharmingen),
NCC-ST-439 (mouse IgM, Nippon Kayaku, Tokyo), mouse IgG
anti-human CD31 (DAXO), OBEND10 (mouse IgG directed to
hwman CD34, Immunotech, Luminy, France), and rabbit anti-f1.
pylori polyclonal (DAKO). Immunostaining was performed by
using the EnVision™ system (DAKO). Briefly, serial sections
were deparaffinized and rehydrated, and endogenous peroxi-
dase activity was blocked by soaking in 0.3% H>0, methanol
solution. Before immunostaining, the antigens were retrieved by
incubating sections in a microwave in 10 mM Tris:HCI buffer
(pH 8.0) containing 1 mM EDTA for CD31 and CD34 or by 5
min of treatment with 20 pg/ml proteinase K for H. pylori. The
tissue sections were blocked with 3% FBS in PBS and incubated
with primary antibody. After being washed in PBS, the slides
were incubated with horseradish peroxidase- and secondary
antibody-conjugated polymer, EnVision™ (DAKO). The color
reaction was developed with 3,3'-diaminobenzidine containing
0.02% H,0, (Vector). Sections were briefly counterstained with
hematoxylin. Negative controls were obtained by omitting the
primary antibodies. Tonsil tissue was used as a positive control
(Fig. 7, which is published as supporting information on the
PNAS web site).

The numbers of CD34*, MECA-79", and HECA-452" vessels
in 10 high-power fields of view with X400 magnification were
obtained. The numbers of MECA-79* and HECA-452" vessels
each were divided by the number of CD34* vessels, yielding the
percentages of MECA-79* and HECA-452" vessels, respec-
tively, as described in ref. 28.

Construction of L- and E-SelectinlgM Chimeras, The Fc region of
human IgM was amplified with the oligonucleotides 5'-
CGGGATCCTGTGATTGCTGAGCTGCCTCCCA-3' and 5'-
GCTCTAGATCAGTAGCAGGTGCCAGCTGTGT-3' by us-
ing pcDNAl-mouse P-selectinIgM (29) as a template and
subcloned into the BamHI/Xbal site of pcDNA1L.1 (pcDNA1.1-
IgM). For construction of pcDNATL.1-human L-selectin-IgM, the
5" end of L-selectin was excised from pCDMS8-human
L-selectin'lgG by EcoRI1 digestion and blunted with Klenow
fragment (Roche). After digestion of the 3" end with BamHI, the
excised cDNA was subcloned into the blunted HindllI site and
BamH1 site of pcDNAL.1-IgM, to form pcDNAL1-human
L-selectinTgM. Similarly, the PCR product obtained by using
pcDNAI-human E-selectinlgG (30) as a template, was sub-
cloned into pcDNAL.1-IgM, [orming pcDNAI.l-human
E-selectin-IgM.

Selectin'lgM Chimeric Protein-Binding Assay. Human L-selectin' IgM

and E-selectin-TgM chimeric proteins were obtained from the
cultured medium of COS-1 cells after transient transfection of
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pcDNAL.1-L-selectin'IgM and pcDNA1.1-E-selectin'IgM as de-
scribed in ref. 31.

After blocking endogenous peroxidase activity as described
above, we incubated tissue sections with selectin'IgM chimeric
protein and rinsed them with PBS containing Ca®*. The sections
were then incubated with horseradish peroxidase-conjugated
goat anti-human IgM antibody (Pierce). After being rinsed in
PBS containing Ca®*, the color reaction was developed with
3,3'-diaminobenzidine as described above. The sections were
briefly counterstained with hematoxylin. A control experiment
was done with PBS containing 1 mM EDTA.

Statistical Analysis. The statistical difference in the percentages of
positive vessels in different chronic infiltrate grades was analyzed
by the Kruskal-Wallis test followed by Dunn’s post hoc test. The
difference of proportions (percentage of patients) was analyzed
by Fisher’s exact test. In both tests, P values at <0.05 are
considered significant.

Stable Expression of P-Selectin Glycoprotein Ligand 1 (PSGL-1), Fuco-
syltransferase VI (Fuct-Vll), Core 1 Extension 31,3-N-acetylglucosami-
nyltransferase (Core1-B3GIcNACT), Core 2 31,6-N-acetylglucosaminyl-
transferase | {Core2GIcNACT-1), and L-Selectin Ligand Sulfotransferase
(LSST) in CHO Cells. CHO cells stably expressing PSGL-1 and
Corel-B3GIecNACT, Core2GlcNACT-1, or FucT-VII were estab-
lished as described in ref. 32. CHO cells stably expressing PSGL-1,
Corel-B3GleNAcT, and FucT-VII, CHO-PSGL-1-CI'F7 (32) were
further stably transfected with pcDNA1.1-LSST (30) and pCMV/
Bsd (Invitrogen) and selected with Blasticidin S (Invitrogen). The
cells were sorted and cloned for MECA-79* staining o obtain
CHO-PSGL-1:CI'-F7-LSST.

CHO-PSGL-1'C2-F7 cells (32) were transfected with pcDNA1.1-
LSST. Cloned cells positive for HECA-452 and negative for
CSLEX-1were chosen as CHO-PSGL-1-C2-F7LSST. Previously, it
was shown that 6-sulfo sialyl Lewis X is recognized by HECA-452
antibody but not by CSLEX-1 antibody (33). Similarly, CHO-
PSGL-1'C2F7-LSST cells were stably transfected with Corel-
B3GIcNACT, yielding MECA-79* CHO-PSGL-1-C1-:C2-F7LSST.

Results

HEV-Like Vessels Are Induced in H. pylori-lnduced Inflammation.
Because it has been reported that de novo formation of HEV-like
vessels, which express PNAG, is associated with various chronic
inflammatory diseases, we determined whether chronic inflam-
mation caused by H. pylori infection is also associated with the
formation of HEV-like vessels. To do so, gastric mucosa from
patients infected with H. pylori was stained with MECA-79
antibody, which reacts with 6-sulfo sialyl Lewis X on extended
core 1, and HECA-452 antibody, which reacts equally well with
sialyl Lewis X and 6-sulfo sialyl Lewis X-capping structure on
extended core 1 and core 2 branches (Fig. 1; see also Fig. 8, which
is published as supporting information on the PNAS web site).
As shown in Fig. 2, gastric mucosa derived from H. pylori-
infected patients displayed HEV-like vessels expressing
MECA-79 and HECA-452 antigens, as well as CD31 and CD34,
which are markers for vascular endothelial cells. Moreover, these
HEV-like vessels can potentially recruit L-selectin-expressing
lymphocytes, because L-selectin'IgM chimeric protein bound the
same vessels in a Ca“‘-dependenl’ manner. Indeed, a large
number of B and T lymphocytes were recruited in the gastric
mucosa infected with H. pylori (Fig. 9, which is published as
supporting information on the PNAS web site). These results
indicate that 4. pylori-induced inflammation is associated with
the formation of PNAd present on HEV-like vessels.

The above results demonstrated that 6-sulfo sialyl Lewis X on
extended core 1 O-glycans is present based on positive staining
by MECA-79 and HECA-452 antibodies. To elaborate further
the chemical nature of L-selectin ligands on these HEV-like

Kobayashi et al.
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Fig. 1. FACS analysis of transfected CHO cells expressing sialyl Lewis X or
6-sulfo sialyl Lewis X on extended core 1 or core 2 branched O-glycans (32) and
structures of MECA-79 and NCC-ST-439 epitopes are shown. (A) MECA-79
binds CHO cells expressing 6-sulfo sialyl Lewis X on extended core 1 (CHO-
PSGL-1-C1-F7-LSST) but not sialyl Lewis X (CHO-PSGL-1-C1-F7). NCC-ST-439
binds CHO cells expressing sialy! Lewis X (CHO-PSGL-1-C2:F7) and 6-sulfo sialy!
Lewis X (CHO-PSGL-1-C2:F7-LSST) on core 2 branched O-glycans but barely
binds those expressing sialyl Lewis X or 6-sulfo sialyl Lewis X on extended core
1 O-glycans. HECA-452 binds all cells tested, but its reactivity apparently
depends on the expression level of extended core 1 O-glycans. (B) L-selectin
ligand containing 6-sulfo sialyl Lewis X on core 2 branch and extended core 1
structure is shown. The epitopes for NCC-ST-439 and MECA-79 are shown in
boxes.

vessels, the NCC-ST-439 monoclonal antibody was used.
NCC-ST-439 antibody binding has been tested for sialyl Lewis
X-capping structure on Galfl—4GlcNAcBl—6GalNAcal—R
but not on natural core 2 branched O-glycan Galfl—
4GlcNAcB1—6(Galp1—3)GalNAcal—R (missing Galpl—3
shown in bold) (24). Moreover, it has not been determined
whether 6-sulfo sialyl Lewis X is also recognized by this antibody.
To test these possibilities, we made CHO cells expressing various
types of O-glycans and stained the cells with NCC-ST-439
antibody. Fig. 1 illustrates that NCC-ST-439 antibody binds to
CHO cells expressing nonsulfated and 6-sulfo sialyl Lewis X on
core 2 branched O-glycans but barely to CHO cells expressing
those capping structures on extended core 1 O-glycans. Fig. 2
shows that NCC-ST-439 antibody can also stain HEV-like vessels
formed in the gastric mucosa. These results combined suggest
that PNAd induced by H. pylori infection expresses 6-sulfo sialyl

Kobayashi et al.
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Fig.2. MECA-79, HECA-452, and NCC-ST-439 antigens in a HEV-like vessel in
the gastric mucosa with H. pylori-associated chronic active gastritis. Serial
sections were subjected to immunostaining with anti-CD31, anti-CD34, MECA-
79, HECA-452, and NCC-ST-439 antibodies and to a binding assay with
L-selectingM and E-selectinlgM chimeric proteins in the absence or presence
of 1 mM EDTA. HE, hematoxylin and eosin staining. (Bar, 10 um.)

Lewis on both extended core 1 and core 2 branched structures
in the same manner as PNAd expressed in the secondary
lymphoid organs (21).

Increased Formation of HEV-Like Vessels Is Correlated with Progres-
sion of Inflammation. Based on morphological examination, pro-
gression of inflammation initiated by H. pylori infection can be
roughly divided into four stages i.e., normal, mild, moderate, and
marked (25). In the moderate and marked stages, intestinal
metaplasia frequently takes place, which indicates an advanced
stage of the disease.

Fig. 34 Lower indicates a marked stage of inflammation in
which recruitment of mononuclear cells obscured proper glands
in gastric mucosa compared with glands shown in mucosa at mild
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Gastric mucosa of different degrees of chronic inflammation and association of HEV-like vessels with progression of inflammation. (A) (Upper) Gastric

mucosa at a mild stage barely expresses HEV-like vessels with minimum recruitment of lymphocytes. (Lower) Gastric mucosa at a marked stage express a
significant number of recruited lymphocytes (arrowheads) around HEV-like vessels. (B) The number of MECA-79* or HECA-452* vessels is positively correlated
with the progression of chronicinflammation. Each group consists of 11 (normal), 42 (mild), 67 (moderate), and 23 (marked) patients. (C) The number of patients
exhibiting =1% MECA-79* or HECA-452* vessels is highly correlated with the progression of chronic inflammation. *, P < 0.05; **, P << 0.01; ***, P 0.001; NS,

not significant. (Bar, 50 um.)

stage (Fig. 34 Upper). These observations demonstrate that
lymphocyte infiltration is more prominent when HEV-like ves-
sels are more abundant.

After examining >140 human specimens, we found that the
number of HEV-like vessels, as detected by MECA-79 or
HECA-452 antibody, is positively correlated with the progres-
sion of inflammation (Fig. 3B and Table 1, which is published as
supporting information on the PNAS web site). Fig. 3C illus-
trates that more patients display HEV-like vessels as the inflam-
mation progresses. . pylori was detected in 0%, 21%, 82%, and
87% of patients in normal, mild, moderate, and marked stages
of the inflammation, respectively. Overall, HEV-like vessels
were found in 79.2% of H. pylori-infected patients. These results
combined indicate that progression of inflammation, initiated by
H. pylori infection, is highly correlated with formation of HEV-
like vessels at the gastric mucosa.

Formation of HEV-like Vessels Depends on Continuous H. pylori
Infection. To determine whether the formation of HEV-like
vessels is correlated with the presence of H. pylori infection,
gastric biopsies were obtained from 17 patients with chronic
active gastritis before and after eradication of H. pylori by
treatment with antibiotics and a proton pump inhibitor. Patients
with a moderate inflammation stage displayed both H. pylori and
HEV-like vessels detected by MECA-79 and HECA-452 anti-
bodies (Fig. 44). After eradication of H. pylori, the gastric
mucosa of all of the patients examined no longer displayed
HEV-like vessels as assessed by MECA-79 and HECA-452
staining and showed minimum lymphocyte infiltration (Fig. 4B).
These results indicate that continuous infection of H. pylori is
necessary for formation and maintenance of HEV-like vessels
expressing PNAJ.
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HEV-Like Vessels in NSAIDs-Induced Gastritis. To determine whether
HEV-like vessels are induced in chronic inflammatory response
by causes other than H. pylori infection, gastric mucosa obtained
from long-standing rheumatoid arthritis patients taking NSAIDs
were examined, because it is known that continuous use of
NSAIDs results in chemical gastritis. The majority of 20 patients
examined exhibited chemical gastritis phenotype and were de-
void of HEV-like vessels (Fig. 54; see also Fig. 104, which is
published as supporting information on the PNAS web site).
HEV-like vessels were found in the specimens from 6 of 20
patients, but 3 of these patients were also infected with H. pylori.
All of those three patients display lower scores for chemical
gastritis, and HEV-like vessels were likely formed by inflamma-
tion caused by H. pylori infection. In three H. pylori-free patients,
HEV-like vessels were found in only 0.68%, 0.67%, and 0.21%
of CD34" vessels, and two of them displayed intestinal meta-
plasia, suggesting a possible prior infection of H. pylori. Fig. 5B
illustrates that the remaining patient displayed both chemical
gastritis phenotype and lymphocyte recruitment. Interestingly,
the intensity of MECA-79 staining was much less for this patient
than for those infected with F1. pylori (compare Fig. 5 with Figs.
2-4). These results indicate that chemical gastritis negligibly
induces PNA in the gastric mucosa.

Discussion

The present studies demonstrate that H. pylori-induced inflam-
mation is associated with the recruitment of lymphocytes
through de novo formation of PNAd on HEV-like vessels.
HEV-like vessels are absent in human gastric mucosa under
normal conditions. Once chronic inflammation occurs, these
vessels, which bind L-selectinlgM chimeric protein in a Ca?*-
dependent manner, appear. Qur observations of de novo for-
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Fig. 4.
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Disappearance of HEV-like vessels in the gastric mucosa after eradication of H. pylori. Gastric mucosa infected by H. bylori was examined before and

2 months after a treatment to eradicate H. pylori. (A) Before the treatment, HEV-like vessels detected by MECA-79 and HECA-452 antibodies were abundant,
and large numbers of mononuclear cells (lymphocytes) were present around these vessels. (B) After eradication of H. pylori, HEV-like vessels were no longer

present and few mononucdlear cells were present. (Bar, 100 um.)

mation of HEV-like vessels are similar to those described
previously in various human chronic inflammatory diseases, such
as rheumatoid arthritis, lymphocytic thyroiditis, inflammatory
bowel diseases, and in acute heart allograft rejection (14-17, 34).
However, none of the previous studies showed disappearance of
HEV-like vessels by removing causes that led to their formation.
We have established here that the abundance of HEV-like
vessels is highly correlated with the progression of H. pylori-
associated chronic active gastritis, and that HEV-like vessels are
no longer expressed after H. pylori is eradicated. By contrast,
NSAIDs-induced gastritis patients display only very few HEV-
like vessels, if any.

In the present study, we showed that HEV-like vessels are
positive for MECA-79 and HECA-452 staining, suggesting that
6-sulfo sialyl Lewis X on the extended core 1 structure is present
on PNAd. We also found that HEV-like vessels were stained by
NCC-ST-439, the intensity of which was similar to that on
neutrophils expressing sialyl Lewis X on core 2 branched O-
glycans (35, 36). These results suggest that HEV-like vessels in
the gastric mucosa should contain 6-sulfo sialyl Lewis X and
sialyl Lewis X on extended core 1 and core 2 branched O-glycans.
In previous studies, MECA-79 has been frequently used to
characterize PNAd on HEV-like vessels. Although HECA-452
antibody was also used in one study, no structural basis for

Fig. 5.

differential staining was inferred (28). By using HECA-452 and
NCC-S8T-439 antibodies in addition to MECA-79 antibody, we
have obtained more detailed knowledge of the chemical nature
of L-selectin ligands on HEV-like vessels induced by H. pylori
infection. Because it is difficult to isolate a sufficient number of
cells expressing PNAd from many pathological specimens, a
combination of MECA-79, HECA-452, and NCC-ST-439 stain-
ing would be useful to determine the chemical nature of HEV-
like vessels formed in these chronic inflammatory diseases.

It has been shown that the H. pylori adhesin Sab A binds sialyl
dimeric Lewis X-bearing glycosphingolipids in the surface mu-
cous cells (37). The expression of L-selectin ligands including
6-sulfo sialyl Lewis X may thus enhance adhesion of H. pylori to
mucosa expressing HEV-like vessels. At the same time, coloni-
zation of H. pylori on the gastric mucosa may contribute to
gastritis by producing autoantibodies, because both H. pylori and
acid-secreting parietal cells share Lewis X anligen (38). Core 2
branched O-glycans are capped by «l,4-linked N-acetylglu-
cosamine in the gastric mucosa, and those O-glycans are secreted
from gland mucous cells (39). Strikingly, our recent studies
demonstrate that this glandular mucin containing «1,4-GlcNAc-
capped O-glycans inhibits H. pylori growth and thus acts as a
natural antibiotic against H. pylori infection, whereas MUCS5AC
secreted from surface mucous cells stimulates H. pylori growth
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Few HEV-like vessels are associated with chemical gastritis caused by NSAIDs. (A and B8) Gastric mucosa obtained from two rheumatoid arthritis patients

taking NSAIDs. In both patients, typical chemical gastritis phenotype, such as foveolar hyperplasia (asterisks) and vasodilatation and congestion (arrowheads),
is evident. (B) MECA-79* HEV-like vessels are associated only with substantial lymphocyte recruitment (arrows), which is rather atypical for chemical gastritis.
Images for HE 800, CD34, MECA-79, and HECA-452 are further enlarged in the same scale to show details. (Bar, 50 um.)
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