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Abstract Mucins and mucin-associated carbohydrates
have a distinct expression pattern that can be modified
under pathological conditions. Normal gastric mucosa
expresses MUC1 and MUCS5AC in foveolar epithelium
and MUCS in the glands. Lewis type-1 chain antigens
(Le2 and Led) are expressed in foveolar epithelium,
whereas Lewis type-2 chain antigens (Lex and LeY) are
expressed in the glands. In this study we used monoclo-
nal antibodies to evaluate the pattern of mucins and
Lewis type-1 carbohydrates in intestinal metaplasia (IM)
and compared it with IM types determined using histo-
chemistry. In type-I or complete IM we found expression
of MUC2 intestinal mucin and decreased/absent expres-
sion of MUC1, MUC5AC and MUCS. In type-Il/lIl or
incomplete IM there was co-expression of MUC2 and
the mucins expressed in the stomach. No major differ-
ences were detected among the three IM types regarding
expression of Lewis antigens. Furthermore we observed
that sialylated compounds other than sialyl-Le2 are re-
sponsible for histochemical detection of sialomucins and
that sulpho-Le?c is expressed in the presence or absence
of sulphomucins detected using histochemistry. We con-
clude that mucin immunohistochemistry may replace
classic histochemistry for the classification of IM into
complete and incomplete types. The present study chal-
lenges the distinction of type-1l from type-1ll IM since
we did not observe major differences in the expression
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profile of mucins and Lewis type-1 carbohydrates. Final-
ly, it seems necessary to evaluate the predictive value of
IM according to the presence of specific sulphated car-
bohydrates (e.g. sulpho-Leac) rather than histochemical-
ly detected sulphomucins.

Keywords Mucins - Lewistype-1 carbohydrates -
Intestinal metaplasia - Gastric carcinoma

Introduction

Mucins are high molecular weight glycoproteins that
constitute the major component of the mucus layer that
protects the gastric epithelium from chemical and me-
chanical aggressions. Twelve mucin genes that code for
the protein part of mucins (apomucins) have been identi-
fied: MUC1, MUC2, MUC3, MUC4, MUCS5AC,
MUC5B, MUC6, MUC7 [8], MUCS8 [21], MUC9 [11],
MUC11 and MUC12 [27]. MUC2, MUC5AC, MUC5B
and MUC6 genes have been mapped on a cluster on
chromosome 11p15.5, and MUC3, MUC11 and MUC12
have been mapped on another cluster on chromosome
70922 [27]. The presence of a variable number of tandem
repeats that code for amino acid sequences rich in serine
and threonine residues is a common characteristic of mu-
cins. These amino acid residues are potential O-glycosy-
lation sites for attachment of the glycan side chains that
constitute ~80% of the molecular weight of the final mu-
cin glycoproteins.

Normal gastric mucosa produces mainly neutral mu-
cins, except for the mucus-secreting cells of the neck
glands that secrete acid mucins [5]. Normal human stom-
ach expresses MUC1, MUC5AC and MUC6. MUCL1 and
MUCSAC are expressed in the superficial foveolar epi-
thelium, whereas MUCG6 is expressed in the mucous
neck cells of the body and deeper glands of the antrum.
Lewis type-1 chain antigens (Le and Leb) are expressed
in the surface foveolar epithelium, whereas Lewis type-2
chain antigens (Lex and LeY) are expressed in the glands
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[15]. De Bolés et a. [4] demonstrated that the zonal ex-
pression of mucins and Lewis antigens is tightly associ-
ated and showed that MUC5A C-expressing cells also ex-
press Lewis type-1 antigen Le?, whereas MUC6 express-
ing cells express Lewis type-2 antigen Lev.

Mucins and mucin-associated carbohydrate chains
have a distinct tissue expression pattern that can be
guantitatively and qualitatively modified under patholog-
ical conditions [1, 2, 9, 10, 13, 18, 19]. Intestinal meta-
plasia (IM) was characterised at the histochemical level
by the abnormal expression of acid mucins (both sialo-
mucins and sulphomucins) [6]. In IM the expression pat-
tern of both mucins and carbohydrates is modified [10,
16, 18]. Mucin expression in IM can be described under
two major profiles. one with decreased expression of
MUC1, MUC5AC and MUC6 and de novo expression of
the intestinal mucin MUC2 (complete IM); and the other
with coexpression of MUC1, MUC5AC, MUC6 and
MUC2 (incomplete IM) [18].

Carbohydrate expression in IM also suffers major al-
terations, including a marked increase in Le2 antigen ex-
pression [12, 23, 24, 25] which is thought to reflect the
increased activity of FucT Il enzyme [29]. LOpez-Ferrer
et a. [12] showed that the association between apomu-
cins and Lewis antigens observed in the normal mucosa
islostin IM.

Our aim was to evaluate the mucins and type-1 Lewis
antigens distribution pattern in IM and compare it with
the “classic” types of IM defined using histochemistry.
We used immunohistochemical techniques to detect the
expression pattern of mucins (MUC1, MUC2, MUCSAC
and MUCS6) and carbohydrates (Le?, Le?, siayl-Le2 and
sulpho-Le#¢) and histochemical techniques to classify
IM types according to Filipe and Jass [6].

Materials and methods

Tissue samples and histochemistry

Endoscopic gastric biopsies (n=19) were obtained from asymp-
tomatic volunteers or dyspeptic individuals from northern Portugal
working in a shipyard at Viana do Castelo. Tissues were embed-
ded in paraffin, and serial 4-pum sections were obtained for histo-
chemistry and immunohistochemistry.

IM was classified according to Filipe and Jass [6], using alcian
blue/periodic acid Schiff and high-iron diamine-alcian blue tech-
nique: in type-1 (complete) IM the epithelium had mature absorp-
tive non-secretory cells and goblet cells that secreted mainly sialo-
mucins; in type-1l (incomplete) IM the epithelium had few or ab-
sent absorptive cells, columnar mucous cells that secreted neutral
mucins and/or small amounts of sialomucins and goblet cells that
secreted sialo and occasionally sulphomucins; and in type-Ill (in-
complete) IM columnar cells secreted predominantly sulphomu-
cins and goblet cells produced sialo and/or sulphomucins.

Antibodies and immunohistochemistry

Monoclonal antibodies were used to detect mucins and type-1
chain carbohydrate antigens (Table 1). Paraffin sections were de-
paraffinated and rehydrated. Sections to be treated with the anti-
body against MUC2 (PMH1) were incubated with neuraminidase
from type-VI Clostridium perfringens (Sigma Chemical Co. St.

Table 1 Antibodies, specificity and references

Antibody Specificity Reference

HMFG1 MUC1 Taylor-Papadimitriou et al. 1981 [2]
PMH1 MUC2-GalNac Reisetal. 1998 17]

CLH2 MUCS5AC Reiset a. 1997 [16]

CLH5 MUC6 Reiset al. 2000 [19]

Ca3F4 Lewis? Young et al. 1981 [28]

BG6 LewisP Signet Pathology Systems

HB-80 Sialyl-Lewist  Magnani et al. 1982 [14]

F2 Sulpho-Lewis?c Veerman et al. 1997 [26]

Table 2 Patterns of intestinal metaplasia (IM) defined using histo-
chemistry

Number of biopsies IM
Typel Typell Type lll
8 + + -
6 + - -
3 - + -
2 + + +

Louis, Mo.), diluted in 0.2 M sodium acetate buffer (pH 5.4) to a
fina concentration of 0.1 Units/ml, incubated for 2 h at 37°C and
then washed two times in cold water and once in Tris-buffered sa-
line (TBS; pH 7.6). In al sections endogenous peroxidase was
blocked using 0.5% hydrogen peroxide (H,O,) in methanol for
30 min at room temperature. Sections were washed two times in
TBS, incubated with rabbit normal serum, diluted 1:10 in bovine
serum abumin (BSA) 10% for 20 min and incubated overnight at
4°C with the primary antibodies (Table 1).

Sections were rinsed, incubated for 30 min with the secondary an-
tibody (biotin-labelled rabbit anti-mouse serum, diluted 1:200 in BSA
5%), rinsed in TBS and incubated with avidin-biotin—peroxidase
complex for 1 h. Slides were washed three times in TBS before stain-
ing with 1 mg/ml 3.3'-diaminobenzidine tetrahydrochloride prepared
in 0.05 M TrisHCl containing 0.02% H,0,. Sections were then
stained with haematoxylin, dehydrated and mounted in Entellan.

Results

Characteristics of intestinal metaplasia classified using
histochemistry

The results are summarised in Table 2. The 19 biopsies
showed 16 foci of type-I IM with mature absorptive non-
secretory cells and goblet cells that secreted sialomucins
(Fig. 1h), 13 foci of type-1l IM with columnar cells that
secreted neutral mucins and/or small amounts of sialo-
mucins and goblet cells that secreted sialo and occasion-
aly sulphomucins (Fig. 2a, b) and two foci of type-lll
IM with columnar cells that secreted predominantly
sulphomucins and goblet cells that secreted sialo and/or
sulphomucins (Table 2).
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Fig. 1 Histochemical and immunohistochemical staining of seria
sections from type-l intestinal metaplasia (IM). a IM does not ex-
press MUC1. b IM shows expression of MUC2 in goblet cells.
¢ IM does not express MUCBAC. d IM does not express MUCS.
e IM shows expression of Lewis type-1 chain antigen a (Le?) in
goblet cells. f IM shows expression of Lewistype-1 chain antigens
b (Led) in goblet and columnar cells. g IM does not express S-Le2
h Histochemical staining (high-iron diamine-alcian blue) of IM
shows goblet cells stained in blue (sialomucins)
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Characteristics of intestinal metaplasia classified using
immunohistochemistry for MUC1, MUC2, MUC5AC
and MUC6

All IM foci (n=31) showed MUC2 expression, in most
cases (n=28) only in goblet cells. Four main patterns of
mucin expression were observed in metaplastic tissue
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Table 3 Patterns of expression of mucins in intestinal metaplasia
(IM)

Number MUC1 MucC2 MUC5AC  MUCG6

of IM foci
(%)

6 (19.4)
8(25.8)
1(3.2)
1(3.2)
9 (29.0)
6 (19.4)

++ 11+
+ 4+ A+t
+++ 11
0+

Table 4 Patterns of intestinal metaplasia (IM) defined using im-
munohistochemistry to type-1 Lewis antigens (Le€)

Number Lea Leb Sialyl-Le2 Sulpho-Ledc
of IM foci
(%)
16 (55.2) + + + +
2(6.9) + - + +
4(13.8) + + - +
6(20.7) + + - -
1(3.4) - + - -

(Table 3). In 29.0% of the foci, expression of MUC2 was
observed together with MUC1 and MUCS5AC (Fig. 2c, d,
€). In 25.8% of the foci, MUC2 was expressed together
with MUCL1. In 19.4% of the foci, only MUC2 was ex-
pressed (Fig. 1b). In 19.4% of the foci, the four mucins
were expressed. One focus showed expression of MUC2
and MUCS6, and one focus showed expression of MUC2
and MUCSHAC (Table 3).

Characteristics of intestinal metaplasia classified using
immunohistochemistry for type-1 Lewis antigens, Le?,
Leb, sialyl-Le2 and sulpho-Leac

Two cases of the present series were from individuas
phenotypicaly Le> and were not used for this part of the
study. The remaining cases showed 29 IM foci (Table 4).
In 16 foci (55.2%) al type-l Lewis antigens evaluated
were expressed (Fig. 2g, h, i, j). Expression of Le, Leb and
sulpho-L edc was detected in 4 foci (13.8%). Le?, sidyl-Le2
and sulpho-Le?c were detected in two IM foci (6.9%). Lex
and Le> were detected in six foci (20.7%), and there was
one focus (3.4%) in which only Leb was expressed.

Comparison between types of IM classified using
histochemistry and patterns of immunohistochemical
expression of mucins and type-1 chain carbohydrates

Serial sections were used to compare IM foci with the
different histochemical and immunohistochemical stain-
ings. The comparison was performed using as a refer-
ence system the classical classification of IM based on
histochemistry. The results are summarised in Fig. 3.
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Fig. 2 Histochemical and im-
munohistochemical staining of
serial sections of type-1l intesti-
nal metaplasia (IM). a Histo-
chemical staining (high-iron di-
amine-alcian blue) of IM
shows goblet cells stained in
blue (sialomucins) and in
brown (sulphomucins). b His-
tochemical staining (periodic
acid Schiff) of IM shows col-
umnar cells with a pink stain-
ing (neutral mucins). ¢ Expres-
sion of MUC1 in goblet and
columnar cells. d IM shows ex-
pression of MUC2 in goblet
cells. e IM shows expression of
MUCS5AC in columnar cells.

f IM does not express MUCS.

g IM shows expression of Lew-
istype-1 chain antigen a (Le?)
in both goblet and columnar
cells. h IM shows expression of
Lewistype-1 chain antigen b
(L€ed) in both goblet and colum-
nar cells. i IM shows expres-
sion of Sialyl-Le2in goblet
cells.j IM shows expression of
sulpho-Le2in goblet cells
(arrows)

All foci with type-l IM (n=16) expressed MUC2 in
goblet cells. MUC1 was expressed in eight foci (50.0%)
in columnar cells and in three of those aso in goblet
cells (Fig. 3). In most foci there was no expression of
MUCSAC and MUCS6, except in one focus that ex-
pressed MUCS5AC in goblet cells and one focus that ex-
pressed MUC6 in columnar cells. In type-ll IM (n=16)
and type-Ill IM (n=2) there was expression of MUCL,
MUC2 and MUC5AC in al foci studied. MUC1 and
MUCSAC were expressed both in goblet and columnar
cells, whereas MUC2 was predominantly expressed in
goblet cells (Fig. 2c, d, e and Fig. 3). MUC6 was ex-
pressed in six foci (four in type-11 IM and two in type-111
IM) alwaysin columnar cells.

As shown in Fig. 3 comparison between IM types re-
garding the expression of type-1 chain carbohydrates did
not show major differences, except for an increased ex-
pression of Le2in columnar cells of types-1l and -111 IM.
In all IM types, sialyl-Le2 and sulpho-Le¥c were mostly
expressed in goblet cells, athough in some cases they
were aso present in columnar cells (Fig. 3).

The analysis of serial sections showed that there were
nine foci of type-l IM and three foci of type-Il IM that
did not express sialyl-Le? despite the presence of sialo-
mucins disclosed using histochemistry. The presence of
sulpho-Le#c in goblet and columnar cells co-existed with
the histochemical detection of sulphomucins in type-I1|
IM. Sulpho-Le&c was also detected in goblet and colum-



Fig. 3 Diagram representing 20 -
mucin (a) and Lewis type-1
carbohydrate (b) expression
pattern in intestinal metaplasia
(IM). G goblet cells, C colum-
nar cells. Thethree types of IM
determined using histochemis- 0
try (I, I and 111) were individu-
alised, and for each type of IM
the number of positive and neg-
ative cases for G and C cells
was plotted according to mucin
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nar cells of type-I and type-11 IM in the absence of histo-
chemical detection of sulphomucins.

Discussion

We have shown that the mucin expression pattern of IM
fitsinto two well-defined profiles: IM with expression of
the intestinal mucin MUC2 and decreased/absent expres-
sion of MUC1, MUC5AC and MUC6 (complete IM);
and IM with coexpression of the intestinal mucin MUC2
and the mucins usually expressed in the stomach —
MUC1, MUC5AC and MUCS6 (incomplete IM). These
observations confirm previous results from our group
both regarding the clear-cut difference between complete
and incomplete IM and the similarity of the mucin ex-
pression profilein type-1l and type-I11 IM [18]. Therela-
tively higher frequency of type-l IM foci expressing
MUCL1 in the present series probably stems from a better
fixation obtained in the biopsies evaluated in this study.
Lewis type-1 carbohydrate expression was identical
in the different types of IM defined using histochemistry,
except for the higher frequency of Le2 expression in col-
umnar cells of types-Il and -111 IM. Anomalous expres-
sion of Le2in IM was previously described by Torrado et
a. [24]. In agreement with Torrado et a. [25], we ob-
served that expression of Le2in type-l IM was predomi-
nantly observed in goblet cells, whereas in types-1l and
-111'IM, Le2 was observed both in goblet and in columnar

cells. The aberrant expression of Le2in IM is directly re-
lated to an increased expression of FucT Ill enzyme [29].

Sialyl-Le2 was mainly expressed in goblet cells in
type-l IM (Fig. 3), in agreement with the histochemical
observations showing sialylated mucin expression in
goblet cells. However, in nine foci of type-l IM we did
not detect expression of sialyl-Le?, suggesting that other
sialylated structures are expressed in this setting and are
detected using histochemistry. One of the sialylated
structures frequently expressed in IM isthe sialyl-Tn an-
tigen [3] which, in the present series, was expressed in
most of the cases that were negative for sialyl-Le2 (data
not shown).

In types-1l and -Ill IM, sialyl-Le2 was expressed in
goblet cells in most cases and in columnar cells in a
smaller number of cases. The sialyl-Le2 expression pat-
tern observed using immunohistochemistry showed par-
tial overlap to the expression pattern of sialomucins de-
termined using histochemistry. In three foci of type-ll
IM no expression of sialyl-Le2 was observed despite the
presence of sialomucins in histochemical studies. Again,
the aberrant expression of sialyl-Tn partially explains the
observed discrepancies (data not shown).

In type-l IM, sulpho-Ledc was expressed in goblet
and columnar cells, although we did not detect the pres-
ence of sulphomucins in columnar cells using the high-
iron diamine—alcian blue technique. These findings indi-
cate that histochemistry has lower sensitivity than immu-
nohistochemistry for identification of sulphomucins,
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namely sulpho-Le¥c. The same applies to the expression
of sulpho-Ledc that we observed in columnar cells of
type-1l IM foci showing only the presence of sialomu-
cins by histochemistry.

The present study shows that the identification of
complete versus incomplete IM is achieved using mucin
immunohistochemistry as clearly as using classical his-
tochemical methods using simpler and more reproduc-
ible techniques.

Despite the small size of the sample our results chal-
lenge the distinction of type-1l from type-1ll IM. In fact,
we did not observe any major difference between types-
Il and -I11 IM in the expression profile of both mucins
and Lewis type-1 carbohydrates. Furthermore, we detect-
ed the presence of sulpho-Ledc in columnar cells of all
IM types regardless of the presence or absence of
sulphomucins, thus weakening the basis for individuali-
sing type-l11 IM. The results observed in type-lll IM in
the present study were confirmed in ten cases of type-I1|
IM obtained from gastric mucosa adjacent to gastric car-
cinomas in surgical specimens (David et a., unpublished
observations).

Previous studies have shown the predictive value of
identifying type-111 IM in the risk assessment for gastric
carcinoma development [7, 20]. Since we observed that
immunohistochemical detection of sulpho-Le¥c is more
“sensitive” than the histochemical detection of sulpho-
mucins, future studies using large series classified using
immunohistochemistry should be undertaken in order to
evaluate the predictive value of sulpho-Le¥c expression
in the context of al types of IM.

The two main conclusions of the present study for
clinical and practical purposes are as follows: first, the
present IM classification into complete and incomplete
types should be performed using the immunohistochemi-
cal evaluation of mucin expression rather than histo-
chemistry; second, for the evaluation of risk for gastric
carcinoma development in patients with IM, future stud-
ies should take into account the expression of specific
sulphated carbohydrates (e.g. sulpho-Le#¢) rather than
histochemical detection of sulphomucins.
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