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It has been reported that MUC2 mucin is
expressed in goblet cells of gastric intestinal
metaplasia, but not in its normal epithelium.
To confirm this finding, we have examOined
the expression of the MUCZ2 gene by reverse
transcriptase-polymerase chain reaction and
immunohistochemical methods in gastric tis-
sues obtained by routine upper gastrointes-
tinal tract endoscopy and compared the
results with pathological findings based on
hematoxylin and eosin (H&E) staining. In
16.7% of the tissue specimens tested,
MUC2 mRNA was detected in spite of the

chemistry of MUC2 protein in regenera-
tive gastric mucosal cells in biopsies that
did not contain intestinal metaplasia. Sialyl-
Le* epitope, which is suggested to be lo-
cated on MUC2 mucin core protein (MUC2
protein), was also immunohistochemically
detected in both goblet cells of intestinal
metaplasia and regenerative epithelium.
With regard to carcinoma, MUC2 protein
was predominantly expressed in intestinal-
type adenocarcinoma. These data indicate
that MUC2 mucin is expressed in gastric
regenerative epithelium in addition to in-

testinal metaplasia and intestinal type ad-
enocarcinoma. J. Clin. Lab.Anal. 13:259-265,
1999. ©1999 Wiley-Liss, Inc.

absence of intestinal metaplasia in HE
specimens. A possible explanation for this
was the identification by immunohisto-
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INTRODUCTION tion of intestinal metaplasia-associated antigenic molecules.
MUC2 mucin is a large heavily glycosylated protein co _Ithbough dseveraltar}[tl?jetnsbother than l(\j/l_UC_:Zt m;J_cml ha\;e tlhu§
sisting of more than 5,100 amino acids predominantly r been emonT ratedto _ehe>|<_presse n 'r? (_asd|_na metap azla,

pressed in the colon (1). Amajor domain is the central regei'% L notin norma ga.strlf:.eplt elium (6._8)’t er |agno§t|c an

with repetitive sequences which are rich in poten@al pathophysiological S|gn|f|cances_rema|n un_kno_wn. In this study,

glycosylation sites (Thr or Ser) and Pro. The remaining Xe therefore attempted tr_]e detailed examlngtlon on the expres-
S“L n ofMUC2 gene by using reverse transcriptase-polymerase

terminal and C-terminal regions are rich in Cys, and thec in reaction (RT-PCR) and immunohistochemistry in gastric
Cys residues are considered to be important for the joininq.ofa‘ : . . o ying
- tissues from patients with various gastric diseases.

MUC2 monomers into large polymers with high intrinsic vis-
cosity (1). It has previously been reported that MUC2 mucjn

core protein (MUC2 protein) is expressed in intestinal met ATERIALS AND METHODS
plasia and carcinoma of the stomach, but not in its nornkiman Gastric Tissue Samples

epithelium (2,3), suggesting that it may be a new marker for - . . .
P (2,3), sugg 9 Y Gastric tissue specimens were endoscopically obtained

intestinal metaplasia and may play an important role as a cgm— ) ) .
ponent of the mucous gel overlying the metaplastic epit gem 102 patients who were examined at the First Depart-

lium in the stomach. On the other hand, it is considered that

chronic active gastritis induced Byelicobacter pylori(H.  Grant sponsor: Ministry of Education, Science, Sports and Culture; Grant
pylori) could result in atrophic gastritis concurring with exsponsor: Ministry of Health and Welfare; Grant sponsor: Gastric Mucin Re-
tensive intestinal metaplasia, in the latter of whichpylori ~ search Forum, Otsuka Pharmaceutical Co., Ltd.

is not usually found (4,5). In this context, it is intriguing t8Correspondence to: Dr. Yuji Hinoda, First Department of Internal Medicine,
hypothesize that intestinal metaplasia is a mechanism for s&#feporo Medical University, S-1, W-16, Chuo-ku, Sapporo 060-8543, Japan.
cure, and it is important to analyze the expression and furéceived 26 January 1999; Accepted 6 July 1999
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Fig. 1. Immunohistochemical staining with anti-MUC2 peptide mAb othe cytoplasm except for mucus of goblet cells were positive in intestinal
endoscopically biopsied gastric tissue specimens. Normal epitheljix-( metaplasiakf) (x 340).
cept for intestinal metaplasia was shown negative for the mA5) and

ment of Internal Medicine, Sapporo Medical UniversityReverse Transcriptase-Polymerase Chain

Gastric ulcer and cancer tissues were obtained from 5 &whction (RT-PCR)

52 patients, respectively, who were surgically operated in ) N )

Sapporo Medical University. Informed consent was ob-According to Blank et al9), specific PCR primers were.
tained from all patients. The mean age of patients W%)@.thesaed to recognize a 189-bp fragment of nonrepetitive
63.4 (ages 36-81) and the ratio of males to females w@gion of the MUC2 gene (nucleotides 3440-3628): sense
1.1:0.9. Paraffin-embedded tissue sectiongisthick) Primer, 3-CCATTCTCAACGACAACCCCTACTACCCC-
were prepared from those tissue specimens that were rdurimer 1; reverse primer,-§CCAATGGGAACATC-
tinely fixed in neutral buffered formalin and subjected tACGATACATGGTGGC-3, primer 2. Ong g of total RNA
immunohistochemical and hematoxylin and eosin (H&Byas reverse transcribed with random nanomers and avian
stainings. myeloblastosis virus reverse transcriptase using RT-PCR
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Fig. 2. Detection of MUC2 mRNA in endoscopically biopsied gastric tisstained with ethidium bromid@-actin was amplified as an internal control.
sue specimens by FACR. A189-bp fragment of nonrepetitive region ofLane 1, negative control (no template cDNA); lanes 2-9, positive cases;
the MUC2 gene (nucleotides 3440-3628) was amplified with primer 1 alathes 10-15, negative cases.

2. The PCR products were electrophoresed through a 2.0% agarose gel and

kit (Takara, Otsu, Japan) following the conditions of theassification of gastric cancer was given according to the
manufacturer. The template cDNAs were amplified withapanese classification of gastric carcinoma (12).

Taqg polymerase in the presence of primer 1 and 2 on the

basis of PCR protocol (10). The thermocycling parametdRESULTS

used in the ECR were as follows: qenaturatipn, 30 SeCE%ression of MUC2 Protein in Intestinal

94°C; annealing, 30 sec at8D; extension, 1.5 min at 7€. Metaplasia

These reactions were repeated for 30 cycles. The PCR prod-

ucts were electrophoresed through a 2.0% agarose gel arfekpression of MUC2 protein in intestinal metaplasia of the
stained with ethidium bromide. Similarf§sactin was am- stomach was confirmed by immunohistochemistry using biopsy

plified as an internal control. tissue specimens from patients with chronic gastritis pathologi-
cally diagnosed. As shown in Figure 1, the mucosa with chronic
Immunohistochemistry gastritis was negative for anti-MUC2 mAb CCP58 whereas its

reactivity localized to the cytoplasm of goblet cells was seen in

Immunohistochemical staining was done on paraffin-eMyestinal metaplasia. These observations were consistent with
bedded tissue sections by an immunoperoxidase metho%@sﬁndings of previous reports (2,3).

described previously (8). Briefly, each section was

deparaffinized, rehydrated, and incubated with fresh 0'?6/6mparison of Detection of MUC2 mRNA by

hydrogen peroxide in methanol for 20 min at room tempeigt_pcR with Identification of Intestinal Metaplasia
ture and then washed with PBS. Normal goat serum (5@{9) H&E Staining

was applied for 20 min and removed by blotting. The sec-

tions were incubated with anti-MUC2 monoclonal antibody For the purpose of the sensitive detection of MUC2 mRNA,
(mAb) CCP58 against synthetic peptide for repetitive sBT-PCR was performed using primer 1 and 2 on biopsy tis-
quence (11) or anti-sialyl-FemAb CSLEX1 (Dakopatts, Sue specimens from 72 patients who had been examined by
Copenhagen, Denmark) for 60 min at room temperatuf@iitine endoscopy of the upper gastrointestinal tract. The mean
washed 3 times in PBS, and incubated with secondary affie of patients was 54.9 (ages 22—79) and the ratio of male to
body (peroxidase-conjugated rabbit antimouse Ig dilutedf¢male was 0.83. Two tissue specimens per patient were ob-
50 in PBS) for 30 min at room temperature. After washing@ned from almost the same point in the lesser curvature of
times, the sections were incubated with diaminobenzidif antrum by endoscopic biopsy. One was used for RT-PCR
tetrahydrochloride in 0.03% hydrogen peroxide for 5-10 miand the other for H&E staining for pathological examination.
washed, counterstained with hematoxylin, rinsed in tap watestinal metaplasia was observed in H&E stained sections

ter, and mounted. Diluted rabbit serum was used as a ndga32 of 72 (44.4%) biopsies and in each of these samples,
tive control for the primary antibody. HistologicaMUC2 mRNA was demonstrated by RT-PCR in the paired

biopsy specimen (Fig. 2 and Table 1). No cases were positive
_ _ for intestinal metaplasia but negative for MUC2 by RT-PCR.
-II;AI'EBPLCIIERl\-NiCt:hOirgFe)g{ilf?(c:)antigfnd;‘tiencttelcs)znoafl %%gz l’:g;\'g‘ by However, 12 cases (16.7%) were positive for MUC2 mRNA
H&E stainin P y by RT-PCR and negative for intestinal metaplasia. A possible
9 - ) S .
— explanation for this latter finding could have been that intes-
ideﬂﬁ‘f‘i ;:ii'r’:'g?m tinal metaplasia was in fact present in the biopsy used for RT-
(_ )_ PCR even though it was not observed in the adjacent H&E
*(n=32) —(N=40) gtained samples. To evaluate this possibility, pairs of tissue
RT-PCR + 32 (44.4%) 12 (16.7%) specimens were obtained from an 30 additional patients,
for MUC2 mRNA - 0 28 (38.9%)  stained with H&E, and compared to each other. Twenty-nine
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Fig. 3. Immunohistochemical detection of MUC2 protein in regenerative epithelium that were shown positive
for immunohistochemistry and negative for pathology40).

out of 30 (96.7%) pairs showed concordance in the presesgggically resected gastric cancers (n = 5) or ulcer tissues (n =

or absence of intestinal metaplasia. Thus, it is unlikely tHgtthat contained metaplastic and regenerative epithelia. The

the apparent false-positive RT-PCR results occurred duesttire cytoplasm of goblet cells in intestinal metaplasia (Fig.

undiagnosed metaplastic epithelium. 4b) and of regenerative glandular cells in ulcer tissues (Fig. 4d)
were shown positive for anti-sialyl-LeAb.

Detection of MUC2 Protein and Sialyl-Le *in

Regenerative Gastric Epithelium by Expression of MUC2 Protein in Gastric

Immunohistochemistry Cancer Tissues

In a further effort to identify the cell types that might be Because the relation of MUC2 protein expression to histo-
responsible for expression of MUC2, 42 gastric biopsies thagical type of gastric cancer was not sufficiently analyzed in
were part of 72 specimens used for the RT-PCR studies wam@vious studies (2,3), immunostaining of 52 surgically ex-
examined by both H&E staining and immunohistochemiceised gastric cancer tissue specimens (containing 5 specimens
staining for MUC2 protein. Interestingly, in seven biopsiassed for the examination of sialyl-lexpression as described
that were negative for intestinal metaplasia, immunohiagbove) with anti-MUC2 mAb was carried out. The summary
tochemical staining for MUC2 protein was detected (Tabtd the results is shown in Table 3. Primary tumors tested were
2). Staining occurred in the supranuclear region of small gldmstologically classified into six groups according to the Japa-
dular cells with a relatively high nucleo-cytoplasmic ratio (Fignese classification of gastric carcinomas (12), i.e., well-dif-
3). These glandular cells were smaller than those of intestifeakentiated type of tubular adenocarcinoma (tub 1) (n = 12),
metaplasia (Fig. 1b) and were consistent with regeneratmederately differentiated type of tubular adenocarcinoma (tub
epithelium. 2) (n = 12), solid type of poorly differentiated adenocarci-

To further evaluate this finding, regenerative epithelium asema (por 1) (n = 8), nonsolid type of poorly differentiated
sociated with peptic ulcers was examined by immunostainiadenocarcinoma (por 2) (n = 6), signet-ring cell carcinoma
with mAb CCP58. Eight gastric ulcer tissues obtained by endsig) (n = 12) and mucinous adenocarcinoma (muc) (n = 2).
scopic biopsy (n = 3) (part of 72 specimens used for RT-PCRibular adenocarcinoma, the solid type of poorly differenti-
or surgical operation (n = 5) were examined. Immature regated adenocarcinoma, and the other types correspond to in-
erative glands in the marginal mucosa of the ulcer were fouedtinal, solid, and signet/scirrhous histological classifications
in all the tissue specimens tested and were positively
immunostained in a manner similar to that previously observ,g& 4. Immunohistochemical detection of MUC2 protaind and sialyl-

(data not shown). Next, expression of sialyibenetaplastic | ex b, d) in metaplasticd, b) and regenerative(d) epithelia of surgically
and regenerative epithelia of the stomach was studied in detised gastric tissue from a patient with peptic ulger70).




Figure 4.
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TABLE 2. Comparison of immunohistochemical detection of  noma (Table 3). Some signet ring cell carcinomas have been
MUC?2 protein with identification of intestinal metaplasia by reyealed to consist of intestinal epithelial type cells (14). Thus,

H&E staining MUC2 gene expression may be of use as an intestinal pheno-
H&E staining typic marker for analyzing various gastric epithelial lesions.

(identification of IM) A recent electron microscopic study of gastric ulcer tissues

* (n = 16) —(n=26) demonstrated two types of regenerating epithelium: gastric

Immunostaining + 15 (35.7%) 7 (16.7%) and intestinal cell types. Both were composed of immature
with anti-MUC2 mAb - 1(2.4%) 19 (45.2%) cells that later matured to form primitive gastric and intesti-

nal glands, respectively (15). TMUC2 gene might be ex-
r%r_essed in intestinal cell-type regenerating cells.
Expression of thilUC2 gene in regenerative epithelium
robably intestinal type) in addition to mature goblet cells in

by Chong et al. (13), respectively. If one considers immu
staining over 5%f the cancer region to be positive, then th

Incidence of positivity in each histological type was 58.3 ftestinal metaplasia may suggest that intestinal-type carci-
(7/12) of b 1, 41.7% (5/12) of tub 2, 37.5% (3/8) of por 'oma might be developed from immature cells of metaplas-
16.7% (1/6) of por 2, 33.4% (4/12) of sig and 0% of myg. : : :
T . % of th glands. Aclose relationship between incomplete-type

(Table 3). .Expresos lon involving > 30% ol the cancer argfestinal metaplasia and intestinal-type gastric cancer has
was seen m.33'3/° of tup 1, tub 2, and S19, suggesting '\/iously been suggested using morphologic, enzymatic, or
MUCZ protein is predominantly expressed in those tyPeSiLiochemical methods (16-19), but any conclusions are made
carcinomas. difficult by the fact that the incomplete type of intestinal
metaplasia was also found in patients with chronic gastritis.
DISCUSSION It has recently been shown that the relationship between in-

It was first revealed by RT-PCR and immunohistochemitsstinal metaplasia with the expression of brain-type glyco-
try that theMUC2 gene is expressed not only in gastric integen phosphorylase in the proliferative zone and intestinal-type
tinal metaplasia and carcinoma, but also in regenerat&@&cinoma was apparently closer than the conventional sub-
epithelium associated with chronic gastritis or peptic ulcetgpe of intestinal metaplasia and gastric cancer, suggesting
Expression of the MUC2 protein as observed in regeneratibat intestinal-type carcinoma might arise from some of those
epithelial cells without goblet cells shown in Fig. 4d coulgroliferating cells (20). Moreover, Hamamoto et al. (21) have
indicate the cells’ intestinal phenotype, perhaps for the felemonstrated alterations at one or more loci in 26.7% (4/15)
lowing reasons. Firstly, all glandular cells, irrespective of tieé intestinal metaplasiadjacent to gastric cancer by micro-
presence of mucus, expressed the MUC2 protein in intestiggtellite assay at nine loci. Importantly, an identical pattern of
metaplasia of ulcer margin. Secondly, MUC2-positive regenpicrosatellite alteration was detected in the cancer tissue and
erative epithelium was often observed adjacent to intestiiia¢ adjacent metaplastic mucosa of one case, suggesting the
metaplasia in surgically resected tissues (data not shovagguential development of gastric cancer from intestinal meta-
Thirdly, previous reports and our present observation showaasia. These findings may further support a relation of intesti-
that normal gastric epithelium including proliferative cellsal metaplasia with intestinal type gastric cancer.
(neck cells) was totally negative for anti-MUC2 peptide mAb. Previous studies revealed that sialyl-is expressed on
Finally, a wide expression of the MUC2 protein in gastrithe MUC2 mucin core protein in normal colon and colon can-
cancer was restricted to well- or moderately differentiateer tissues (22), and that itis immunohistochemically detected
adenocarcinoma (intestinal type) and signet ring cell cartti-goblet cells of intestinal metaplasia in a cytoplasmic pat-
tern (23). Such findings suggest that sialyf-beay be ex-
pressed in the MUC2 mucin produced by metaplastic

TABLE 3. Expression of MUC2 mucin core protein in gastric . . . - .
P P g epithelium, but not by normal epithelium in the stomach. We

cancer tissues ! - X . ]
Immunoreactivity of cancer regibn ther_efore |m_munoh|stochem|cally examlneql the expression
) O of sualy_l-Lef‘ in metaplastic and/or regeneranv_e ep|thella. As
Histological 5o ~508530 <308-5 <5 _shown in Flgur_e 4, we dem(_)nstrated that the S|al§/bbﬁ_0pe _
type %) (%) %) @) is expressed in r_egeneratlve as well as metaplastlc_epnhe-
lium. It was considered reasonable that MUC2 protein was
;”E ; (n= g) 12-2 ;g.e 2853 5“;-; detected at the supranuclear region in all glandular cells of
PL(J)r 1 ((::_8)) 0 0 375 625 intestinal metaplasia (Fig. 4a) whereas only relatively ma-
Por 2 (n = 6) 0 0 16.7 g75 ture cells expressed sialyl-.e peripheral sugar chain (Fig.
Sig (n = 12) 8.3 25 0 66.6 4b). It has been shown that the sialyl“lodigosaccharides
Muc (n = 2) 0 0 0 100 inhibit neutrophil interaction with endothelial cells and sup-

Ahen the positively immunostained area of cancer region was less tRA§SS f[he inﬂamm_atory vascular injury (24). Recently, sialyl-
5%, it was determined to be negative. Le* oligosaccharides were shown to markedly suppress
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postreperfusion cardiac dysfunction and neutrophil infiltr0. Saiki RK, Scharf S, Faloona F, et al. Enzymatic amplification of beta-
tion (25) Also. a recombinant sialyl-’&bearingxl-acid g|y_ globin genomic sequences and restriction site analysis for diagnosis of

coprotein reduced pulmonary myeloperoxidase levels and sickle cell anemia. Science 1985;230:1350-1354.
P P y myelop aﬂ Xing P-X, Prenzoska J, Layton GT, Devine PL, McKenzie IF. Second-

remote lung injury in rats after intestinal ischemia (26). Thus, generation monoclonal antibodies to intestinal MUC?2 peptide reactive
production of sialyl-L&oligosaccharides together with MUC2  with colon cancer. J Natl Cancer I1€92;84:699-703.
protein from regenerative and metaplastic epithelial celia. Japanese C_Iassification_of_Gastric C_arcin_oma, Japanese Research Soci-
seems to be useful for self-cure in gastric inflammatory le- ety for Gastric Cancer, Nishi M, OmoriY, Miwa K, eds. Tokyo: Kanehara

. . . . & Co., Ltd.; 1995.
sions, although further studies are required to reveal if MUG2

D . - . . Chong J-M, Fukayama M, Hayashi Y, et al. Microsatellite instability in
protein is one of the core proteins for sialyllepitope in the progression of gastric carcinoma. Cancer Res 1994:54:4595-4597.

those cells. 14. Yamachika T, Inada K, Fujimitsu Y, at Intestinalization of gastric
signet ring cell carcinomas with progressiorircklow Arch 1997;
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