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INTRODUCTION 

Metapla~ia is defined as the conve~>io n of one differentiated cell type to another, and 

occu~> in post-natal life.' 2 Intestinal metapl11.~ia in the stomach is one of the 

commonest merapl <L~ ia in human.2 The intestinal metaplastic gland is reported to 

initially arise from the proliferating zone at the neck of a normal gastric glandular 

tubule.
3 

Once cell of intestinal type arise. they replace normal glandular cell types 

throughout the g land.3 Macroscopically, inte~tinal metapla~tic lesions most commonly 

arise at the antrum, which is nommlly covered by pyloric g lands, and the intem1cdiate 

zone, which is nommlly covered by a mixture of fundic and pyloric g lands and a~ 

aging progresses the lesion expands34 

lnte.~ tinal types ga~tric cancer has been reported to be sun·ounded by an 

intestinal metaplasia. which may be due to one of three reasons. 56 ( I) The inte: tina ! 

metaplasia is a direct precancerous lesion; (2) the intestinal metaplasia causes an 

appropriate milieu for carcinogenesis, perhaps by raising the pH of gastric juice, thus 

improvi ng the growth conditions for some bacteria which produce mutagens; or (3) the 

intestinal metapl11.~ ia is just a paraneoplastic lesion resu lting from the same mumgenic 

stimuli which gave rise to the cancer.' 

Intestinal metaplasia can be classifed histologically into two types, the com plete 

type (Type I) and the incomplete type (Type lla and llb). '-' 2 The complete-type is 

R~sociated with the inte.~tinal marker enzymes sucrose a-D-glucohyd rolase, a.a­

trehalase, aminopeptidase, and alkaline phosphata. e.13 Tissue of this type contains 

goblet cells and Paneth's cells but not sulphomucin. u The incomplete type is 

!l~soc iated with sucrose a-D-glucohydrolase, aminopeptidase, goblet cells, and 

sulphomucin but not with a ,a -trehalase, a lkaline phosphata. e, or Paneth's cells-" The 

type rib inte.~tinal metaplasia, which is one incomplete type and secrete.~ 

sulphomucins. is especially known to accompany the intestinal type of gastri c cancer.'· 
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A "neoplasm" can be defined as a clone of cells distinguished from oth.:r 

tissues by autonomous growth and somatic mutaions." Some cancers have been 

reported to be monoclonal , based on ana lysis of X-chromosome inactivation and this 

is compatible with somatic mutation theorie.\ of carcinogenesis. '+" Some lesions 

which are called precancerous have a lso been reponed 10 be monoclonal. " 19 Fearon et 

al. (20) have reponed that all colonic cancers and colonic adenomas are monoclonal 

using X-chromosome methylation. However, Novelli et aL (21) have reponed that the 

earliest adenomas in familial adeoomatous polyposis coli are po lyclona.l. If the cancer 

arises from multiple step accumulation of genetic changes. there should be a point at 

which it starts expanding monoclonally." If the imestinal metaplasia i:; a direct 

precancerous lesion, it is possible that it has a lready expanded monoclonally. 

To know the monoclonal expansion of some lesions, it is important to know 

the clonality of the nom1al tissue originally existed there. 1n some tissues, there are 

reported to be monoclonal patches. 21
"' When there is a monoclonal lesion, it cannot be 

taken to be monoclonally expanding lesion, unless it is larger than the original 

monoclonal patches. Because there is a possibility that the lesion occurs by a 

phenotypical change of a stem cell of the patch. The existence of monoclonal patches 

which is composed of sevem.l glands have been reponed in both gastric and colonic 

mucosa using chime.ric mice. 

Each gland in the gastrointestinal tract is known to have self-regeneration 

systems. In the normal ga~tric mucosa, a glandular tubule, which is composed of a 

gastric pit in the upper parr and a gastric gland in the lower constiLLJte an insepardble 

structural unit. '·'·
25 

In this report, we'd like to use the word "ga~tric gland" for 

containing both gastric pit and true gland. The intestinal metaplastic glands have been 

reponed to arise from gradual changes of the phenotypes of the cell s constituting the 

gastric gland -' So we analyzed the c lonality of normal gastric glands as well as 

inte.~tinal metapl lL~tic glands. 

In recent years, clonal analysis ha' become possible utilizing X-chromosome 

methylation.
27 

Some specific CpG site.~ of one of the two X-chromosome alleles of a 
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female cell are reported to be methylated in the early stages of developmem and 

methylation is fixed within the cell 's somatic heredi ty.2l! 19 In a monoclonal cell 

population that has pro liferated from one cell , all the merhylated X-alleles are of the 

same origin, paternal or rnaternal. 27"''> If the two X-chromosomes are distinguishable, 

a cell population can be sa id to be polyclonal or possibly monoclona l. ~' We have used 

the tem1 '·homotypic" for a cell population which is methylated on the same allele, and 

'"heterotypic"' for a mixed cell population which is methylated on di f ferent alleles in this 

report, because some cell populations. which have arisen from plural cells that are 

methylated on the s;une allele by chance, are homotypic although they are polyclonal. 

We analyzed the clonality of fundic gastric glands, intestinal metaplastic 

glands, and intestinal metaplastic glands based on a polymorphism of the X- linked 

phosphoglycerate kinase gene (PG /() or human androgen receptor gene (HUMA RA) 

and X-chromosome methy lation."J.33 And to confim1 the clonality of norma·) gastric 

glands, we analysed the clonality of ga~tric mucosa of transgenic mice which carried 

X-linked lacZ gene.34 35 The single intestinal metapla! tic glands were analyzed 

separately based on histologic types. whether they were complete or incomplete type, 

and the loca tions, antrum or the intern1ediate zone in the stomach to detem1ine whether 

a certain area of intestinal metaplasia is a clonal expansion of a metaplastic gland. 

MATERIALS AND METHODS 

Clonal analysis of normal gastric gland 

Specimens 

Thirty gastrectomy specimens were obtained from 30 female patient~ with g<t~tric 

carcinoma who had been operated upon at the Nation! Cancer Center Hospital East 

from May 1995 to January I 996. All specimens were exam.ined by the Te.~-Tape 

method to exclude intestinal metapla.~ia (36). Normal fundic and pyloric mucosa were 

punched out by a 6 mm-diameter dispopunch (Maruho Co.,Osa ka. Japan) from 

regions as distant as possible from the cancer. One-half of each punched out tissue 
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sample was studied histologically. and the other half was used for the isolation of 

glands. 

Gland isolation 

Single gastric tubules were obtained by the modified method of Cheng (37). Brieny. 

the tissue sample was incubated for 30 minutes at 37°C in 5 ml of Hanks' balanced 

salt solution containing 30 mM EDTA, and shuffled mechanically. TI1e isolated glands 

were picked up by 27G needles under a stereo microscope. 

DNA extraction 

Genomic DNA wa. ex tracted from isola1ed single glands with DNA extractor WB kit 

(W AKO Purechemicals, Osaka. Japan). Finally, DNA extracted from single gland was 

suspended in 20 ).II of ImM Tris·HCI buffer (pH 7.4) containing 0. 1 mM EDT A. 111e 

amount of DNA extracted from a single gland was estimated at about 4- 8 ng. 

Pre-digestion with Hpafl and (or) Rsal 

For each DNA sample, 2 enzymatic digestions were perfom1ed before PCR 

amplification. Three ).II (0.6-3.0 ng) of DNA was mixed with I ).1.1 of enzyme solution 

contai ning 1.25U of Rsal (with or without I U of Hpall ) and digested for 12 hr at 

37°C. The amoum of DNA extrac1ed from a single gland was too small 10 amplify 

without digestion. However Rsal. which digests many sites of genomic DNA without 

cun ing the amplificarion loci, enabled the amplification of the small amount of DNA. 

PCR amplification ofPGK gene 

Amplification of a portion of the PGK gene, including exon I , was perforn1ed using 

nested primers I A, 2B and 2A, 2B, essemially <L~ described by Gilliland et al. (3 l )with 

a modification of the primer 2B instead of I B in the I st PCR. A schematic 

representation of the PGK gene is shown in Fig. I . This locus has 1wo Hpall sires 

which are completely methylated on r.he inactivaled alleles and not methylated on the 

acti ve alleles, and polymorphic Bst XI site which ena ble~ 10 distinguish paternal and 

maternal a ll e l e~. About30% females are reported to be heterozygous about this Bst XJ 
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site. The first PCR reaction wa~ performed in a volume of20 J..ll containing 4J..ll of DNA 

solution (0.6-3.0 ng DNA) digested by restriction enzyme: 4 pmol of primers I A and 

2B, respectively; 4 nM of dNTP (Takam Shuzo Kyoto. Japan), 1.5 mM MgCI2. 50 mM 

KCI, 10 mM Tris-HCI (pH 8.3) and 0.5U Tag polymerase (Takard Shuzo. Kyoto . 

Japan). Samples were amplified using a Perkin-Eimerffakara thermal cycler for 32 

cycles of94°C for I min, 58°C for I min, 72°C for 2 min, with an initial denatumtion 

step at 95°C for 2.5 min, and a final extension step at 72°C for 7 min. One-five 

hundredth volume of this PCR mixture was added into the 2nd PCR reaction mixture. 

The 2nd PCR reaction was performed in a volume of 40 J..ll containing the I st PCR 

product; 8 pmol of internal primers 2A and 2B,respectively; and SnM of dNTP, 1.5 

mM MgCI2, 50 mMKCI, lO mM Tris-HCl (pH 8.3), and I U Taq polymerase, 

respectively. under the same conditions as the I st PCR for 24 cycles. One-tenth of the 

2nd PCR products were digested with 2U of BstXl (Toyobo, Tokyo, Japan) at 50°C 

for 2-3 hr. BstXI-digested producL~ were electrophoresed in a 2% agarose gel and 

stained with ethidium bromide. Tubes of external control containing 0.6 ng and 3.0 ng 

of DNA obtained from gastric cancer cell line MKN45 were used in all series of this 

method, to confinn that on ly the methylated alle les were amplified in the PCR. 

PCR amplification ofHUMA RA gene 

A schematic representation of the HUMARA gene is shown in Fig. 2.32 It has 

polymorphic CAG repeat, which is repeated between 16 to 29 times in Asian people.'" 

More than 90% of Asi;m females are heterozygous for this repeat. There are two 

methylation senseitive Hpall sites near thi s repeat, and these sites are reponed to be 

completely methylated on the inactivated X-allele and completely unmethylated on the 

active allele?'-'
3 

When we perform PCR for the locus containing both these HpaJI 

sites and the CAG repeat after digestion with Hpa n. we can only an1pli fy the 

methylated alleles. Jf the ceU population is monoclooal, a single PCR product is 

obtained, because all the methylated alleles have the same number of CAG repeats. If it 
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is polyc lonal. two kinds of product originating from both the maternal and paternal 

al leles are obtained. Clonal analysis was performed essentially ba~ed on the method 

reponed previous ly32 33 Ampli fication of a portion of the HUMARA gene in cxon I 

was performed using primers ARI and AR2, essemially as described by Mutter et 

al.(33). AR 1 was labelled at the 5'end wirh Cy5. Tubes of externa l control comaining 

0.6 ng and 3.0 ng of mixed DNA obtained from the blood of a healthy woman and a 

hea lthy man were used in all series of this method, to continn that only the methylated 

al leles were amplified. DNA samples were diluted to between 0.6 ng and 3.0 ng per 

tube. The PCR products were analyzed using an automated sequencer (ALFred, 

Phannacia) and quantified using the Fragment Manager software package (Phannacia). 

Clonal analysis of gastric mucosa of mice 

X-chromosome-inactivation nwsaics 

Mou. e line H253 carries a transgenic X-chromosome- linked marker: 14 tandem copies 

of a 8.9-kb fragment containing the promoter of the mouse housekeeping gene 3-

hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) red ucta~e. linked to the £. coli 

lacZ gene."' 
35 

The HMG-CoA-IacZ fusion gene structure is discribed in Fig. 3 . 

HMG-CoA reductase is involved in cho l e.~tero l synthesis, c ho le.~ terol homeostasis. 

and ce ll proliferation. Thus this enzyme pro motor was used to produce ubiquitous P­

gal expression in cells of H253 tmnsgenic mice. Since the transgenic marker is linked 

to the X-chromosome, mosaics can be produced. This is accomplished by mating male 

H253 mice to wild-type females. This resu i L~ in female progeny that arc hemizygous 

for the lacZ marker. Because the transgene is present on only one of the two X­

chro mosomes, X-chromosome inactivation re.~ults in the mndom inactivation of the 

marker in about half the cells of the embryo. After the X-chromosome inactivation. 

hemizygous females consist of two cell popu lations: one that express ~-gal and one 

tha t does not. These two cell populations can then be used in the c lonal ana lysis. Three 

hemizygous female H253 mice of 6 weeks old were used. 

Fixation and histolORY 
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Stomachs were removed and postfixed after cardiac perfusion with 4% (wtlvol) 

parafom1aldehydel 0.2% glutaraldehyde in fixing buffer (0.1 M phosphate buffer, 

pH7.412 mM MgCI2 I 5 mM EGTA). The fixed stomachs were wa~hed in washing 

buffer (fix ing buffer conmining 0.0 I 'l! sodi um deoxycholate and 0.02% No nidet P-

40) and incubated overnight at 37' C in a 5-bromo-4-chrolo-3-indolyl ~- 0-

galactopyr.:mos ide (X-Gal; Sigma) so lut ion 10.1 % X-Gal I 2 mM MgCI, I 5 mM 

EGTA I 0.0 I% sodi um deoxycholate I 0.02% Nonidet P-40 I 5 mM K, Fe(CN),, I 5 

mM K, Fe(CN)6 in O. IM phosphate buffer (pH 7.4)1. After rinsing with buffer. the 

tissues were embedded in wax and sectioned into 5~un parallel to surfice of epithelium. 

Clonal analysis of single intestinal metaplastic gland 

Specimens 

Three gastrectomy specimens were obtained from three female pat.ients with glL~ tric 

cancer who had been operdted on at the National Cancer Center Hospita l, Eas t, Japan, 

in April 1996. All three cases (C J, 2, 3) were heterozygous for the HUMA RA gene. 

The specimens were examined by the Tes-Tape method with trehalose and 

sucrose; les ion. of intestinal metaplasia were detected with sucrose and separated into 

complete type and incomplete type wi th trehalose.36 The imestinal metapla~tic mucosa 

was punched out by a 6mm-diamcter dispopunch (Maruho Co., Osaka, Japan) from 

the large intestinal metaplastic lesion in the antrum or the intem1ediate zone. 1l1e 

punching-om was performed as distant as possible from the cancer. One-half of each 

punched out tissue sample was examined histo logically and the other halfwa~ LL~ed for 

gland iso lation. 

Gland isolation 

The tissue smnple was incubated fo r 30 minutes at 37°C in 5 ml of Hanks' balanced 

salt so lu tion conmining 30 mM EDTA, and the isolated g land were picked up by 

needles under stereomicroscopic observationn AU the gland~ were embedded frozen 

into OCT compound Tissue-Tek (M iles Inc. , Elkhan, USA) and each iso lated gland 

was sectioned longitud inally into 51J.m s lices until the goblet cells could be seen. The 
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sl ices were stained wi th hematoxylin and eosin, and we confirmed tha t the glands were 

intestinal metaplastic by microscopic verification of the presence of goblet cells. The 

remaining glands in the OCT compound were thawed and picked up under a 

stereomicroscope. 

Clonal analysis 

All the intestinal mempl<t~tic glands were analysed with the H UMA RA gene. 3' 33 The 

procedure from the pre-digestion wi th the restriction enzyme: to the electrophoresis is 

the same described for the single g<t~ tric nom1al glands. All the glands were analyzed 

more than twice and the resul ts were all accorded. 

RES ULTS 

Clonal analysis of normal gland 

Represenmti ve iso lated glands from nonnal fundic and pyloric mucosa are 

shown in Fig.4. Among the single fundic glands, 67% of the glands had branches. 

and 33% were straight. Among the single pyloric glands. 54.5% of the glands had 

bmnche , and 45.5% were straight. The length of both the single fundic glands and 

the single pyloric glands was about 500f.!m. 

Among 30 patie nt~ . 9 pati ent~ were heterozygous for the PGK pol ymorphism. 

Normal fundic glands were obtained from 6 of these patients, but the other 3 had 

intestinal metapl<t~ia all over the specimens. From the 6 specimens, 80 glands were 

obtained. Representative result~ of the clonal analysis with the PGK gene are shown in 

Fig. 5. When DNA was not digested with Hpall , two peaks were observed in 

heterozygous patients. When the samples were heterotypic (mixed cells of di fferent 

allelic methylation). two peaks were reta ined even after Hpafl digestion. When the 

samples were homotypic (ce ll populations o f the same allelic methylation). one of the 

peaks decreased significantly in the Hpall-digested sample. From condi tional studies. 

more tlum 20% contributions of the minor type of DNA can be detected as heterotypic 

in this way of analysis (the data not shown) . Forty-three (54%) glands were made up 

8 



of the cell populations of the same al lelic methylation (homotypic) and 37 (46%) 

glands were made up of the mi.xed cells of different allelic methylation (heterotypic). 

It is very important to ascertain whether the same high frequency of heterotypia 

mentioned above can also be observed using another X-I inked locus. To this end. we 

employed HUMARA locus. 32 33 Representati ve res ul t~ of the clonal analyses with 

HUMARA gene are shown in Fig.6. Specimens from 6 patients were analyzed. and 5 

pa tients were found to be hemyzygous at H U MA RA locus. Of the tout! of 6 1 glands 

isolated from the specimens of the 5 patients. 37 (6 1 %) were homotypic, and 24 (39 

%), heterotypic. 

Thirty-one fundic glands from 3 patients were examined for both loci . Among 

them, 14 glands were shown to be homotypic, and 17 glands were heterotypic for 

bo th loci . A ll the outcomes were accorded for the PGK locus and the HUMARA 

locus. Furthermore, the homotypic glands showed linkage of PGK and HUMARA in 

the same allele. For example, glands of one patient showing a shorter band in PGK 

showed a longer one in HUMARA, while those showing a longer band in PG K 

showed a shorter one in HUMA RA. lt was indica ted that the variant type of PGK gene 

which showed the shorter band and the longer repeat of HUM A RA gene were on the 

same allele, in this patient, while the wild type of PGK gene and the shorter repeat of 

HUMARA were on the other allele. Glands No.l -6 in Fig.5 and No. l -6 in Fig.6 are 

the sa me glands. 

Only I specimen yielded infommtion on nonnal pyro lic glands by PGK. Of the 

7 glands taken from this specimen, 6 (86%) were homotypic and I ( 14%) wa~ 

heterotypic. Of the 74 pyloric glands obtained from the 4 specimens which yielded 

information on the HUMARA gene, 71 (96%) were homotypic and 3 (4%) were 

heterotypic. The examples are shown in Fig. 7. Six pyloric glands were examined for 

both loci. A ll the outcomes of pyloric glands were also accorded by the PGK locus 

and the HUMARA locus. 
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The results of the clonal analysis of single ga~uic normal glands are 

summarized in Table l. There were no relations between the branching of the glands 

and the clonal type. 

To conftrnl the ex istence of the heterotypic glands, we analysed the sectioned 

view of the stomach of hemizygous H253 mouse. The representative results are 

shown in Fig. 8. TI1ere were hetero typic g lands in both fundic and pyloric mucosa. 

The rate of heterotypic g lands wa~ II % in fund ic mucosa and 6% in pyloric mucosa. 

Clonal analysis ofimesiinal me/aplastic gland 

TI1irteen punched out lesions were obtained from three specimens. All the lesions, 

wh ich were analyzed histologica lly. contained intestinal metaplasia that were typed by 

the Tes-Tape method -" 36 A representative iso lated single intestinal merupla~tic gland 

and the sectioned view are shown in Fig. 9. Almost all the isolated intestinal 

metaplastic glands were simple straight g lands, while about half of the isolated fundic 

and pyloric glands had branching. Between I to I 0 glands which had go bler cells were 

obtained from each punched out lesion (Table 2). There was no contamination with 

interstitial tissues in all the sectioned views of the isolated g lands (Fig. 9). Pancth cells 

could not be detec ted in the sec tioned views of isolated glands. 

Clonality of intestinal metaplastic glands were analyzed with HUMA RA loc us. 

The representative results are shown in Fig. I 0. All 86 DNA samples were analyzed 

twice, and all the outcomes were in accord . The resu lt~ of the clonal analysis of the 

single intestinal meruplastic glands are summarized in Table 2. From case I (C I), on ly 

incomplete type intestinal metaplastic les ions in the antrum were obtai ned. Four types 

oflesions, the complete-type in the antrum, the complete type in the intern1ediate zone, 

the incomplete type in the anrrum, and the incomplete type in the intermediate zone, 

were obtained from ca~es 2 and 3. Two lesions only contained either type of 

homotypic glands; the incomplete type C2-3 (Case2- lesion3) in the antrum and the 

incomplete type C2-6 in the inrermediate zone. Only one or two g lands were obruined 
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from the.~e lesions. Most of the punched-our lesions (I I out of 13) contained 

heterotypic or both types of homotypic glands. 

The total number of the clonal types are summarized again in Table 3. In the 

complete type in the antrum, 17 glands were homotypic and 5 glands were heterotypic. 

In the complete type in the intermediate zone, I 0 were homotypic and II were 

heterotypic. In the incomplete type in the antrum, 6 were homotypic and 18 were 

heterotypic. ln the incomplete type in the intermediate zone, 12 were homotypic and 7 

were heterotypic. Of a total of 86 glands, 45 (52%) were homotypic. and 4 1 (48%) 

were heterot.ypic. Although there were some deviation .. there was no correlation 

between the clonal type and the histologic type or the location of the lesion. One gland 

out of 8 from one punched out lesion of complete type in the intennediate zone (C2-2) 

showed a loss of heterozygo. ity. This gland showed one peak in the ALFred pailcm 

even before digestion with Hpall , and was excluded from the result~ of the clonal 

analysis. 

We obtained three intestinal metaplastic glands showing replication errors 

(RER) from the punched-out lesion Cl-2, which was an incomplete type intestinal 

metaplastic lesion in the antmm (Fig. II ). When PCR was done without prior Hpail 

digestion, all the glands of this case (C I) showed two peaks as seen for C 1- 1-1 

(Casel -Lesioni-Giand I) in Fig. II. However, three glands (C 1-2- 1, 2, 3) from one 

punched ou t lesion showed one additional peak of a longer repeat, indicating a 

replication error of the HUMARA gene. Although all three of these glands showed the 

same type of RER, clonal analysis of them indicated that each of the three had a 

different methylation pattern after digestion with Hpall (Fig. II ). The examination of 

the.~e three glands was performed in triplicate with the same results. These three glands 

were also excluded from the clonal analysis. They had no histological differences from 

the other intestinal metapla~tic glands. 

Discussion 
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In clonal analysis it is imponant to rule out contamination by interstitial 

ti ssues.
20 

In this analys is, we used the gland iso lation technique reponed by Cheng et 

al. (37). The isolated glands were confirmed to contain no interstitial ti. sues by being 

sliced and stained with HE. Even though contamination could not be completely ruled 

out, they were found to have a contamination r..ue of less than 20% of aU cells. We 

used this technique on co lonic crypts. and they were all homotypic as Ponder et al. 

(2 1) and Fearon et al. (20) have reponed. Some clonal analyses have used 

microdissection in cases where there was no alternati ve approach possiblc:19 The gland 

isolation technique that we employed is both use ful and reliable because DNA can be 

obtained from unfixed ce lls, but one disadvantage of this technique is that it is 

impossible to reconstruct the positional relationships of neighboring glands. 

Abouthalfofthe single fundic glands were homotypic in PGK or HUMARA 

locus, while the other half were heterotypic. About 4% of the single py loric glands 

were homotypic, too. The arising way of glands may be different between stomach 

and co lon. because colonic crypt~ have been reponed to be all monoclonal. The 

existence of heterorypic glands in stomach commdicts the result~ of clonal analysis 

using chimeric mice." We confirmed the existence of heterotypic glands in H253 

mice, ruling out the difference among the species. One of possible reasons for this 

discrepancy may be that in chimems. strain differences prevent lhe success ful 

cooperation of progenitor cells in forming glands. 

Atlea~t 50% of the intestinal metapla~ ia in the present study was polyclonal in 

origin, even when they were sepamted into the smallest lesion, a gland. This findings 

was quite unexpected and is probably concordant with the recent s ugge.~ tio n by 

Bjerknes et al. (40) that some crypt in dyspi <L~tic adenoma of familial polyposis 

patients are polyclonal. In addition, most of the small punch out lesions of intestinal 

metaplasia were a mixture of glands originating from different cells. Therefore the 

present. data indicate that intestinal metapla.~ia is a polyclonal lesion. Slack et al.( I 2) 

has proposed that one tissue can be replaced by another, either by a switch of 

developmental commiunent, or by co lonisation with cells of di fferent origin, and that 
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only the fom1er is a true merapla~ia . The present data indicate that the intestinal 

metapla .. ia is a true metapla~ia, because each intestinal gland is known to be 

monoclonal with respect to X-chromosome methylation and the imestinal metap la~ia 

could not be explained by the expansion of intestinal muco. a into the s tomach from the 

duodenum-'' The intestina l metaplasia is tho ught to atise by a switch of developmemal 

commi tment, but the switching ha~ to occur in plural neighboring stem cells to become 

polyclonal. 

Most of the punched-out lesions (11 o ut of 13) contained glands originating 

from different cells. The remaining 2 lesions gave only I or 2 glands. From these 

findings, the intestinal metaplas ia may not expand monoclonal ly larger than 6 mm in 

diameter. Jn this respect. the imestinal met:apla~ia is nor a direct precancerous lesion 

expanding monoclonall y, even when the size of the patch is compared wi th that of 

normal mucosa. Ochiai et a l. (41) has found some clonal expansion of intestina l 

metaplasia with a p53 mutation, indicating monoclonality. Therefore, some fraction of 

intestinal met:aplasia could be a monoclonal expansion, but o ur present data indicate 

that inte.~tinal metapl <l~ ia in general is not monoclonal. However, in intesti na l 

metaplasia ceUs may be in a metastable phase and are highly succeptible to subsequent 

monoclonal multi-step carcinogenes is." 

The intestinal metaplasia type lib, which have sulphomucin, is reported to have 

a strong correla tion with intestinal type gastric cancer.7·" In this report we used a 

gland isolation technique that uses EDTA treatment, the tissue had to be kept 

unfixedn Therefore, the a,a-trehalase activity was adopted to classify the intestina l 

metapla~ ia and the type Ub could not be separated from type !Ja, because the mucin 

staining techn ique requi res fi xation of the tissue. Although we could not differentiate 

intestina l metaplasia II a and rTb, there was no punched-out lesion contained more than 

3 glands of the same one cell origi n, excluding the possibili ty of monoclonal 

expansion of intestinal metaplasia. 

1l1e intes tinal metaplastic gland is reported to arise by gradual change of a 

normal g land _.. In the present investigation, however. about half of the intestinal 
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metaplastic glands were heterotypic even when they were in the antnun surrou nded by 

py loric glands whjch were homotypic in 96%. We cou ld explain the ex is tence of the 

heterotypic and homotypic intestinal met:aplastic glands among t11e fundic glands, 

which <tre heterotypic in 40%. by the grdd ual change of normal glands. But a simple 

gradual change could not explain the difference of the heterotypic g landa l rates 

between pyloric gl<mds and intesti nal metaplas tic glands in antrum. as X-chromosome 

inactivation is reponed not to change even in s tem cells.'" 29 

We could postulate three explanations for the diffemce of heteroty pic glandal 

rates between pyloric glands and intestinal metaplastic glands in antrum. One possible 

exp lanation is that originally heterotypic glands are fa vorable to be changed into 

intestinal metaplastic glands . Schmidt et al .(42) reported that the intesti nal crypts in 

chimeric mice are of polyclonal origin and the purification of crypt cells occurs within 

two weeks after birth. From this observation, the heterotypic g lands may be infanti le 

and may have an abi lity to change the phenotypes. 

Another possible explanation is that intestinal metaplas.ia might be fanned 

thro ugh a process wh ich incorporates a second stem cell , either from out~ide the 

normal gland or from out~ide of the cell regeneration system of a normal g land , 

namely a pluripotential dormant cell. In this mechanism, it is poss ible that me 

preexisting normal homotypic py loric gland is gradually replaced by intestinal type 

ce lls. We know that a considerable portion of imestinal metaplastic glands show both 

gastric and intestinal phenotypes.' Therefore, our present observation is consistent 

with previous observations. In add ition, we know that even a nonnal intestina l crypt is 

fom1ed as a potyclonal cell population in prenatal g ut." It is possible that the 

generdtion of intestinal metaplasia imitates ontogeny2 The purification mechanisms, 

which Schmidt et al. (42) have said, might explain the ex istence of both homotypic 

and heterotypic intestinal metapta~t:ic g lands. The intes tinal metaplas tic glands 111ay 

arise potyclonatly and may be purified into monoclonal populations. But as we tOok all 

the punched out lesions from large, possibly fused, intestinal metapla~ tic area~ in this 

experiment, we could not con finn this purification proce. s with time. 

14 



There is the third possible ex planation. If we postulate that X-chromosome 

inactivation is nor detem1ined in the stem cell of an intesti nal metapla~tic gland, a 

heterotypic gland might potentially ari se from a si ngle stem cell . The methylation of 

autosomal genes is known to be disturbed in the carcinogenes is process'' There might 

be a mechanism of methylation instability in the process of inteMinal metaplasia. Our 

observations of the three neighboring glands showing RER (Fig. I I) support this 

idea. Because RER is a rare event, it is unl ikely to occur independently in three 

different neighboring cells. Thus, we ass umed that the three g lands had originated 

fro m the same stem cell. However, we observed different methylation patt:erru; an1ong 

the glands. 

We do not presently have <my solid data to determine which of above two 

theori e.~ is more likely. Somatic mutations, s uch as RER in an intestinal metaplastic 

gland, might be a key to answeri ng this question. Instability of X-chromosome 

methylation, or possibly inacti vation, may represent a new field of research on the 

differences in cancer susceptibility between men and women. 

Conclusion 

I. Jt is less probable that intestinal metaplasia expands monoclonally to a large 

region. All intestinal metap la~ia are not precancerous les ion from the standpoint of the 

clonal ity. 

2. At least half of the inte.~tinal metapla~tic glands are polyclonal even in the 

antrum where original nonnal glands are almost monoclona l. Change of the gland 

from nomml to intestinal metaplastic cannnot be explained by a s imple trdnsfonnation 

of the gland . 

3. There may be a X-chromosome inactivation in~tability in the process of 

generating the intestinal metap la~ia . 

15 
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Fig. 1 Schematic representation of PGK gene; there are polymorphic 
Bst XI site and two Hpall sites which are methylation sensitive. 
The Hpall sites are completely methylated on inactive X-alleles 
and unmethylated on active X-alleles. DNA was digested with Hpall, 
and PCR was performed for the locus containing the two Hpall sites 
and the polymorphic BstXl site. Then, PCR products were digested with 
BstXl and were electrophresed. Heterotypic samples showed two bands 
and homotypic samples showed one band. 
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Fig. 2 Schematic representation of HUMARA gene; There are polymorphic 
GAG repeat and two Hpall sites which are methylation sensitive. 
These sites are completely methylated on inactive X-alleles and 
unmethylated on active X-alleles. Repetition number of the GAG is 
from 16 to 29 in Asian people. DNA was digested with Hpall , and 
PGR was performed for the locus containing both the two Hpall sites 
and the repeat. PGR products were electrophoresed. Heterotypic 
samples showed two peaks and homotypic samples showed one 
peak. 
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Fig. 3 HMG CoA-IacZ fusion gene structure. The 8.9 kb Non-Kpnllinear fragment 
excised from the vector consists of 5.6 kb of the mouse 
3-hydroxy-3-methylglutarylcoenzyme A reductase gene sequence and 3.3 kb 
of lacZ gene. A nuclear location signal (NLS) coding for amino acid residues 
127-147 of SV40 large T antigen is fused to the 5'-terminal of the lacZ gene 
to provide a ~-galactosidase hybrid protein with nuclear localization. 

X-linked lacZ transgenic mouse carries 14 tandem copies only on the 
X-chromosome. 
NLS: nuclear location signal 

Kpnl 



a b 

Fig. 4. Stereoscope feature of isolated single glands. a, Fundic gland (*70) . 
b, Pyloric gland (*70). Sixty-seven% of the fundic glands had 
branches, and 33% were straight. Among the single pyloric glands, 
54.5% of the glands had branches, and 45.5% were straight. The 
length of both the single fundic glands and the single pyloric glands 
was about 500mm. 



Fundic 2 Fundic 3 Fundic 4 Fundic 6 

603bp 

310bp 

Fig. 5. Clonal analyses of single fundic glands by PGK. Glands No.1- 4 
were shown to be homotypic and glands No. 5 and 6, heterotypic. 
One of two bands in the lane of Hpall digested No. 5 was weak, 
but it was stronger than control sample, which was mixed DNA of 
a female and a male. 

530bp 
433bp 



Fundic 1 Hpall(·) Fundic 2 Fund1c 3 
Hpall(·) Hpall(·) 

Hpall(•) Hpall(+) Hpatl( .. ) 

Hpall(-) 
Fundic 4 

Hpall(·) Fundic 5 Hpall(-) Fundic 6 

Hpall(•) Hpall(+) Hpall(+) 

Fig.6. Clonal analyses of single fundic glands by HUMARA. All the samples 
were analyzed in pairs of those not digested withHpall and digested 
with Hpall. In ALFred pattern , the PCR product of heavier molecular 
weight is on the right, and the lighter is on the left. The right peaks 
are the products of longer repeats of HUMARA, and the left are of 
shorter repeats. Fundic 1-6 in this figure and Fundic 1-6 in Fig.S 
represent the same glands, respectively. Glands No.1- 4 were 
shown to be homotypic and glands No.5 and 6, heterotypic. Hpall(-) , 
not digested with Hpall ; Hpali(+), digested with Hpall. 



Hpall(-) Pyloric 1 Hpall(-) Pyloric 2 

Hpall(+) Hpall(+) 

Fig.?. Clonal analyses of single pyloric glands by HUMARA. All the 
samples were analyzed in pairs of those not digested with Hpall and 
digested with Hpall . In ALFred pattern , the PCR product of heavier 
molecular weight is on the right, and the lighter is on the left. The 
right peaks are the products of longer repeats of HUMARA, and the 
left are of shorter repeats. Pyloric 1 shows homotypic gland which is 
methylated on the allele of shorter repeat, and pyloric 2 shows 
homotypic gland methylated on the allele of longer repeat. About 
96% of the pyloric glands were homotypic. Hpall(-) , not digested 
with Hpall ; Hpall (+) , digested with Hpall . 



(A) (B) 

Fig. 8. Cross-sections through glands in stomach of 6 weeks 
old female heterozygous H253 mice. The H253 mouse 
has 1 4 tandem repeats of the construct of Fig. 3 on the 
X-chromosome. Cells which kept the transgenic allele 
active are blue and which inactivated that allele are not 
blue. (A) Fundic glands. (7J..lm, 60*) Counter stained 
with nuclear fast red. (B) Pyloric glands. (1 OJ..tm, 40*) 
There were heterotypic glands in both glandal fields. 



(A) (B) 

Fig . 9. Single intestinal metaplastic gland; 
(A) A feature under a stereomicroscope; magnification *70. Almost 
all the glands had no branches. (B)-(D) Sectioned and 
hematoxyline and eosin (HE.) stained features of the gland under a 
microscope, magnification *100. These three glands showed 
heterotypic, though there were no interstitial tissues. 



Gland A 
Hpall(-) 

Gland A 
Hpall(+) 

Gland 8 
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Fig. 10. Representative clonal analysis; 

Gland C 
Hpall(-) 

Gland C 
Hpall(+) 

All the samples were analyzed in pairs of those not digested with 
Hpall and digested with Hpall . In ALFred pattern, the PCR product 
of heavier molecular weight is on the right, and the lighter is on the 
left. The right peaks are the products of longer repeats of HUMARA, 
and the left are of shorter repeats. Gland A, heterotypic. The results 
of digested with Hpall are the same with no digestion with Hpall . 
Gland B, homotypic of longer allelic methylation. Gland C, 
homotypic of shorter allelic methylation. Hpall(-) , not digested with 
Hpall ; Hpall(+) , digested with Hpall . 



~!~;~\ A A 
~V\_ 
~~:~;}., A (\ 
~V\_ 
~~-:.;}_ \ {\ {\ . 
~vv\_ 

B~:~;,~ I {\ A 
~v\___ 
B!:~;~~ A A " 
~vv\_ 

~~~~.~~ \ . (\ 1\ 

~v\_ 
e~-:.;~, A A {\ 
~vv\_ 

B!:.;,:, (\ f\ A 
~VV\__ 

Fig. 11. Results of the three glands which showed replication errors (REA) ; 
Gland No. C1-1-1 is a control gland from the same case, which is 
heterotypic and does not show REA. The results of the three 
glands (C1-2-1, C1-2-2, C1-2-3) have one more small peak on the 
right when they are not digested with Hpall. The results all differ 
when they are digested with Hpall. 
No. C1-2-3, gland No.3 of lesion No. 2 of case No. 1. 



Table I Gland by PGK and HUMARA 

PGK HUMARA 

Homotypic Heterotypic Homotypic Heterotypic 

Fundic gland 43 (54%) 37 (46%) 37 (61%) 24 (39%) 

Pyloric gland 6 (86%) 1 (14%) 71 (96%) 3 (4%) 

Table 1 Fifty-four percent of fundic glands were homotypic and 
46% were heterotypic analyzed with the PGK. Sixty-one percent 
of fundic glands were homotypic and 39% were heterotypic 
analyzed with the HUMARA. In pyloric glands 86% were 
homotypic and 14% were heterotypic analyzed with the PGK, 
and 96% were homotypic and 4% were heterotypic analyzed 
with the HUMARA. 



TABLE II Details of clonality of intestinal metaplastic glands obtained from each small punch out 

Punched Homotypic Homotypic 
out No. (longer peak) (shorter peak) Heterotypic Total 

Complete C2-1 6 2 9 
type 

C3-1 2 2 0 4 
Antrum 

C3-2 0 6 3 9 

Complete C2-2 0 6 7 
type 

C3-3 5 3 0 8 
Intermediate 
zone C3-4 0 5 6 

CH 0 2 5 7 
Incomplete 
type C2-3 0 0 

Antrum C2-4 0 0 6 6 

C3-5 2 7 10 

Incomplete C2-5 2 5 8 
type 

Intermediate 
C2-6 0 2 0 2 

zone C3-6 0 7 2 9 

C2-1 =case number 2-punched out number 1 

Table 2 Most of the small punched out (6mm in diameter) did not 
composed of glands originated from a single cell , 
irrespective of histologic types and locations. The 
punched outs numbered C2-3 and C2-6 contained glands 
of the same homotypes only. But only one and two glands 
were obtained from these punched outs. respectively. 



Table Ill Summary of clonal analysis of single intestinal metaplastic gland 

Complete type Incomplete type 

Antrum lnterm. Antrum In term. total 

Homotypic 17 10 6 12 45 (52%) 

Heterotypic 5 11 18 7 41 (48%) 

Table 3 In the complete type in the antrum, 17 glands were homotypic 
and 5 glands were heterotypic. In the complete type in the 
intermediate zone, 10 were homotypic and 11 were heterotypic. 
In the incomplete type in the antrum, 6 were homotypic and 
18 were heterotypic. In the incomplete type in the intermediate 
zone, 12 were homotypic and 7 were heterotypic. 
Of a total of 86 glands, 45 (52%) were homotypic, and 41 (48%) 
were heterotypic. Although there were some deviations, there was 
no correlation between the clonal type and the histologic type or 
the location of the lesion. 
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