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Abstract 

The goal of也is蜘 dyw部 toelucidate whether s-catenin gene mutations might∞ntribute to glandular stomach 

carcinogenesis in Heli∞bacter pylori (H.pylori)-泊先ctedMongolian ge巾ils.Firstly， exon 3 of gerbil 13-回.te凶ncDNA，a 

mutation hot spo乞wascloned and開 明 朗 回dand found to have 89.3% homology wi白thehuman fonn and 95.5% wi血

也eratandm卯田島，nns.Peptide sequence in也isregion w描 shownto be 100%∞isserved in these mammals. Then， 45 

stomach adenocarcinomas induced with N-methyl・品nitrosour，伺仏側u)plus H. pylori infection and 7 induced叫th

齢制Ualone were examined for beta-catenin expression by immunohistωhemis町 andおrDNA mutations using a 

combination of microdissection and PCR-single s仕組dconfonnation polymorphism analysis. One gastric cancer in the 

MNU + H. pylori gr'ωp (2.2%) displayed nuclear (N) s-catenin 1∞alization， 3 (6.7%) showed cytoplasmic (C) 

dis凶butionin local regions， and 41 (91.1%) demons回.ted田11membrane ~の localization. 百lmors induced by MNU 

alone showed only membranωs s-catenin localization (7/η. Analysis of exon 3 of the s-catenin gene demonstrated all 

加morswi也 membraneor cytopl踊mic削 ning邸 wellas surrounding normal mucosa (8) to feature wild吻pebぬ・

伺.tenin.In con釘叫伽lesionwith nuclear剣山ghad a missense mutation at∞don 34 [GAC (Gly) --> GAA (Glu)] 

in exon 3 (111 = 100%， N vs.民 P< 0.05; and N vs. 8， P < 0.05). In conclusion，由eseresults叩邸側伽.ts・cateninmay

notbe a合equenttarget for mutation in stomach carcinogenesis in MNU + H. pylori・紅白.tedgerbils. 

Key Words Mongolian gerbils， stomach伺町民 β回.tenin，Helicobacter pylori 

Introduction 

Abnonnal expression of E・cadherinand 13・伺t剖 nresults in loss of epithelial cell-to-cell adhesion leading to 

un∞，ntrolled田:llgrow血 andmay th釘eforeparticipate in gas凶C 伺 ncerdevelopment.1
• 2} However， studies of 

mutations relevant to Wntls・cateninsignaling in human stomach加morshave yielded conflicting results_3-6) We 

pre吋ouslyreported the existence of b-catenin gene mutations in 18% of rat stomach伺 ncersinduced by N-me白Iyl・N'-

MむかN・凶troso別組dine(r¥制NG)η h ∞附ast， no mutations were found in N-methyl・N・凶釘osour，伺。制u)・

induced rat g踊凶ccarcinomas in組 0血ers旬dy.8) 百lerefo岡 山 clini∞，pathologicalsignifican切 ofs-回 teningene 

mutation is unclear. 

Recently， the Helicobacter pylori (H. pylori) infected Mongolian gerbil has been established as an appropriate animal 

model for theぽudyof gas凶C伺郎町 development， with induction of adenocarcinomas by MNNG or MNU. 9・12)

However， little infonnation has thusぬrbeen generated regarding molecular eventsωcu凶ngin gerbil model， p釘tly

reflecting the undefined genetic backgr'ωnd. 

In this蜘 dy，stomach adenocarcinomas developing in H. pylori-inf即 tedoruninf田 tedgerbils treated wi由MNUinthe 

drinking water were utilized to examine b・cateninprotein localization by immunohist∞hemis句叩dthe mutational 

status of exon 3 of b-catenin gene using DNA extracted企'omhistologically distinct regions. 
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Subjects and methods 

Tumor samples 

Fifty-two gastric adenocarcinomas were collected from fi匂 gerbilstreated wi出 oneof three experimental prot，ωols. 

In experiment 1， twenty-ei酔t7 week-old male specific pathogen企'eemale Mongolian gerbils例erionesunguiculatus; 

MGSIS叫 SeacYoshitomi， Ltd.， Fukuoka) were inoculated with H. pylori (ATCC 43504， American Tissue Culture 

Collection， Rockville， MD)， then starting two weeks thereafter， were given drinking water ad libitum contai凶ng10 ppm 

ofMNU (Sigma Chemical Co.， St Louis， MO) in light-shielded bo凶出品<r20 weeks continuously. 1n experiment D， 

fifteen gerbils re回ivedMNU in water at a∞ncentration of 20 ppm for altemate weeks for a to凶 of5 weeks exposure 

and inoculated叫thH. pylori one week aft，釘世le∞mpletionof this carcinogen exposure. In experiment m， 7 gerbils 

re田 ivedMNU only at a concentration of 10 ppm for 20 weeks ∞ntinuously. All animals were回 crificedat the 70白

experimental week. The excised stomachs were fixed in 10 % formalin in phosphate buffer for 24h and鎚mplesof 

加morsand background tissue were routinely processed for embedding in paraf百n.

Histopathological analysis 

百ssue鴎 ctionswere錦ainedwi也 hematoxylinand eosin (H&E) for histological dia伊 osis. Immunohistω:hemical 

s凶凶ngwi也monoclonalanti-s-catenin antibody (clone 14， BD Transduction Labora制 ies，Lexington， KY) at 4 oC 

overnight followed by the avidin-biotin complex method (Vector Laboratories 1nc.， Burlingame， CA) w描 performedas 

described earlier.13) Immunoreactivity of s-catenin wωclassified into“membranous (M)'γ‘cytopl回mic(C)"， and 

“nuclear (N)" according to the in回 cellular1∞alization ofthe protein. Tumors were then classified into“M" with only 

membranous s-catenin s凶ning，“C"harboringωmor回l1swi也句10pl鎚 mics-ω，tenin at least in part but wi白out

nucl回 r鈍aining， and finally “N" possessing飢morωl1s悦thnucl伺 raccumulation of s-catenin anywhere wi也in泊施

加mor，出 describedpreviously.7) 

Sequencing analysis ofb-catenin exon 3 

A segment of 224 bp from the genomic DNA in白enormal gastric mucosa of Mongolian gerbils w:部 amplified.τ'he

PCR product was prepared as the template and也enucleotide田quen伺 wasanalyzed using a BigDye Terminator Cycle 

Sequencing Kit， v 3.1 (Applied Biosystems， Foster City， CA)叫than AB1 P悶 SM3100 Genetic Analyzer (Applied 

Biosystems). S珂uences of 也e forward (5'-GCTGACCTGATGGAGTT∞A-3') 佃 d rever鴎(タ，

GCTACTTGCTCTTGCGTGAA・3')PCR primers were designed based on也esimil釘ityoftho回 ofhuman， mouse， and 

rat踊 described.13)

PCR-single 肱 andconformation polym抑制smσCR-SSCP)analysis組 ddir，ωsequencing 

Tumorar伺 sand surrounding stomach mu∞sa were micr叫is関 ctedfrom 10・μm-thickunstained serial paraf百nsections 

under a stereos∞pic micros∞'pe， then， genomic DNA w俗侃tractedusing the Pinpoint Slide DNA Is01ation System 

(Zymo Research， Orange， CA) used in our pre吋ouswork.η PCR・SSCPanalysis of s・回Iteninexon 3 was performed 

with established methods.13，14) 

Results 

s-Catenin localization 

Fifty-two animals were observed to have 45 differentiated and 7 undifferentiated gastric adenocarcinomas. 1n the 

恥制U+H.pylori group， immunostaining ofb-catenin revealed that 41 ofthe demons回 ted旬morshad only membran∞s 

lωalization (41/45， 91.1%) 叩 d3 had (3/45， 6.7%)句toplasmics-catenin staining. The majority of differentiated 
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adenocarcinomas had preserved cellular and nuclear polarity showing homogeneous low-grade morphology. In 

con釘部t， one small lesion showed heterogeneity wi出 high-gr叫ecytological and s加出lfalatypia wi血in出e加mor

masses， where nuclear s-catenin accumulation w回 observed(1145， 2.2%，田eFig. 1). On the other hand， all samples 

(7/7， 100%) in MNU only group had membranous localization (Table 1). 

Fig.1. 

Mongolian gerbil glandulむ stomachcancers induced by MNU and H. pylori inf卸値on. (A) H&E staining of a 

differentiated adenocarcinoma induced by MNU and H. pylori infection (X80). (B) Immunohistω:hemical analysis of 

s-catenin protein (X80). (C) Magnified yellow box in但)， r，叩resentativeresults for飢mor回:IIswi也 membranous

localization of s-catenin (x 640). (0) Ma伊 ifiedred box in (B)， representative results for加morcells wi也 nuclear

accumulation of s・cate凶n(X640). 

Table 1. Ii-Catenin localization and偲 on3m蜘 ltion泊Mongoliangerbils' stom叫 1知mors
P-Catenin Localization P-Catenin mutation 

MNU+H .pylori MNU only MNU+H .pylorl MNU only 

1/45 (2.2%)α7 (0%) 111 (1∞%)" 017 (O%)d 

3陥 (6.7%) 0/7 (01均 的。均的。刈
41/45 (91.1%) 7/7 (1∞%) 0/41 (O%)b 0/7 (0%) 

Membrane 45/45 (100%) 717 (1∞%) 0/41 (O%)C 017 (0%) 
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Surronding normal出sue

a: P< 0.05 vs.b and c; P=0.13 vS.d.σisher's exact t，剖}

s-catenin exon 3 sequen回 ofnormalg的 il

Sequences of the 224 bp portion of b-catenin exon 3 cDNA in various animals including a ge巾i1， human， rat， mouse， 

and xenopus were alignedσig. 2)， and the nucleotide鈎quencesof the Mongolian gerbil and human forms found to be 

demonstrated g∞d homology (89.3%)，也erelation to the mou田 andratgωs being even more c10se (95.5%). Peptide 

sequences in白isregion matched completely in出emammals， and almost 戸市ctly(97.2%) wi由伽tofxenopus. 

s-Catenin gene mutations 

Representative PCR・SSCPresults釘eshown in Fig. 3. DNA samples from lesions with membranous and cytoplasmic 

御 iningshowed simi1ar DNA mobility as the surrounding normal tissues佃 da wild type control (lane 1). However， 

- 74 -



the example wi也nuclears-catenin側 ning(lane 2)加 'boreda band (吟wi出abnorma1mobi1ity. Sequencing ana1ysis 

confirmed this to be due to a GAC (Gly)・>GAA (Glu) missense mutation at∞don34σig.4). 

響機個 a

Codon 34 

問団pmGGZ 弔函T叫 TCTGGT

Mutant 

Normal 
GAA (Glu) 

GGA (Gly) 

Fig.3. 

PCR-SSCP ana1ysis of s-ωte凶nexon 3 in gerbi1 stomach adenocarcinomas. Lane 1， wild type con甘01. Lane 2， 

adenocarcinoma sample with nuc1ear s-catenin staining showing a mobi1ity shift. “a"， abnorma1 band. 

Fig.4. 

Sequencing ana1ysis of the b-catenin gene isolated from the geぬi1stomach carcinoma illustrated in Fig. 3 showing 

codon 34. Top panel， wild type; bo伽 mpanel，mu伽 t

Discussion 

O町 pre田 ntdata demonstrated on1y a sing1e mutation at exon 3 of s-catenin gene ObseIVed in one of 45伺 ncers

developing in Mongolian gerbi1s infected wi也H.pylori and treated with MNU， and 7 cancers developing in恥倒Uon1y.

To our knowledge，位usis the first repo此 ofany such mutation ofthe s-伺 .te凶ngene in a g節回ccancer in a Mongolian 

gerbil. In human and rat lesions， mutations at exon 3 of s-catenin are usua11y loca1ized at g1y∞'gen synthase kin出 e

(GSK)-3s phosphorylation sites (codons 29，37，41， and 47) and白ea司jacentcodons (28， 32， 34， 39，佃d48)， where 

serine and threonine residues are physiologica11y phosphorylated. 百lemutation spec加 m of s-回.teninin the 

Mongolian gerbil gastric cancer， a1thα19b on1y one case inぬis蜘 dy，w国 inline叫ththe repo此sfor rodent旬mors

10回 .tedat codon 34 of exon 3. 15，16) Our mutation of s・cate凶ngene was limited to nuc1ear staining of the protein. 

We have pre吋ouslydemonstrated such mutations to correlate wi也thenuc1ear s-cate瓜nin rat gas凶ccancers induced 

wi也MNNG.7】 Ikenoue et a1.町havesuggested白紙thes・cate凶ngene mutation s飽旬sapp同四郎Sω1atedwi白 ashift 

in白eloca1ization合'omthe membrane to nucl伺 s. It is well known that the mutations c組 preventdegradation of s-

catenin protein in an APC (adenomatωs polyposis ∞H) dependent manner and伺:useactivation ofthe s-catenin I Tcf-4 

signal transduction pathway in human and rodent models including rats and mice. Since田quencesof s-凶 te凶nexon 

3 were highly∞'nseIVed among the mamma1s ana1yzed in白isreport， physiological role of s-catenin and on∞genic 

m回:har由m部 sociatedwi白i旬mutationcould be quite similar in Mongolian gerbils as well. 

In human stomach cancers， the incidences of mutations in exon 3 of s-catenin gene have ranged from 0 to over 30 

per，ωn1， and loss of E-cadherin expression app回路 tocorrelate wi也 p∞rdi能 rentiationand invasion into adjacent 

organs in adenocarcinomas.I
8-21) We have previously revea1ed a timing of s-catenin mutation in the late s旬ge

progression in rat stomach四 ncers.η Inaddition， Saito et a1. 22) detected no mutations in exon 3 ofthe s-catenin gene 

in 9 early-onset human gastric cancers while Clements et a1. 1めfounda significant number of stomach adenocarcinomas 

wi白 s-cateninmutations and nuclear accumulation including advanced stage lesions. 百lerefore，we consider that s-

catenin gene mutations migbt be important for late 陶酔progressionin g槌凶ccarcinogenesis. s-Catenin activa討onis 

usually confined to a small region wi出ina stomach田町民 andthus using microdissection t回 h向ueproved to a1low 

sampling of pure populations of tumor cells for mutations， which may prevent fa1se-negative results. 19) The discrepancy 

in frequency wi由previousreports cωld be due to techniques applied for extraction ofDNA from tumor tissues. 

In conclusion， mutation ofthe s・cateningene exon 3 may not be a∞mmon event in generation of stomach cancers in 
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the Mongolian gerbil model wi也 MNUexposure加 dH. pylori infection but uncon甘ol1edactivation of Wnt signaling 

pathway c∞ld con甘ibutestomach carcinogenesis in certain加mors. In this study， one s・cateninmutation was 

detected from H. pylori・泊fectedgerbils， showing no statisti伺1significance between MNU+H. pylori and MNU only 

groups (1145 vs. 017， P>0.05). 百lUS，H. pylori infection may not enhance b-catenin gene alteration. It may help 

clarify the influence of H. pylori infection in stomach carcinogenesis to analyze more samples treated with MNU only 

and to compare the two groups in the白加re. H. pylori infection合'equentlycauses chro凶cgas凶tisand long-term 

infection increases the risk of gastric cancer. Yu et al. 23) earlier found that loss or downregulation ofα-catenin mRNA 

in thegas凶cmucosa was ass∞iated wi血H.pylori infection， which is also known to accelerate E・cadherinmethylation. 

24) These results are suggestive of activation of the Wnt-catenin-Tcf signaling pathway wi也H.pylori inf回tionin the 

stomach. s-Catenin was expressed on the membrane of the cancer ce11s in 48 of 52 (92%) g部制C伺 ncertissu回.

Thus， other molecular mechanisms including downregulation ofE・cadherinmight be happened in our model. Whether 

other genetic or epigenetic alteration∞ωr in g踊凶C伺 ncer田l1sin c出 eslacking s-cate凶nmutations is an in凶guing

possibili勿warrantingfurther re回 arch.2S.均
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