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SHORT COMMUNICATION

Familial gastric cancer: clinicopathological characteristics, RER
phenotype and germlinep53 and E-cadherin mutations

Kazuya Shinmural®, Takashi Kohno!, Mina Takahashit, gastric cancer, itis of greatimportance to recruit and characterize
Atsushi Sasakt, Atsushi Ochia®, Parry Guilford 4, families with an aggregation of gastric cancer. In particular,
Airlie Hunter 4, Anthony E.Reevé, Haruhiko Sugimura®, gastric cancer often occurs in family members with hereditary
Naohito Yamaguch? and Jun Yokotal:6 non-polyposis colorectal cancer (HNPCC) (11) and Li—Frau-

1Biology Division, 2Pathology Division andCancer Information and meni syndrome (LFS).(12._14)' However, it is stil dgbatablg
Epidemiology Division, National Cancer Center Research Institute, 1-1  Whether or not the replication error (RER) phenotype is associs
Tsukiji 5-chome, Chuo-ku, Tokyo 104-0045, Jap&Bancer Genetics ated with gastric cancer with familial aggregation (15,16) an
Laboratory, Biochemistry Department, University of Otago, PO Box 56, there is no report on systematic germline mutation analysis
a“”ed'”' New Zealand ariThe First Department of Pathology, thep53gene in familial gastric cancers. It was recently reporte@
amamatsu University School of Medicine, 3600 Handacho, Hamamatsu R L. . . ®
431-3192, Japan thattheE-cadherirgene, whichis frequently mutated in sporadica
diffuse type gastric cancer (17-19), is responsible for the inheg-
ited susceptibility to gastric cancer of the diffuse type (20,21)3
Thus, it is worth investigating the prevalence of an inherite@
disorder of thee-cadheringene in gastric cancer families. =
In several hereditary cancer syndromes, such as HNPCC, the
mode of genetic transmission is consistent with an autosomal
dominant inheritance pattern. In this study, we attempted t®
recruit hereditary gastric cancer cases with autosomal dominagu
inheritance patterns. Thus, familial cases were selected by cj-
teria in accordance with the Amsterdam criteria for HNPCC as
a model. In analogy to the diagnosis of HNPCC (Amsterdars
criteria) (22), we tested the following criteria: (i) at least three%
relatives should have gastric cancer and one of them should fe

relatives gastric cancer should be diagnosed before age 50. @ firstdegree relative of the other two; (ii) at least two successivg
Thirty-one cases (0.9%) fitted all three of these criteria. generations should be affected; (iii) in one of the relatives, gastrig
There were only gastric cancer patients in 18 of the 31 ¢ancer should be diagnosed before age 50. . 2
families and there were no families that fitted clinical Probands of pathologically verified primary gastric cancer;
criteria of HNPCC or LFS. Paraffin-embedded tissues were  Were identified from hospital records of patients who had beed
available in 29 probands and DNA was successfully isolated diagnosed between 1962 and 1995 atthe National Cancer Center
for molecular analyses in 13 probands. RER phenotype Hospital, Tokyo, Japan. Family histories were systematically:
was detected in three (23%) cases, whereas germlips3 ~ obtained from patients and/or their family members atthetlmeci";’
mutations were detected in none of 13 cases. A germline hospitalization. Eligibility for this study was limited to probandsg
E-cadherin mutation was detected in one of three diffuse Whose family histories of the first and second degree relatives
types and none of 10 intestinal types, however, a mutation Wwere available. In ~10% of cases, family histories of the patien§
resulting in the replacement of Gly by Val was detected in  Were inadequate. Of the cases, 3632 conformed to these critefia.
the precursor sequence. Thus, although familial clustering  The ages of 3632 probands at diagnoses ranged from 16 to €9
of gastric cancer occurs in ~1% of gastric cancer patients, years old (16-87 in male and 21-89 in female) and the mean age
germline mutations of the DNA mismatch repair, p53and ~ * SD of the probands was 568 12.1 years (56.%- 12.0in 3
E-cadherin genes do not significantly contribute to such a male and 55.2 12.4 in female). Information about cancer in+=
clustering. thefirstand second degree relatives was collected retrospectively
by standardized, written questionnaires given to the patients or
members of their families.

- ; ; The number of gastric cancer patients per family ranged from
Gastric cancer is the second most common cancer in the world X ; .
0,
following lung cancer (1). As with colon, breast and severa/one © f'V(.a and in 124 pf the 3632 families (3'4/") at least
other cancers in which familial clustering has been reported, ree relatives had gasric cancer (Table I). Gastric cancer was
high incidence of gastric cancer in close relatives of affecte lagnosed before_'ghe age Oof 50 in at least one of the reIanvz_a; n
individuals has been reported (2—6). Thus, it has been suggestgds/ Of 3632 families (28.6%). Among these cases, 46 families

that genetic factors as well as environmental factors are imporfit€d both criteria (i) and (iii). However, only one generation

ant for the pathogenesis of gastric cancers (7—10). To evaluaf$?S affecte_d_ by Q?St”c cancer i_n seven of th_e 46 families. Also,
the significance of inherited disorders for the development of! €ight families with three gastric cancer patients, parents of the
probands were affected by gastric cancer, thus we considered

Abbreviations: HNPCC, hereditary non-polyposis colorectal cancer; LFS, that. t.here were only two relatives with gastric cancer in SL.j.Ch
Li—Fraumeni syndrome; RER, replication error; SSCP, single-strand conformal@milies. After those 15 cases were excluded, 31 of 3632 families
tion polymorphism. (0.9%) met all three of the criteria.
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Gastric cancer frequently occurs in family members with
hereditary non-polyposis colorectal cancer (HNPCC) and
Li-Fraumeni syndrome (LFS) and germline E-cadherin
mutations were recently identified in a subset of familial
gastric cancers. Thus, families with an aggregation of
gastric cancers were recruited by reviewing the genealogical
trees of 3632 patients with gastric cancer. The criteria for
recruiting such families were the following: at least three
relatives should have gastric cancer and one of them should
be a first degree relative of the other two; at least two
successive generations should be affected; in one of the
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There was a patient with breast cancer in family 10, a patient
Table I. Number of families meeting the criteria for familial aggregation of with leukemia in family 13 and patients with multiple primary

gastric cancer cancers in families 13 and 28. However, these families did not
meet the criteria for LFS (23). Colorectal cancer and uterine
endometrial cancer are the component tumors in HNPCC (11).
There were colorectal cancer patients in families 9 and 22,

Criteria No. of families (%)

No. of gastric cancer patients per family

<2 3508 (96.6) whereas there were uterine cancer patients in families 8, 12 and
A;3Of the youngest gastic cancer patient 124 (3.4) 16. Thus, it is possible that these families were affected by
<50 1037 (28.6) HNPCC. However, none of these families met the Amsterdam
=50 2595 (71.4) criteria for HNPCC (22).
Familial gastric cancer There were 11 families in which more than two family mem-
|\D/|Id ”r?t meet the criteria 3601 (99.1) bers were affected by gastric cancer under 50 years of age,
et the criteria 3109 suggesting the presence of common factors for the risk of early
onset gastric cancer in those families. In particular, there were
five or six gastric cancer patients in families 3, 5, 8 and 15. I1§’
Table Il. Characteristics of 31 families meeting the criteria for familial addition, there were gastric cancer patients only in families 5
gastric cancer and 15.
Characteristics No. of families In 29 cases, paraffin-embedded tumor samples of the probargis

were available for pathological examination. Gastric tumorg

No. of gastric cancer patients

were pathologically examined by two or more pathologists inde2

3 20 pendently and standardized by one of the authors (H.S.) bas%d
4 7 on the General Rules of the Japanese Research Society for
2 f Gastric Cancer and the Lauren classification (24,25). Accordi
Generations affected by gastric cancer to Lauren'’s criteria, 17 cases (59%) were of the intestinal typg
2 28 and 12 cases (41%) were of the diffuse type. Compared with the
3 _ 3 current distribution of the histological subtypes of gastric cancer
Noé of cancer patients 1 (26), a slight dominance of the intestinal type was apparen
2 8 noted. S
5 6 DNA was extracted from normal mucosae and tumorous por;
6 2 tions dissected from paraffin-embedded surgical specimens & as
7 1

_ reported previously (27). In 13 of 31 cases (probands of families
Site of tumors 3-8,11, 13,14, 16, 17, 27 and 29), DNA samples were availabfe

gﬁﬂ;”f‘ g?gggl)i/nvowed 1183 for genetic analysis. The RER phenotype was examined at sk
Lung 5 microsatellite loci, D1S191 (1q), D2S136 (2p), D3S1067 (3p)x
Uterus 3 D5S421 (5q), D9S162 (9p) and TP53 (17p) (15,28,29). Three
ﬁg'eorrecmm 22 of the 13 cases (23%) showed RER at three or more of tHe
Breast 1 microsatellite loci examined (Figure 2 and Table Ill). Histologi-
Esophagus 1 cally, two of the three cases with the RER phenotype were df
Kidney 1 the intestinal type and the other was of the diffuse type. The twg
'é?fygx i intestinal types were in the early stage and the diffuse type W@S
Patien?sowith multiple primary tumors in the advanced stage. 5
One primary tumor 29 Exons 2-11 of the53gene and exons 3—-16 of tkecadherin =~ &
Two or more primary tumors 2 gene were amplified for single-strand conformation polymorphg

Histological subtyp? ism (SSCP) analysis using DNA extracted from normal mucosag.
g‘it]ff*j;'ga' 11;’; Primer sequences are available upon request (30-32). The pko-
cedures of PCR-SSCP analysis were described previoush
(12,13,15), except that PCR productsetadherinwere elec-
trophoresed on a polyacrylamide gel in B.5TPE (30 mM
Tris, 20 mM PIPES and 1 mM NEDTA, pH 6.8) (33). DNAs
We next examined the detailed family histories of these 3Xorresponding to the shifted bands were directly sequenced with
individuals (Table I). Pedigrees of the 31 families are shown inthefmolDNA cycle sequencing system (Promega). No germline
Figure 1. In 11 of the 31 families, more than four individuals p53 mutations were detected, however, one conservative mis-
were affected by gastric cancer and in three families, threesense mutation (Figure 3) and one polymorphism of Ere
successive generations were affected by gastric cancer. Tleadheringene were identified in these 13 cases. In case 8, one
number of cancer patients in each family ranged from three tofthe three diffuse types, aGT nucleotide change was detected
seven. In 18 of 31 families, there were gastric cancer patientat position 185 (Table Ill). This change was associated with an
only and no patients with other types of cancer. In the remainingxchange of an amino acid (GhMal) at codon 62 in exon 3,
13 families, there were 16 patients with other types of cancetocated in the precursor sequence (34,35). A silent T/C poly-
There were five patients with lung cancer, three patients wittmorphism at codon 692 in exon 13 was found at an allele
uterine cancer, two patients with colorectal cancer and twdrequency of 0.69/0.31.
patients with liver cancer. Here we have recruited and characterized various familial
Breast cancer and leukemia are the component tumors in LF§astric cancer cases from the analysis of family histories among
and multiple primary cancer is one of the criteria for LFS (23).3632 patients with gastric cancer. Familial cases were selected

1128

203

8According to Lauren’s criteria.
bTwenty-nine cases were available for pathological examination.
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Fig. 1. Pedigrees of 31 families meeting the criteria for familial aggregation of gastric canc@, female;], B, male; symbols with slashes indicate
deceased individuals. Open symbols indicate no neoplasm and filled symbols represent persons with cancers. GC, gastric cancer; LuC, lung cancer; UC,
uterine cancer; CRC, colorectal cancer; HCC, hepatocellular carcinoma; BC, breast cancer; ESC, esophageal cancer; RCC, renal cell carcinoma; LxC,

laryngeal cancer; Leu, leukemia. Numbers after the symbols for the type of cancer indicate age at death (family members) or age at diagnosis (probands

Arrowheads indicate probands.
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based on the criteria resembling the Amsterdam criteria focancer frequently occurs in patients with HNPCC and LFS (11—
HNPCC. Theresultsindicated that ~1% of gastric cancer patients4). The RER phenotype was detected in three of the 13 cases
have histories of familial aggregation of gastric cancer. Therexamined. Although there were no colorectal cancers in these
were no families that fitted the clinical criteria for HNPCC and three families, the RER phenotype was detected in two cases of
LFS. Instead, gastric cancer is predominantly clustered in theszarly stage intestinal-type tumors. Early acquisition of the RER
families. As with the histological types of gastric cancer inphenotype was also observed in HNPCC and other familial
familial cases, a slight dominance of the intestinal type wagastric cancer cases (15,36,37). Furthermore, the RER pheno-
observed. These results indicate the presence of unique familigge detected in this study corresponds to severe RER which is
in which gastric cancer is predominantly clustered in familyseen in HNPCC tumors (36) and the intestinal type histology is
members. a characteristic of gastric cancers in HNPCC (38). Thus, it is
Genetic factors for susceptibility to gastric cancer are prespossible thatfamilial aggregation of gastric cancersinthese cases
ently unknown except for germlin&-cadherin mutations  is caused by inherited mismatch repair deficiency. However, the
(20,21). However, several lines of evidence indicate that gastrimcidence of the RER phenotype detected in this series nearly
coincides with those in our previous series of familial and spor-
Case 7 Case 8 Case 29 adic gastric cancer cases (15,37). Thus, most familial gastri¢
D5S421 DES162  TPS3 msm nasmw nssui Dism D25136 DIS1067 cancer cases would be genetically distinct from HNPCC. W&
NT NT NT NT NT previously identified two LFS families in which several family 8
members were affected by gastric cancers atyoung ages (12, ]@)

suggesting that germling53 mutations are present in families 3
- with aggregation of gastric cancer. However, the present resulis
' % indicate thap53mutations are rare in familial gastric cancer. =

:sd

A missense mutation (Gly Val) in the precursor sequence of 2
theE-cadheringene was detected in a diffuse-type familial case%
This nucleotide change was not detected in other cases and b
not been previously reported (20,39-41). Since Gly and va
Fig. 2. RERs detected in three familial gastric cancer cases. Genomic DNA. belong to the same amino acid group and the precursor Sequeme
was extracted from gastric cancer (T) and corresponding normal gastric is cleaved off by processmg before del'very to the cell Surface
mucosa (N) of cases 7, 8 and 29. Microsatellite loci examined are shown of34,35,42), the effect of this mutation on the function of ES
top. cadherin proteln is unclear. Thus, itis possible that the genotype
of Val62 is a rare genetic polymorphism and not a germllnes
A B mutation. In the present study, only three diffuse-type cases wege
available for genetic analysis and histological types of gastrig

oA % WY _MUT cancers in family members of three probands with the diffusg

o aTel REBL type were unclear. Thus, further analysis of familial diffuse- type2
= n‘ 31 J' A . gastric cancers will be necessary to elucidate the pathogene%ic

—a C b“ B gl significance of germlin&-cadherinmutations in familial gast-

T D S ric cancer. N

G‘g = E‘ ¥ In conclusion, familial aggregation of gastric cancer occurSi

— c J- J_ c in ~1% of gastric cancer patients. Although the genetic factor;g
T ‘ EJ "= -L g‘ T resulting in this aggregation have been unclear, the present stugly

indicates that germline mutations of the DNA mismatch repaig
Fig. 3. Germline E-cadherinmutation detected in a familial gastric cancer  p53 and E-cadherigenes do not significantly contribute to such®

?ﬁsfgfgspecg'iﬁ.fﬁ lj"tg?]'%’zi”selc;‘i’nercigg;h;ifsoirr‘:‘ééi‘;‘;tzic‘jj% ;;%?AVI‘S?’ a clustering. Thus, genetic linkage analysis might facilitate the
(B) Nucleotide sequence analysis of wild-type (WT) and mutant (MUT) !dent|f|cat|o_n of other genetic factors responS|bIeforsuscepubllg
DNA fragments. The substitution of glycine (GGT) for valine (GTT) at ity to gastric cancer. _H_OWGVeI', we should also cpn5|der heﬂe
codon 62 in exon 3 was detected in the mutant allele. several other possibilities for such an aggregation. Familiat
S
~

Table Ill. RER phenotype and germlirie-cadherinmutation in familial gastric cancer cases

Casé Age/sex Depth Histolody RER phenotype GermlinE-cadherinmutation
Locus of RER Rate Nucleotide Exon Codon Nucleotide ~ Amino acid
positiorf change change
7 53/F Early Intestinal D1S191, D2S136, D3S1067, 6/6
D5S421, D9S162, TP53
8 61/M Advanced Diffuse D1S191, D3S1067, D5S421, 5/6 185 3 62 GGTT Gly-Val
D9S162, TP53
29 52/M Early Intestinal D1S191, D2S136, D3S1067, 4/5
TP53

&Case number indicates the proband of the family with the same number.
PAccording to Lauren’s criteria.

®No. loci showing RER/no. loci examined.

dNumbering is started from the A in the start codon of the cDNA sequence.
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aggregation could occur by chance alone due to the high incid- E-cadherin gene in primary gastric carcinomas and gastric carcinoma cell
ence of gastric cancer in Japan. Alternatively, it is also possiblg, lines.Jpn. J. Cancer Res87, 1153-1159.

. . . Guilford,P., Hopkins,J., Harraway,J., McLeod,M., McLeod,N., Harawira,P.,
that there are environmental factors to reinforce the aggregation r4ite 1. "Scoular,R.. Miller.A. and Reeve A.E. (1998) E-cadherin germline

of gastric cancer in families. mutations in familial gastric canceMature 392, 402-405.
21.Gayther,S.A., Gorringe,K.L., Ramus, ®thl. (1998) Identification of germ-
Acknowledgements line E-cadherinmutations in gastric cancer families of European origin.

Cancer Res 58, 4086—-4089.
This work was supported in part by a Grant-in-Aid from the Ministry of Health 22.Vasen,H.F., Mecklin,J.P., Khan,P.M. and LynchH.T. (1991) The
and Welfare for the Second-term Comprehensive 10-Year Strategy for Cancer International Collaborative Group on Hereditary Non-Polyposis Colorectal
Control of Japan, Uehara Memorial Foundation of Japan, Cancer Society of Cancer (ICG-HNPCCPis. Colon RectunB4, 424-425.
New Zealand, Health Research Council of New Zealand and the New Zealané3-Li.F.P.,  FraumeniJ.F.,  MulvihillJ.J.,  Blattner,A.,  Dreyfus,M.G.,
Lottery Grants Board. K.S. is a recipient of the Research Resident Fellowship Tucker,M.A. and Miller,R.W. (1988) A cancer family syndrome in twenty-
from the Foundation for Promotion of Cancer Research. four kindreds Cancer Res48, 5358-5362. o

24.Japanese Research Society for Gastric Cancer (18pahese Classification

of Gastric CancerKanehara Co., Tokyo, Japan.

References 25.Lauren,P. (1965) The two histological main types of gastric carcinoma;
1.Parkin,D.M., Pisani,P. and Ferlay,J. (1993) Estimates of the worldwide diffuse and so-called intestinal-types carcinoma. An attemptath|st0chem|c§

L j ) ) classificationActa Pathol. Microbiol. Scangd64, 31-39. =
incidence of eighteen major cancers in 196. J. Cancey54, 594-606. 26.1keda,Y., Mori,M., Kamakura,T., Haraguchi,Y., Saku,M. and Sugimachi,K%

2.Utsunomiya,J., Tamura,K., Shirakabe M., Fujiwara,Y. and Nakagawa,K."™ 1 995) mprovements in diagnosis have changed the incidence of histological
(1994)_ H(_ereditary gastr_ic canc&urg. Oncol._ Clin. North Am3, 545-561. _ gypes ?n agvanced gastric c%no@[.J. Cance,r?gz 424-426. g c§
3%"‘”9*.“9”12-’ CGr.egorX"C-'g-b SZCCTG“'CM 12%%@"5-' ” Slassate”"R‘N.Shinmura,K., Sugimura,H., Naito,Y., Shields,P.G. and Kino,l. (1995
annizzo,i., Larriero,A. anad Fonz de Leon, Vl. ( ) amilial occurrence Frequent co-occurrence of mutator phenotype in synchronous, independ%t

of gastric cancer in the 2-year experience of a population-based registry. multiple cancers of the stomadBarcinogenesisl6, 2989-2993. -
Cancer6_6, 2047_20.51' . . S 28.Szabo,J., Heath,B., Hill,V.\t al. (1995) Hereditary hyperparathyroidism— =
4.LaVacchia,C., Negri,E., Franceschi,S. and Gentile A. (1992) Family history 5\ t;mor syndrome: the endocrine tumor gene HRPT2 maps to chromosorffe
and the risk of stomach and colorectal canGamcer 70, 50-55. 1921-g31Am. J. Hum. Genet56, 944-950 Ny
5. Triantafillidis,J.K., Kosmidis,P. and Kottaridis,S. (1993) Familial stomach 5q \veissenbach J . GyahayG. Dib.C. \ﬁgnél A. Morissette.J.. Millasseau @

cancerAm. J. Gastroenterql88, 1989-1990. b ) oo
6. Sugimura,H., Shinmura,K. and Isamu,K. (1995) Familial clustering of gastric leﬁ;r?';e%o?ﬁgu;ﬁé%%y7(914??%? second-generation linkage map 0“'2_
! ) o

cancer in Japan. IRroceedings of the 1st International Gastric Cancer 30
Congresspp. 219-223. '

7.Hoey,J., Montvernay,C. and Lambert,R. (1981) Wine and tobacco: risk
factors for gastric cancer in Frandem. J. Epidemio}.113 668-674.

8.Palmer,S. and Bakshi,H. (1983) Diet, nutrition, and cancer: interim dietaryy
guidelinesJ. Natl Cancer Inst.70, 1151-1170.

9.Nagase,H., Ogino,K., Yoshida,l., Matsuda,H., Yoshida,M., Nakamura,H.,
Dan,S. and Ishimaru,M. (1996) Family history-related risk of gastric cancer
in Japan: a hospital-based case—control stdgy. J. Cancer Res87,

Sameshima,Y., Matsuno,Y., Hirohashi,S., Shimosato,Y., Mizoguchi,Hs

Sugimura,T., Terada,M. and Yokota,J. (1992) Alterations of the p53 gere
are common and critical events for the maintenance of malignant phenotypgs
in small-cell lung carcinomancogeng?, 451-457. 3
Mashiyama,S., Murakami,Y., Yoshimoto,T., Sekiya,T. and Hayashi,K3

(1991) Detection 0p53 gene mutations in human brain tumors by single-S.
strand conformation polymorphism analysis of polymerase chain reactioﬁ
productsOncogeng6, 1313—-1318. =
32.Berx,G., Cleton-Jansen,A.M., Nollet,F., de Leeuw,W.J., van de \ﬁjver,M.%

1025_1(_)28' ) ) Cornelisse,C. and van Roy,F. (1995) E-cadherin is a tumour/invasio@
10. International Agency for Research on Cancer (1994) Schistosomes, liver suppressor gene mutated in human lobular breast careRiBO J, 14

flukes andHelicobacter pylori IARC Monographs on the Evaluation of 6107-6115.

Carcinogenic Risks to Humans No. 61. IARC, Lyon, pp. 218-219. 33.Kukita,Y., Tahira,T., Sommer,S.S. and Hayashi,K. (1997) SSCP analysis 5f
11. Lynch_,H._T., Smyrk,T.C., Watson,P., Lanspa,S.‘J., Lynch,J.F.: Lynch,P.M., long DNA fragments in low pH geHum. Mutat, 10, 400-407. S
Cavalieri,R.J. and Boland,C.R. (1993) Genefics, natural history, umoky shore,E.M. and Nelson,W.J. (1991) Biosynthesis of the cell adhesiat

spectrum, and pathology of hereditary nonpolyposis colorectal cancer: an - mgjecule uvomorulin (E-cadherin) in Madin—-Darby canine kidney epithelial3
updated reviewGastroenterologyl04, 1535-1549. cells.J. Biol. Chem.266, 19672—19680. =

12.Sameshima,Y., Tsunematsu,Y., Watanabe,S., Tsukamoto,T., Kawa-ha,ig5 Berx,G., Staes,K., van Hengel,J., Molemans,F., Bussemakers,M.J.,
Hirata,Y., MizoguchiH., Sugimura,T., Terada,M. and Yokota,J. (1992) " Bokhoven,A. and van Roy,F. (1995) Cloning and characterization of the
Detection of novel germ-ling53mutations in diverse-cancer-prone families human invasion suppressor gene E-cadherin (CDB&homics26, 281 5
identified by selecting patients with childhood adrenocortical carcindma. 289.
Natl Cancer Inst.84, 703-707. o , 36. Konishi,M., Kikuchi-Yanoshita,R., Tanaka,&t.al. (1996) Molecular nature
13.Shiseki,M., Nishikawa,R., Yamamoto,H., ~Ochiai,A., Sugimura,H.,  of colon tumors in hereditary nonpolyposis colon cancer, familial polyposisi
Shitara,N., Sameshima,Y., Mizoguchi,H., Sugimura,T. and Yokota,J. (1993) gnd sporadic colon canc&@astroenterologyl11, 307—317.
Germ-linegp53mutation is uncommon in patients with triple primary cancers. 37.Shinmura,K., Wang,Y., Isogaki,J., Saitoh,K., Kanazawa,K., Koda,KZ.
Cancer Lett. 73, 51-57. Yokota,J., Kino,l., Arai,T. and Sugimura,H. (1997) Stage-dependent,
14.Horio,Y., Suzuki,H., Ueda,R., Koshikawa,T., Sugiura,T., AriyoshiY.,  evaluation of microsatellite instability in gastric carcinoma with familial 3
Shimokata,K., Takahashi,T. and Takahashi,T. (1994) Predominantly tumor-  cjustering.Cancer Epidemiol. Biomarkers Pre8, 693-697. A
limited expression of a mutant allele in a Japanese family carrying a germsg, Aarnio,M., Salovaara,R., Aaltonen,L.A., Mecklin,J.P. and Jarvinen,H.J.
line p53mutation.Oncogeng9, 1231-1235. (1997) Features of gastric cancer in hereditary non-polyposis colorectal
15. Shinmura,K., Tani,M., Isogaki,J., Wang,Y., Sugimura,H. and Yokota,J.  cancer syndromént. J. Cancey74, 551-555.
(1998) RER phenotype and its associated mutations in familial gastric cancegg. Risinger,J.I., Berchuck,A., Kohler,M.F. and Boyd,J. (1994) Mutations of the
Carcinogenesisl9, 247-251. E-cadherin gene in human gynecologic candsegure Genet.7, 98—102.
16.Ottini,L., Palli,D., FalchettiMet al. (1997) Microsatellite instability in  40.Berx,G., Cleton-Jansen,A.M., Strumane,K., de Leeuw,W.J., Nollet,F., van
gastric cancer is associated with tumor location and family history ina high- ~ Roy,F. and Cornelisse,C. (1996) E-cadherin is inactivated in a majority of
risk population from Tuscanfancer Res57, 4523-4529. invasive human lobular breast cancers by truncation mutations throughout
17.0da,T., Kanai,Y., Oyama,T., Yoshiura,K., Shimoyama,Y., Birchmeier,W., its extracellular domairOncogengl3, 1919-1925.
Sugimura,T. and Hirohashi,S. (1994) E-cadherin gene mutations in humaal. Soares,P., Berx,G., van Roy,F. and Sobrinho-Simoes,M. (1997) E-cadherin
gastric carcinoma cell line®roc. Natl Acad. Sci. USA1, 1858-1862. gene alterations are rare events in thyroid tumioits.J. Cancey 70, 32-38.
18.Becker,K.F., Atkinson,M.J., Reich,U., Becker,l., Nekarda,H., Siewert,J.R42. Ozawa,M. and Kemler,R. (1990) Correct proteolytic cleavage is required for
and Hofler,H. (1994) E-cadherin gene mutations provide clues to diffuse the cell adhesive function of uvomoruli. Cell Biol, 111, 1645-1650.
type gastric carcinoma€ancer Res 54, 3845-3852.
19.Tamura,G., Sakata,K., Nishizuka,S., Maesawa,C., Suzuki,Y., Iwaya, TReceived November 2, 1998; revised February 4, 1999;
Terashima,M., Saito,K. and Satodate,R. (1996) Inactivation of theaccepted February 11, 1999

i’

L 1/9/

€

(]
(2]
—
o
=]

1131



