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ABSTRACT B-catenin is targeted for degradation by the proteasome system. Un-
phosphorylated3-catenin can enter the cell nucleus together with
Tcf/Lef-1 and regulates transcription of target genes, including the
c-myc signaling pathway (11).

B-Catenin is an ubiquitously expressed cytoplasmic protein that has a
crucial role in both cadherin-mediated cell-cell adhesion and as a down-

stream signaling molecule in the wingless/Wnt pathway. Activating mu- S . .
tations in exon 3 of the B-catenin gene, at the phosphorylation sites for In colon cancer, both activatingPC mutations and mutations of

ubiquitination and degradation of B-catenin, are present in a variety of the B-cgtenin gene _may _re_su" in increased CytOplas_rﬁ_&at_e_nin
cancers. Because alterations of thadenomatous polyposis coli (AP@ene  1€Vels with oncogenic activity (8, 12_)- The r_0|e Bicatenin in biliary
are present in biliary tract cancers and the APC protein modulates levels tract cancer is unclear, but somatic mutations of AfRC gene and
of B-catenin, we evaluated the role of3-catenin in biliary tract cancer by  loss of heterozygosity of chromosome 5q (the locatioABLC gene)
sequencing the third exon of thep-catenin gene among 107 biliary tract have been reported (13, 14), and ampullary cancers develop in pa-
cancers and 7 gallbladder adenomas from a population-based study in tients with familial adenomatous polyposis (germ-line mutations of
China. Point mutations of serine or threonine phosphorylation sites in  the APC gene; Ref. 13).
ex3n43 ‘f’ff";""?tel’l'/” werltlablprgjent 'g 8 of 107’\;7'5"1/?) biliary ”"’;Ct Cancers —n this study, we evaluated wheth@cateninmutations are present
and 4 of 7 ; ) gallbladder adenomas, utations oB-cg enin were sporadic biliary tract carcinomas. To this end, we sequenced exon
more frequent in ampullary and gallbladder carcinomas than in bile duct . . . . .

3 of the B-cateningene, which has GSK@phosphorylation sites, in

carcinomas P = 0.04) and in papillary adenocarcinomas than other o
histological types of carcinomasP = 0.02). These results suggest that the 107 biliary tract cancers and 7 gallbladder adenomas collected

molecular pathways of biliary tract neoplasms vary by anatomical subsite through a population-based study in Shanghai, China.
and histological subtype.

MATERIALS AND METHODS
INTRODUCTION
Patient Population. Patients with primary biliary tract cancer (ICD-9 156)

Cancers of the extrahepatic biliary tract encompass tumors arisiitgvly diagnosed between 1997 and 1999 were identified through a rapid
from the gallbladder, extrahepatic bile ducts, and ampulla of Vateeporting system established between the Shanghai Cancer Institute and 30
Although most biliary tract cancers are well to moderately differergollaborating hospitals in urban Shanghai. This reporting system recruited
tiated adenocarcinomas, patients generally have a poor progn%% of cases of biliary tract cancers in Shanghai. A total of 107 patients with
because of spread of tumor to adjacent organs at the time of diagn@gigry tract cancers and 7 patients with gallbladder adenomas with severe

and to the complications associated with surgical resections of %plasia were included in this analysis. These patients were identified as part
of a large, ongoing, multidisciplinary, population-based case-control study.

pancr_eatlcoblllary tract (1). Biliary tract Canf:er I_S relatlvely_uncomé igibility criteria for case recruitment consisted of residents of urban Shang-
mon In r.no.st parts of the world, although h'gh'“Sk pqpulatlons aNGi between 18 and 74 years of age diagnosed after April 1997 with gallblad-
upward |n(j‘|d.ence.trends have beeh reported in certain areas (2, 3y, extrahepatic bile duct, or ampullary carcinomas.

B-Catenin is an intracellular protein that is an integral component of Tissue SpecimensSurgical pathology specimens were collected from pa-
the cadherin-mediated cell-cell adhesion and a downstream transctights with biliary tract cancers undergoing curative resection by pancreati-
tional activator in a Wnt signal transduction pathway (4). The signaleduodenectomy or bile duct resection or biopsy of an advanced tumor. As part
ing activity of B-catenin is mediated through its interaction with thef the case-control study, 6 H&E-stained slides and 6 unstained slides (5
Tcf/Lef-12 family of transcription factors and subsequent activation ¢fach) were routinely collected from the surgical pathology departments of the
target genes (5). Modulation of the level@fatenin protein is crucial participgting hospitals. In adplitioq, gstructured questionne}ire was_used to elicit
in the regulation of Tcf8-catenin transcriptional activity, which in information on demographic, clinical, and epidemiological variables. The

turn is regulated through the ubiquitin/proteasome-mediated degraﬁgf’—‘tom'c‘r’1| Ioc.at'on of the tumor was reco rded in a.d'agram Com.plete‘j by the
. . o . . ocal pathologist at the participating hospital. The slides were reviewed by two
tion of B-catenin (6, 7). Activating mutations in exon 3 of th

| . - ALY epathologists from Shanghai and were independently reviewed by one of us
p-cateningene, at the phosphorylation sites for ubiquitination an@\. R.). The tumors were classified according to the WHO classification of
degradation oB-catenin, appear to be a crucial step in the progressi@iinors of the biliary tract (15). Medical records were abstracted for all cancer
of a variety of cancers (8). It has been shown that ARC gene cases. Patients’ follow-up was obtained by Shanghai Cancer Institute from the
product regulates the cytoplasmic level@tatenin by direct binding date of diagnosis to May 2000.

to B-catenin and promotes its NHerminal phosphorylation by DNA Preparation. Genomic DNA was extracted from tumor tissue by
GSK-33 (9, 10). GSK-B phosphorylates multiple serine and threomicrodissection from three H&E-stained slides without a coverslip and pre-

nine residues within the Njterminal of B-catenin. Phosphorylated Pared as described in previous studies (16).
PCR and Sequencing ofB-Catenin. A 200-bp fragment of exon 3 of
B-catenin encompassing the region of the GSR-Bhosphorylation site, was

The costs of publication of this article were defrayed in part by the payment of paga@pllfled by PCR as described previously (17). PCR reaction was performed

charges. This article must therefore be hereby magdartisemenin accordance with N @ 50ul volume using PCR Master (Boehringer Mannheim, Mannheim,
18 U.S.C. Section 1734 solely to indicate this fact. Germany) and Jum of primers (3-ATGGAACCAGACAGAAAAGC-3" and
1 To whom requests for reprints should be addressed, at Department of PatholagyGCTACTTGTTCTGAGTGAAG-3), with initial denaturation at 95°C for
M. D. Anderson Cancer Center, 1515 Holcombe Boulevard, Box 85, Houston, TX . . o ; o ; o o
77030-4095. Phone: (713) 745-1101; Fax: (713) 792-5531. é(mln, 40 cyc_les at 94°C foz 1 min, 58.C for 1 min, and 72°C for 2 min; and
2The abbreviations used are: Tcf, T-cell factor; Lef-1, lymphoid-enhancing factor & final extension cycle at 72°C for 10 min (17). The PCR products were treated

APC, adenomatous polyposis coli; GSK, glycogen synthase kinase. with shrimp alkaline phosphatase and exonuclease | (Amersham, Buckingham-
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G ACTCT GG A TCCAT T CT GGT GC CAC T AC CACAGC TCCT TCTCTGAG TG GTAAR tions in invasive carcinomas involved replacement of serine or thre-
20 30 40 ThrTlc 50 60 70 . o : . .
Pl onine at positions 33, 37, 41, or 45 with cysteine, phenylalanine,

alanine, or isoleucine. All four adenomas and three carcinomas had
\lf C:G—T:A transition, three carcinomas had G:&5:C transversion,
and two carcinomas had A:%G:C transition.
The prevalence op-cateninmutations in invasive cancers varied
by anatomical subsite and histological subtype. As shown in Table 2,
mutations were present in 2 of 14 (14.3%) ampullary cancers and 6 of
66 (9.1%) gallbladder cancers but in none of 27 bile duct cancers
TEJTCTGGTGC%TMQCR%TCCE&%T&;&TGGTM%%GCMTCCTGSAS; (P = 0.04, bile ductversusgallbladder cancers). In addition, muta-
TCT-TTT tions occurred in 5 of 24 (20.8%) papillary adenocarcinomas but only
in 3 of 68 (4.4%) gland-forming adenocarcinomas not otherwise
specified and in 0 of 15 other histological subtypBs= 0.02). The
B-cateninmutations found in papillary adenocarcinomas were limited
to the gallbladder and were not seen in two papillary carcinomas of
the bile duct and ampulla.
Patients whose invasive carcinoma involve@-aateninmutation

CCrGG ATCTGG ATCCT TGTGGT GCC CTACCACAGCTCCTTCTCTGAGT GGTA . . . . .
10 20 40 50 60  had an earlier stage at diagnosis compared with those without muta-

Ser-Cys

TCT-TGT tions (P = 0.0007; Table 2). They also had a better prognosis than
\J/ those whose cancer lacked mutations. Six of 36 patients (16.1%) alive
at the end of the follow-up had cancers wijacatenin mutations,

whereas 2 of 64 (3.1%) patients who died had mutatiéhs (0.02).
Mean survival time was 21.3 9.9 months for patients with invasive
Fig. 1. Nucleotide sequencing of exon 3 of tiecatenin gene in biliary tract cgrcinomas with3-cateninmutationsversus11.8 = 8.5 months for
carcinomas. The mutations at codons 41, 45, and 33 are indicateudoys ( carcinomas ith . h b £ . ith il
nos. 4—6, Table 1). The wild-type and mutated nucleotide and amino acid sequencesﬂagse wit _OUt mutations. In t e su gr'ou.p 0_ patients with papi _ary
shown ontop. adenocarcinomas, there was little variation in stage or prognosis by
B-catenin mutation status; 16 of 19 (84.2%) without mutation had
) ) ) ) ) ) stage | or Il disease at presentation, 13 of 19 (68.4%) were alive at the
shire, United Kingdom) and sequenced using the BigDye Terminator Cy%t]a]d of follow-up, and the mean survival was 14:07.7 months. In

Sequencing Ready Reaction kit (Perkin-Elmer, Foster City, CA) with interngb . . . -

. mparison, all six patients with gallbladder adenomas at follow-up
primers (3-AAAGCGGCTGTTAGTCACTGG-3 and 3-GACTTGGGAGG- . . . . .
TATCCACACATCC). The sequence reactions were run on an Applied Bi were alive after cholecystectomy, irrespectiveBatateninmutation

systems 3700 Genetic Analyzer (Perkin-Elmer, Foster City, CA). The datitus:

were collected and analyzed using Applied Biosystems sequencing analysis

software, according to the manufacturer’s protocols. Each mutation was ver-

ified in both directions using the internal primers. DISCUSSION

Statistical Analysis. x* or Fisher's exact tests were performed for com- . . . . 0
parison of frequency of each clinical or pathological characteristiest was In this study, we foungB-cateninmutations in 14.3% of ampullary
used for comparison of means. cancers, 9.1% of gallbladder cancers, and 57.1% of gallbladder ade-

nomas with severe dysplasia (carcinomasitu). All mutations pres-
ent in gallbladder adenomas and invasive carcinomas were missense
mutations involving highly conserved serine or threonB8K-3

Point mutations of the3-cateningene were present in 8 of 107 phosphorylation sites important f@-catenindegradation. The serine
(7.5%) invasive biliary tract cancers and 4 of 7 (57.1%) gallbladder threonine phosphorylation sites are important fecateninubig-
adenomas with dysplasia (Fig. 1 and Table 1). All were missensgination and degradation, and mutations at these sites could lead to
mutations that affected highly conserved serine or threonine importghtateninaccumulation and transduction of oncogenic signals (8, 10,
for GSK-3 phosphorylation (Table 1). All four adenomas had misil). Missense mutations in the serine or threonine residues of the
sense mutations with replacement of threonine or serine at positiggsateningene, which are phosphorylated ®5K-3, are also pres-
41 and 45 with isoleucine or phenylalanine. In contrast, point mutant in a wide variety of other tumors (8).

RESULTS

Table 1 B-catenin mutations in gallbladder adenomas and biliary tract carcinomas

No. Site Histological type Codon Mutation Amino acid change
Biliary tract carcinomas
1. Gallbladder Papillary adenocarcinoma 37 TETGT SerCys
2. Gallbladder Papillary adenocarcinoma 37 TFETGT Ser>Cys
3. Gallbladder Papillary adenocarcinoma 41 ASGCC The—Ala
4, Gallbladder Papillary adenocarcinoma 41 AGETC Thr—lle
5. Gallbladder Papillary adenocarcinoma 45 TFEeTTC Ser~Phe
6. Gallbladder Adenocarcinoma, N®S 33 TCT->TGT Ser>Cys
7. Ampulla Adenocarcinoma, NOS 41 AGEGCC Thr—Ala
8. Ampulla Adenocarcinoma, NOS 45 TEITTC Ser->Phe
Gallbladder adenomas
9. Gallbladder Adenoma with severe dysplasia 41 ACKTC Thr—lle
10. Gallbladder Adenoma with severe dysplasia 41 AGXTC Thr—lle
11. Gallbladder Adenoma with severe dysplasia 45 FanmT Ser—Phe
12. Gallbladder Adenoma with severe dysplasia 45 FanT Ser—~Phe

2NOS, not otherwise specified.
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Table 2 B-catenin mutation status in invasive biliary tract carcinomas compared with patient demographics and tumor characteristics

B-cateninmutations

Total Absent Present
No. (%) No. (%) No. (%) P
Age + SD (yr) 64.6+ 8.9 64.2+ 9.2 68.0+ 5.9 NS
Gender
Female 64 (100.0) 57 (89.1) 7(10.9) NS
Male 43(100.0) 42(97.7) 1(2.3)
Tumor site
Gallbladder 66 (100.0) 60 (90.9) 6(9.1) 004
Bile duct 27 (100.0) 27 (100.0) 0 (0.0)
Ampulla 14 (100.0) 12 (85.7) 2(14.3)
Histological type
Papillary adenocarcinoma 24 (100.0) 19 (79.2) 5(20.8) 0.02
Adenocarcinoma, NOS 68 (100.0) 65 (95.6) 3(4.49)
Other histological typés 15 (100.0) 15 (100.0) 0(0.0)
Stage
| 18 (100.0) 12 (66.6) 6(33.3) 0.0007
Il 33 (100.0) 32(97.0) 1(3.0)
1l 19 (100.0) 18 (94.7) 1(5.3)
\Y 35 (100.0) 35 (100.0) 0(0.0)
Unknown 2 (100.0) 2 (100.0) 0(0.0)
Vital status
Alive 36 (100.0) 30 (83.3) 6 (16.6) 0.02
Dead 64 (100.0) 62 (96.9) 2(3.1)
Unknown 7 (100.0) 7 (100.0) 0(0.0)
Mean follow-up= SD (mo) 12.6+ 8.9 11.8+ 8.5 21.3+ 99 NA®

2NS, not significant.

b Gallbladder carcinomagersusbile duct carcinomas.

°NOS, not otherwise specified.

9Includes 1 intestinal adenocarcinoma, 4 mucinous adenocarcinomas, 4 adenosquamous carcinomas, 1 squamous carcinoma, 3 small cell catiffecengiatddurarcinoma,
and 1 carcinosarcoma.

¢NA, not applicable.

It has been reported th@itcateninmutations are more common in Because Kras and B-cateninmutations are rarely present in invasive
carcinomas of certain histological subtypes, such as endometroatcinomas, it seems likely that gallbladder adenomas only rarely
adenocarcinomas of the ovary (17). In our stygiycateninmutations progress to invasive cancer, although pathogenic mechanisms for
were more frequent in papillary carcinomas of the gallbladder thanadenomas and papillary carcinomas of the gallbladder may be similar.
carcinomas of other histological subtypes of the biliary tract. Loss of In summary, our study showed thaicateninmutations are present
5q, the chromosomal location of t#dPC gene, has been reported inin ampullary adenocarcinomas and in papillary adenocarcinomas and
ampullary and extrahepatic bile duct cancers,AR€C gene mutations adenomas of the gallbladder but not in bile duct carcinomas. These
have been observed only in ampullary carcinomas (4, 5). Thusfiitdings suggest that the molecular mechanisms involving biliary tract
appears that mutations of t>C or B-cateningenes are present in aneoplasms vary by anatomical subsite and histological subtype.
majority of ampullary cancers and a few gallbladder cancers but do
not occur in bile duct cancers, .sugges.tllng that alterations of theKNOWLEDGMENTS
APC/B-catenin pathway are subsite specific.

B-cateninmutations are more frequent in early-stage carcinomas ofWe thank Jiarong Cheng, Lu Sun, and the staff at the Shanghai Cancer
the uterine endometrium (18). Similarly, in our study patients withpstitute for data collection, specimen collection, and processing; surgeons at
invasive carcinomas of the biliary tract agecateninmutations had the collaborating hospitals for data collection; local pathologists for pathology
more favorable survival than those withogtcatenin mutations, revuew;OKdatEy ";‘:]rt'l'lv'u”s,”' SaradGLIfalshc'\)Afe'r:, ch’h’; Hf”’W”Ch' L;”da LGnom'
partly attributable to an earlier stage at presentation among patiehtgcy ©daka, Shelley Niwa, and Lisa McFarland of Westat for study man-

. . : . . .._agement, data preparation and management; and Janis Koci for management of
with mutations and to a better prognosis associated with papﬂleg. ;
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adenocarcinomas of the gallbladder (19).
In our study, B-catenin mutations were also present in 4 of 7
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