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Abstract nied by increased Bak expression (6). Furthermore, in studies using
the human colon cancer cell line HT 29, sodium butyrate-induced
apoptosis has been shown to be associated with increased Bak levels
quencing analysis of the entire coding region of thdak gene (exons 2—6) (. 8). These observ.at|_ons suggest that Bak_ p'a}’s an important role in
in 24 primary gastric cancers (6 early-stage and 18 advanced-stage can-mOdUIat'ng_ a_Popt_QS'S n gastr0|nte§tlnal epithelial C‘_':'”s' .
cers) and 20 primary colorectal cancers (6 early-stage and 14 advanced- APOPtOSis is critical not only for tissue homeostasis but also in the
stage cancers). The data herein demonstrate, for the first time, the muta- pathogenesis of a variety of diseases, including cancer. The transfor-
tion of the bak gene in gastric and colorectal cancers. Missendsmk gene  mation of colorectal epithelial tissue to carcinomas has been shown to
mutations were observed in 3 of 24 (12.5%) gastric cancers and 2 of 20 be associated with the progressive inhibition of apoptosis (6, 9). It has
(10.0%) colorectal cancers. Sequence alterations without amino acid al- been reported that gastric and colorectal tumors have reduced Bak
teration were observed 1 of 24 (4.2%) gastric cancers and 2 of 20 (10.0%) |eye|s compared with normal mucosa, suggesting that a perturbation
colorectal cancers. Mu_tanon; in thebak gene Wt_are observed only in of bak-mediated apoptosis may contribute to the pathogenesis of
advanced-stage gastrointestinal cancers but not in early-stage cancers. ) .

gastric and colorectal cancers (10, 11). However, mutations dfake

Our observations suggest that mutations in this gene predispose bearers to ; . ) .
the development of gastrointestinal malignancies in at least a subset of the 9€N€ have not been examined in the case of tumors, including gas-

The Bcl-2 homologue Bak is a potent inducer of apoptosis. We per-
formed PCR-based single-strand conformational polymorphism and se-

cases. trointestinal cancers. Therefore, to clarify any possible relationship
between the mutation of theak gene and the occurrence of gastro-
Introduction intestinal cancers, we carried out a SSCalysis of bak in 24

primary gastric cancers (6 early-stage cancers and 18 advanced-stage

Homeostasis of gastrointestinal mucosa is maintained by a balagg@cers) and 20 primary colorectal cancers (6 early-stage cancers and
between growth and apoptosis of mucosal cells. The Bcl-2 family 9} agvanced-stage cancers).

proteins plays a central role in the regulation of apoptotic cell death,

which is induced by a Wide_vari_ety of stimuli (1). Recenthak (a Materials and Methods

Bcl-2 homologous antagonist/killer) has been cloned as a bcl-2-

related gene (2—4). Thizak gene encodes a 211-amino acid protein Materials. Matching normal and tumor tissues were obtained at the time of
with a relative molecular weight (M of 23,400. Gene transfer- surgical resection or endoscopic biopsy from 24 patients with gastric cancers
mediated elevations in Bak protein levels accelerate apoptosis indu@gd 20 patients with colorectal cancers. The gastric and colorectal cancers were
by growth factor deprivation in murine lymphoid, neuronal, angtaged by the tumor-node-metastasis (TNM) system (early stage, stage I;

fibroblastic cells (2—4), suggesting that Bak functions primarily asfvanced stage, stage Il and Ill). _ ,
promoter of apoptosis. DNA Extraction. Genomic DNA was extracted from a singleubn mi-

Bak expression has been reported in normal gastrointestinal epit| ré’-d issected paraffin-embedded section using DEXPAT (Takara Shuzo,

. . L. oto, Japan).
lum (2, 3). Strong Bak immunoreactivity has been shown to beySSCP and DNA SequencingPrimers located within the intronic se-

present in the gastric epithelial cells lining the gastric pits and parie[ﬁ]ences were used to amplify the entire coding sequence of bak in five
cells, whereas the self-renewing mucous cells located below tgyments of<262 bp each and including all of the intron/exon boundaries
gastric pits in the gastric neck region are immunonegative (5). In tiable 1; Ref. 12). PCR amplification of each exon was performed under
colon, Bak immunoreactivity has been shown to exist in the form @fandard conditions in a 1@+ reaction mixture containing 0.5l of template
a gradient along the crypt-villus axis. The epithelial cells in the apicBNA, 0.5 um each primer, 20qum each deoxynucleotide triphosphate, 2.@ m
portions of the crypts, which are destined for programmed cell deattgCl,, 0.25 unit of Tag DNA polymerase (Perkin-Elmer, Norwalk, CT), and
are intense|y immunopositive’ whereas the Se|f-renewing popu|ati%n,| of 10X PCR buffer. The reaction mixture was denatured for 5 min at 95°C
of cells, which are located in the base of the crypts, show a weal@d then incgbated for 40 pycles (denaturing at95°C for 1 min, annea!ing at
immunostaining (5, 6). Therefore, in gastrointestinal epithelial tissue®, © for 1 min, and extension at 72°C for 1 min). PCR products were diluted
the up-regulation of Bak expression during differentiation may help Yjt 90 #! of loading solution containing 90% formamide, 2QnDTA,
. . .05% xylene cyanol, and 0.05% bromphenol blue; denatured at 90°C for 5

ensure that cell turnover occurs in a normal fashion. Recently, apo- " . . L : .

L. ) . . . . . min; and applied to 15% polyacrylamide gels containing Tks-glycine
ptosis in gastric epithelial Ce!ls mducec_i bielicobacter pylorihas buffer. Electrophoresis was performed at 300 ¥ 3ch at 10°C. The resulting
been shown to be accompanied by an increased level of Bak expigss were stained with CYBR Gold Nucleic Acid Gel Stain (Molecular Probes,
sion (7). It has also been shown that induction of apoptosis by sulind&igyene, OR) and analyzed on a Fluor Imager 595 (Molecular Dynamics Japan,
sulfide in the rat normal small intestine cell line IEC 18 is accomparokyo, Japan). DNA fragments of the mobility-shifted bands were extracted
from the gels by SSCP analysis and reamplified. The resulting PCR products
Received 2/11/00; accepted 6/29/00. were sequenced directly by the Amplicycle Sequencing Kit (Perkin-Elmer,

The costs of publication of this article were defrayed in part by the payment of pa@ranchburg, NJ) using the same primers used for PCR amplification. All of the
charges. This article must therefore be hereby magdrtisemenin accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1 To whom requests for reprints should be addressed, at Department of Gastroenter? The abbreviations used are: SSCP, single-strand conformational polymorphism; BH,
ology, Sumitomo Hospital, 5-2-2, Nakanoshima, Kita-ku, Osaka 530-0005, Japan. Bcl-2 homology domain.
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Table 1 Primers used for amplification of bak coding region exon 2—6 in exon 2, leading to a Gln-keu substitution at codon 5; sample
Primer Sequence Product size (bp) CRC12T contained a T to C transition in exon 6, leading to a llehr>
BAK/2F TGGTTATGGGATGGGTGAGG 165 substitution at codon 188. Samples CRC15T (whicd baC to T
BAK/2R CTGCTTTTTCTCGCCCTTCC transition in exon 2) and CRC23T (which had a C to T transition in
BAK/3F TGCCTCCCTGAAGATGTCCT 204 ; ; ; ; ;
BAK/3R TCACTCCCAGCTITGATCCT exon _2) had sequence a_lteratlons but no amino acid amino acid
BAK/4F GGCAGGGTATGGTATGGTTG 262 alterations. Additional studies showed that no sequence alteration was
gﬁigr_} E%f\f\gﬁgéiggﬁgﬁgﬁ . present in matched nonneoplastic tissue samples of gastric or colo-
BAK/SR CAATGCTATGGGATGCTCTG rectallcancer patients. This is the first report of mutatlong inbidle .
BAK/6F GCAAGGGAACAGAGAAGGCA 210 gene in any type of human malignancy. Bak, a Bcl-2 family protein,
BAK/6R TGACCACCTTGTTTCTCCCG

contains three conserved regions termed BH1, BH2 and BH3 and the
membrane-anchoring region (13). Bak has been shown to increase
apoptosis as a result of binding with Bglsxwhich inhibits the
antiapoptotic effect of Bcl-x (13). The BH3 region is critical for the
ability of Bak to promote apoptosis and bind to the Bglprotein (13,

14). However, in this study, there was no evidence of sequence

Exon 6 Exon 2

Table 2 Summary of bak sequence alterations in gastric and colorectal cancers

T N T N T N Sequence  Predicted
GC10 GC12 GC21 Tumor Stage Exon  Codon changes effect
Gastric cancers
B CTAGCAGGTGAGCTA CTAGCGGGTGAGCTA GCAT Advanced 3 69 AGC—GGC  Ser—Gly
GC4 axon [ intron sxan +|a-|’|r.|.ur. GC10T Advanced 6 188 ATC—ACC lle—Thr
I GCi12T Advanced 2 14 TGC—TGT Silent
AtoG B GC21T Advanced 6 208  TTT-TCT  Phe—Ser
— Colorectal cancers
CRCTT Advanced 2 5 CAA—CTA Gln—Leu
CRC12T Advanced 6 188 ATC—ACC lle—Thr
TTCAGGAT GLEACCA CRC15T Advanced 2 14 TGC—TGT Silent
GC10 1 i CRC19T Advanced 2 6 GGC—GGT  Silent
|\ "I A AtoG 2 Gastric and colorectal cancers were staged by the tumor-node-metastasis (TNM)
I (Tto C) system (early stage, stage |; advanced stage, stage Il and Ill).
\ —_—

Exon 6 Exon 2 Exon 2
GC12 o . — T
GCCAGTTTGTGETAC T : N T N
gl CRC7 CRC12 CRC15 CRC19
TwC
—_—
CTGGGCCT TECCCCE CTGGGCCTAGCCCOS
B CRC7
TtoA
Fig. 1. Mutations of thédakgene in gastric cancer specimeAs PCR-SSCP analysis. (AT)
PCR products from tumor DNA (T) were run alongside products from normal DNA (N) g
isolated from nonneoplastic mucosa from the same individéatews indicate mobility
shift bands B, sequence analysis. Nucleotide changes are apparent when compared with
normal DNA samples from the same individuals. For sample GC10, histograms for GGTCCCAT CCTGARD
sequencing in the reverse direction are shomows indicate sequence alterations. CRC12 1t n
11
f ﬂ i\ TtoC
llf ll"fr !I 1\ | \ S
. - . |
mutations were verified by repeated PCR and gel analyses under different \
SSCP conditions.
CRC15 GCAGGAGT GCGGAGA
Results and Discussion ISR
!." [ il CtoT
Fragments showing abnormal mobilities, which are indicative of
sequence alteration, were observed in 4 of 24 gastric cancers (Fig. 1)
In sample GCA4T, an A to G transversion occurred in exon 3, leading
to a Ser—Gly substitution at codon 69; sample GC10T contained a T
to C transition in exon 6, leading to a lleFr substitution at codon CtoT ‘ | | f
— [N I

188; and sample GC21T contained a T to C transition in exon 6,
leading to a Phe-Ser substitution at codon 203 (Table 2). Sample
GC12T contained a C to T transition in exon 6, with no alteration in

b sl |
b PR SR
(RREMTIR,
the amino acid sequence. Fig. 2. Mutations of thebak gene in colorectal cancer specimeds. PCR-SSCP
In 4 of 20 col tal f ts with altered biliti analysis.T and N, tumor and surrounding nonneoplastic mucosa, respectidepws
. n . ,O ,CO orectal cancers, rragments with altere m(? 1Nes We{gyicate mobility shift bandsB, sequence analysis. For sample CRC7, histograms for
identified (Fig. 2). In sample CRC7T, an A to T transversion occurregquencing in the reverse direction are shotumows indicate sequence alterations.
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alteration in exon 4, which encodes the BH3 region, in any of thte predispose bearers to the development of gastric and colorectal
gastrointestinal cancers examined. The membrane-anchoring regialignancies in at least a subset of cases. However, it is also possible
has also been shown to be important for the apoptotic activity of Batkat some or all of the sequence alterations we observed may represent
In studies using truncated Bak molecules, it has been reported thatpbé/morphisms.

truncated molecule, which includes BH3 but not the membran&-eferences

anchoring region, retains Bcl-xbinding capacity but exhibits a re-

duced cell killing function due to altered subcellular localization (13)1: 7R;3?d§7Jé ClégD;JUble identity for proteins of the Bcl-2 family. Nature (Lor@BJ:
We identified two missense mutations in the membrane'anChonrQ Farrow, S N., White, J. H. M., Martinou, I., Raven, T., Pun, K-T., Grinham, C. J.,

region in gastric and colorectal cancers (samples GC10T and Martinou, J-C., and Brown, R. Cloning of a bcl-2 homologue by interaction with

CRC12T, codon 188; sample GC21T, codon 203). Therefore, it i:§>. aK?sfg?VII\;ILfSCI.ElBBralugeKr. I\Nﬂ.e‘tJL.jric(Jl\_/\?e?rga\yl‘.‘:C7.3\l/\7u733'Jl.gl?lriansky S.R., Tomei, L. D.

possible that i_n these cancers, t_he cell-killing activity Of Bak !S and Barr, P. J. Modulation of apoptosis by the widely distributed Bcl-2 homologue
reduced by amino acid alterations in the membrane-anchoring region.Bak. Nature (Lond.)374: 736739, 1995.

. . . : 4. Chittenden, T., Harrington, E. A., O’Connor, R., Flemington, C., Lutz, R. J., Evan,
Addltlf)nal studies are_ nee_ded to clarify the ?ffeCtShak rmssense G. I., and Guild, B. C. Induction of apoptosis by the Bcl-2 homologue Bak. Nature
mutations observed in this study on cell killing function and on (Lond.), 374: 733-736, 1995.
subcellular localization. 5. Krajewski, S., Krajewska, M., and Reed, J. C. Immunohistochemical analysis of

. . . . vivo patterns of bak expression, a proapoptotic member of the Bcl-2 protein family.
It has peen shown that the immunoreactivity of Bak is typically cancer Res56: 28492855, 1996.
reduced in gastric carcinomas compared with normal foveolar cells, Moss, S. F., Agarwal, B., Arber, N., Guan, R. J., Krajewska, M., Reed, J. C., and Holt,
with no significant correlation of immunointensity with clinical stage Pb';rr']’bcr:eg;g_dl'g;esggg' kig';gxmess"’“ results in apoptosis. Biochem. Biophys. Res.
(10)- It has also been reported that in many colorectal adenomas afCchen, G.,’Sordillo, E. M.’, Ramey, W. G., Reidy, J., Holt, P. R., Krajewski, S., Reed,

carcinomas, the intensity of immunostaining for Bak is reduced com- J. C., Blaser, M. J., and Moss, S. F. Apoptosis in gastric epithelial cells is induced by

: ; ; _ Helicobacter pyloriand accompanied by increased expression of bak. Biochem.
pared with that of normal mucosal epithelial cells (11). These obser Biophys, Res. Commun239: 626632, 1997.

vations suggest that reductions in Bak expression occur early in the Hague, A., Diaz, G. D., Hicks, D. J., Krajewski, S., Reed, J. C., and Paraskeva, C.

progression of gastrointestinal tumors. However, in this stid, bcl-2 and bak may play a pivotal role in sodium butyrate-induced apoptosis in colonic
. . . epithelial cells; however, overexpression of bcl-2 does not protect against bak-
gene alteration was not observed in early-stage gastric camcerg§) mediated apoptosis. Int. J. Cancee: 898—905, 1997.

or in early-stage colorectal cancers £n6). The missense mutation 9. Bedi, A., Pasricha, P. J., Akhtar, A. J., Barber, J. P., Bedi, G. C., Giardiello, F. M.,

was observed 0n|y in advanced-stage cancers [3 of 18 (16.6%) ad_Zehnbauer, B. A., Hamilton, S. R., and Jones, R. J. Inhibition of apoptosis during
. 0 development of colorectal cancer. Cancer R®5:,1811-1816, 1995.
vanced-stage gastric cancers and 2 of 14 (14.3%) advanced‘StﬁQ‘?(rajewska, M., Fenoglio-Preiser, M. M., Krajewski, S., Song, K., Macdonald, J. S.,

colorectal cancers (Table 2)]. This suggests that mutation obake Stemmerman, G., and Reed, J. C. Immunohistochemical analysis of Bcl-2 family

; ; ; _proteins in adenocarcinomas of the stomach. Am. J. Path#9):,1449-1457, 1996.
gene constitutes a late event in gastric and colorectal tumor PrOYIES-yrajewska, M., Moss, S. F.. Krajewski, S.. Song, K., Holt, P. R.. and Reed, J. C.

sion. Elevated expression of Bcl-X and reduced Bak in primary colorectal adenocarcino-

Recently, it has been reported that an artificial mutation can be mas. Cancer Res56: 2422-2427, 1996.
t wh formalin-fixed specimens are used for DNA extracti(%%' Herberg, J. A., Phillips, S., Beck, S., Jones, T., Sheer, D., Wu, J. J., Prochazka, V.,
present when p Barr, P. J., Kiefer, M. C., and Trowsdale, J. Genomic structure and domain organi-

(15). In this study, both tumor DNA and matched normal DNA were sation of the human bak gene. Gene (Amg&J]: 8794, 1998.

in_fi i 13. Chittenden, T., Flemington, C., Houghton, A. B., Ebb, R. G., Gallo, G. J., Elangovan,
extract_ed from formalin-fixed _spemmens. HOWEVéB_,k sequence B., Chinnadurai, G., and Lutz, R. J. A conserved domain in Bak, distinct from BH1
alterations W?re observed Only in tumor DNA and not in normal DNA_‘- and BH2, mediates cell death and protein binding functions. EMBQ43.5589—
In conclusion, we have demonstrated several sequence alteration$596, 1995.

; ; : ; _ 14, sattler, M., Liang, H., Nettesheim, D., Meadows, R. P., Harlan, J. E., Eberstadt, M.,
of the bak gene in gastromtestlnal cancers. Mlssebakgene alter Yoon, H. S., Shuker, S. B., Chang, B. S., Minn, A. J., Thompson, C. B., and Fesik,

ations were observed in 3 of 24 (12.5%) gastric cancers and 2 of 20s. w. Structure of bclxbak peptide complex: recognition between regulators of
(10.0%) colorectal cancers. This is the first report of missense mutaé- %ssﬁptoss.cscg:nctg(Wssh'\unnggon Dgy,ss: 933195_3?, égga.h o AL Porén 1. Sith

. . . . . llhiams, C., Ponten, ., Moberg, C., Soderkvist, P., en, M., Ponten, J., Sitbon,
tions of this gene in any human mallgnant nec_)plas_m and pI’OVId]eS G., and Lundeberg, J. A high frequency of sequence alterations is due to formalin
further support for the view that mutations in this gene serve fixation of archival specimens. Am. J. Pathdl55: 1467-1471, 1999.
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