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The purpose of this study was to determine whether
mutations in the Bax gene play a role in the devel-
opment of ovarian endometrioid carcinoma with a
microsatellite instability phenotype. We analyzed a
total of 60 tumor specimens, 49 ovarian endometri-
oid carcinomas and 11 concurrent endometrial en-
dometrioid carcinomas from 49 patients. Fourteen
ovarian endometrioid carcinomas and 6 endome-
trial endometrioid carcinomas showed a microsat-
ellite instability-high phenotype. Tumor and
normal-tissue specimens from eight patients with a
microsatellite instability-high phenotype colorectal
carcinoma were included in this study as controls.
The presence or absence of a mutation in the poly
(G) 8 tract of the Bax gene was determined by poly-
merase chain reaction followed by direct DNA se-
quence analysis. A 1–base pair deletion at the poly
(G) 8 tract and no expression of Bax and Bcl-2 pro-
teins were identified in one microsatellite
instability-high endometrial endometrioid carci-
noma. Immunohistochemical staining for Bax and
Bcl-2 proteins was negative on the tumor specimen
that had this 1–base pair deletion. No mutations
were found in the synchronous microsatellite
instability-high ovarian endometrioid carcinoma
from the same patient. In contrast, four (50%) of the
eight microsatellite instability-high sporadic colo-
rectal carcinomas had a mutation in the poly (G) 8
tract. Although Bax plays an important role in car-
cinogenesis of the colorectum with microsatellite
instability-high phenotype, Bax may not play a di-
rect role in the genesis of ovarian endometrioid

carcinoma, regardless of microsatellite instability
status.
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Bax, the Bcl-2-associated X protein, is believed to
play an important role in regulating apoptosis (1).
Bcl-2 family members can be categorized into two
functional subtypes: those that inhibit apoptosis
(antiapoptotic) and those that promote apoptosis
(proapoptotic). The antiapoptotic family members
include Bcl-2, Bcl-xL, Bcl-w, A1/Bfl-1, and Mcl-1.
The proapoptotic members include Bax, Bcl-xs,
Nbk/bik, Bak, Bad, Bid, and Noxa. Members of the
Bcl-2 family proteins are involved in p53-mediated
apoptosis. p53 has an upstream effect on Bax. This
effect can be carried out through direct activation,
causing an increase in Bax gene expression and
transcription (2); however, Bax is also able to in-
duce apoptosis in a p53-deficient background.
Bcl-2 family members interact with both p53 and
each other and contribute significantly to the bio-
chemical functions involved in the regulation of
apoptosis. Antagonistic reactions are present be-
tween Bcl-2 and Bax, Bid, Bak, and Bad and be-
tween Bcl-xl and Bcl-xs and Bak. Like the tumor-
suppressor gene p53, the Bax gene plays an
important role in protecting cells from DNA dam-
age. Any damage to the Bax gene could result in
interruption of the apoptotic cascade, which can
contribute to the development of cancer. For exam-
ple, in breast carcinoma, lower-than-normal Bax
expression correlates with a poor response to che-
motherapy and short overall patient survival (3).
Restoration of Bax expression in breast cancer cell
lines inhibits tumorigenicity and increases sensitiv-
ity to cytotoxic drug therapy (4). The mechanism
underlying reduced Bax protein expression is not
clear. In one series, mutations in the Bax gene were
detected in �42% of microsatellite instability-
unstable tumors without p53 mutations (5).
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Microsatellites are short, repetitive sequences of
1- to 6-base-pair (bp) subunits and are often copied
incorrectly by DNA polymerases because the tem-
plate and newly synthesized strands in these re-
gions are particularly prone to misalignment. Mic-
rosatellite instability in tumors is the contraction or
expansion of these repeat sequences in the tumor
relative to germline (6). Microsatellite instability
produces frameshift mutations if not reversed by
the mismatch repair system, a guardian of genomic
stability that functions to identify and repair mis-
matched bases during DNA synthesis (7). In human
beings, hMSH2, hMLH1, hPMS1, hPMS2, and GTBP
are mismatch repair genes. Mismatch repair is as-
sociated with microsatellite instability and frame-
shift mutation (8). This association is supported by
the fact that mismatch repair protein expression is
absent (9) or markedly reduced in most tumors
exhibiting microsatellite instability (10, 11). The
third exon of the Bax gene contains a stretch of
eight consecutive G residues, the poly (G) 8 tract,
which has been described as a frequent site for
frameshift mutations in cancers with a microsatel-
lite unstable phenotype, including 51% (21/41) of
hereditary nonpolyposis colorectal cancers, 41% (9/
22) of other colorectal cancers, and 33% (5/15) of
gastric cancers. Because of the morphologic simi-
larity between hereditary nonpolyposis colorectal
cancer, endometrial endometrioid carcinoma, and
ovarian endometrioid carcinoma, and the high
rates of microsatellite instability-high phenotypes
among these tumors, we attempted to determine
whether the Bax poly (G) 8 tract plays a role in the
development of ovarian endometrioid carcinoma
with a microsatellite-instability phenotype. We ad-
dressed this issue by analyzing a total of 60 tumor
samples, including 49 ovarian endometrioid carci-
nomas and 11 concurrent endometrial endometri-
oid carcinomas from 49 patients.

MATERIALS AND METHODS

Matched pairs of formalin-fixed, paraffin-
embedded normal tissue specimen and a total of 60
tumor specimens, 49 ovarian endometrioid carci-
nomas and 11 concurrent endometrial endometri-
oid carcinomas from 49 patients, were obtained
from the Department of Pathology of the University
of Texas M. D. Anderson Cancer Center. The patho-
logic diagnosis for each tumor was confirmed by a
pathologist (J.L.). Tumor was microdissected from
adjacent normal tissue with an 18-gauge needle
under light microscopy. DNA from each sample
was extracted and analyzed for microsatellite insta-
bility using a panel of five microsatellite markers
recommended by the National Cancer Institute:
BAT25, BAT26, D5S346, D17S250, and D2S123. Tu-

mors in which two or more markers showed insta-
bility were defined as microsatellite instability-high.
Tumors in which only one marker showed instabil-
ity were defined as microsatellite instability-low.
Tumors in which no markers exhibited microsatel-
lite instability were defined as microsatellite stable.
The detailed characterization of microsatellite in-
stability in ovarian endometrioid carcinoma is pre-
sented elsewhere (Liu et al., submitted).
Among the 60 tumor samples, 14 ovarian and 6

endometrial cancers were microsatellite instability-
high, 7 ovarian and 2 endometrial cancers were
microsatellite instability-low, and the remainder
were microsatellite stable. A mutation of Bax in the
poly (G) 8 tract was determined by polymerase
chain reaction (PCR) and subsequent direct DNA
sequence analysis. The entire sequence containing
the Bax poly (G) 8 tract from nucleotides 91–184 of
the Bax gene was examined. The sense and anti-
sense primers and their corresponding nucleotides
were 5'-ATCCAGGATCGAGCAGGGCG-3' and 5'-
ACTCGCTCAGCTTCTTGGTG-3', respectively. The
expected size of the PCR-generated sequence was
94 bp. The PCR amplification was performed for 35
cycles, each consisting of denaturation at 94° C for
1 minute, annealing at 55° C for 1 minute, and
extension at 72° C for 2 minutes. Each 25-�L PCR
reaction contained 100 ng of DNA, 200 �m of dNTP,
1 unit of Taq DNA polymerase, 10 pmol of each
primer, and 2.5 �L of 10� PCR buffer. DNAs from
eight sporadic microsatellite instability-high colo-
rectal carcinoma were used, and their correspond-
ing normal tissues were also included in this study
as positive controls and examined for Baxmutation
under the same conditions. Statistical analyses
were performed using the �2 test. A P value of �.05
was considered statistically significant.
Immunohistochemical staining for Bax and Bcl-2

was performed only on tumors that had poly (G)
mutations, using an avidin-biotinylated immuno-
peroxidase method (15). Positive and negative
controls for Bcl-2 and Bax stains were created
using antibodies to Bcl-2 (1:200 dilution; Bio-
genex Corporation, CA) and Bax (1:20 dilution;
Zymed Corporation, CA).

RESULTS

No mutations were observed in the poly (G) 8
tract of the 49 ovarian endometrioid carcinomas. A
1-bp deletion in the poly (G) 8 tract was found in
17% (1/6) of endometrial endometrioid carcinomas
with a microsatellite instability-high phenotype
(Fig. 1). In the positive controls, 50% (4/8) of the
cancer specimens demonstrated a mutation in the
poly (G) 8 tract, whereas each adjacent non-
neoplastic epithelial tissues showed no mutations.
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The same patient with the 1-bp deletion also had
synchronous microsatellite instability-high ovarian
endometrioid carcinoma, which was negative for
the mutation.

The numbers of poly (G) 8 tract mutations in the
Bax gene of ovarian endometrioid carcinomas and
endometrial endometrioid carcinomas with a
microsatellite-instability phenotype are summa-
rized in Table 1. This 1-bp deletion led to an inter-
ruption of Bax protein expression, which was con-
firmed by immunohistochemical analysis (Fig. 2A–
B). Immunohistochemical analysis also showed
that Bcl-2 protein was not expressed (Fig. 2C–D).
The lack of Bax protein and Bcl-2 protein staining
in this Bax mutation tumor indicates that this 1-bp
deletion was sufficient to abolish the Bax protein
and Bcl-2 protein expression.

DISCUSSION

Microsatellite instability plays a significant role in
the development of various human tumors, includ-
ing ovarian carcinoma (16–19). Microsatellite-
unstable tumor cells tend to have mutations in
repetitive sequences throughout the genome (19).
The most common mutations have been reported
in the insulin-like growth factor II receptor, Bax,
and RIZ genes (13, 20–22). Microsatellite instability
can occur secondary to somatic mutations of mis-
match repair or promoter hypermethylation of mis-
match repair genes (23). The role of mismatch re-

pair genes in tumorigenesis of hereditary non-
polyposis colorectal cancer has been well studied.
In most cases of this cancer, affected individuals
have germline mutations in one of the mismatch
repair genes. Among these germline mutations,
those in the hMSH2 and hMLH1 genes are associ-
ated with a microsatellite-unstable phenotype and
account for the majority of these hereditary cancers
(24). Mononucleotide repeat sequences within the
coding regions of the genes for transforming growth
factor �I receptor, Bax, insulin-like growth factor
type II, and a transcription factor involved in the
APC/�-catenin/T-cell factor pathway (TCF 4) have
recently been demonstrated to be targets of so-
matic frameshift mutations that have oncogenic
potential in tumor cells with defective mismatch
repair genes. Hereditary nonpolyposis colorectal
cancer could result from an accumulation of these
somatic frameshift mutations within the genes in-
volved in such cell functions as growth control,
apoptosis, and DNA repair. Bax gene somatic
frameshift mutations in the poly (G) 8 tract have
been reported in several microsatellite instability-
high endometrial, gastric, colorectal, and ovarian
(endometrioid and clear cell carcinoma) cancers
(12, 13, 24).
In our study, all the ovarian endometrioid carci-

nomas were negative for mutations in the poly (G)
8 tract, indicating that Bax poly (G) 8 is not involved
in this cancer’s development. We believe that this
negative finding was not caused by bias or technical
error because 50% (4/8) of microsatellite instability-
high colorectal carcinomas with were positive for
mutations at the poly (G) 8 tract.
Our results are similar to those in a report else-

where (25) that showed a frequency of 5% (1/20) in
Bax gene mutation in ovarian endometrioid carci-
nomas. Our results are in contrast to those of from
Gras et al. (24), who showed Bax gene mutation in
86% (6/7) in ovarian endometrioid and clear cell
carcinomas. The seven cases in the study by Gras et
al. (24) included both ovarian endometrioid carci-
nomas and clear cell carcinomas with microsatellite
instability-high phenotypes. In our study, we ana-

FIGURE 1. A single base deletion in the poly (G) 8 tract in the Bax
gene in an endometrial endometrioid carcinoma, shown from the
sequence of antisense. A, normal control. B, a 1–base-pair deletion in
the Bax gene.

Table 1. Analysis of the Exon 3 Poly (G) 8 Tract Mutation in the Bax Gene in a Total of 60 Tumor Samples Including

49 Ovarian Endometrioid Carcinoma and 11 Concurrent Endometrial Endometrioid Carcinoma Tumors in 49 patients

Tumor Type
Number of

Cases
Number of 1-bp Deletions in

poly (G) 8 Tract
P-Value

Colorectal Carcinoma (n � 8) 8 4
Ovarian Endometrioid Carcinoma (n � 49)
Microsatellite Instability High 14 0 0.018
Microsatellite Instability Low 7 0
Microsatellite Stable 28 0

Endometrial Endometrioid Carcinoma (n � 11)
Microsatellite Instability High 6 1 0.363
Microsatellite Instability Low 2 0
Microsatellite Stable 3 0

Statistics were performed with chi-sqaure analysis and a P value � 0.05 was considered as statistically significant.
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lyzed only ovarian endometrioid carcinomas. In ad-
dition, the patient populations differed between the
two studies. Our patient samples were mainly from
a tertiary cancer care center in the United Sates,
whereas patients in the study by from Gras et al. (24)
were from Santa Creau i Sant Pau, Barcelona, Spain.
Whether histologic subtype or patient ethnicity con-
tributes to variations of Bax mutation frequency re-
mains to be determined in future studies.
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