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Increased MCL-1 Expression |s Associated with Poor Prognosisin Ovarian
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To investigate the potential role of the BCL-2 gene family (BAX, BCL-2, MCL-1, and BCL-XL) in
ovarian cancer development and progression, mMRNA expression levels of these genes were mea-
sured using semi-quantitative PCR in epithelial ovarian tumor tissues and normal ovaries. The
immunohistochemical expression of MCL-1 in ovarian tumors was also examined. The expression
levels of BAX and MCL-1 mRNA were significantly higher in ovarian cancers and in adenomas
than in normal ovaries (P<0.05). In contrast, the BCL-2 mRNA expression level in ovarian cancers
was significantly lower than in ovarian adenomas and in normal ovaries (P<0.05). Expression of
BCL-XL mRNA was no different between normal ovaries and ovarian tumors. Log-rank testing
showed that low BAX mRNA expression and high MCL-1 mRNA expression significantly correlate
with poor survival for patients with stage |11 ovarian carcinomas (BAX, P=0.05; MCL-1, P=0.02).
Immunohistochemical analysis showed that diffuse-positive expression of MCL-1 protein in muci-
nous carcinomas was significantly higher than in mucinous low malignant potential (LMP) tumors
(P=0.03). In ovarian cancer cases, diffuse-positive expression of MCL-1 protein significantly corre-
lates with advanced clinical stage, high histologic grade, and poor survival (stage, P<0.01; grade,
P=0.01; survival, P=0.01). These results suggest that increased MCL-1 expression may play an
important role in replacing the functions of increased BAX and decreased BCL-2 in ovarian carci-
noma cells, thereby promoting cell survival, and resulting in a poor prognosis for patients with

ovarian cancer.
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As ovarian cancer is often asymptomatic in its early
stages, the mgjority of ovarian cancer patients are diag-
nosed at an advanced clinical stage. Despite recent
advances in surgical treatment and chemotherapy, the 5-
year survival rate for ovarian cancer patients has remained
at less than 50% for the past 30 years.? It is therefore
important to elucidate the mechanisms involved in the
development and progression of ovarian cancer. While the
majority of genetic aterations involved in ovarian carcino-
mas remain largely unknown, decreased cell death is
believed to be a major contributor to pathologic cell accu-
mulation in ovarian neoplasms.

In recent years, many of the genes involved in apoptosis
have been identified and cloned.>® Some of the most
important regulators of apoptosis are BCL-2 and related
proteins, MCL-1, BCL-XL, and BAX. BCL-2, MCL-1,
and BCL-XL all function as inhibitors of cell death while
BAX functions as a cell death promoter. BCL-2 family
members appear to regulate apoptosis by forming either
homodimers or heterodimers with each other. In light of
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its antiapoptotic function, high BCL-2 expression levelsin
cancer cells might be expected to prolong cell survival,
allowing the development and progression of tumor cells,
and ultimately resulting in poor patient survival rates. In
fact, BCL-2 expression is reported to be a poor prognostic
marker in certain tumor types, including prostate cancer,
leukemia, and high-grade lymphoma*-® However, severa
earlier studies have shown that high BCL-2 expression
levels actually correlate with improved surviva in lung,
breast, and ovarian cancer patients, suggesting that other
death checkpoint regulators, such as BAX, MCL-1, and
BCL-XL, may interfere with BCL-2 functioning in certain
tumor types, including ovarian cancer.”® Regulation of
apoptosis in ovarian tumor cells therefore appears to be a
highly complicated process involving a cascade of events
requiring both proapoptotic and antiapoptotic factors.

The aim of this study was to examine the potential role
of BCL-2 family members in the development and pro-
gression of ovarian cancer. MRNA expression levels of the
proapoptotic factor BAX and antiapoptotic factors, BCL-2,
MCL-1, and BCL-XL, were compared in ovarian tumors
and normal ovaries using semi-quantitative PCR experi-
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ments. The expression of MCL-1 protein in ovarian
tumors was also investigated immunohistochemically. The
results were analyzed in terms of tumor type, clinical
stage, histologic grade, and histologic type, and the prog-
nostic significance of the expression levels of each factor
in ovarian cancer patients was assessed.

MATERIALS AND METHODS

Tissue samples For the semi-quantitative PCR analysis,
fresh surgical specimens of 36 ovarian tumors (6 ade-
nomas and 30 carcinomas) were collected. The specimens
were obtained immediately following the surgical proce-
dure and were cut in half. One half was processed for his-
tological examination in order to determine the percentage
of tumor cells in the samples, which was never lower than
80%. The other half was used for mRNA preparation. In
addition, eight normal ovaries were obtained from patients
before undergoing surgery for benign gynecologic disease.
Tissues were frozen in liquid nitrogen and stored at —80°C
prior to mRNA isolation. Informed consent was obtained
from each subject according to the institutional guidelines.
All cancer patients were surgically treated, histologically
diagnosed, and received follow-up care in the Department
of Obstetrics and Gynecology at Hiroshima University
Hospital. Clinical staging was determined in accordance
with the criteria of the International Federation of Gyne-
cology and Obstetrics (FIGO). The mean follow-up time
was 36 months (range 15—60 months); 82% of the patients
were followed for more than 2 years.

For immunohistochemical analysis, samples of epithe-
lial ovarian tumor tissue were collected from 93 patients
(21 low malignant potential (LMP) tumors and 72 adeno-
carcinomas) who gave informed consent according to the
institutional guidelines. All patients were surgically treated
between 1989 to 1997, histologically diagnosed, and
received follow-up care in the Department of Obstetrics
and Gynecology at Hiroshima University Hospital. Clini-
cal staging was determined in accordance with the criteria
of the FIGO staging system. Most of the patients with
stage Ic, stage 11, stage |11, or stage IV ovarian cancer had
received cisplatin-containing chemotherapy after surgery.
The mean follow up time was 48 months (range 21-140
months).

MRNA extraction and cDNA synthesis Extraction of
MRNA from the tissue specimens and cDNA synthesis
were carried out by methods described previoudy.!*-1
MRNA was isolated using a RiboSep mRNA isolation kit
(Becton Dickinson Labware, Bedford, MA). The amount
of mMRNA recovered was measured by UV spectrophotom-
etry. cDNA was synthesized with 2.0 pg of mMRNA by ran-
dom hexamer priming using a 1st strand cDNA synthesis
kit (Clontech, Palo Alto, CA). The efficiency of cDNA
synthesis was estimated using glucose 3-phosphate dehy-
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drogenase (G3PDH) amplimers (Clontech) as a positive
control.

Semi-quantitative PCR  mRNA expression levels of
BAX, BCL-2, MCL-1, and BCL-XL were determined by
PCR, which was performed according to a previously
described method with some maodifications.*~*® The oli-
gonucleotide primer sequences used for PCR were as fol-
lows: BAX sense primer, 5-AGCTGAGCGAGTGTCT-
CAAG-3; BAX antisense primer, 5-TCTTCCAGATG-
GTGAGCGAG-3'; BCL-2 sense primer, 5-TGCCACCT-
GTGGTCCACCTG-3'; BCL-2 antisense primer 5-TGT-
GGCCTCAGCCCAGACTCAC-3; MCL-1 sense primer,
5'-TCTCTCGGTACCTTCGGG-3'; MCL-1 antisense pri-
mer, 5-GCACTTACAGTAAGGCTATC-3; BCL-XL sense
primer, 5-CATTCAGTGACCTGACATCC-3'; BCL-XL
antisense primer, 5-TTCTCCTGGATCCAAGGCTC-3'.
B-Tubulin cDNA amplification was used as the internal
PCR control. The B-tubulin sense primer was 5'-TGCATT-
GACAACGAGGC-3, and the antisense primer was 5'-CTG-
TCTTGACATTGTTG-3'. The predicted sizes of the ampli-
fied genes were 396 bp for BAX, 330 bp for BCL-2, 504 bp
for MCL-1, 204 bp for BCL-XL, and 454 bp for S-tubulin.
The PCR reaction mixture consisted of cDNA derived
from 50 ng of MRNA, 5 pmol of sense and antisense primers,
200 pumol of dNTPs, and 0.625 U of Ampli Tag DNA poly-
merase with reaction buffer (Perkin Elmer, Foster City, CA)
in a final volume of 25 ul. Twenty-eight cycles of PCR
were carried out in a Thermal Cycler (Perkin Elmer, Foster
City, CA). Each PCR cycle involved 30 s of denaturation
at 94°C, 60 s of primer annealing at 55°C for MCL-1 and
BCL-XL, 60 sat 60°C for BAX, or 60 s a 62°C for BCL-2
and B-tubulin, and 30 s of extension at 72°C. We have
confirmed that amplification under these conditions results
in a linear production of each product. Tubes containing
all ingredients except templates were included in all runs
as a negative control. The PCR products were separated on
2.0% agarose gels, and the density of each PCR product
was determined using a Printgraph-Densitograph system
(ATTO Corp., Tokyo). In the present study, we used the
expression ratio (target gene: [-tubulin) as measured by
densitometry to evaluate gene expression. The results
are expressed as the mean+SD. The differences in the
mean value of the expression ratio of target genes between
groups were assessed with respect to tumor type, clinical
stage, histologic grade, and histologic type. In addition, in
ovarian cancer cases, the cases were classified into the fol-
lowing two groups according to the expression ratio of
each of the target genes. low-expression cases, <median
value; high-expression cases, >median value. A Kaplan-
Meier survival curve of ovarian cancer patients was cate-
gorized according to the high or low expression of BAX,
BCL-2, MCL-1, and BCL-XL.

Immunohistochemistry ~ Formalin-fixed and paraffin-
embedded sections were cut and mounted on aminopro-
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pyltriethoxysilane-treated dides. The dides were routinely
deparaffinized with xylene and rehydrated with a series of
ethanol washes. Nonenzymatic antigen retrieval was per-
formed using a 500 W microwave heat treatment in 0.01
M sodium citrate buffer (pH 6.0) for 3 minx7. Immuno-
histochemical staining was performed by using the avidin-
biotin peroxidase complex technique (Vectastain Elite
ABC kit, Vector Laboratories, Burlingame, CA) as previ-
ously described. 1319 Anti-MCL-1 (S-19) rabbit poly-
clona antibody (sc-819, Santa Cruz Biotechnology, Santa
Cruz, CA) was used as a primary antibody. The final prod-
ucts were visualized by using the 3-amino-9-ethylcarba-
zole (AEC) substrate system (DAKO Corp., Carpinteria,
CA), and sections were counterstained with Mayer hema-
toxylin for 20 s before mounting. Positive and negative
controls were used for each section. As the positive con-
trol, we included normal endometrium, according to the
literature.® Slides incubated with normal rabbit serum
instead of the primary antibody served as a negative con-
trol. All experiments were duplicated. The percentage of
positive tumor cells was scored as follows. When no posi-
tive tumor cell stain could be identified or when there
were less than 5% focally distributed positive tumor cells,
the staining was considered negative. When 5% to 50% of
the tumor cells showed positive staining, staining was con-
sidered partial-positive. When more than 50% of the
tumor cells showed positive staining, staining was consid-
ered diffuse-positive. All cases were scored independently
by two of the authors without knowledge of patient infor-
mation. Increased MCL-1 protein expression was defined
as a diffuse-positive staining of MCL-1. In ovarian cancer
cases, the cases were classified into two groups according
to the immunohistochemical expression of MCL-1. A
Kaplan-Meier survival curve of ovarian cancer patients
was categorized according to the negative, partial-positive,
or diffuse-positive expression of MCL-1.

Statistical methods For the dtatistical analysis, an
unpaired t test was used to assess the differences in the
mean value of the target gene:B-tubulin MRNA expression
ratios between groups. The x? test of significance and
Fisher's exact probability were used to analyze the distri-
bution of diffuse-positive MCL-1 expression cases accord-
ing to clinicopathologic characteristics. Statistical signifi-
cance of differences in survival rates was tested by log-
rank. Significance was defined as P<0.05. The Statview
software package (Abacus Concepts, Berkeley, CA) was
used for the statistical tests.

RESULTS

MRNA expression of BCL-2 family genes To evauate
the mRNA expression of BAX, BCL-2, MCL-1, and BCL-
XL in ovarian tumors and normal ovaries, we performed
semi-quantitative PCR. As shown in Fig. 1A, BAX tran-
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script expression relative to the B-tubulin was more ele-
vated in the cancer samples than in normal ovaries. The
ratios of BAX mRNA expression relative to those of f3-
tubulin in ovarian tumors and normal ovaries are shown in
Fig. 2A. The mean and SD of the BAX, BCL-2, MCL-1,
and BCL-XL expression ratios determined for the various
tumor subtypes are shown in Table |. The BAX:B-tubulin
expression ratio (mean+SD) was 0.72+0.29 for normal
ovaries, 1.20+£0.19 for ovarian adenomas, and 1.12+0.32
for adenocarcinomas. The mean value of the relative BAX
expression ratio was significantly higher in both ovarian
cancer samples (P=0.005) and adenoma samples (P=
0.005) than in norma ovary samples. As shown in Figs.
1B and 2B, the relative expression of BCL-2 was lower
in some cancer samples than in normal ovaries. The BCL-
2:B-tubulin expression ratio was 0.81+0.12 for normal
ovaries, 0.72+0.20 for ovarian adenomas, and 0.34+0.33
for adenocarcinomas. The mean relative BCL-2 expression
ratio was significantly lower in ovarian cancers than in
either ovarian adenomas (P=0.010) or norma ovaries
(P=0.0003). The PCR results shown in Fig. 1C indicate
that higher levels of MCL-1 transcript relative to [-
tubulin are expressed in some carcinomas and lower levels
are expressed in other carcinomas. As shown in Fig. 2C
and Table I, the MCL-1:B-tubulin expression ratio was
1.57+0.05 for normal ovaries, 1.79+0.11 for ovarian
adenomas, and 1.72+0.17 for adenocarcinomas. MCL-1

B-tubulin
BAX

B B-tubulin
BCL-2

C  wmcL1
B-tubulin

D B-tubulin
BCL-XL

Fig. 1. A, Lanes 1-4 are ovarian cancer samples. Lanes 5-8
are normal ovaries. BAX expression levels are elevated in these
cancer samples compared to normal ovaries. B, Lanes 1-4 are
ovarian cancers with low BCL-2 expression. Lanes 5 and 6 are
ovarian cancers with high BCL-2 expression. Lanes 7-11 are
normal ovaries with high BCL-2 expression. C, Lanes 1, 2, 3,
and 5 are ovarian cancer samples with high MCL-1 expression.
Lanes 4 and 6 are ovarian cancer samples with low MCL-1
expression. D, Lanes 1-5 are ovarian cancers and lanes 6—10 are
normal ovaries. There is no difference in BCL-XL expression
levels in these tissues.
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Fig. 2. A, BAX:B-tubulin ratios determined by semi-quantitative PCR. B, BCL-2:B-tubulin ratios determined by semi-quantitative
PCR. C, MCL-1:B-tubulin ratios determined by semi-quantitative PCR. D, BCL-XL:B-tubulin ratios determined by semi-quantitative

PCR.

Table I. Relative Expression Levels of BAX, BCL-2, MCL-1, and BCL-XL mRNA in Normal Ovaries and
Ovarian Tumors

N BAX BCL-2 MCL-1 BCL-XL
Mean+SD Mean+SD Mean+SD Mean+SD
Normal ovary 8 0.72+0.29 0.81+0.12 1.57+£0.05 2.26+0.68
Ovarian adenoma 6 1.20+0.19? 0.72+0.20 1.79+0.119 2.18+0.29
Ovarian adenocarcinoma 30 1.12+0.32" 0.34+0.33° 1.72+0.179 2.22+0.59
Clinical stage
Stage | 11 1.17+0.40 0.35+0.35 1.74+0.20 2.21+0.40
Stage I1/111 19 1.10£0.29 0.33+0.32 1.71+0.15 2.23+0.68
Histologic grade
Grade 1 15 1.16£0.35 0.35+0.35 1.73£0.19 2.21+0.39
Grade 2/3 15 1.08+0.31 0.33+x0.31 1.71+0.15 2.23£0.69
Histologic type
Serous 14 1.13+0.37 0.38+0.38 1.73+£0.16 2.20+0.38
Mucinous 7 1.17+£0.34 0.25+0.25 1.69+0.14 2.43+0.98
Endometrioid 6 1.06£0.10 0.30+0.21 1.70+£0.24 1.95+£0.45
Clear cell 3 1.10+£0.53 0.42+0.41 1.77£0.20 2.38+0.24

a) Adenoma vs. normal, P=0.005, unpaired t test.

b) Adenocarcinoma vs. normal, P=0.005, unpaired t test.

¢) Adenocarcinoma vs. normal, P=0.0003; adenocarcinoma vs. adenoma, P=0.010; unpaired t test.
d) Adenoma vs. normal, P=0.007, unpaired t test.

€) Adenocarcinoma vs. normal, P=0.028, unpaired t test.
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expression was significantly higher in both ovarian cancer
(P=0.028) and adenoma samples (P=0.007) than in nor-
mal ovary samples. Figs. 1D, 2D, and Table | show that
there was no significant difference in BCL-XL expression
levels in ovarian cancer versus normal ovaries. The BCL-
XL:B-tubulin expression ratio was 2.26+0.68 for normal
ovaries, 2.18+0.29 for ovarian adenomas, and 2.22+0.59
for adenocarcinomas. Finally, there was no statistically
significant difference between the BAX, BCL-2, MCL-1,
and BCL-XL mRNA expression levels in terms of clinical
stage, histologic grade, or histologic type.

Correlation between BAX, BCL-2, MCL-1, and BCL-
XL mRNA expression in ovarian cancers and patient
survival rates The Kaplan-Meier survival curves for 30
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Fig. 3. A, Log-rank testing revealed that high BAX mRNA
expression is significantly correlated with better patient survival
in stage Il ovarian carcinomas (P=0.0498). B, A significant
association was found between high MCL-1 mRNA expression
and poor prognosis in stage |11 ovarian cancers (P=0.0187).
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ovarian cancer patients were compared with the tumor tis-
sue expression levels of BAX, BCL-2, MCL-1, and BCL-
XL. Anaysis of al four target genes failed to revea an
association between expression levels and survival prog-
nosisin al cases studied. However, when the analysis was
restricted to 18 patients with FIGO stage 111 disease, log-
rank testing revealed that high BAX mRNA expression
was significantly correlated with better survival in stage
11 ovarian carcinomas (P=0.0498) (Fig. 3A). The most
significant association was found between high MCL-1
MRNA expression levels and poor prognosis in stage Il
ovarian cancers (P=0.0187) (Fig. 3B). No significant cor-
relations were found between BCL-2 or BCL-XL mRNA
expression levels and survival in stage |11 carcinomas.
MCL-1 immunohistochemistry To confirm the presence
of MCL-1 protein in ovarian tumor cells, we performed
immunohistochemical staining of 21 LMP tumors and 72
adenocarcinomas. As shown in Fig. 4, MCL-1 was immu-
nolocalized to the cytoplasm of cancer cells, but not in the
underlying stromal cells. The tota amount of positive
MCL-1 protein expression, including both partial-positive
and diffuse-positive cases, was 90% (19/21) for ovarian
LMP tumors and 86% (62/72) for carcinomas. Table Il
shows the percentage of diffuse-positive MCL-1-express-
ing tissues as determined by immunohistochemical analy-
sis: 57% (12/21) of ovarian LMP tumors and 72% (52/72)
of carcinomas were diffuse-positive for MCL-1 expres-
sion. The percentage of diffuse-positive MCL-1-expressing
mucinous carcinomas was significantly higher than that of
mucinous LMP tumors (P=0.032). In terms of histologic
types, there was a significant higher percentage of diffuse-
positive MCL-1-expressing serous and mucinous carcino-
mas compared to clear cell carcinomas (serous vs. clear
cell, P=0.009; mucinous vs. clear cell, P=0.013). The per-
centage of diffuse-positive MCL-1-expressing tissues sig-
nificantly correlated with advanced clinical stage and high
histologic grade (stage I/11 vs. stage I11/1V, P=0.0004;
grade 1 vs. grade 2/3, P=0.009). The Kaplan-Meier sur-
vival curve of 52 ovarian cancer patients was categorized
according to the immunohistochemical expression levels
of MCL-1. Log-rank testing revealed that increased MCL-
1 protein expression was significantly correlated with poor
survival in ovarian carcinomas (P=0.0097) (Fig. 5).

DISCUSSION

This study reveadled a striking association between
increased MCL-1 expression levels and a poor prognhosis
in ovarian cancers. Lomo et al.'” previously observed a
correlation between cell survival and MCL-1 expression in
peripheral blood B cells. BCL-2 expression levels were
unaltered in this system, suggesting the possible involve-
ment of MCL-1 rather than BCL-2 in the regulation of
apoptosis in these cells. Rieger et al.*® reported that MCL -
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Fig. 4.

Immunohistochemistry. Cytoplasmic expression of MCL-1 protein was observed in serous (A, x50), mucinous (B, x50),

endometrioid (C, x50), and clear cell (D, x100) subtypes of ovarian adenocarcinoma cells.

1 protein expression was associated with early tumor
recurrence and shorter survival in malignant glioma
patients, whereas there was no prominent association with
the expression of p53, RB, BCL-2, BCL-X, or BAX. In
this study, we used semi-quantitative PCR to show that
high MCL-1 mRNA expression significantly correlates
with poor survival for patients with stage |11 ovarian carci-
nomas. Furthermore, we used immunohistochemistry to
demonstrate that increased MCL-1 protein expression sig-
nificantly correlates with advanced clinical stage, high his-
tologic grade, and poor survival for ovarian cancer
patients. Baekeland et al.'® also reported that immunohis-
tochemical expression of MCL-1 was significantly associ-
ated with poorer prognosis for stage 11l ovarian cancer
patients. These results suggest that MCL-1 may be
involved in the regulation of apoptosis in ovarian cancer
cells and that it may play an important role in taking over

the functions of BAX and BCL-2. MCL-1 expression lev-
els have the potential to become a useful prognostic
marker in ovarian cancer patients. Molecular mechanisms
underlying high MCL-1 expression levels should be eluci-
dated to clarify the cause of resistance to chemotherapeu-
tic agents. It has been reported that MCL-1 is induced after
stimulation by various growth factors or cytokines %
Recently, Wei et al.? reported that interleukin-6 regulated
MCL-1 expression through a PI3K/Akt-dependent path-
way in human cervical cancer; that might facilitate the
oncogenesis of cervical cancer by modulating the apo-
ptotic threshold. Since we have reported that vascular
endothelial growth factor (VEGF) induces MCL-1 expres-
sion and inhibits apoptotic death in hematopoietic cells,??
we also examined the expression levels of VEGF mRNA
in our ovarian cancer samples. There was, however, no
correlation between VEGF expression levels and those of
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Table II.  Immunohistochemical Expression of MCL-1 in Ovar-
ian Tumors
Tumor type N D'““?‘Kﬁgﬂ\_/lef?g on
Ovarian LMP tumor 21 12 (57)
Histologic type
Serous 7 5(71)
Mucinous 14 7 (50)2
Ovarian carcinoma 72 52 (72)
Histologic type
Serous 26 22 (85)9
Mucinous 16 14 (88)09
Endometrioid 16 10 (63)
Clear cdll 14 6 (43)¢9
Clinical stage
Stage 1/11 41 23 (56)°
Stage l11/1V 31 29 (94)°
Histologic grade
Grade 1 48 30 (63)"
Grade 2/3 24 22 (92)9

a) Diffuse-positive=more than 50% positive tumor cells.

b) Mucinous LMP tumor vs. mucinous carcinoma, P=0.032,
Fisher's exact test.

C) Serous carcinoma vs. clear cell carcinoma, P=0.009,
Fisher's exact test.

d) Mucinous carcinoma vs. clear cell carcinoma, P=0.013,
Fisher's exact test.

€) Stage I/1l vs. stage I11/1V, P=0.0004, x? test.

f) Grade 1 vs. grade 2/3, P=0.009, x? test.

MCL-1 (data not shown), indicating that signal transduc-
tion pathways stimulated by other growth factors or cyto-
kines may be involved in transcriptional regulation of the
MCL-1 gene in ovarian cancers.

BCL-2 family members form homo- or hetero-dimers
with each other, and these complex protein-protein associ-
ations direct cells toward either survival or death, although
the precise mechanisms of these processes are unclear.?®
Marone et al. reported that BCL-2, BAX, and BCL-XL
were present to a variable degree in both norma and neo-
plastic ovarian tissues and that their mRNA and protein
levels were directly correlated. Several earlier studies have
suggested that BCL-2 mRNA and/or protein expression
levels were higher in normal ovaries than in ovarian carci-
nomas, whereas both BAX and BCL-XL expression was
higher in carcinomas.?®29 In the present study, we also
observed decreased BCL-2 and increased BAX mRNA
expression levels in ovarian cancers compared with those
in normal ovaries, although we did not find any significant
difference between the level of BCL-XL mRNA expres-
sion in normal ovaries vs. ovarian cancer samples.
Increased BAX expression and decreased BCL-2 expres-
sion in ovarian cancer cells seem to be paradoxical, given
the proposed pro-apoptotic function of BAX and anti-apo-
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Fig. 5. Log-rank testing showed that increased MCL-1 protein
expression is significantly correlated with poor prognosis in
ovarian cancers (P=0.0097).

ptotic function of BCL-2. It is likely that increased BAX
and decreased BCL-2 expression in ovarian cancer cells
may be counteracted by other anti-apoptotic proteins
which bind to BAX and/or BCL-2. The present study sug-
gests the possibility that significantly elevated MCL-1
expression might replace the functioning of BAX and
BCL-2 in ovarian cancer cells.

Several earlier studies have shown that immunohisto-
chemical expression of BCL-2 is associated with improved
survival >19 However, in the present study using semi-
guantitative PCR, low BCL-2 expression was not associ-
ated with a survival advantage. Diebold et al.?” have
reported that BCL-2 expression failed to reveal a correla-
tion with the prognosis in the total study population of
ovarian carcinoma patients. Therefore, the relationship
between BCL-2 expression and prognosis in ovarian can-
cer patients is dtill controversial. However, decreased
BCL-2 expression in ovarian cancer cells compared to that
in ovarian adenomas and norma ovaries suggests that
BCL-2 regulation may play an important role in the devel-
opment of ovarian cancer.

In the present study, we found that high BAX mRNA
expression was significantly correlated with a better sur-
vival in stage Il ovarian carcinomas. It has been reported
that immunohistochemical expression of BAX is aso sig-
nificantly associated with improved prognosis of ovarian
cancer patients.’® 2 p53 is known to be a direct transcrip-
tional activator of the BAX gene,® and p53 accumulation
in tumor cells, which presumably is correlated with the
presence of p53 missense mutations, is associated with a
poor prognosis in ovarian cancer.*® It has been reported
that a cisplatin-resistant ovarian cancer cell line was found
to have reduced BAX mRNA levels, which is consistent



with the loss of the ability of p53 to transactivate BAX as
a consequence of p53 mutation.®® Tai et al.*? have demon-
strated that reduced expression of BAX was related to
lower response rates in chemotherapy-treated ovarian can-
cer patients. Therefore, ovarian cancer tissues expressing
low levels of BAX mMRNA may be partly related to the
loss of p53-dependent transcription in at least some
patients and may be expected to be associated with poorer
survival rates.

Although these preliminary observations will have to be
confirmed with larger samples of ovarian cancer patients,
determination of a selected apoptosis-related protein such
as MCL-1 or BAX would be a useful prognostic molecular
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