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Methylation is an important silencing mechanism of breast and
ovarian cancer susceptibility gene 1 (BRCA1) expression in sporadic
ovarian cancer. However, the role of BRCA1 methylation in chemo-
therapy in sporadic ovarian cancer and the related pathways have
not been understood completely. This study has determined the
roles of BRCA1 hypermethylation in chemotherapy of sporadic
ovarian cancer and its related signaling pathways. We used bisul-
fite sequencing, real-time polymerase chain reaction, and western
blotting to check the methylation state and expression levels of
BRCA1 of the following cell lines: platinum-sensitive human ovar-
ian cancer cell line COC1, platinum-resistant cell line COC1/DDP,
SKOV-3, and 5-Aza-dC treated COC1. The cisplatin sensitivity of
ovarian cancer cells was examined by MTS (methyl-thiazol tetrazo-
lium) assay. Tumorigenicity in vivo and DDP-based chemosensitivi-
ty were compared among the above cells. Phosphatidylinositol
3¢-kinase (PI3K)–Akt pathway activation in ovarian cancer cells was
studied by western blotting. The frequency of BRCA1 methylation
in the COC1 cell line was higher than in COC1/DDP and SKOV-3 cell
lines, whereas the mRNA and protein expression of BRCA1
were lower than in the COC1/DDP and SKOV-3 cell lines. DNA
demethylation decreased the chemosensitivity of COC1 cells and
partially increased the expression levels of BRCA1. The activation
of the PI3K-Akt pathway was low in ovarian cancer cells. Our
results indicate that hypermethylation of BRCA1 might play an
important role in the chemosensitivity of ovarian cancer, and that
the PI3K–Akt pathway is not involved in this response. (Cancer Sci
2010; 101: 1618–1623)

E pithelial ovarian cancer (EOC) is one of the main causes of
death among gynecological malignancies,(1) and cisplatin

is one of the most effective and commonly used chemotherapeu-
tics for the treatment of ovarian cancer. However, the develop-
ment of cisplatin-based resistance is a key concern that limits
the successful clinical application of this therapy.(2) Although
the precise mechanism underlying the development of platinum
resistance in ovarian cancer patients is currently unknown,
CPG-island (CGI) methylation, which is strongly associated
with aberrant gene silencing and ovarian tumorigenesis, is more
prominent after the onset of chemoresistance,(3–7) and may be
used for the prediction of response to chemotherapy in breast
cancer.(8,9)

Breast and ovarian cancer susceptibility gene 1 (BRCA1), a
multi-functional tumor suppressor protein, was identified on the
basis of its linkage to familial breast and ovarian cancer.(10) All
the functions of BRCA1 have not yet been determined, but it is
known to play roles in DNA damage repair, cell-cycle check-
point control, transcriptional regulation, and maintenance of
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genomic stability. Furthermore, BRCA1 promoter hypermethy-
lation is an important positive regulator of BRCA1 expression.
Aberrant DNA methylation may contribute to the disruption of
key biological pathways during the progression of ovarian can-
cer to the drug-resistant phenotype.

The signaling pathways of Fanconi-anemia (FANC-BRCA),
p38/JNK, and ataxia telangiectasia mutated (ATM)/ATM- and
Rad3-related (ATR) were involved in BRCA1-related DNA
damage response.(11–13) However, there is little knowledge of
the pathway related to BRCA1 hypermethylation in chemother-
apy of EOC. The phosphatidylinositol 3¢-kinase (PI3K)–Akt sig-
naling pathway plays a role in the development of EOC
and sensitivity toward cisplatin-based chemotherapy.(14–16)

Increased AKT kinase activity has been reported in about 40%
of breast and ovarian cancers;(17) moreover, BRCA1 is a nega-
tive regulator of phosphorylated AKT (pAKT), and BRCA1
deficiency activates the AKT pathway.(18) Hence, further
research on the activation of the PI3K–Akt pathway in ovarian
cancer cells is required to deepen the understanding of this epi-
genetic change and its role in chemosensitivity. The present
study was designed to detect whether the methylation status of
BRCA1 is associated with the cisplatin-based chemosensitive
response and whether it involves the PI3K–Akt pathway.

Materials and Methods

Cell culture. The SKOV-3 human ovarian cancer cell line
was obtained from American Type Culture Collection
(Manassas, VA, USA). The human breast cancer cell line
MCF-7 was obtained from the Institute of Cell Biology
(Shanghai, China). Human ovarian cancer cell lines COC1
and COC1/DDP were obtained from the China Center for
Type Culture Collection (Wuhan, China). Cells were cul-
tured in RPMI-1640 medium supplemented with 100 units/
mL penicillin/streptomycin and 10% fetal bovine serum
(FBS) and maintained in an incubator at 37�C under a
humidified atmosphere of 5% CO2. COC1/DDP cells were
cultured in RPMI-1640 medium containing 0.5 lg/mL cis-
platin (Sigma, St. Louis, MO, USA) to maintain the drug-
resistant phenotype. All cells were obtained from the cell
bank that performed cell line characterizations, and were
passaged in our laboratory for <6 months after receipt.

DNA extraction and bisulfite modification. Genomic DNA
was extracted from cultured cells by using QIAamp DNA kits
(Qiagen, Germany). Sodium bisulfite reactions were performed
with the EpiTect Bisulfite kit (Qiagen, Hilden, Germany). The
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methylation status of a DNA sequence can be determined using
sodium bisulfite. Incubation of target DNA with sodium bisulfite
converts the unmethylated cytosine residues into uracil and it
does not react with the methylated cytosines. Therefore, bisulfite
treatment yields different DNA sequences for methylated and
unmethylated DNA.

Analysis of BRCA1 promoter methylation and bisulfite genomic
sequencing. The previously known primers for BRCA1 can be
used for analyzing the most significantly methylated loci. Real-
time polymerase chain reaction (PCR) with bisulfite-modified
DNA was performed using previously known primer sequences
for the methylated (M) and unmethylated (U) reactions. Primer
sequences for the M and U DNAs were as follows: M forward,
TCGTGGTAACGGAAAAGCGC; M reverse, AA AT CTCA
AC GAACTCACGCCG; U forward, TTG GTT TTT GTG GTA
ATG GAAAAGTGT; and U reverse, CAAAAAATCTCA-
ACAAACTC-ACACCA. The sense primer of the methylated
reaction begins at 1543 base pairs (bp) and that of the unmethy-
lated reaction begins at 1536 bp of the GenBank sequence
U37574. The methylated product is 75 bp long and the unme-
thylated product is 86 bp. This region intercepts the main tran-
scription start site at 1581 bp.(19)

The total volume of the PCR mixture was 20 lL (Takara,
Dalian, China). Each PCR cycle included initial denaturation at
95�C for 10 s and 45 cycles with the following profile: 5 s at
95�C and 30 s at 62�C. The PCR products were then subjected to
bisulfite sequencing. The gene expression level was normalized
using endogenous control gene GAPDH, and the relative gene-
expression level was determined using 2(–delta delta C (T)) (DDCT)

methods. DNA from human placenta tissue was treated in vitro
with SssI bacterial methylase (New England Biolabs, Beverly,
MA, USA) and used as positive control for methylated alleles.
DNA from MCF-7 cells was used as a negative control for
methylated genes.

The resultant 75-bp PCR product including 8 CpG dinucleo-
tides was gel purified and cloned into TOPO TA Cloning vector
(Invitrogen, Carlsbad, CA, USA). Ten recombinant clones were
isolated using a Pmd18-T (Takara) and sequenced using ABI
automated DNA sequencer. The methylation status of individual
CpG sites was determined by comparison with the sequence
from known BRCA1 sequences. The number of methylated
CpGs at each specific site was divided by the number of clones
analyzed (n = 10) to obtain a value that represented the percent-
age of methylation at each site, as previously described.(20)

RNA isolation and real-time PCR. Total RNA was prepared
using TRIzol (Molecular Research Center, Cincinnati, OH,
USA). We used 2 lg aliquots of total RNA for amplification by
using the PrimeScript RT reagent (Takara). The primers used
for cDNA amplification were as follows: BRCA1 forward, AC-
AGCTGTCTGGTGCTTCT GTG and reverse, CATTGTCCTC-
TGTCCAGGCATC and GAPDH forward, GA GT CA AC GG
AT TT GGTCGT and reverse, TTGATTT TGGAGGGATC-
TCG. The expected fragment lengths of BRCA1 and GAPDH
were 106 and 238 bp, respectively. The mRNA expression of
BRCA1 was analyzed using TotalLab software by estimating the
grayscale ratio of BRCA1 expression level to GAPDH expres-
sion level. Real-time PCR was also used to evaluate BRCA1
expression using SYBR Premix ExTaq (Takara). All reactions
were performed according to the manufacturer’s protocols. The
annealing temperature for these primer sets was 60�C.

Western blotting analysis. The cells were first rinsed with
PBS, and then scraped and lysed in ice-cold radioimmunopre-
cipitation assay (RIPA) buffer on ice for 30 min. The total pro-
tein content was measured using Bio-Rad protein assay reagent
according to the manufacturer’s protocol. Equal amounts of pro-
teins were separated on 6–15% sodium dodecylsulfate–poly-
acrylamide gel electrophoresis gels and subsequently transferred
to nitrocellulose membranes. After estimating enzyme activities
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by using a microplate reader, the membranes were treated with
1% bovine serum albumin in 1 · Tris-buffered saline for 1 h at
room temperature and incubated with various primary antibodies
(anti-BRCA1, 1:50; anti-AKT, 1:1000; anti-P-AKT, 1:1000;
Cell Signaling Technology, Danvers, MA, USA), and GAPDH
(Invitrogen) at 4�C overnight. The membranes were washed
three times with Tris-buffered saline (TBS) and then incubated
with peroxidase-linked secondary antibody (1:10000) for 1 h at
room temperature. The signals were developed using an
enhanced chemiluminescence kit (Pierce, Rockford, IL, USA),
scanned, and analyzed with Image-Pro Plus 6.0. The relative
expression of target proteins was presented as the ratio of the
amount of protein to that of b-actin.

Demethylation of COC1 cells with 5-Aza-Dc. COC1 cells were
seeded at a density of 5 · 105 cells on a 100-mm plate. After
24 h, the cells were treated with 10 lM of 5-Aza-dC (Sigma).
The medium was changed after 72 h of treatment and the cells
were cultured for another 48 h before harvesting for analysis
of their methylation status, cell apoptosis, mRNA, and protein
levels. The 5-Aza-dC was dissolved in PBS.

Methyl-thiazol tetrazolium (MTS) assay. The methyl-thiazol
tetrazolium (MTS) assay (Promega, Madison, WI, USA) was
used to measure cell viability. Briefly, 1 · 104 cells/well were
seeded in 96-well plates containing complete medium. After
incubation for 48 h, the cells were rinsed twice and incubated
with serum-free medium supplemented with the platinum. After
incubation for the indicated times, 20 lL of MTS solution was
added and the cells were incubated for a further 1–4 h. The opti-
cal density was measured at 490 nm on a microplate reader. The
half maximal inhibitory concentration (IC50) value was assessed
by increasing the concentration of cisplatin.

Cell apoptosis. COC1 cells were treated with demethylating
agents for the indicated times; subsequently, the cells were
harvested, rinsed, fixed in 70% ethanol, and stained with 50 mg/
mL propidium iodide. The fluorescence intensity was deter-
mined using FACScan. The percentage of apoptotic cells was
calculated by determining the number of sub-G1 cells.

In vivo studies. Twenty female Balb/c nu/nu mice (4–6 weeks
of age) were obtained from the Chinese Academy of Sciences.
The mice were randomly assigned into one of the following four
groups (n = 5): (i) mice treated with COC1; (ii) mice treated with
COC1/DDP; (iii) mice treated with COC1+5-Aza-Dc; and
(iv) mice treated with 0.1 mL of PBS. The tumor model was
established in nude mice by dorsal subcutaneous injection with
COC1, COC1/DDP, and COC1+5-Aza-Dc cells, respectively.
Tumors were harvested for dorsal xenotransplant when the diam-
eter of tumors was up to 1 cm. After 2 weeks, intraperitoneal
injection of cisplatin was administered at a dose of 5 mg/kg and
twice a week. The tumors and body weight were measured twice
a week. Animals were killed after 2 weeks. The tumor sizes were
measured using the formula A · B2 · 0.5236 (A, length; B,
width; all measured in millimeters).(20)

Statistics. The results are presented as mean ± SE. Data were
analyzed using one-way ANOVA and the unpaired Student’s t-test
was applied for the comparison of data among the groups. A
P-value of <0.05 was considered as statistically significant. All
in vitro experiments were repeated independently at least three
times, while the in vivo experiments were repeated twice.

Results

Hypermethylation of the CpG island of BRCA1 was detected in
chemosensitive human ovarian cancer COC1 cells which resulted
in loss of BRCA1 expression, thereby increasing the sensitivity of
cells to chemotherapy in vitro and in vivo. Methylation of the
CpG island of BRCA1 in four epithelial ovarian cancer cell lines
(sensitive human ovarian cancer cell lines COC1, COC1 treated
with 5-Aza-dC, acquired platinum-resistant cell lines COC1/
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Fig. 1. Methylation analysis of breast and ovarian
cancer susceptibility gene 1 (BRCA1) in human
ovarian cell lines. (a) Methylation analysis of BRCA1
in human ovarian cell lines COC1, COC1+5-Aza-dC,
SKOV-3, and COC1/DDP. Data are expressed as the
mean ± SD. *P < 0.05 versus COC1+5-Aza-Dc, SKOV-
3, and COC1/DDP cells; **P > 0.05 among the
COC1+5-Aza-Dc cells, SKOV-3, and COC1/DDP cells.
(b) Sequencing analysis of methylated and
unmethylated BRCA1. After sodium bisulfite,
cytosines in the methylated sequence remained
unchanged, but cytosines conversed to uracils in
the unmethylated sequence.

(a) 
(b)

COC1 COC1 + 5-Aza-Dc SKOV3 COC1/DDP

GAPDH

BRCA1

Fig. 2. The expression levels of breast and ovarian cancer
susceptibility gene 1 (BRCA1) mRNA and protein in ovarian cancer
cells. (a) The expression levels of BRCA1 mRNA by real-time PCR.
GAPDH (glyceraldehyde- 3-phosphate dehydrogenase) was used as the
internal control. *P < 0.05 versus COC1+5-Aza-Dc, SKOV-3, and COC1/
DDP cells; **P > 0.05. (b) Expressions of BRCA1 protein by western
blot analysis. *P < 0.05 versus COC1+5-Aza-Dc, SKOV-3, and COC1/DDP
cells; **P > 0.05.

(a) (b)
A

B

Fig. 3. Apopotosis of cells COC1 and COC1 treated with 5- Aza-Dc
agent. (a) Apoptosis in COC1 cells and COC1 cells treated with 5- Aza-
Dc agent was detected by fluorescence-activated cell sorting. (b)
Different IC50 values of ovarian cancer cell reaction to platinum by
MTS (methyl-thiazol tetrazolium) assay.
DDP, and inherent resistant cell lines SKOV-3) was analyzed by
real-time PCR (Fig. 1a) and bisulfite sequencing (Fig. 1b). Real-
time PCR and western blotting analysis were performed to inves-
tigate whether the low BRCA1 mRNA and protein expression
was coordinated with promoter hypermethylation (Fig. 2).

The frequency of BRCA1 methylation in the chemosensitive
cell line was higher than that in chemoresistant cells (Fig. 1a).
However, the frequency did not differ significantly between the
acquired and inherent resistant cell lines. Simultaneously, after
treatment with 5-Aza-dC, the frequency of BRCA1 methylation
was obviously decreased.
1620
Bisulfite sequencing analyses showed that incubation with
sodium bisulfite did not react with the methylated cytosines in
the target BRCA1 DNA sequence (Fig. 1b, left), while it con-
verted the unmethylated cytosine residues into uracil and the
uracil turned into thymine after PCR amplification (Fig. 1b,
right).

The BRCA1 mRNA expression ratio to GAPDH was lower in
COC1 cells than that in COC1/DDP and SKOV-3 cells
(BRCA1, P < 0.001) (Fig. 2a). Aberrant protein expression,
which was in accordance with the results of RT-PCR, was sig-
nificantly lower than promoter hypermethylation (BRCA1,
P = 0.008) of the gene (Fig. 2b).

Fluorescence-activated cell sorting (FACS) and MTS methods
were used to compare cisplatin sensitivity in COC1 and COC1/
DDP cells (Fig. 3). As seen in Figure 3(a), COC1 cells showed
a significant increase in the apoptosis rate compared to cells
treated with demethylation agent. Furthermore, the approximate
IC50 value of ovarian cell lines COC1 was 4.5148 lM, while
the values for resistant cell lines COC1/DDP and SKOV-3 were
doi: 10.1111/j.1349-7006.2010.01568.x
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Table 1. Tumorigenicity and its reaction to platinum-based chemotherapy

in female Balb/c nu/nu mice

Clone

Number

of

nu/nu

mice

Tumori-

genicity

Tumor volume

Before

chemotherapy

After

chemotherapy

COC1 5 12 0.36 ± 0.0143* 0.1212 ± 0.0931**

COC1+5-Aza-Dc 5 8 0.184 ± 0.03863 0.1306 ± 0.00684

COC1/DDP 5 9 0.179 ± 0.00469 0.1574 ± 0.0238

*P < 0.05 versus mice treated with COC1 + 5-Aza-Dc and COC1/DDP
before chemotherapy. ** P < 0.05 versus mice treated with COC1 +
5-Aza-Dc and COC1/DDP after chemotherapy.

GAPDH

COC1 COC1 + 5-Aza-Dc SKOV3 COC1/DDP

Akt

(a) (b)

Ser473

Thr308

Fig. 5. Total Akt and phosphorylation of Akt at residues Ser473 and
Thr308 in ovarian cancer cell lines. Low levels of both p-Ser473 and p-
Thr308 AKT expression were detected in each of the four groups. But
total Akt protein was highly expressed in different ovarian cancer
cells.
11-fold and 13-fold higher, respectively. However, no signifi-

cant difference was found in the IC50 value of COC1/DDP and
SKOV-3 cell lines (Fig. 3b).

In vivo studies on nude mice revealed that the COC1 cell-trea-
ted group developed larger tumors than COC1/DDP-treated
groups (P < 0.01) (Table 1). Meanwhile, the tumors in the for-
mer group were more sensitive to cisplatin chemotherapy than
those in the other two groups, and complete tumor regression
was observed in three of the five mice administered with cis-
platin. However, the total number of tumors in the three groups
did not differ significantly. In our study, the metastases were
limited to the pelvic region, which may be related to the subcu-
taneous xenotransplantation tumor models established instead of
intraperitoneal inoculation (Fig. 4).

5-Aza-dC-induced DNA demethylation resulted in increase of
BRCA1 and decreased cisplatin cytoxicity of cells in vitro and
in vivo. To determine whether BRCA1 promoter methylation
could be further linked to the loss of gene expression, we treated
COC1 cells with the demethylating agent 5-Aza-dC. We found
that the proliferation rate of COC1 cells was obviously
decreased, while the mRNA and protein expression were
increased (Fig. 2).

In addition, 5-Aza-dC decreased cisplatin cytoxicity. The
effect of 5-Aza-dC on cisplatin-based cytoxicity was analyzed
by FACS and MTS assay. The IC50 value was significantly
increased in COC1 cells treated with 5-Aza-dC (Fig. 3b). Fluo-
rescence-activated cell sorting (FACS) studies showed that the
cisplatin-induced apoptotic rate of 5-Aza-dC-treated COC1 cells
was significantly lower than that (36.02% ± 1.53%) of untreated
COC1 cells (Fig. 3a).

To evaluate whether the re-expression of BRCA1 by demethy-
lation agent lowered tumorigenicity, we studied an in vivo
tumor-bearing model (Fig. 4). In our study, mice treated with
COC1+5-Aza-dC developed smaller tumors than those treated
with COC1 only; meanwhile, there was no significant decrease
in tumor size after administration of cisplatin in the COC1+5-
Aza-dC group, which was consistent with the observation of the
COC1/DDP group (Table 1).

The PI3K pathway was not involved in methylation-induced
chemosensitivity of ovarian cancer cells. Phosphorylation of Akt
at regulatory residues Thr-308 and Ser-473 activates it com-
pletely.(19) Thus, to determine whether the PI3K pathway was
(a) (b)

Fig. 4. In vivo tumor-bearing models. Subcutaneous xenotransplanted tu
nu mice (a–d). After dorsal subcutaneous injection with COC1, COC1+5-A
each group (a). Tumors were alated for the xenotransplant tumor mod
established successfully (c). Metastases in the pelvic region. Arrow shows t
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responsible for BRCA1 methylation-induced chemosensitivity in
ovarian cancer cells, we performed western blotting to analyze
the amount of total Akt and phosphorylated Akt at residues
Ser473 and Thr308 in the four groups (COC1, COC1/DDP,
SKOV-3, and COC1+5-Aza-dC cells). Results showed that the
total protein level of Akt was not significantly different among
the above-mentioned cell lines. Furthermore, a low level of Akt
phosphorylation (both Thr-308 and Ser-473) was detected in
EOC cells (P > 0.05) (Fig. 5).

Discussion

Somatic mutation of the BRCA1 gene is rarely observed in spo-
radic ovarian cancer. Furthermore, hypermethylation of the
BRCA1 promoter, which occurs in 15–70% of ovarian cancer
patients,(20,21) was not found in patients with germline muta-
tions,(22) and the BRCA1 promoter was not methylated in
patients with high risk of germ-line BRCA1 mutations. Fre-
quently, tumor cells with methylated BRCA1 have lost the wild-
type BRCA allele(23,24) and are unable to repair DNA cross-links
and DNA double-strand breaks by homologous recombination,
which probably explains the genomic instability and cancer pre-
disposition of these cells.(25) Consistent with this hypothesis, the
results of in vivo studies showed that mice treated with COC1
cells (decreased BRCA1 expression) developed larger tumors
than the others, and increasing the expression of BRCA1 by the
demethylation agent developed smaller tumors. Survival of
BRCA-deficient cells is generally believed to be dependent upon
dysfunction of the checkpoints, in which tumorigenic potential
could be acquired through additional genomic rearrangements
and gene mutations. But functions of BRCA1 methylation, such
as DDP-based chemosensitivity, in ovarian cancer remain to be
clarified. Hence, we suggested that the methylation of the
BRCA1 promoter is an important mechanism of gene silencing
and a predictive marker of response to DNA damage caused by
chemotherapy in sporadic EOC.(26)

Previous studies had reported that hypomethylation was
detected in the majority of ovarian cancer cells;(27,28) however,
we found that the methylation frequency was higher in COC1
(c) (d)

mor model of ovarian carcinoma cells established in female Balb/c nu/
za-Dc, and COC1/DDP cells, respectively, tumorigenicity was found in

el when the diameter of tumors was up to 1 cm (b). The model was
he tumors (d).
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ovarian cancer cells than in SKOV-3 and COC1/DDP cells, The
COC1 cells were DDP-sensitive, while SKOV-3 and COC1/
DDP cells were DDP-resistant. This result may explain why
hypomethylation was detected in SKOV-3 cells, and suggested
that DNA methylation may play an important role in chemo-
sensitivity.

Epigenetic gene silencing mechanisms such as aberrant meth-
ylation may markedly reduce the BRCA1 mRNA level in cancer
cells compared to its normal homologue. Consistent with this
hypothesis, the results of our study showed that the BRCA1
mRNA and protein expression in methylated COC1 cells was
lower than that in unmethylated SKOV-3 and COC1/DDP cells.
Furthermore, the demethylation state induced by 5-Aza-Dc
increased cell proliferation and decreased the apoptosis. Taken
together, these results suggest that hypermethylation of the
BRCA1 promoter may be associated with the reduced levels of
BRCA1 mRNA and protein.

Resistance to cisplatin-based drugs occurs in the large
majority of initially responsive tumors, resulting in complete
chemoresistance and fatal disease. Cisplatin cytotoxity
involves the formation of intra- and inter-strand crosslinks that
result in the stalling of DNA replication, S-phase arrest, and
replication fork collapse. The loss of BRCA1-mediated DNA
repair, cell-cycle checkpoint regulation, and apoptosis and
transcriptional control lead to the promotion of cell survival.
Hence, the loss of BRCA1 expression could increase the sen-
sitivity to drugs.

Transcriptional silencing of distinct DNA repair and apopto-
sis-associated genes by hypermethylation of promoter CpG
islands (CGIs)(29,30) has now been associated with platinum
drug resistance in numerous cancers, including ovarian carci-
noma.(31,32) On the basis of these previous observations, we
performed MTS and apoptosis assays to analyze the cisplatin
sensitivity and cisplatin resistance of the cell lines, and
observed that the cisplatin-sensitive cells exhibited higher fre-
quency of methylation than both inherently and acquired plati-
num-resistant cells. After treatment with a demethylating agent,
1622
the cells (COC1 cells) developed resistance to platinum. The
results of in vivo studies were consistent with those of in vitro
studies.

Many pathways such as Fanconi-anemia (FANC-BRCA),
p38/JNK, ATM/ATR, and PI3K-Akt had been reported previ-
ously to be involved in the BRCA1-related DNA damage
response.(11–13) We have performed western blotting to analyze
phosphorylated ATM (Ser1981) and ATR (Ser428), and expres-
sion of c-myc and b-catenin protein in EOC cells (COC1,
COC1/DDP, SKOV-3, and COC1+5-Aza-dC cells). But there
was no expression of the above proteins in the above cells.

The microarray analyses on the isogenic drug-sensitive and
-resistant pairs for global CGI methylation in ovarian cancer
cells showed that the aberrant methylation-mediated activation
pathways PI3K/Akt, TGF-b, and cell cycle progression, may
contribute to the onset of chemoresistance in ovarian cancer
cells.(33) Moreover, AKT phosphorylates BRCA1,(18) and
BRCA1 deficiency leads to an increased nuclear localization of
pAKT. Taken together, we proposed that the PI3K–Akt pathway
could be involved in the methylation of the BRCA1, thereby
inducing chemosensitivity in EOC. However, in the present
study we detected low levels of Akt activation in both the
methylated and the demethylated ovarian cancer cell lines, and
the difference of phosphorylated Akt level was not significant
between the COC1 and its homologue treated with 5-Aza-Dc,
suggesting that the activation of the PI3K/Akt pathway may be
unrelated to the methylation of the BRCA1.

In summary, the present study proposes that BRCA1 methyla-
tion may represent a new target for preventing acquired drug
resistance and improving ovarian cancer treatment. Further stud-
ies about the pathway related to BRCA1 hypermethylation are
ongoing in our laboratory.
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