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Abstract. Ovarian cancer is an aggressive disease with high
mortality. The CXCL12 chemokine has been associated with
the development of this neoplasia. The aim of this study
was to evaluate the genetic influence of the CXCL/2-3'A
polymorphism as a prognostic/predictive factor in ovarian
cancer patients treated with platinum/paclitaxel chemotherapy.
The mean survival rates for early stages (I/Il) of the disease
were statistically different according to patient genotype
(96 months for GG and 57 months for A carrier genotypes;
p=0.017). The mean progression-free interval was statistically
lower in patients with early stages (I/II) of the tumour
carrying the A allele (55 months) than in those carrying the
GG genotype (91 months; P=0.009). The CXCL12-3'A
polymorphism leads to a poorer response to chemotherapy
with cisplatin/paclitaxel, and diminishes the mean survival
rate and the progression-free interval in patients with ovarian
cancer. CXCLI2-3'A may therefore serve as an important
predictive biomarker for the determination of outcome in
ovarian cancer.

Introduction

Ovarian cancer is the sixth most common type of cancer and
ranks seventh as the most frequent cause of cancer-related
death in women (4.0% of cases and 4.2% deaths) (1). At
diagnosis, the majority of ovarian cancers have already
progressed to stage III or IV, which results in poor long-term
patient survival and quality of life (2). Standard treatment
involves cytoreductive surgery followed by systemic platinum-
based chemotherapy (3). Paclitaxel combinations with either
cisplatin or carboplatin are first-line chemotherapy regimens,
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each combination producing similar responses (4). This
therapy results in variable efficacy rates, with frequent recur-
rences at even early stages of the disease, and with most
tumours eventually becoming resistant to chemotherapy (5).

The biological mechanisms responsible for chemotherapy
resistance remain unclear, but it is now widely accepted that
the apoptotic capacity of cancer cells is pivotal in determining
response to chemotherapeutic targets (6). Phosphatidylinositol
3-kinase (PI3K)/Akt (serine/threonine kinase subfamily) is a
major cell survival pathway, and several targets of Akt, such
as proapoptotic protein BAD and caspase-9, have roles in the
regulation of apoptosis; phosphorylation by Akt inhibits their
function (7).

Akt overexpression or activation is correlated with poor
prognosis in several tumour types, including gastric and
hepatocellular carcinoma, breast and pancreatic cancer and
melanoma (8). Previous studies have proposed that PI3K/Akt
activation in ovarian cancer cells promotes resistance to
cisplatin-induced apoptosis, serving as a mediator in chemo-
resistance (6,7). This activation may occur due to a variety of
stimuli in different types of tumours. It has been suggested that
one such stimulus is the chemokine CXCL12 (9-12).

The chemokine receptor CXCR4 and its sole ligand,
SDF-1/CXCL12 (stromal cell-derived factor-1), play important
roles in inflammation and hematopoiesis by acting as chemo-
attractants for leukocytes and stem cells (13). Furthermore,
it has been demonstrated that in several types of cancer,
including melanoma, ovarian, breast and lung cancer,
CXCL12 can stimulate the proliferation and/or survival of
CXCR4-expressing cancer cells when they are grown under
suboptimal conditions (14). A growing number of studies
associate CXCL12 and its receptor, CXCR4, with the devel-
opment of ovarian cancer (9,10,15,16).

Genetic polymorphisms may also influence outcome in
cancer patients after treatment (5,17,18), and a single
nucleotide polymorphism in the 3' untranslated region of the
CXCLI2 gene, a CXCLI2-3'A polymorphism consisting of a
G-A transition, was reported to be associated with suscep-
tibility to lung and breast cancer development (19-21).

The aim of this study was to evaluate the genetic
influence of the CXCL/2-3'A polymorphism in epithelial
ovarian cancer patients treated with platinum- and paclitaxel-
based chemotherapy in order to evaluate its role as a
prognostic/predictive factor in this neoplasia.
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Patients and methods

Study population. This study was conducted in 129 consecutive
patients with histologically confirmed epithelial ovarian cancer
(mean age 53 years) admitted to the Portuguese Institute of
Oncology, Porto, Portugal, and treated with platinum-based
chemotherapy between 1996 and 2002. The first-line chemo-
therapeutic protocol consisted of paclitaxel (175 mg/m?) and
cisplatin (75 mg/m?). Patients were evaluated according to the
staging system of the International Federation of Gynaecology
and Obstetrics (FIGO), and the assessment of tumour response
to chemotherapy was based on World Health Organization
(WHO) criteria. Resistance to this treatment was determined
if the disease persisted or recurred within six months after the
conclusion of the chemotherapy. Patients then underwent
second-line chemotherapy according to their performance
status and age. If a recurrence appeared after six months of
treatment, the patient underwent another course of the same
combination chemotherapy (platinum/paclitaxel). All patients
were treated by the same medical oncologist.

Samples were obtained with the written informed consent
of the participants prior to their inclusion in the study accord-
ing to the Declaration of Helsinki.

Samples. Venous blood (~8 ml) was obtained by a standard
venipuncture technique using EDTA-containing tubes. DNA
was extracted from the white blood cell fraction of each study
subject using a salting out protocol as described by Miller et al
(22).

The CXCLI12-3'A genotypes were analysed using PCR at an
annealing temperature of 58°C, followed by RFLP techniques
as previously described (19). The species were examined for
the presence of amplifiable DNA. In each PCR experiment,
two negative controls were employed to make sure that no
contaminants were introduced in the initial PCR.

The 302-bp PCR products were digested with the Mspl
restriction enzyme (Fermentas) at 37°C for 1.30 min. Restric-
tion fragments were then visualised by agarose gel electro-
phoresis (3%) with ethidium bromide staining showing three
types of band patterns: wild-type homozygote (G/G), two
bands corresponding to 201 and 101 bp; heterozygote (G/A),
three bands corresponding to 302,201 and 101 bp; homozygote
(A/A), only one band of 302 bp. In cases of ambiguity
regarding the discrimination between partial digests and
apparent heterozygotes, genotyping was repeated twice using
higher concentrations of the restriction enzyme to rule out
partial digestion.

Statistical analysis. Analysis of data was performed using the
Statistical Package for Social Sciences (SPSS) computer
software for Windows (version 12.0; SPSS, Chicago, IL,
USA). Differences in proportions were evaluated by the ¥ test
or Fisher's exact test. Quantitative data were analysed using the
Mann-Whitney U-test. A 5% level of significance was applied.

The probabilities of survival and progression-free survival
were calculated, and medians and life-tables were computed
using the Kaplan-Meier product-limit estimate. Curves were
examined by the log-rank test, a statistical test for the equality
of survival distributions.

Survival duration was defined as the time between diag-
nosis and death or the last clinical evaluation of the patient.
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Table I. Relation between CXCL12-3'A genotypic frequencies
and clinicopathological parameters in ovarian cancer patients.

Parameter GG A carrier P-value
No. % No. %
Mean age (years) 53.0+14.5 53.6+13.5 0.615*
FIGO stage
/11 35 854 6 146 0.008°
v 43 614 27 38.6
Histological type
Serous 37 66.1 19 339 0.277°
Other types 32 762 10 2338

“Mann-Whitney U-test;. by test.

Cause of death was determined according to patient records,
death certificates or communication with the general
practitioner handling the case. Progression-free interval
survival was defined as the time interval between diagnosis
and the occurrence of an event (death, recurrence, progression
of disease) or the last clinical evaluation.

The observed number of each genotype was compared with
that expected for a population in Hardy-Weinberg equilibrium.

Results

The analysis of CXCLI2-3'A genotypes in women with
ovarian cancer was only possible in 111 of the initial 129
women enrolled in this study due to DNA extraction or
amplification problems. This group of cases was divided into
subgroups according to clinical stages I/II (early stages) and
II/IV (advanced stages). The genotypic frequencies observed
were 70.3% for GG, 25.2 for AG and 4.5% for AA, and did
not differ from those expected from the Hardy-Weinberg
equilibrium (P=0.71).

Table I shows the relation between CXCL12-3'A genotypic
frequencies and clinicopathological parameters. There were
no statistically significant differences between the groups of
patients with the different genotypes (GG and A carriers)
regarding age at diagnosis and the histologic type of ovarian
cancer. There was a statistically significant overrepresentation
of A carrier genotypes in the clinical stage group II/IV of
ovarian cancer in comparison with the less aggressive stages
I/IT (P=0.008).

We used Kaplan-Meier methodology to analyse overall
survival rates (Fig. 1). The mean survival rates for stages I/II
were statistically different according to patient genotype
(96 months for GG and 57 months for A carrier genotypes;
p=0.017). Regarding stages III/IV, there was no statistical
difference (56 months for GG and 62 months for A carrier
genotypes; P=0.834).

Concerning the progression-free interval (Fig. 2), we
observed that the mean progression-free interval was statis-
tically lower in patients carrying the A allele with early stages
(I/11) of the tumour (55 months) than in those carrying the
GG genotype (91 months; P=0.009). In advanced stages of the
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Figure 1. Association of CXCLI2-3'A genotypes with overall survival by Kaplan-Meier curves. Comparison between GG and A carrier genotypes in (A) early

(I/11) and (B) advanced (III/IV) stages of ovarian cancer.
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Figure 2. Association of CXCLI2-3'A genotypes with progression-free interval by Kaplan-Meier curves. (A) Comparison between GG and A carrier
genotypes in (A) early (I/II) and (B) advanced (III/IV) stages of ovarian cancer.

disease (III/IV), no statistical difference was observed regard-
ing the mean progression-free interval in patients presenting
the GG genotype (39 months) and in those presenting the
genotypes carrying the A allele (37 months; P=0.515).

Discussion

Ovarian cancer is an aggressive disease with high mortality
due in large part to high rates of therapy failure and resistance
and to consequent recurrences. It is now accepted that chemo-
therapy for ovarian cancer is limited by significant inter-
individual variations, which are often associated with genetic
variations (polymorphisms) in specific genes (23,24).

The present findings support the hypothesis that the
CXCLI12-3'A polymorphism has a strong influence on the
outcome of ovarian cancer in patients treated with cisplatin/
paclitaxel chemotherapy, indicating that mean survival rates
and the progression-free interval are influenced by CXCLI2-
3'A genotype subgroups (A carrier and GG) in early stages
(I/II) of the disease (P=0.017 and 0.009, respectively). The
A carrier genotypes are associated with a poorer prognosis,
conferring lower overall survival and progression-free
interval when compared with the GG genotype independently

of age and histologic tumour type. No statistically significant
differences were found regarding the influence of these
genotypes on advanced stages (III/IV) of ovarian cancer.

Our results are in accordance with several reports
suggesting that strong differences exist between early and
advanced ovarian cancer in terms of overall survival, treatment
response and tumour behaviour (25-29). In addition, we found
a difference between A carrier frequencies in early and
advanced stages of the disease (P=0.008), suggesting that stage
I/IT and III/IV ovarian tumours have distinct cell populations.

The assumption that tumours can contain drug-sensitive,
physiologically drug-resistant and pathologically drug-resistant
cells explains several paradoxical observations in the biology
of ovarian cancer. Clinical response to chemotherapy is
determined by the relative contribution of these different cell
populations to the total cellular mass of a tumour (30).

In some types of cancer, CXCLI12 can stimulate cancer
cell proliferation or survival under suboptimal conditions.
In ovarian cancer, there is abundant and tumour-specific
expression of CXCL12 (9). The chemokine was also found in
the ascitic fluid of ovarian cancer patients (16). There is also
evidence to suggest that CXCL12 mediates the proliferative
actions of estrogens in ovarian cancer cells (31). As a result,
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CXCL12 may provide important paracrine and autocrine sig-
nals that promote malignant progression in ovarian cancer (9).
Stimulation of the chemokine receptor CXCR4 by its
ligand, CXCL12, results in the activation of the ERK-2 and
PI3K signalling pathways, leading to the prolonged activation
of PKB/Akt (12,32). PI3K/Akt signalling pathways are
frequently disturbed in many human cancers, and play a major
role not only in tumour development, but also in the potential
response of tumours to cancer treatment (33). In ovarian
cancer, aberrant Akt expression or activation in different cell
lines has been found to confer paclitaxel (33) and cisplatin
(6,7) resistance, serving as a mediator of chemoresistance.

CXCLI2-3'A seems to be a functional polymorphism,
altering the expression levels of the chemokine CXCL12
(20,34). It is our belief that the presence of the polymorphism
(through the overexpression of CXCL12) contributes to the
prolonged activation of Akt in ovarian cancer cells, thus
leading to a poorer response to combination chemotherapy
with cisplatin/paclitaxel and diminishing the mean survival
rates and the progression-free interval in patients with ovarian
cancer cells. This is consistent with our results.

The CXCL12-3'A polymorphism is an important predictive
biomarker in a panel of genetic factors conditioning the
outcome of ovarian cancer and delineating the biologic
mechanisms responsible for induced drug resistance.
Identification of novel therapies designed to minimise this
effect should be the focus of further research.
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