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Ovarian cancer accounts for only 3% of all cancers in women but is the most lethal gynaecologic malignancy. Low-grade
and high-grade ovarian serous carcinomas (OSCs) represent two different diseases with different prognosis, approaches to
detection and treatment. We assessed correlation between, MAPK, topolla, E-cadherin immunoexpression and clinico-
pathological features with overall survival (OS) in OSCs. The study included 81 patients undergoing surgery between January
1995 and December 2005.

Formalin fixed paraffin embedded tumour sections were reviewed and examined immunohistochemically using antibod-
ies against MAPK, topolla and E-cadherin. The clinicopathological features included: age at surgery, stage according to the
criteria of the International Federation of Gynecology and Obstetrics (FIGO), tumour grade, residual disease and vascular
invasion. Only ten patients (12.3%) were diagnosed in early FIGO stage of disease. According to morphological criteria,
13.6% of tumor samples were low-grade OSCs and 86.4% were high-grade OSCs. On uninominal analysis, residual disease
(p<0.001), E-cadherin (p<0.001), vascular invasion (p=0.002), high-grade morphology (p=0.025) and FIGO stage III-IV
(p=0.010) were related to significantly shorter OS. We found no significant association between, MAPK and topolla expres-
sion and OS. Multinominal analysis revealed that only residual disease (p<0.001) and negative E-cadherin immunoexpression

were useful independent predictors of unfavourable clinical outcome and shorter OS.
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Ovarian cancer is a complex neoplastic disease. It ac-
counts for only 3% of all cancers in women but has one of the
highest death-to-incidence ratios [1]. Owing to nonspecific
symptomatology and the lack of reliable screening tests [2],
the majority of patients are diagnosed in advanced clinical
stages with a poor long-term outcome [3]. At the same time,
new evidence has challenged the hypothesis that “ovarian”
cancer arises from the ovary and has directed attention to the
distal fallopian tube as an origination for high grade serous
carcinomas [4-7]. So, the search for possible prognostic and
predictive biomarkers and its potential use in clinical practice
remains complex.

Low-grade and high-grade serous carcinomas are basically
two different diseases, as indicated by differences in molecular
changes, precursor lesions, ways of spread and response to
chemotherapy [8, 9].

Low-grade serous carcinomas tend to have a normal
karyotype and wild-type TP53 but frequent mutations
in BRAF and KRAS genes, the upstream regulators of
mitogen-activated protein kinase (MAPK) [10, 11]. MAPK
is a serine/threonine protein kinase that responds to
multiple extracellular stimuli such as environmental fac-
tors, growth factors, cytokines, insulin. RAS/RAF/MEK/
MAPK signaling pathway is involved in multiple biological
processes, including regulation of cell growth, prolifera-
tion, differentiation, apoptosis, angiogenesis, migration
and invasion [12, 13]. The MAPK pathway components
are known to participate in lung, mammary, colon, liver,
gastric, pancreatic and prostatic tumorigenesis, as well as
haematological malignancies [14]. Despite in vitro studies
of the MAPK signaling pathway [15, 16], little is known
about the MAPK immunoexpression in tissue samples of
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ovarian cancer and its possible influence in tumor progres-
sion and disease outcome.

High-grade serous cancers represent the majority of OSC
cases. They are genetically unstable with aggressive bio-
logical phenotype, primarily diagnosed as advanced disease.
TP53 gene mutation is an early event in the pathogenesis
of these tumors and is present in 96-100 % of high-grade
cases [6, 7, 17, 18]. The loss of wild type p53 may result in
unregulated or inappropriate expression of topoisomerase II
alpha (topo Ila) [19, 20]. Topo Ia is a 170-kD ubiquitous ri-
bozyme encoded by Topo Ila gene, localized at chromosome
17q21-22. It is a key enzyme that alters the instantaneous
cleavage of double-stranded DNA and the chromosomal
topological structure, facilitating subsequent double-strand
break relegation. These enzymes play a crucial role in DNA
metabolism, including DNA replication, transcription, re-
pair and chromosome condensation/segregation [21, 22].
Topo Ila expression have been investigated in a variety of
cancers, including laryngeal carcinomas, breast carcinomas
and colorectal carcinomas [22-24], but just a few studies have
examined the prognostic role of topolla immunoexpression
in OSCs [25-29].

E-cadherin, a calcium-dependent transmembrane glyco-
protein expressed in most epithelial tissue, constructs a tight
junction which connects adjacent cells [30]. E-cadherin, was
characterized as a potent tumor suppressor. Down-regulation
of E-cadherin leads to mesenchymal morphology and in-
creased cell migration and invasion as well as metastasis. Loss
of the E-cadherin leads to activation of known oncogenic sig-
naling pathways, including mitogen-activated protein kinase
(MAPK) and rat sarcoma viral oncogene (Ras), as demon-
strated by Soto et al, 2008 [31]. Contrary, re-introduction of
E-cadherin in cell lines induces to reversal of poorly differ-
entiated carcinoma phenotypes back to a well-differentiated,
minimally invasive epithelioid phenotype with well developed
cell-cell junctions [32].

Reduced expression of E-cadherin has been correlated with
poor survival in various cancers including prostate, gastric,
ovarian and inflammatory breast cancer [33-44]

In the current study, we analysed immunoexpression of
MAPK, topolla and E-cadherin along with conventional clin-
icopathological factors, to demonstrate its possible prognostic
relevance in ovarian serous cancer.

Patients and methods

Tumor samples were obtained from the primary surgery
material prior to chemotherapy. Formalin-fixed, paraffin-em-
bedded tumor tissue samples of 81 OSCs were retrieved from
the archives of the Department of Pathology, Clinical Hospital
Center Split and classified as low-grade or high-grade serous
carcinomas according to WHO (2014) [45]. All patients were
staged according to the criteria of the International Federation
of Gynecology and Obstetrics (FIGO) staging system [46].
Residual tumor size was provided by the primary surgeon and

postoperative measurement by image analysis. Patients were
classified according to residual tumour in two groups: optimal
surgery (no visible postoperative residuals) and suboptimal
surgery (visible residuals) [47].

All patients, exept three diagnosed as FIGO Ia, hystological
grade 1, were threated with platinum-based chemotherapy.
Survival time was calculated as the interval from the day of
surgery to the last visit or death from the ovarian cancer-related
cause until December 2010.

The Ethical committee for biomedical research of the Clini-
cal Hospital Center Split and School of Medicine approved that
this research are in compliance with the Helsinki Declaration
(reference number 49-1/06).

Immunohistochemical staining and analysis. All pro-
cedures were performed according to the manufacturers’
protocols, using the standard streptavidin-biotin-peroxidase
technique. Paraffin 4 um thick tissue sections were placed on
silane-coated slides, deparaffinized in xylene, rehydrated in
descending concentrations of alcohol and treated in a micro-
wave oven (750 W and 110 °C, 3 times for 5 minutes in a citrate
buffer), to facilitate antigen retrieval.

Immunostainings for topolla and E-cadherin were per-
formed with monoclonal antibodies to human, topolla
(DAKO, Glostrup, Denmark, mouse anti-human 7816, at
a dilution of 1:75) and E-cadherin (DAKO, Denmark mouse
anti-human, clone NCH-38, at a dilutions of 1:100). Immu-
nostaining for MAPK was performed with rabbit polyclonal
antibody, pTEpY, which specifically reacts with phosphor-
ylated (active) MAPK (Promega, Madison, WI, V8031, at
a dilution of 1:500). All slides were incubated with labeled
streptavidin-biotin followed by diaminobenzidin chromogen
(DAKO). Mayer’s hematoxylin was used for counterstaining.

Staining was evaluated according to the number of cells
showing positivity (as a percentage of positive cells) within
representative areas of the tumor sample. Nuclear staining
for topolla was considered as a positive result (Figure 1A, B).
Positive reaction for MAPK was defined as discrete localiza-
tion of the brown chromogen in the nucleus or cytoplasm
(Figure 1C, D). Expression of E-cadherin was assessed using
a semiquantitative scoring system, ranging from 0, 1+, 2+,
and 3+ as follows:

o 0, no immunoreactivity

o 1+, incomplete or dot-like faintly membranous immuno-
reactivity

o 2+, complete circumferential membranous immunoreactiv-
ity of < 10% of tumour cells

o 3+, complete circumferential membranous immunoreactiv-
ity of 210% of tumour cells

For statistical analysis, based on reports in the published
literature, cut-off levels were stratified at 10% for topolla
[48] and 5% for MAPK [10]. After semiquantitative analysis,
E-cadherin expression were summarised into two groups:
E-cadherin positive (score 3+, cut off > 10 %) (Figure 2) and
E-cadherin negative (scores 0, 1+ and 2+), based on the results
from meta-analysis published by Peng et al [49].
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Figure 1. A) positive topolla immunoexpression in high grade ovarian serous carcinoma shown as brown nuclear immunoreaction, pointed by arrow
(x400); B) negative topolla immunoexpression in high grade ovarian serous carcinoma (x400); C) positive MAPK immunoexpression in high grade
ovarian serous carcinoma shown as brown nuclear and cytoplasmic immunoreaction, pointed by arrow (x400); D) negative MAPK immunoexpression
in high grade ovarian serous carcinoma (x400).

A

Figure 2. A) positive E-cadherin immunoexpression in high grade ovarian serous carcinoma shown as brown membranous immunoreaction, pointed
by arrow (x400); B) negative E-cadherin immunoexpression in high grade ovarian serous carcinoma (x400).
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Negative controls for all immunostainings were created
by omission of the primary antibody. The evaluation of the
immunohistochemical staining was performed independ-
ently by two authors with special interest in gynecological
pathology.

Statistical analysis. Statistical analysis was carried out
using the SPSS version 16.0 software package. All p values
<0.05 were considered statistically significant. Survival time
was analysed by the Kaplan- Meyer method. Log-rank test
was used to assess differences among groups. Uninominal and
multinominal Cox proportional hazard regression model was
used to examine all factors found to be prognostic of overall
survival.

Table 1.Clinicopathological variables of 81 patients with OSCs in relation
to disease outcome.

Alive Deceased TOTAL
VARIABLES n=21(26%) n=60 (74%) n=81
Age (years) 55 (40-71)  61.0 (37-89) 60.0 (37-89)
FIGO stage I-1I 10 (47.6) 0(0) 10 (12.3)
-1V 11 (52.4) 60 (100) 71 (87.7)
Grade low- 5 (45.5) 6 (54.5) 11 (13.6)
high- 15(21.4) 55 (78.6) 70 (86.4)
Vascular invasion Yes 7 (33.3) 44 (73.3) 51 (63.0)
No 14 (66.7) 16 (26.7) 30 (37.0)
Surgery Optimal 13 (61.9) 6(10.3) 19 (24.1)
Suboptimal 8 (38.1) 52 (89.7) 60 (76.0)
MAPK pos. 9 (42.9) 10 (16,7) 19 (23.5)
neg. 12 (57.1) 50 (83.3) 62 (76.5)
topo ITa pos. 15 (75.0) 46 (75.0) 61 (75.3)
neg. 5(25.0) 15 (25.0) 20 (24.7)
E-cadherin pos. 18 (85.7) 28 (46.7) 46 (56.8)
neg. 3(14.1) 32 (53.3) 35(43.2)

Results

The study included 81 patients undergoing surgery between
January 1995 and December 2005. According to morphologi-
cal criteria, 13.6% of tumor samples were low-grade OSCs and
86.4% were high-grade OSCs. During the follow-up period
(until October 2010), 60 (74%) patients deceased from ovarian
cancer-related causes. All deceased patients were diagnosed in
advanced stage of disease and 55 (78,6%) of them had tumor
sample of high-grade OSC. No visible postoperative residuals
after initial surgery (optimal surgery) had only six deceased
patients (10.3%) (Table 1).

Out of 81 cases, only ten patients (12.3%) were diagnosed
in early FIGO stage (I-II) of disease. During the follow-up
period, none of the patients diagnosed at the early FIGO
clinical stage did not deceased while patients diagnosed in
the advanced stage (III-IV) lived an average of 42 months (p
=<0.001). Overall survival (OS) was 2,04 times shorter (51
vs 104 months) in patients with high-grade OSCs (p=0.033)
and 2,05 times shorter (41 vs 84 months) if vascular inva-
sion was present (p=0.004). Positive E-cadherin expression
was associated with statistically better OS (p<0.001). Also,
patients younger than 60 years had a better survival com-
pared to older one (p = 0.042) (Table 2). No significant
association was found between other variables included in
this analysis.

Uninominal analysis was shown significant relationship
between OS and optimal surgery (p<0.001), vascular inva-
sion (p=0.002), grade (p=0.025), E-cadherin immunostaining
(p<0.001) and FIGO stage (p=0.010). Cox multinominal
analysis confirmed that only negative E-cadherin immu-
noexpression and optimal surgery were both associated with
the shorter OS (p<0.001), (Table 3, Figure 3). We found no
significant association between MAPK and topolla immu-
noexpression and OS.

Table 2. Log rank analysis of overall survival (OS) according to studied parameters in 81 patients with OSC.

Variables OS (months) SE 95% CI Median LR p

MAPK neg. 51 7 38-65 29 0.89 0.345
pos. 51 10 30-71 21

topo lia neg. 61 13 35-86 37 0.14 0.707
pos. 56 8 40-71 26

E-cadherin neg. 32 7 18-46 21 14.3 <0.001*
pos. 76 10 56-97 52

FIGO stage I-1I 158 0 158-158 158 16.7 <0.001*
II-1v 43 6 31-55 24

Grade low- 104 20 65-144
high- 51 7 37-64 25 453 0.033*

Vascular invasion no 84 12 60-107 48 8.44 0.004*
yes 41 7 27-55 23

Surgery optimal 121 13 96-147 158 20 <0.001*
suboptimal 33 4 25-41 21

Age (years) <60 69 10 50-88 40 4.12 0.042*
>60 43 9 26-61 19
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Discussion

A growing body of researches indicates that significant dif-
ferences exist in the clinical and molecular characteristics of
low- and high-grade ovarian serous carcinomas. Low-grade
OSCs tends to behave in an indolent manner, most likely arises
in a stepwise way. Therefore, only women with low-grade OSC
(~ 10%) could benefit from the current screening approach
to detect disease in early stage and thereby prolong survival.
Despite this better starting point and less aggressive clinical
course, the survival outcome is still controversial. It seems that
women with low-grade OSC exhibit chemotherapy resistance
and remain at high risk for recurrence and cancer-related
death [50, 51]. According to Fader et al., patients with low-
grade serous carcinoma and measurable residual disease had
a similar adjusted hazard ratio for death as their high-grade
serous carcinoma counterparts with measurable disease [52].
High-grade OSCs represents nearly 90% of all cases of OSCs
and is characterized by more aggressive behaviour. Regardless
of new treatments, long-term outcomes have not significantly
changed in the past 30 years, with the five-year overall survival
remaining between 20%- 40% [2, 53].

In our study, 13.6% of tumor samples were low-grade and
86.4% were high-grade OSCs. As we expected, patients with
high-grade disease had worse clinicopathological features
compared to those of low-grade: advanced FIGO stage, sub-
optimal cytoreduction, higher mitotic activity and vascular
invasion, reflecting the aggressive phenotype of this group of
tumors [54].

It seems that the most important prognostic indicator in
patients with advanced stage ovarian cancer is the volume of
residual disease after surgical debulking [55-57], in addition
to tumor grade [58] and FIGO stage of disease [18, 59-67].
As surgical techniques have evolved, what represents optimal
cytoreduction has shifted from less than 2 cm to less than 1
cm [68]. The current standard of care for patients with dis-
seminated disease is maximal surgical cytoreduction. Some
clinicians have proposed that the true goal of cytoreductive
surgery should be to reduce tumor to “no grossly visible disease
at the end of the operation” [69-71]. Reducing tumor burden
to where no macroscopic tumor is left before chemotherapy
is considered optimal cytoreduction [72]. According to our
results, optimal cytoreduction was achieved in 63.6% patients
with low-grade and only 17.1% patients with high-grade dis-
ease. Patients with optimal cytoreduction lived an average of
121 months unlike those with suboptimal cytoreduction that

Table 3. Multinominal Cox regression analysis Forward Stepwise (Wald)
for overall survival (OS)

Variables RR 95% CI P

E-cadherin  neg. 33 1.9-5.8 <0.001*
pos.

Surgery OPtlma.l 5.6 2.3-13.8 <0.001*
suboptimal

lived an average of 33 months. Optimal surgical cytoreduction
was confirmed as independent predictor of favourable clinical
outcome (p<0.001).

In addition, we were able to state that patients with high-
grade OSCs had 2.04 times shorter OS as compared to those
of low-grade (p=0.033). According to the Danish study on
4317 women with OSCs, binary grading system has proved as
significant predictor of survival [73]. Although our univariate
analysis confirmed the relationship between high-grade OSC
and shorter overall survival, this association did not remain
significant in multivariable analysis, probably due to small
number of low-grade OSC samples.
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Figure 3. A) Overall survival of 81 patients with ovarian serous carcinoma,
stratified by E-cadherin status. The continuous line represents positive
E-cadherin expression; the dashed line represents negative E-cadherin
expression; Kaplan-Meier analysis (p<0.001). B) Overall survival of 81
patients with ovarian serous carcinoma, stratified by residual tumour. The
dashed line represents patients with optimal surgery (no visible postopera-
tive residuals); the continuous line represents patients with suboptimal
surgery (visible residuals); Kaplan-Meier analysis (p<0.001).
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Also, during the follow-up period, none of the patients
diagnosed at the early FIGO clinical stage did not deceased
while patients diagnosed in the advanced stage lived an average
of 42 months (p=<0.001). Our study is limited by its humble
number of early stage patients.

As we have previously shown [54], there were significant
differences in the immunoexpression of MAPK and topo
IIa between low- and high-grade OSCs. It remains unclear
whether these ones, along with E-cadherin, could be used as
a prognostic tool.

The literature on MAPK immunoexpression and its prog-
nostic value in OSCs is quite limited. Givant-Horwitz and
coworkers presented the first evidence of in vivo involvement
of MAPKSs in the clinical course of ovarian cancer and the pos-
sible effect of chemotherapy on intracellular signalling in this
disease [74]. As downstream signaling molecules, MAPK may
also be involved in Aryl hydrocarbon receptor (AhR) signaling
which plays an important role in inhibiting ovarian cancer cell
growth [75, 76]. Correlation between MAPK expression and
overall survival in serous ovarian carcinoma was analyzed by
Hsu and coworkers [10]. They found that expression of active
MAPK alone served as a good survival indicator in the 2-year
follow-up but not in the 5-year follow-up. Unfortunately, we
could not confirm that positive immunoexpression of MAPK
was associated with longer overall survival.

Tumors overexpressing mutant forms of p53 protein
theoretically do not have capacity to negatively regulate topo
ITa transcriptional activity, so the tumors should possess
a high level of topo Ila expression [77]. Immunohistochemi-
cal expression of topo Ila in ovarian carcinomas has been
demonstrated in several studies [25-27, 48]. According to
some authors, topolla labeling index (LI) increase with
mitotic activity, tumor grade, FIGO stage and indicate poor
prognosis [26, 27, 29, 75, 78]. Based on our results, topo Ila
immunoexpression was significantly higher in the high-grade
as compared to low-grade OSCs but we could not confirm
that its immunoexpression was significantly related to overal
survivall, with the cut-oft level stratified at 10%. Study done
by Schindlbeck et al. corresponds to our results [28].

Furthermore, we confirmed that E-cadherin expression is
prognostic factor for patient survival. Multivariate analysis
for overall survival showed that positive E-cadherin expres-
sion (p<0.001) is associated with longer OS. Our results are
in agreement with some of the previously published [33-35,
37-39, 43].

Correlation between E-cadherin expression and clini-
cal and pathological features and overall survival in serous
ovarian carcinoma FIGO stage III and IV and various tumor
grades was analyzed by Baci¢ and coworkers [43]. Negative
expression of E-cadherin was shown to be significant inde-
pendent predictor of poorer survival. Similarly, Darai et al.
analyzed the expression of E-cadherin in benign, borderline
and malignant ovarian tumors [33]. In ovarian carcinoma,
patients with negative E-cadherin staining presented with
significantly shorter survival. These results suggested that

alterations in E-cadherin and N-cadherin expression are
differently involved in ovarian carcinogenesis and may
have diagnostic and prognostic values. Moreover, Faleiro-
Rodrigues and coworkers analyzed E-cadherin expression in
104 patients with various histological type of primary ovarian
carcinomas, all FIGO stage and grade. In the multivariate
analyses, negative E-cadherin and presence of residual tumor
after cytoreductive surgery were independent prognostic
factors for survival [34]. Also, Blechschmidt and coworkers
analyzed expression of E-cadherin and his repressor Snail
immunohistochemistry in primary cancers and their corre-
sponding metastases in 48 patients with various histological
type FIGO stage III and IV. They found that primary tumor
and their metastases with reduced E-cadherin expression were
significantly associated with shorter overall survival [37]. In
the Korean study, conducted by Shim et al it was confirmed
that reduced E-cadherin expression in 72 consecutive patients
with different stages of serous ovarian cancer correlated
with poor survival [38]. In line to previous studies, Ho and
coworkers analyzed expression of E-cadherin immunohis-
tochemicaly in 61 patients with advanced ovarian clear cell
adenocarcinoma FIGO stage IIC-IV [39]. The expected 5-year
OS rate with positive E-cadherin immunoexpression was
significantly better than negative. The expected 5-year OS rate
of those receiving paclitaxel-based chemotherapy was better
than non-paclitaxel platinum-based chemotherapy for those
with positive E-cadherin expression. The above benefit has not
been confirmed in patients with negative E-cadherin expres-
sion. Paclitaxel-based chemotherapy and positive E-cadherin
immunoexpression were two independent prognostic factors
in OS for ovarian clear cell adenocarcinoma [39]. Recently,
correlation between immunoexpression of E-cadherin and ef-
ficacy of first line platinum-based chemotherapy in 98 patients
with advanced-stage high-grade serous ovarian carcinoma
has been analysed [44]. Patients with positive E-cadherin
expression presented a significantly better response to first line
platinum-based chemotherapy and platinum sensitivity. This
investigation confirmed that negative E-cadherin expression
was associated with poorer OS.

Finally, meta-analysis of 9 studies and 915 patients, con-
firmed that reduced expression of E-cadherin positivity was
associated with poor overall survival. Study population are
concentrated in FIGO stages III and IV, therefore the conclu-
sion may be more suitable for advanced ovarian cancer [49].
Also, there are negative results published making this field
more complicated [49, 79, 80].

In conclusion, the high mortality rate is attributed to
occult development for most ovarian serous cancers and
available screening tests that focus on early stage disease will
miss aggressive high grade OSC. So, our focus should be
minimal volume of disease. According to our results, optimal
surgical cytoreduction, defined as “no visible postoperative
residuals®, was proved as independent predictor of clinical
outcome. Therefore, the role of surgery in the treatment
of ovarian cancer is crucial in an effort to extend the sur-
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vival. We also confirmed prognostic value of E-cadherin in
early and advanced FIGO stages of serous ovarian cancers.
Negative E-cadherin expression was shown to be significant,
independent predictor of poorer OS. Although we could
not confirm that immunoexpression of topo IIa and MAPK
were associated with longer overall survival, they represent
an important target and may be a valuable novel approach
for cancer treatment.

References

(1]

(4]

(5]

(7]

(9]

(10]

(11]

LI 'J, FADARE O, XIANG L, KONG B, ZHENG W Ovarian
serous carcinoma: recent concepts on its origin and carcino-
genesis. ] Hematol Oncol 2012: 5-8.

COHEN ]G, WHITE M, CRUZ A, FARIAS-EISNER R In
2014, can we do better than CA125 in the early detection of
ovarian cancer?. World ] Biol Chem 2014;5: 286-300. https://
doi.org/10.4331/wjbc.v5.i3.286

KHANDAKAR B, MATHUR SR, KUMAR L, KUMAR
S, DATTA GUPTA S et al. Tissue biomarkers in prognos-
tication of serous ovarian cancer following neoadjuvant
chemotherapy. Biomed Res Int 2014: 401245. https://doi.
org/10.1155/2014/401245

DAVIDSON B, HADAR R, STAVNES HT, TROPE CG, RE-
ICH R. Expression of the peroxisome proliferator-activated
receptors-alpha, -beta, and -gamma in ovarian carcinoma
effusions is associated with poor chemoresponse and
shorter survival. Hum Pathol 2009; 40: 705-713. https://doi.
org/10.1016/j.humpath.2008.09.019

VANG R, SHIH IM, KURMAN RJ. Fallopian tube precursors
of ovarian low- and high-grade serous neoplasms. Histopa-
thology 2013; 62: 44-58. https://doi.org/10.1111/his.12046
DUBEAU L. Pathogenesis of serous, extra-uterine Miillerian
epithelial cancer and therapeutic implications. Transl Cancer
Res. 2015; 4: 3-13.

EDDIE SL, QUARTUCCIO SM, OHAINMHIR E , MOYLE-
HEYRMAN G, LANTVIT DD et al. Tumorigenesis and
peritoneal colonization from fallopian tube epithelium.
Oncotarget 2015; 6: 20500-20512. https://doi.org/10.18632/
oncotarget.3985

KURMAN R]J. Pathogenesis of ovarian cancer. lessons from
morphology and molecular biology and their clinical implica-
tions. Int ] Gynecol Pathol 2008; 27: 151-160. (a)

PRAT J. Ovarian carcinomas: five distinct disease with dif-
ferent origins, genetic alterations and clinicopathological
features. Virchows Arch 2012; 460: 237-249. https://doi.
org/10.1007/s00428-012-1203-5

HSU CY, BRISTOW R, CHA MS, WANG BG, HO CL et al.
Characterization of active mitogen-activated protein kinase
in ovarian serous carcinomas, Clin Cancer Res 2004; 10:
6432-6436. https://doi.org/10.1158/1078-0432.CCR-04-
0893

TONE AA, MCCONECHY MK, YANG W, DING ], YIP S et
al. Intratumoral heterogeneity in a minority of ovarian low-
grade serous carcinomas. BMC Cancer 2014; 14: 982. https://
doi.org/10.1186/1471-2407-14-982

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

WILKINSON MG, MILLAR JB. Control of the eukaryotic
cell cycle by MAP kinase signaling pathways. Faseb J 2000;
14: 2147-2157. https://doi.org/10.1096/1.00-0102rev

YANG M, HUANG CZ. Mitogen-activated protein kinase
signaling pathway and invasion and metastasis of gastric
cancer. World ] Gastroenterol 2015;21: 11673-11679. https://
doi.org/10.3748/wjg.v21.i41.11673

KAMIYAMA M, NAGURO I, ICHIJO H. In vivo gene ma-
nipulation reveals the impact of stress-responsive MAPK
pathways on tumor progression. Cancer Sci 2015; 106:
785-796. https://doi.org/10.1111/cas.12676

LIUX, YAN S,ZHOU T, TERADA Y, ERIKSON RL. The MAP
kinase pathway is required for entry into mitosis and cell sur-
vival. Oncogene 2004; 23: 763-776. https://doi.org/10.1038/
sj.onc.1207188

WELCH DR, SAKAMAKI T, PIOQUINTO R, LEONARD
TO, GOLDBERG SF et al. Transfection of constitutively ac-
tive mitogen-activated protein/extracellular signal-regulated
kinase kinase confers tumorigenic and metastatic potentials
to NIH3T3 cells. Cancer Res 2000; 60: 1552-1556.

KUHN E, KURMAN R]J, SHIH IM. Ovarian Cancer Is an
Imported Disease: Fact or Fiction? Curr Obstet Gynecol
Rep 2012; 1: 1-9. https://doi.org/10.1007/s13669-011-
0004-1

CHIEN ], SICOTTE H, FAN JB, HUMPHRAY S, CUNNING-
HAM JM et al. TP53 mutations, tetraploidy and homologous
recombination repair defects in early stage high-grade serous
ovarian cancer. Nucleic Acids Res 2015; 43: 6945-6958.
https://doi.org/10.1093/nar/gkv111

BAR JK, GRELEWSKI P, NOGA L, RABCZYNSKI J, M.
GRYBOS et al. The association between the p53/topoisomer-
ase I and p53/ topoisomerase ITalpha immunophenotypes and
the progression of ovarian carcinomas. Adv Clin Exp Med
2012; 21: 35-42.

SHERMAN-BAUST CA, KUHN E, VALLE BL, SHIH IEM,
KURMAN RJ et al. A genetically engineered ovarian cancer
mouse model based on fallopian tube transformation mimics
human high-grade serous carcinoma development. J Pathol
2014; 233: 228-237. https://doi.org/10.1002/path.4353
CHEN W, QIU J, SHEN Y. Topoisomerase Ila, rather than
I1B, is a promising target in development of anti-cancer drugs.
Drug Discov Ther 2012; 6: 230-237. https://doi.org/10.5582/
ddt.2012.v6.5.230

FENG Y, ZHANG H, GAO W, WEN S, HUANGFU H et al.
Expression of DNA topoisomerase II-a: Clinical significance
in laryngeal carcinoma. Oncol Lett 2014; 8: 1575-1580.
https://doi.org/10.3892/01.2014.2367

RODY A, KARN T, RUCKHABERLE E, MULLER V, GEHR-
MANN M et al. Gene expression of topoisomerase II alpha
(TOP2A) by microarray analysis is highly prognostic in
estrogen receptor (ER) positive breast cancer. Breast Cancer
Res Treat 2009; 113: 457-466. https://doi.org/10.1007/s10549-
008-9964-x

GAO XH, YU ZQ, ZHANG C, BAI CG, ZHENG JM et al.
DNA topoisomerase II alpha: a favorable prognostic factor
in colorectal cancer. Int ] Colorectal Dis 2012; 27: 429-435.
https://doi.org/10.1007/s00384-011-1346-x



https://doi.org/10.4331/wjbc.v5.i3.286
https://doi.org/10.4331/wjbc.v5.i3.286
https://doi.org/10.1155/2014/401245
https://doi.org/10.1155/2014/401245
https://doi.org/10.1016/j.humpath.2008.09.019
https://doi.org/10.1016/j.humpath.2008.09.019
https://doi.org/10.1111/his.12046
https://doi.org/10.18632/oncotarget.3985
https://doi.org/10.18632/oncotarget.3985
https://doi.org/10.1007/s00428-012-1203-5
https://doi.org/10.1007/s00428-012-1203-5
https://doi.org/10.1158/1078-0432.CCR-04-0893
https://doi.org/10.1158/1078-0432.CCR-04-0893
https://doi.org/10.1186/1471-2407-14-982
https://doi.org/10.1186/1471-2407-14-982
https://doi.org/10.1096/fj.00-0102rev
https://doi.org/10.3748/wjg.v21.i41.11673
https://doi.org/10.3748/wjg.v21.i41.11673
https://doi.org/10.1111/cas.12676
https://doi.org/10.1038/sj.onc.1207188
https://doi.org/10.1038/sj.onc.1207188
https://doi.org/10.1007/s13669-011-0004-1
https://doi.org/10.1007/s13669-011-0004-1
https://doi.org/10.1093/nar/gkv111
https://doi.org/10.1002/path.4353
https://doi.org/10.5582/ddt.2012.v6.5.230
https://doi.org/10.5582/ddt.2012.v6.5.230
https://doi.org/10.3892/ol.2014.2367
https://doi.org/10.1007/s10549-008-9964-x
https://doi.org/10.1007/s10549-008-9964-x
https://doi.org/10.1007/s00384-011-1346-x

296

D. SUNDOV, B. PETRIC MISE, I. MRKLIC, B. BACIC, E. VRDOLJAK, S. TOMIC

(29]

(32]

(33]

(34]

COSTA MJ, HANSEN CL, HOLDEN JA, GUINEE D Jr.
Topoisomerase II alpha: prognostic predictor and cell cycle
marker in surface epithelial neoplasms of the ovary and peri-
toneum. Int ] Gynecol Pathol 2000; 19: 248-257. https://doi.
0rg/10.1097/00004347-200007000-00009

BRUSTMANN H. Expression of cellular apoptosis susceptibil-
ity protein in serous ovarian carcinoma: a clinicopathologic
and immunohistochemical study. Gynecol Oncol 2004; 92:
268-276. https://doi.org/10.1016/j.ygyno.2003.10.029
BRUSTMANN H Vascular endothelial growth factor ex-
pression in serous ovarian carcinoma: relationship with
topoisomerase II alpha and prognosis. Gynecol Oncol 2004;
95: 16-22. https://doi.org/10.1016/j.ygyno.2004.07.040
SCHINDLBECK C,HANTSCHMANN P,ZERZER M, JAHNS
B, RJOSK D et al. Prognostic impact of KI67, p53, human
epithelial growth factor receptor 2, topoisomerase II alpha,
epidermal growth factor receptor, and nm23 expression of
ovarian carcinomas and disseminated tumor cells in the bone
marrow. Int ] Gynecol Cancer 2007; 17: 1047-1055. https://
doi.org/10.1111/j.1525-1438.2007.00920.x

KUCUKGOZ GULEC U, GUMURDULU D, GUZEL AB,
PAYDAS S, SEYDAOGLU G et al. Prognostic importance
of survivin, Ki-67, and topoisomerase Ila in ovarian carci-
noma. Arch Gynecol Obstet 2014; 289: 393-398. https://doi.
0rg/10.1007/s00404-013-3000-z

IWATSUKI M, MIMORI K, YOKOBORI T, ISHI H, BEPPU
T et al. Epithelial-mesenchymal transition in cancer devel-
opment and its clinical significance. Cancer Sci 2010; 101:
293-299. https://doi.org/10.1111/j.1349-7006.2009.01419.x
SOTO E, YANAGISAWA M, MARLOW LA, COPLAND
JA, PEREZ EA et al. p120 catenin induces opposing effects
on tumor cell growth depending on E-cadherin expression.
J Cell Biol 2008; 183: 737-749. https://doi.org/10.1083/
jcb.200805113

RODRIGUEZ FJ, LEWIS-TUFFIN L], ANASTASIADIS
PZ. E-cadherin's dark side: possible role in tumor progres-
sion. Biochim Biophys Acta 2012; 1826: 23-31. https://doi.
0rg/10.1016/j.bbcan.2012.03.002

DARAI E, SCOAZEC JY, WALKER-COMBROUZE F,
MLIKA-CABANNE N, FELDMANN G et al. Expression
of cadherins in benign, borderline, and malignant ovarian
epithelial tumors: a clinicopathologic study of 60 cases. Hum
Pathol 1997; 28: 922-928. https://doi.org/10.1016/S0046-
8177(97)90007-1

FALEIRO-RODRIGUES C, MACEDO-PINTO I, PEREIRA
D, LOPES CS. Prognostic value of E-cadherin immunoex-
pression in patients with primary ovarian carcinomas. Ann
Oncol 2004; 15: 1535-1542. https://doi.org/10.1093/annonc/
mdh387

CHOEY, CHOI'Y, CHAE SW, SOHN JH, AHN GH. Immuno-
histochemical study of the expression of adhesion molecules in
ovarian serous neoplasms. Pathol Int 2006; 56: 62-70. https://
doi.org/10.1111/j.1440-1827.2006.01925.x

DONG HM, LIU G, HOU YE WU J, LU JS et al. Dominant
negative E-cadherin inhibits the invasiveness of inflammatory
breast cancer cells in vitro. ] Cancer Res Clin Oncol 2007; 133:
83-92. https://doi.org/10.1007/s00432-006-0140-6

(37]

[43]

(44]

(45]

(47]

(48]

BLECHSCHMIDT K, SASSEN S, SCHMALFELDT B,
SCHUSTER T, HOFLER H et al. The E-cadherin repressor
Snail is associated with lower overall survival of ovarian
cancer patients. Br ] Cancer 2008; 98: 489-495. https://doi.
0rg/10.1038/sj.bjc.6604115

SHIM HS, YOON BS, CHO NH. Prognostic significance of
paried epithelial cell adhesion molecule and E-cadherin in
ovarian serous carcinoma. Hum Pathol 2009; 40: 693-698.
https://doi.org/10.1016/j.humpath.2008.10.013

HO CM, CHENG WE LIN MC, CHEN TC, HUANG SH et
al. Prognostic and predictive values of E-cadherin for patients
of ovarian clear cell adenocarcinoma. Int ] Gynecol Cancer
2010; 20: 1490-1497.

Ye Y, TELLEZ ]JD, DURAZO M, BELCHER M, YEARSLEY
K et al. E-cadherin accumulation within the lymphovascular
embolus of inflammatory breast cancer due to altered traf-
ficking. Anticancer Res 2010; 30: 3903-3910.

LUBER B, DEPLAZES J, KELLER G, WALCH A, RAUSER S et
al. Biomarker analysis of cetuximab plus oxaliplatin/leucovorin/5-
fluorouracil in first-line metastatic gastric and oesophago-gastric
junction cancer: results from a phase II trial of the Arbeitsge-
meinschaft Internistische Onkologie (AIO). BMC Cancer 2011;
11: 509. https://doi.org/10.1186/1471-2407-11-509

PUTZKE AP, VENTURA AP, BAILEY AM, AKTURE C,
OPOKU-ANSAH ] et al. Metastatic progression of prostate
cancer and E-cadherin regulation by zebl and SRC fam-
ily kinases. Am J Pathol 2011; 179: 400-410. https://doi.
0rg/10.1016/j.ajpath.2011.03.028

BACIC B, HALLER H, MRKLIC I, KOSTA V, CARIC A et al.
Prognostic role of E-cadherin in patients with advanced serous
ovarian cancer. Arch Gynecol Obstet 2013; 287: 1219-1224.
https://doi.org/10.1007/500404-012-2684-9

MISE PB, TELESMANIC DV, TOMIC S, SUNDOV D,
CAPKUN V et al. Correlation between E-cadherin im-
munoexpression and efficacy of first line platinum-based
chemotherapy in advanced high grade serous ovarian cancer.
Pathol Oncol Res 2015; 21: 347-356. https://doi.org/10.1007/
$12253-014-9827-1

LONGACRE TA, WELLS M. Tumors of the ovary, p 12-24.
In: R]. Kurman, ML. Carcangiu, CS. Herrington, RH. Young
(Eds.), WHO Classification of Tumours of Female Re-
productive Organs. IARC Lyon 2014, 4th Edition, ISBN
978-92-832-2435-8.

PETRU E, LUCK HJ, STUART G, GAFFNEY G, MILLAN
D et al. Gynecologic Cancer Intergroup (GCIG) propos-
als for changes of the current FIGO staging system. Eur J
Obstet Gynecol Reprod Biol 2009; 143: 69-74. https://doi.
0rg/10.1016/j.ejogrb.2008.12.015

WIMBERGER P, WEHLING M, LEHMANN N, KIMMIG
R, SCHMALFELDT B et al. Influence of residual tumor
on outcome in ovarian cancer patients with FIGO stage IV
disease: an exploratory analysis of the AGO-OVAR (Arbe-
itsgemeinschaft Gynaekologische Onkologie Ovarian Cancer
Study Group). Ann Surg Oncol 2010; 17: 1642-1648. https://
doi.org/10.1245/s10434-010-0964-9

MANO MS, AWADA A,DILEO A, DERBECQ V, PAESMANS
M et al. Rates of topoisomerase II-alpha and HER-2 gene



https://doi.org/10.1097/00004347-200007000-00009
https://doi.org/10.1097/00004347-200007000-00009
https://doi.org/10.1016/j.ygyno.2003.10.029
https://doi.org/10.1016/j.ygyno.2004.07.040
https://doi.org/10.1111/j.1525-1438.2007.00920.x
https://doi.org/10.1111/j.1525-1438.2007.00920.x
https://doi.org/10.1007/s00404-013-3000-z
https://doi.org/10.1007/s00404-013-3000-z
https://doi.org/10.1111/j.1349-7006.2009.01419.x
https://doi.org/10.1083/jcb.200805113
https://doi.org/10.1083/jcb.200805113
https://doi.org/10.1016/j.bbcan.2012.03.002
https://doi.org/10.1016/j.bbcan.2012.03.002
https://doi.org/10.1016/S0046-8177%2897%2990007-1
https://doi.org/10.1016/S0046-8177%2897%2990007-1
https://doi.org/10.1093/annonc/mdh387
https://doi.org/10.1093/annonc/mdh387
https://doi.org/10.1111/j.1440-1827.2006.01925.x
https://doi.org/10.1111/j.1440-1827.2006.01925.x
https://doi.org/10.1007/s00432-006-0140-6
https://doi.org/10.1038/sj.bjc.6604115
https://doi.org/10.1038/sj.bjc.6604115
https://doi.org/10.1016/j.humpath.2008.10.013
https://doi.org/10.1186/1471-2407-11-509
https://doi.org/10.1016/j.ajpath.2011.03.028
https://doi.org/10.1016/j.ajpath.2011.03.028
https://doi.org/10.1007/s00404-012-2684-9
https://doi.org/10.1007/s12253-014-9827-1
https://doi.org/10.1007/s12253-014-9827-1
https://doi.org/10.1016/j.ejogrb.2008.12.015
https://doi.org/10.1016/j.ejogrb.2008.12.015
https://doi.org/10.1245/s10434-010-0964-9
https://doi.org/10.1245/s10434-010-0964-9

MAPK, TOPOIIA AND E-CADHERIN IN OVARIAN SEROUS CARCINOMAS

297

(49]

(50]

(51]

(52]

(53]

(54]

(5]

(56]

(57]

(58]

(59]

(60]

amplification and expression in epithelial ovarian carcinoma.
Gynecol Oncol 2004; 92: 887-895. https://doi.org/10.1016/].
ygyno.2003.12.010

PENG HL, HE L, ZHAO X. Association of reduced im-
munohistochemical expression of E-cadherin with a poor
ovarian cancer prognosis - results of meta-analysis. Asian Pac
J Cancer Prev 2012; 13: 2003-2007. https://doi.org/10.7314/
APJCP2012.13.5.2003

SANTILLAN A, KIM YW, ZAHURAK ML, GARDNER G]J,
GIUNTOLIRL 2nd et al. Differences of chemoresistance assay
between invasive micropapillary/low-grade serous ovarian
carcinoma and high-grade serous ovarian carcinoma. Int J
Gynecol Cancer 2007; 17: 601-606. https://doi.org/10.1111/
j.1525-1438.2007.00820.x

GERSHENSON DM, SUN CC, BODURKA D, COLEMAN
RL, LU KH et al. Recurrent low-grade serous ovarian carci-
noma is relatively chemoresistant. Gynecol Oncol 2009; 114:
48-52. https://doi.org/10.1016/j.ygyno.2009.03.001

FADER AN, JAVA ], UEDA S, BRISTOW RE, ARM-
STRONG DK et al. Gynecologic Oncology Group (GOG).
Survival in women with grade 1 serous ovarian carcinoma.
Obstet Gynecol 2013; 122: 225-232. https://doi.org/10.1097/
AOG.0b013e31829ce7ec

BAST RC Jr, SPRIGGS DR. More than a biomarker: CA125
may contribute to ovarian cancer pathogenesis. Gyne-
col Oncol 2011, 121: 429-430. https://doi.org/10.1016/].
ygyno.2011.04.032

SUNDOV D, CARIC A, MRKLIC I, GUGIC D, CAPKUN
V et al. P53, MAPK, topoisomerase II alpha and Ki67 im-
munohistochemical expression and KRAS/BRAF mutation in
ovarian serous carcinomas. Diagn Pathol 2013; 8: 21. https://
doi.org/10.1186/1746-1596-8-21

COLOMBO N, PECORELLI S. What have we learned from
ICONI and ACTION? Int ] Gynecol Cancer 2003; 13 Suppl2:
140-143. https://doi.org/10.1111/j.1525-1438.2003.13366.x
BEREKJS, CRUM C, FRIEDLANDER M. Cancer of the ovary,
fallopian tube, and peritoneum. Int ] Gynaecol Obstet 2012;
119 Suppl2: 118-129. https://doi.org/10.1016/S0020-7292-
(12)60025-3

ROMERO I, BAST RC Jr. Minireview: human ovarian cancer:
biology, current management, and paths to personalizing
therapy. Endocrinology 2012; 153: 1593-1602. https://doi.
0rg/10.1210/en.2011-2123

TRIMBOS JB, VERGOTE I, BOLIS G, VERMORKEN ]B,
MANGIONI C et al. Impact of adjuvant chemotherapy and
surgical staging in early-stage ovarian carcinoma: European
Organisation for Research and Treatment of Cancer-Adjuvant
ChemoTherapy in Ovarian Neoplasm trial. ] Natl Cancer Inst
2003; 95: 113-125. https://doi.org/10.1093/jnci/95.2.113
BRISTOW RE, GOSSETT DR, SHOOK DR, ZAHURAK
ML, TOMACRUZ RS et al. Micropapillary serous ovar-
ian carcinoma: surgical management and clinical outcome.
Gynecol Oncol 2002; 86: 163-170. https://doi.org/10.1006/
gyno.2002.6736

IKEDA K, SAKAI K, YAMAMOTO R, HAREYAMA H,
TSUMURA N et al. Multivariate analysis for prognostic sig-
nificance of histologic subtype, GST-pi, MDR-1, and p53 in

(61]

(62]

(63]

(64]

[65]

(66]

(67]

(68]

(69]

[70]

(71]

stages II-IV ovarian cancer. Int ] Gynecol Cancer 2003; 13:
776-784. https://doi.org/10.1111/§.1525-1438.2003.13381.x
LASSUS H, LEMINEN A, LUNDIN J, LEHTOVIRTA P,
BUTZOW R. Distinct subtypes of serous ovarian carcinoma
identified by p53 determination. Gynecol Oncol 2003; 91:
504-512. https://doi.org/10.1016/j.ygyno.2003.08.034
NAKAYAMA K, TAKEBAYASHI Y, NAKAYAMA S, HATA
K, FUJIWAKI R et al. Prognostic value of overexpression of
p53 in human ovarian carcinoma patients receiving cisplatin.
Cancer Lett 2003; 192: 227-235. https://doi.org/10.1016/
S0304-3835(02)00686-9

SKIRNISDOTTIR I, SEIDAL T, SORBE B. A new prog-
nostic model comprising p53, EGFR, and tumor grade
in early stage epithelial ovarian carcinoma and avoiding
the problem of inaccurate surgical staging. Int ] Gynecol
Cancer 2004; 14: 259-270. https://doi.org/10.1111/j.1048-
891X.2004.014209.x

BERCHUCK A, IVERSEN ES, LANCASTER JM, PITTMAN
J, LUO J et al. Patterns of gene expression that character-
ize long-term survival in advanced stage serous ovarian
cancers. Clin Cancer Res 2005; 11: 3686-3696. https://doi.
org/10.1158/1078-0432.CCR-04-2398

YAKIREVICHE, SABO E, NARODITSKY I, SOVA 'Y, LAVIE
O etal. Multidrug resistance-related phenotype and apoptosis-
related protein expression in ovarian serous carcinomas.
Gynecol Oncol 2006; 100: 152-159. https://doi.org/10.1016/].
ygyno.2005.08.050

SKIRNISDOTTIR IA, SORBE B, LINDBORG K, SEIDAL
T. Prognostic impact of p53, p27, and C-MYC on clinico-
pathological features and outcome in early-stage (FIGO I-II)
epithelial ovarian cancer. Int ] Gynecol Cancer 2011; 21:
236-244. https://doi.org/10.1097/IGC.0b013e31820986e5
SKIRNISDOTTIR I, SEIDAL T. Association of p21, p21 p27
and p21 p53 status to histological subtypes and prognosis in
low-stage epithelial ovarian cancer. Cancer Genomics Pro-
teomics 2013; 10: 27-34.

KURMAN R]J, VISVANATHAN K, RODEN R, WU TC,
SHIH IEM et al. Early detection and treatment of ovarian
cancer: shifting from early stage to minimal volume of dis-
ease based on a new model of carcinogenesis. Am J Obstet
Gynecol 2008; 198: 351-356. (b) https://doi.org/10.1016/j.
2jog.2008.01.005

COLEMAN RL, MONK BJ, SOOD AK, HERZOG TJ. Latest
research and treatment of advanced-stage epithelial ovarian
cancer. Nat Rev Clin Oncol 2013; 10: 211-224. https://doi.
0rg/10.1038/nrclinonc.2013.5

du BOIS A, REUSS A, PUJADE-LAURAINE E, HARTER
P, RAY-COQUARD I et al. Role of surgical outcome as
prognostic factor in advanced epithelial ovarian cancer:
a combined exploratory analysis of 3 prospectively rand-
omized phase 3 multicenter trials: by the Arbeitsgemeinschaft
Gynaekologische Onkologie Studiengruppe Ovarialkarzinom
(AGO-OVAR) and the Groupe d'Investigateurs Nationaux
Pour les Etudes des Cancers de I'Ovaire (GINECO). Cancer
2009; 115: 1234-1244. https://doi.org/10.1002/cncr.24149
VERLEYE L, OTTEVANGER PB, VAN DER GRAAF W,
REED NS, VERGOTE I et al. EORTC-GCG process quality



https://doi.org/10.1016/j.ygyno.2003.12.010
https://doi.org/10.1016/j.ygyno.2003.12.010
https://doi.org/10.7314/APJCP.2012.13.5.2003
https://doi.org/10.7314/APJCP.2012.13.5.2003
https://doi.org/10.1111/j.1525-1438.2007.00820.x
https://doi.org/10.1111/j.1525-1438.2007.00820.x
https://doi.org/10.1016/j.ygyno.2009.03.001
https://doi.org/10.1097/AOG.0b013e31829ce7ec
https://doi.org/10.1097/AOG.0b013e31829ce7ec
https://doi.org/10.1016/j.ygyno.2011.04.032
https://doi.org/10.1016/j.ygyno.2011.04.032
https://doi.org/10.1186/1746-1596-8-21
https://doi.org/10.1186/1746-1596-8-21
https://doi.org/10.1111/j.1525-1438.2003.13366.x
https://doi.org/10.1016/S0020-7292%2812%2960025-3
https://doi.org/10.1016/S0020-7292%2812%2960025-3
https://doi.org/10.1210/en.2011-2123
https://doi.org/10.1210/en.2011-2123
https://doi.org/10.1093/jnci/95.2.113
https://doi.org/10.1006/gyno.2002.6736
https://doi.org/10.1006/gyno.2002.6736
https://doi.org/10.1111/j.1525-1438.2003.13381.x
https://doi.org/10.1016/j.ygyno.2003.08.034
https://doi.org/10.1016/S0304-3835%2802%2900686-9
https://doi.org/10.1016/S0304-3835%2802%2900686-9
https://doi.org/10.1111/j.1048-891X.2004.014209.x
https://doi.org/10.1111/j.1048-891X.2004.014209.x
https://doi.org/10.1158/1078-0432.CCR-04-2398
https://doi.org/10.1158/1078-0432.CCR-04-2398
https://doi.org/10.1016/j.ygyno.2005.08.050
https://doi.org/10.1016/j.ygyno.2005.08.050
https://doi.org/10.1097/IGC.0b013e31820986e5
https://doi.org/10.1016/j.ajog.2008.01.005
https://doi.org/10.1016/j.ajog.2008.01.005
https://doi.org/10.1038/nrclinonc.2013.5
https://doi.org/10.1038/nrclinonc.2013.5
https://doi.org/10.1002/cncr.24149

298

D. SUNDOV, B. PETRIC MISE, I. MRKLIC, B. BACIC, E. VRDOLJAK, S. TOMIC

indicators for ovarian cancer surgery. Eur ] Cancer 2009; 45:
517-526. https://doi.org/10.1016/j.ejca.2008.09.031
STUART GC, KITCHENER H, BACON M, du BOIS A,
FRIEDLANDER M et al. 2010 Gynecologic Cancer Inter-
Group (GCIG) consensus statement on clinical trials in
ovarian cancer: report from the Fourth Ovarian Cancer Con-
sensus Conference. Int ] Gynecol Cancer 2011; 21: 750-755.
https://doi.org/10.1097/IGC.0b013e31821b2568
HANNIBAL CG, VANGR, JUNGE J, KJAERBYE-THYGES-
EN A, KURMAN R]J et al. A binary histologic grading system
for ovarian serous carcinoma is an independent prognostic
factor: a population-based study of 4317 women diagnosed
in Denmark 1978-2006. Gynecol Oncol 2012; 125: 655-660.
https://doi.org/10.1016/j.ygyno.2012.02.028
GIVANT-HORWITZ V, DAVIDSON B, LAZAROVICI P,
SCHAEFER E, NESLAND JM et al. Mitogen-activated protein
kinases (MAPK) as predictors of clinical outcome in serous
ovarian carcinoma in effusions. Gynecol Oncol 2003; 91:
160-172. https://doi.org/10.1016/S0090-8258(03)00434-7
WANG K, LTY, JIANG YZ, DAI CF, PATANKAR MS et al.
An endogenous aryl hydrocarbon receptor ligand inhibits

proliferation and migration of human ovarian cancer cells.
Cancer Lett 2013; 28; 340: 63-71. https://doi.org/10.1016/].
canlet.2013.06.026

[76]

(80]

LI Y, WANG K, JIANG YZ, CHANG XW, DAI CF et al.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) inhibits hu-
man ovarian cancer cell proliferation. Cell Oncol (Dordr).
2014; 37: 429-437. https://doi.org/10.1007/s13402-014-
0206-4

BARKJ, GRELEWSKI P, NOGA L, RABCZYNSKI J, GRYBOS
M et al. The association between the p53/topoisomerase
I and p53/topoisomerase IIa immunophenotypes and the
progression of ovarian carcinomas. Adv Clin Exp Med 2012;
21:35-42.

FAGGAD A, DARB-ESFAHANI S, WIRTZ R, SINN B, SE-
HOULI J et al. Topoisomerase II alpha mRNA and protein
expression in ovarian carcinoma: correlation with clinico-
pathological factors and prognosis. Mod Pathol 2009; 22:
579-588. https://doi.org/10.1038/modpathol.2009.14
VOUTILAINEN KA, ANTTILA MA, SILLANPAA SM, ROP-
PONEN KM, SAARIKOSKI SV et al. Prognostic significance
od E-cadherin-catenin complex in epithelial ovarian cancer.
J Clin Pathol 2006; 59: 460-467. https://doi.org/10.1136/
jcp.2005.029876

KOENSGEN D, FREITAG C, KLAMAN I, DAHL E, MU-
STEA A et al. Expression and localisation of E-cadherin in
epithelial ovarian cancer. Anticancer Res 2010; 30: 2525-
2530.



https://doi.org/10.1016/j.ejca.2008.09.031
https://doi.org/10.1097/IGC.0b013e31821b2568
https://doi.org/10.1016/j.ygyno.2012.02.028
https://doi.org/10.1016/S0090-8258%2803%2900434-7
https://doi.org/10.1016/j.canlet.2013.06.026
https://doi.org/10.1016/j.canlet.2013.06.026
https://doi.org/10.1007/s13402-014-0206-4
https://doi.org/10.1007/s13402-014-0206-4
https://doi.org/10.1038/modpathol.2009.14
https://doi.org/10.1136/jcp.2005.029876
https://doi.org/10.1136/jcp.2005.029876

Supplementary Table 1. Distribution of genotypes and alleles of Axin2 rs2240308 polymorphism

Frequencies distribution of genotypes

Number First Author Type of cancer Case Control

CcC CT TT CC CT TT
1 Rosales-Reynoso Colorectal cancer 25 109 54 22 59 18
2 Avristizabal-Pachon Breast cancer 20 58 24 44 55 3
3 Kim HCC?® 124 100 18 246 195 41
4 Liu PTCP® 27 24 2 17 29 4
5 Liu Lung cancer 235 216 a7 211 255 67
6 Ma Prostate cancer 61 31 11 39 52 9
7 Mostowska Ovarian cancer 67 115 46 71 146 65
8 Naghibalhossaini Colorectal cancer 34 57 19 55 98 26
9 Pinarbasi Prostate cancer 30 35 19 34 48 18
10 Gunes Astrocytoma 39 45 16 32 52 16
11 Gunes Lung cancer 45 47 8 32 52 16
12 Kanzaki Lung cancer 81 71 8 42 52 15
13 Kanzaki Colorectal cancer 54 44 15 42 52 15
14 Kanzaki HNC ¢ 25 29 9 42 52 15

hepatocellular carcinoma (HCC)
® papillary thyroid carcinoma (PTC)
“head and neck cancer (HNC)



Supplementary Table 2. Sensitivity analysis of Axin2 rs2240308 in dominant model

Study omitted

Cancer type

OR (95%Cl)

P for heterogeneity

IZ

Rosales-Reynoso

Aristizabal-Pachon

Kim

Liu

Liu

Ma
Mostowska
Naghibalhossaini
Pinarbasi
Gunes
Gunes
Kanzaki
Kanzaki
Kanzaki

colorectal cancer

breast cancer
hepatocellular carcinoma
papillary thyroid carcinoma
lung cancer

prostate cancer

ovarian cancer

colorectal cancer
prostate cancer
astrocytoma

lung cancer

lung cancer

colorectal cancer

head and neck cancer

0.81 (0.65-1.00)
0.79 (0.70-0.89)
0.84 (0.66-1.07)
0.87 (0.70-1.10)
0.87 (0.67-1.11)
0.89 (0.71-1.11)
0.86 (0.67-1.09)
0.84 (0.66-1.07)
0.85 (0.67-1.07)
0.86 (0.68-1.09)
0.87 (0.69-1.10)
0.87 (0.69-1.10)
0.87 (0.68-1.10)
0.84 (0.67-1.07)

0.003
0.093
0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

60.1%
36.3%
65.8%
65.6%
65.9%
61.7%
67.1%
66.7%
67.1%
67.0%
65.6%
65.7%
66.7%
67.0%




