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ABSTRACT

Objectives: Ovarian cancer is one of the gynecological cancers that have the worst prognosis. The expression of the
proteins from the IAP family (inhibitor of apoptosis protein), including survivin, is observed in many types of cancer.

The aim of the study was to evaluate survivin at the mRNA level in tumors and the protein concentration in the serum
and peritoneal fluid of patients with serous ovarian cancer in order to assess the relationship between the concentration
of survivin and the histological subtypes of cancer.

Material and methods: The study group consisted of 55 women, including patients with serous ovarian cancer (n = 30,
9 low-grade serous carcinoma LGSC, 21 high-grade serous carcinoma HGSC), serous cysts (n = 10) and the control group
(n = 15). The concentration of protein in the peritoneal fluid and serum was assessed using ELISA tests. The expression
of survivin gene BIRC5 in the tumors was assessed using the RT-gPCR method.

Results: The data that was obtained indicated that the concentration of survivin was higher in the serum of the women
with serous ovarian cancer compared those that had benign tumors (p < 0.05) and the control group (p < 0.001). The
survivin concentration was also higher in both the serum and peritoneal fluid in the HGSC group compared to the LGSC
group (p < 0.001). The mRNA level was highest in the HGSC group, and there was a statistically significant difference
compared to those in the benign tumor group and HGSC group ( p < 0.05).

Conclusions: The observed changes prove that the expression level increases significantly in HGSC in both the protein
and mRNA levels. Based on these findings, it can be assumed that assessing this parameter could be a useful additional
indicator of the progression and differentiation of this type of cancer. However, this requires further research in a larger
group of patients and possibly in other types of ovarian cancer
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INTRODUCTION increase significantly by 2040 [1]. This is primarily due to the

Ovarian cancer is one of the gynecological cancers that
have the worst prognosis and the highest mortality. Accord-
ing to statistical analyses, mortality from this disease will
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lack of characteristic clinical symptoms in the initial stage of
the disease and the lack of diagnostic tests that can detect
a tumor at an early stage of its clinical advancement [2, 3].
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The impaired immune responses against cancer cells play
an important role in the pathogenesis of ovarian cancer via
apoptosis [4]. Currently, research is being conducted whose
goal is to understand the role of the proteins belonging to
the inhibitor of apoptosis protein (IAP) family, one of which
is survivin [5, 6].

Survivin is a protein that is composed of 142 amino
acids, and unlike the other members of the IAP family, it
contains a single baculovirus inhibitor of apoptosis protein
repeat (BIR) domain, which is responsible for anti-apoptotic
properties [7]. This protein is encoded by the BIRC5 gene,
which is located on chromosome 17 (17g25), the transcrip-
tion of which leads to the formation of 431 bp survivin
mRNA [8]. Five isoforms of the human survivin gene tran-
script have been found to encode the following proteins:
survivin, survivin 2A, survivin 2B, survivin AEx3 and the
most common — survivin 3B [9]. Survivin is involved in the
regulation of the cell cycle and programmed cell death.
During mitosis, it is responsible for the correct localization
of the chromosomal passenger complex (CPC) around the
chromosomal centromeres and for the stabilization of the
karyokinetic spindle microtubules. In the process of apopto-
sis, it participates in the inhibition of caspase activity and in
the inactivation of mitochondrial apoptosis-inducing factor
(AIF) and second mitochondria-derived activator of caspases
(Smac/DIABLO) [8]. In response to the cell death-inducing
factors, the mitochondrial survivin levels decrease, and this
protein is released into the cytoplasm and prevents cas-
pase activation, thereby inhibiting apoptosis. It also plays
an interesting role in another type of cell death, autophagy.
A decrease in the protein content in cells may induce apop-
tosis via an autophagy-dependent mechanism thatinvolves
its regulator — beclin 1 protein [10].

The unique function of survivin in the pathogenesis
of cancer is worth noting; in during the initiation, progres-
sion, and metastasis, and due to the high expression of this
proteinin cancer cells, much attention is now being paid to
the possibility of using survivin as a diagnostic or prognostic
factor [11-13]. Its increased expression may result from the
amplification of the survivin locus on chromosome 1725,
exon DNA demethylation, increased gene promoter activity,
or the upregulation of the phosphatidylinositol-3-kinase
(PI3K) signaling pathways and mitogen-activated protein
kinases (MAPK) [14, 15].

To date, the studies that have been conducted on using
survivin in the diagnosis and treatment of the ovarian cancer
diseases have not provided unequivocal results; thus, there
is a need to conduct further research on the biology of this
cancer in order to develop new diagnostic and therapeutic
strategies.

Therefore, the aim of the study was to evaluate sur-
vivin in serous ovarian tumors at the mRNA level, to ana-

lyze the concentration of survivin in the serum and peri-
toneal fluid of patients with serous ovarian cancer, and
to determine whether there is a relationship between the
concentration of survivin and the histological subtypes
of this cancer.

MATERIAL AND METHODS

The study group consisted of 55 women, age 19-82 (me-
dian — 60, Q-47,Q3-68), including patients with diagnosed
serous ovarian cancer (n = 30), benign lesions (n = 10) and
the control group (n = 15). Among this group, 9 tumors
were classified as low-grade serous carcinoma (LGSC) and
21 tumors were classified as high-grade serous carcinoma
(HGSC).The benign tumor group consisted of samples from
ten patients with serous ovarian cysts (cystadenoma sero-
sum). The control group consisted of 15 healthy women
in whom no pathological changes were detected within
the reproductive system. Patients were hospitalized at De-
partment of Gynecology and Obstetrics, Faculty of Medical
Sciences in Katowice, Medical University of Silesia and the
Department of Gynecological Oncology of the Provincial
Specialist Hospital in Czestochowa. The women who partici-
pated in the study consented to conducting the research.
The approval of the Ethics Committee of the Medical Uni-
versity of Silesia in Katowice was obtained (protocol code
KNW/0022/KB1/49/19).

Qualification of patients to the appropriate study groups
was based on the tests that were performed, including
a gynecological examination and transvaginal ultrasound.
If a patient was diagnosed with an ovarian tumor, computed
tomography was additionally performed to confirm the di-
agnosis. The type of the examined tumors was additionally
confirmed by a histopathological diagnosis. The exclusion
of any pathologies in the female genital tract enabled the
patients to be qualified in the control group.

The material for the ovarian cancer group consisted of
the serum, peritoneal fluid and a fragment of the cancer
tumor, for benign tumor group — the serum and a frag-
ment of the tumor were examined. Blood was drawn from
the women with ovarian tumors before the surgery. The
peritoneal fluid and fragment of the tumor were collected
during the surgery. Blood samples for the control group
were drawn during their periodic pelvic examination.

The concentration of protein in the peritoneal fluid and
serum was assessed using the enzyme-linked immuno-
sorbent assay (ELISA). The tests were performed using the
Elisa test for survivin (Cloud Clone Corp., Katy, TX, USA), the
sensitivity of which was 11.7 pg/mL.

Total RNA was extracted from the tissue using a Trizol
reagent and were then used in a RT-qPCR reaction to de-
termine the BIRC5 mRNA level. The reaction was performed
using the GoTaq 1-Step RT-gPCR System (Promega, Wal-
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dorf, Germany) and a LightCycler 480 System (Roche, Basel,
Switzerland). The relative quantification method 272t was
used to determine the expression level of BIRC5 mRNA with
B-actin as the reference gene [16, 17].

The results were statistically analyzed using Statisti-
ca 13.3 software. The normality of the distribution of the
studied variables was assessed using the Shapiro-Wilk test.
The median and interquartile ranges were determined for
the parameters that were tested, and the obtained results
were compared using the Mann-Whitney and Kruskal-Wallis
tests. The analysis found that p < 0.05 was considered the
statistically significant level.

RESULTS

In the serum of the control group, the concentration
of survivin was below the sensitivity threshold of the test,
which was 11.7 pg/mL. The concentration of the param-
eter being studied varied depending on the clinical di-
agnosis of the tumor. The highest concentrations were
found in the serum of the women with ovarian cancer,
in which Q1 and Q3 were 9.21 and 221.05, respectively
(median 81.57 pg/mL).

However, in the group of women with benign tu-
mor-ovarian cysts, Q1 and Q3 were 0.00 and 51.11, respec-
tively, with a median of 9.62 p/mL. A statistically significantly
higher concentration of the examined parameter was found
in the serum of the women with cancer compared to the
concentration in the women in the control group (p < 0.01).
Moreover, the performed statistical analysis showed that
the concentration of survivin was higher in the serum of
the women with serous ovarian cancer compared to the
concentration in the serum of the patients with benign
tumors (p < 0.05). The obtained results are presented in
Figure 1 and Table 1.

In the peritoneal fluid of the women with ovarian can-
cer, Q1 and Q3 were 32.03 and 245.01, respectively (me-
dian 107.27 pg/mL). No statistically significant differences
were found in the serum in the ovarian cancer group com-
pared to the concentration in the peritoneal fluid as is shown
in Figure 2.

Afurther analysis included an assessment of the survivin
concentration that was dependent on the degree of the

histological differentiation of cancer, both in the serum and
in the peritoneal fluid.

The analysis showed a statistically significant differ-
ence between the control group and HGSC and between
LGSC and HGSC (p < 0.001) — Figure 3 and Table 2. In the
peritoneal fluid of the women with ovarian cancer, there
was a statistically significant difference between LGSC and
HGSC (p < 0.001) — the obtained results are presented
in Figure 4.

Changes in the expression of the BIRC5 mRNA level
in the women with ovarian cancer or a benign tumor are
presented in Figure 5. An analysis showed a statistically
significant difference between the benign tumor group
and HGSC ( p < 0.05). There was no statistical significance
between LGSC and HGSC (Tab. 3).

DISCUSSION
There is evidence that the proteins that are involved in
programmed cell death are importantin tumor progression.
It also appears that apoptosis inhibiting proteins perform-
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Figure 1. The concentration of survivin in the serum of the patients with
serous ovarian cancer, an ovarian cyst and the control group

Table 1. Statistical analysis of the survivin concentration in the serum of the patients with serous ovarian cancer, an ovarian cyst and the control

group

Serous ovarian cancer
Serous ovarian cancer
Ovarian cyst p =0.024677
Control group p =0.000613

NS — no statistical significance

Ovarian cyst
p=0.024677

Control group
p=0.000613
NS

NS
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Figure 2. The concentration of survivin in the serum and peritoneal Figure 3. The concentration of survivin in the serum of the patients with
fluid of the patients with serous ovarian cancer ovarian cancer depending on the degree of cancer differentiation and

the control group; HGSC — high-grade serous carcinoma; LGSC — low-
grade serous carcinoma

Table 2. Statistical analysis of the concentration in the serum of the patients with ovarian cancer depending on the degree of differentiation

and control group

LGSC HGSC Control group
LGSC 0.000644 NS
HGSC 0.000644 000011
Control group NS 0.000011

HGSC — high-grade serous carcinoma; LGSC — low-grade serous carcinoma; NS — no statistical significance
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Figure 4. The concentration of survivin in the peritoneal fluid of Figure 5. mRNA BIRC5 expression in an ovarian cyst or cancer tumor
the women with ovarian cancer depending on the degree of cancer depending on the degree of cancer differentiation; HGSC — high-grade
differentiation; HGSC — high-grade serous carcinoma, LGSC — low- serous carcinoma; LGSC — low-grade serous carcinoma

grade serous carcinoma
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Table 3. Statistical analysis of mRNA BIRC5 expression in an ovarian cyst or a cancer tumor depending on the degree of differentiation

LGSC
LGSC
HGSC NS
Ovarian cyst NS

HGSC Ovarian cyst
NS NS
0.009834
0.009834

HGSC — high-grade serous carcinoma; LGSC — low-grade serous carcinoma; NS — no statistical significance

ing additional functions in other cellular processes may act
as oncogenes and that increasing their expression might
potentially promote tumor formation [18]. This process is ex-
tremely complex, and apoptotic disorders are one of its most
important stages. Currently, research is being conducted to
understand the role of the proteins belonging to the family
of apoptosis inhibitors, including survivin, which, due to its
high expression level in tumor cells, is being investigated
in terms of its possible use in the diagnosis and therapy of
ovarian cancer.

To date, most of the research on the role of survivin
in the formation and development of ovarian tumors has
focused on the assessment of tissue expression using the
immunohistochemical method. The expression of survivin
in ovarian cancer cells using the immunohistochemical
method in patients who were being treated for primary
epithelial ovarian malignancies with different degrees of his-
tological maturity and clinical advancement was assessed by
Nowak-Markwitz et al. [19]. The conducted studies showed
that the survivin expression correlated with the degree of
the histological maturity of the tumor.

Similar studies were conducted by Plewka et al.[20], who
also assessed the survivin expression in tissue sections of
epithelial ovarian tumors using immunohistochemistry. In
the group of serous tumors, the expression of survivin was
detected in 24.0% of the cases with benign tumors, in 60.0%
of the cases with borderline tumors and in 91.0% of the
cases with ovarian cancer. In mucous tumors, the survivin
expression was shown in 33.5% of the cases with benign
tumors, in 43.5% of the cases with borderline tumors, and
in 80% of the cases with malignant tumors. According to the
authors, an overexpression of survivin could play a key role
in the development of ovarian epithelial tumors in women
and may have an important prognostic value in patients
with epithelial ovarian cancer.

Turan et al. [21] assessed the expression of survivin in
tissue sections of patients with serous ovarian cancer. The
research included patients with benign, borderline and
malignant tumors. The conducted studies showed that the
survivin expression was significantly higher in the tissues
of the malignant tumors compared to the borderline le-
sions and benign tumors. Moreover, the conducted studies
showed the existence of a statistically significant relation-

ship between an increase in the survivin expression and
an increase in the clinical advancement according to the
FIGO and the histological maturity of the tumor.

A study evaluating survivin using immunohistochem-
istry in a group of patients with mucous tumors was con-
ducted by Kanter et al. [22]. The study included a group
of patients with benign tumors, borderline lesions and
cancer. The highest expression of survivin was found in
the patients with ovarian cancer and it was statistically
significantly higher than in the other groups. It was also
found that the increased expression of survivin showed
a statistically significant correlation between an increase in
the clinical advancement of the cancer, the degree of the
histological maturity of a tumor and the presence of lymph
node metastases.

Kucukgoz-Gulec et al. [23], who also used the immu-
nohistochemical method to study the survivin expression
in tissue sections from patients with diagnosed epithelial
ovarian cancer obtained different results. The conducted
studies showed the expression of survivin in 20% of the
patients with ovarian cancer. No relationship was observed
between the survivin expression and the degree of the histo-
logical maturity of a tumor, the histotype of ovarian cancer,
or a resistance to treatment with platinum compounds.

Because the changes that are associated with soluble
mediators of the apoptosis process that accompanies ovar-
ian tumors are still not fully understood, further research
is required.

Our research was based on the analysis of the results that
were obtained for tumors and benign cysts. The premise for
selecting such a study group was the fact that serous ovar-
ian cancer and serous ovarian cysts are the most common
diagnoses in patients. In addition, limiting the type of tumor
and cyst enabled a homogeneous study group to be created.
The obtained results showed that the concentration of sur-
vivin was significantly higher in the serum of the women
with serous ovarian cancer compared to the concentration
in the serum of the women with an ovarian cyst and those in
the control group, which indicates disturbances in the apop-
tosis process that involves survivin, which may be one of the
most important immune mechanisms that contributes to
the development of this type of tumor. Interesting observa-
tions were also provided by the analysis of the concentration
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of survivin in the peritoneal fluid of the women with ovar-
ian cancer.The concentration of survivin was slightly higher
in the peritoneal fluid compared to that in the serum, which
indicates an intensification of the changes in the peritoneal
fluid environment of a tumor with the participation of the
studied protein. Moreover, a statistically significant cor-
relation was demonstrated between the concentration of
the tested protein in both the serum and peritoneal fluid
and the degrees of the histological differentiation of the
cancer, which indicates a relationship between survivin
secretion and the histological differentiation of cancer that
in the future might prove useful in the development of new
diagnostic and therapeutic strategies.

Similar studies were conducted by Dobrzycka et al. [24],
who assessed the concentration of survivin in the blood
serum of women with diagnosed serous ovarian cancer.
As a result of the conducted research, it was shown that
the concentration of survivin in the blood serum of the
women with ovarian cancer was significantly higher than the
concentration in the serum of the healthy women who
constituted the control group. Moreover, it was shown
that an increase in the survivin concentration positively
correlated with an increase in the clinical stage of cancer
according to the FIGO, an increase in the histological ma-
lignancy of a tumor, the presence of ascites and the level
of cytoreduction. According to the authors, determining
the serum survivin concentration might be helpful in the
early detection of serous ovarian cancer and might provide
important information about the prognosis in patients.

An analysis of the concentration of survivin in the blood
serum of patients with ovarian cancer was also conducted by
No et al. [25]. The study included patients with serous ovar-
ian cancer, benign tumors as well as those with dermoid and
endometrial cysts. As a result of the conducted studies, it was
shown that in the serum of the patients with ovarian cancer,
the concentration of survivin was higher than in the serum
of the patients with benign tumors, and that it was strongly
correlated with age, the disease severity and progression-free
survival. According to the authors, serum survivin reflects
the peritoneal metastasis of serous ovarian cancer and thus
might be useful as a prognostic biomarker.

Gunaldi et al. [26] assessed the serum concentration of
survivin in cancer patients in order to determine its diag-
nostic value. In addition, the authors also assessed the cor-
relation between the serum survivin concentration and the
clinical and pathological features of cancer patients. Patients
with ovarian, breast, colon cancer and other tumors were
qualified for the study. The conducted studies showed that
the serum concentration of survivin in the cancer patients
was significantly higher than in the healthy subjects. No
significant relationships were found between the serum
survivin level and the demographic characteristics of the

cancer. According to the authors, survivin could be used as
a marker that implies malignancy or as a marker for differ-
ential diagnosis of malignancy and other benign diseases,
but this requires further research.

Interesting observations were provided by the studies
conducted by He et al. [27], who assessed the clinical and
pathological significance of survivin using a meta-analy-
sis using PubMed, EMBASE, the Web of Science and the
Cochrane Library. The meta-analysis included twelve stud-
ies in 1,097 patients. Although the survivin overexpres-
sion was shown to be closely related to the FIGO stage of
ovarian cancer, the degree of the histological differentia-
tion of a tumor, no significant association with lymphatic
metastases was shown. According to the authors, survivin
might turn out to be a novel clinicopathological marker
of ovarian carcinoma.

CONCLUSIONS

To summarize, the obtained results indicate an associa-
tion between the level of survival expression and the pro-
gression of serous ovarian cancer. Both the mRNA and pro-
tein levels were higher in a tumor compared to the control
group and patients with a benign lesion. Additionally, an in-
crease in expression was observed in HGSC — high-grade
serous carcinoma. The performed study concerned only
one type of ovarian neoplasm and one type of cyst, which is
areason to undertake research in other ovarian neoplasms
in order to confirm the usefulness of the evaluation of the
survivin level as an additional parameter in ovarian cancer
diagnostics.
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