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1. Introduction

Various forms of cystic disease of the ovaries are characterized
by a lack of normal ovarian activity and a low conception rate,
and are the main cause of female infertility. Mostly ovarian cysts
occur in the childbearing years and are benign in nature. However,
ovarian cysts can lead to malignancy that may lead to death of the
patient[1, 2]. Reports on the geographical prevalence of the ovarian
cancer show that ovarian malignancy is five-times more common
in developed than in developing countries. Ovarian cancer has been
regarded as the fourth most frequent cause of deaths from cancers in

women in Europe and United States and mostly affects elderly and

Objective: The present study was undertaken as a part of a continuing search for proteomic based
approaches for the diagnosis of ovarian cancers. Methods: The study comprised four groups of women
with: i): malignant ovarian cysts, ii) benign ovarian cysts, iii): breast cancer (positive controls) and, iv)
healthy females (negative controls). Serum and cystic fluids were processed for gel electrophoresis (SDS-
PAGE). Serum and cystic follicular fluid estradiol and testosterone concentrations were measured by
ELISA. Results: Proteomics analysis revealed the presence of a uniquely expressed protein with MW of
35 kDa in the serum and cystic fluid of patients with malignant ovarian cysts. On the other hand a protein
of 100 kDa was not expressed in malignant ovarian patients whereas it was differentially expressed in the
cystic fluid and serum of other three groups. Although mean values of estradiol levels were discernibly
higher in patients with benign ovarian cysts as compared to those with malignant ovarian cysts and of
positive and negative controls, difference was not significant. Mean concentrations of estradiol were
significantly higher in cystic fluid aspirated from benign cysts as compared to that from malignant cysts.
Conclusions: Taken together these data indicate a uniquely expressed protein of 35 kDa in patients with
malignant ovarian cysts that may serve as a specific protein biomarker for the differential diagnosis of
the ovarian cancer. However, a much larger sample of subjects is required to validate and confirm these
findings.

middle-aged women|2, 3]. In USA and Canada, 2 500 new cases are
reported annually and of these 56%-60% die from this disease each
year. According to reports, the risk of developing ovarian cancer in
lifetime is 1.4% in the western world. The mortality from ovarian
cancer disease is, therefore, much higher than due to breast cancer
(19%) in Northern Americal4, 5. In local population of Pakistan
overall malignancy rate has been reported to be relatively high
(23%) as compared to the overall world incidences (15%) and the
incidence of ovarian cancer has been reported to be 13.6%]6, 7].
Generally this has been reported that majority of the ovarian
cysts are benign which accounts about 86.7% of the total ovarian
masses and the rest 13.3% are malignant|8]. Due to the silent nature
of the ovarian cancer the early differentiation between benign and

malignant tumors is not evident. Consequently a number of possible
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has been used to differentiate between neoplastic and benign ovarian
cysts but this method alone is considered non reliable[9].

The advent of novel scientific approaches and more sophisticated
equipments in cancer biomarker identification has increased the
possibility of early detection, better monitoring of tumor progression
and improved therapeutic management. Such markers are still
wanting for ovarian cancer which is associated with advanced stage
at presentation and poor survival[10, 11]. Some earlier approaches
for cancer biomarker identification used tumor cells to immunize
animals and screen for antibodies that could recognize the specific
antigen. This approach has resulted in the identification of a high
molecular weight (MW) glycoprotein CA-125 which is currently in
use for ovarian cancer monitoring[12]. However, CA-125 overlooks
50% of early stage ovarian malignant cases and therefore suffers from
certain draw backs|1, 13]. Moreover, the levels of CA-125 may also
be elevated in normal individuals and in patients with benign cysts.
Raised levels of CA-125 have also been reported in cases of benign
and malignant tumors of tissues and organs such as prostate [14-18].

In recent years, several serum markers have been identified and
explored as possible adjuncts to CA-125 screening but some of
these potential markers including CA19-9 and lysophaspatidic
acid have not been shown to be clinically useful in large screening
trials[19, 20]. Insulin-like growth factors (IGFs) and IGF-binding
proteins (IGFBPs) have been shown to play a role in regulation of
the ovarian functions but little is known about their role in malignant
disease of the ovary|21]. Among the IGF-binding proteins, IGFBP-2
has been shown to be elevated in ovarian cancer patients. In spite
of the fact that this protein is elevated in ovarian cancer patients
and its use as an adjunct tumor marker, the levels of this protein
have also been shown to be raised in certain other types of cancer
as well, such as the prostate cancer[22. 23]. Interestingly, another
protein IGFBP-3 shows a decline in ovarian cancer patients and with
a negative correlation with CA-125]21]. The expression of IGFBP-3
protein expression has been observed in 90% of ovarian cancers[24].
Although a significant role has been established for IGFBP-3 in
breast cancer cell biology, no such role has yet been demonstrated
in ovarian cancer. In contrast to breast cancer where high tissue
IGFBP-3 levels may be associated with large tumours, low tissue
IGFBP-3 levels have been found to be associated with ovarian
tumors of large size and their active progression[25]. Recently
two proteins namely calgranulins A and B have been reported in
the serum and cystic fluid of the patients with malignant ovarian
cysts [26].

The presence of high concentrations of certain proteins in
biological sample (serum, plasma, CSF, pleural effusions) hinders
the identification of specific protein biomarkers. Among the above
mentioned biological samples, serum is considered to be a rich
source of biological markers for disease and is believed to contain
the largest set of proteins expressed. It is believed that about one
million proteins or their isoforms, constitute only 1 % of the

serum proteome whereas high abundance proteins like albumin
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constitute 96%-97% of the proteome[27]. The abundant proteins like
albumin and IgG, mask the low abundant proteins and obscure their
identification and had posed a barrier in the identification of proteins
that could serve the purpose of disease markers[17].

Keeping in view the importance of protein identification for the
disease detection and the early diagnosis several attempts have
been made to remove the abundant proteins (albumins) of serum or
plasma by different methods based on the high affinity of albumin
for certain textile dyes, such as Cibacron-blue and some other
compounds[17, 26-28]. The removal of the abundant proteins allows
the better comparison and correlation of the serum protein profiles in
different diseased patients. Previously it has been demonstrated that
serum proteins are differentially expressed in patients with benign
and malignant ovarian cysts[26]. A recent study on bovine ovarian
follicular fluid and cystic follicular fluid shows that the protein
profiles of normal follicular fluid also differ from that of cystic fluid.
A comparative proteomic analysis showed 8 increased protein spots
in cystic follicular fluid[29].

Since most of the available biomarkers for the detection of
ovarian cancer lack specificity and sensitivity for early detection
of the disease, therefore, there is a need for a continuing search for
more reliable and practical biomarkers for ovarian cancer disease.
Furthermore, there is a possibility that certain hormones are over
expressed in ovarian cysts whereas others may be under expressed.
The level of estrogen hormone was shown to be low in the serum
of patients with polycystic ovarian syndrome (PCOS) as compared
to normal subjects[30]. However, in women with PCOS the levels
of LH and testosterone were found to be higher than normal[31].
Rzapka-Gorska et al[32] provided evidence for the involvement of
gonadotropins in ovarian carcinogenesis and found significantly
higher concentrations of FSH and LH in malignant ovarian cystic
follicular fluid as compared to serum of the corresponding patient.
This study suggests that high concentration of FSH and LH in
the cystic fluid could be used as a marker to differentiate between
benign and malignant cysts. However, such an investigation would
involve invasive techniques to collect cystic fluid especially in cases
of malignant cysts where fluid aspiration is not recommended. The
present study was, therefore, designed to attempt a comparison of
protein profiles and steroid levels of serum and cystic fluid between
samples from patients with malignant and those with benign ovarian
cysts. The results of this study may help in the early screening of the
ovarian cancer by just comparing the blood protein profiles without

going for the intensive exploration.

2. Materials and methods
2.1. Study population

A total of 50 subjects attending gynecology units were recruited in

the study including positive and negative controls. Written informed
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consent to participate in the study was obtained from each subject. A
detailed questionnaire was designed to collect demographic data and
complete family and medical history of the subjects. The presence
of ovarian cyst was initially confirmed by ultrasound. The values of
serum CA-125 levels were obtained from the clinical reports of the

patients

2.2. Inclusion criteria

Strictly, the females who were of reproductive age and were not
under any medication at present were included in the study. Females
who had previously received or were currently on any medication
were excluded from the study. Also post menopausal women were

not included in the study.

2.3. Study design

The age matched females were grouped after the physical and
clinical examination and on the basis of clinical diagnosis they were
divided into four different groups:

1) Patients with known malignant ovarian cyst (n =10). Mean age:
36 years (range 20-50).

2) Patients with known benign ovarian cyst (n =10). Mean age: 25
years (range 18-40).

3) Patients with known history of breast cancer (positive control
group) (n =10). Mean age: 42 years (range 37-50).

4) Normal healthy females with regular menstrual cycle (negative

control group) (n =20). Mean age: 30 years (range 24-40).

2.4. Blood and cystic fluid

Blood samples were collected by venepuncture for serum
collection. Blood was allowed to clot at room temperature for 30
minutes and subsequently samples were centrifuged at 5 000 rpm
for 10 minutes. Serum was collected, aliquoted and stored at -80 °C
until analyzed.

Cystic follicular fluid from benign ovarian cysts was collected
during ultrasound guided aspiration whereas in patients with
malignant ovarian cysts the fluid was aspirated after surgical
removal of the cyst. Cystic fluids were also centrifuged to remove
any solids and supernatants were frozen at -80 °C. The surgically
resected specimens of the ovaries were sent for histopathology. The
histological and cytological examination of ovarian tissues from the
patients was routinely carried out in the histopathology laboratory
of the hospital. Grading of the cysts was carried out according to

the FIGO classification. The benign and malignant ovarian cysts

299

included in this study were primarily of surface epithelial origin.

2.5. Gel electrophoresis

The serum and cystic fluid proteins were characterized by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
as described previously [17, 27]. Briefly, cystic fluids of the benign
and malignant ovarian tumors and serum of subjects of all the four
groups were subjected to SDS-PAGE. Serum abundant proteins were
removed by using routine protein purification kits (Aurum Serum
Protein Mini Kit, Bio Rad, Hercules, CA, USA). In each well 5-8 uL
of sample was loaded and samples were run at 100V for 90 minutes.
A protein ladder (range 7 kDa - 240 kDa, REC003, Real Biotech
Corporation, USA) was run in parallel to the studied samples. Gels
were then placed in a destaining solution overnight. Multiple gels
were run for each sample in order to document reproducible repeats

of protein profiles.

2.6. Hormone analysis

Estradiol and testestosterone concentrations in serum samples
and cystic fluid were measured by ELISA using commercial kits
(BioCheck, Inc, Foster City, CA, USA). The levels of testosterone
and estradiol in subjects of four groups were measured. In patients
with benign and malignant ovarian cysts both cystic fluid and serum
were tested while only serum was tested from positive (breast cancer
patients) and negative controls (normal females). The samples were

run in duplicate and the means of the concentrations were recorded.

2.7. Statistical analysis

Statistical analysis of the data was done using the computer
software Statistical Package for Social Sciences (SPSS) Version 13.
Mean levels of testosterone and estradiol among groups (malignant
cystic ovarian, benign cystic ovarian, positive and negative controls)
were compared by analysis of variance (ANOVA) followed by Post-

Hoc Tukey’s test. P<0.05 was regarded as significant.

3. Results

3.1. Proteomic analysis

Grading of the cysts was carried out according to the FIGO

classification (Tables 1 and 2).
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Table 1
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CA-125 levels, histological profile and tumor grading in patients with malignant ovarian cysts.

Patient no. Patient ID  Age (yrs) CA-125 level U/mL Histological diagnosis Grading
1 Gl 50 7252 Serous cystadenocarcinoma 11T
2 G4 22 188 Serous cystadenocarcinoma 1T
3 G6 30 NAa Borderline Serous cystcarcinoma NA
4 G12 50 92 Mucinous cystadenocarcinoma I
5 G13 45 588 Mucinous cystadenocarcinoma 111
6 G17 40 138 Mucinous cystadenocarcinoma 11
7 G19 32 47.94 Serous cystadenocarcinoma I
8 G23 45 108 Mucinous cystadenocarcinoma NA
9 G27 20 414 Serous cystadenocarcinoma 1T
10 G29 25 85 Serous cystadenocarcinoma I

NA =Not available; Ovarian cysts were graded according to guidelines by the FIGO.

Table 2
CA-125 levels, histological profile and tumor grading in patients with
benign ovarian cysts.

Patient no. Patient ID Age (yrs) CA-125 level

Histological diagnosis

1 G2 32 NA Serous cystadenoma
2 G3 28 23 Serous cystadenoma
3 G8 22 27.5 Serosa cyst

4 Gl4 22 NA Serous cystadenoma
5 Gl6 27 NA Serous cystadenoma
6 G20 21 6.4 Follicular cyst

7 G22 22 NA Hemorrhagic cyst

8 G28 40 18 Serous cystadenoma
9 G31 18 10 Mucinous cystadenoma
10 G32 20 22 Mucinous cystadenoma

NA=Not available; Ovarian cysts were graded according to guidelines by the
FIGO.

The protein profiles showed a similar expression in serum and

cystic fluid of the corresponding patients in the two cystic groups.
Four protein bands (70, 50, 35 and 25 kDa) were detected in
patients with malignant ovarian cysts (Figure 1). A 35 kDa protein
was uniquely expressed in this group whereas it was absent in the
other three groups. In addition, a 25 kDa protein was also uniquely
expressed in two (2/10) patients of the group (Figure 2).

A 50 kDa protein was over-expressed in serum and cystic fluid of
patients with ovarian malignancy in comparison with other groups
(Figure 2). However, it was also over expressed in one patient with
benign ovarian cysts (Figure 3). In patients with benign ovarian cysts
three protein bands were identified (100, 70 and 50 kDa) (Figure
3). The 100 kDa protein though present in serum and cystic fluid of
patients with benign ovarian tumors and the serum of the two control
groups, was unusually lacking in samples from patients with ovarian
malignancy. In breast cancer patients (positive control) six protein
spots were visible (240, 240-140, 100, 70 and 50-35 kDa) (Figure
4). Two proteins present between MW range of 240-140 kDa and
50-35 kDa, were differentially expressed in positive control group.
The 240 kDa protein identified in the positive control group was also
present in the serum of normal subjects (negative control). Serum
protein profiles of the negative controls revealed the presence of six
protein bands (240, 140, 100, 70, 50, 25-20 kDa) (Figure 5). A140
kDa protein and a protein present between MW range of 25-20 kDa
that was differentially expressed in this specific group.

MF  MS MF MS MF MS MF MS MARKER

25 kDa protein expressed
only in two patients with
malignanarian cysts

Figure 1. Protein profile of the serum and cystic follicular fluid of patients
with malignant ovarian cysts.

Marker: Protein ladder (range 7 kDa - 240 kDa); MS: Protein profiles of the
serum of patients with malignant ovarian cysts; MF: Protein profile of the
cystic follicular fluid of patients with malignant ovarian cysts; Note: The
adjacent MS and MF lanes are of the same patient exhibiting serum and
cystic fluid protein profiles. This figure shows the protein profile of serum
and cystic follicular fluid of 4 selected patients of malignant ovarian cysts.
100 kDa expressed

only in pateines with
benign ovarian cysts

Over expression of

50 kDa 1n patients

with malignant
ovarian cysts

Marker BS BF_BS BF MS MF MS MF

240

Differentially
expressed malignant
cysts specific protein
35kDa

Figure 2. Comparison of the protein profiles of the serum and cystic
follicular fluid of patients with benign and malignant ovarian cysts.

Marker: Protein ladder (range 7 kDa - 240 kDa); BS: Protein profiles of the
serum of patients with malignant ovarian cysts; BF: Protein profile of the
cystic follicular fluid of patients with malignant ovarian cysts; MS: Protein
profiles of the serum of patients with malignant ovarian cysts MF:Protein

profile of the cystic follicular fluid of patients with malignant ovarian cysts.

Note: The profiles of two patients of each group are shown here.
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MarkerBS BF BS BF BS BF

BS BF

Over expression of
50 kDa

protein in one
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Figure 3. Protein profile of the serum and cystic follicular fluid of patients
with benign ovarian cysts.

Marker: Protein ladder (range 7 KDa - 240 KDa); BS: Protein profiles of the
serum of patients with benign ovarian cysts; BF: Protein profile of the cystic
follicular fluid of patients with benign ovarian cysts; Note: The adjacent BS
and BF lanes are of the same patient exhibiting serum and cystic follicular
fluid protein profiles. This figure shows the protein profile of serum and

cystic follicular fluid of 4 selected patients of benign ovarian cysts.

BCS BCS BCS BCS  Marker

Protein between
240-140 kDa
differentially expressed

Protein between
50-35 kDa differentially
expressed

35 kDa protine absent
in positive controls

Figure 4. Serum protein profiles of breast cancer patients (positive controls).
Marker: Protein ladder (range 7 kDa - 240 kDa); BCS: Protein profile of
serum of breast cancer patients. Note: Protein profiles of four breast cancer
patients are exhibited in this gel photograph.

cS €S €S Cs

CS CS CS CS Marker

__35 kDa protine absent
in negative controls

Figure 5. Serum protein profile of the negative controls (healthy females).
Marker: Protein ladder (range 7 kDa - 240 kDa); CS: Protein profiles of the
serum of healthy females with normal menstrual cycle (negative controls);

Note: Eight negative control samples are presented in above gel photograph.

3.2. Hormone analysis

No statistically significant differences in estradiol concentrations
were observed amongst the four groups although mean values of
estradiol levels were markedly higher in patients with benign ovarian
cysts as compared to that with malignant ovarian cysts and negative

controls (Table 3). Similarly no significant difference in serum
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testosterone levels was found between patients with and without
ovarian cysts (Table 3).

Mean concentrations of estradiol were significantly higher in cystic
fluid aspirated from benign cysts as compared to that from malignant
cysts. However, testosterone concentrations were not significantly

different between the two groups (Table 4).

Table 3
Serum estradiol and testosterone levels in subjects of four groups (Mean +SEM).

Serum estradiol Serum testosterone

Groups (pg/ml) (ng/ml)

With malignant ovarian cysts 10 64.71x11.36 1.30+0.26
With benign ovarian cysts 10 139.38+51.74 1.61+0.43
With breast cancer (positive control) 10 59.56+5.33 0.83+0.22
Normal subjects (negative controls) 20 73.74+5.65 2.00+0.29

Table 4
Estradiol and testosterone levels in cystic follicular fluid of patients with
malignant and benign ovarian cysts (Mean + SEM).

Cystic fluid Cystic fluid

Groups n estradiol testosterone
(pg/mL) (ng/mL)
With malignant ovarian cysts 10 68.06+£12.34* 1.18+0.28
With benign ovarian cysts 10 508.46+154.03 4.00+2.00

*P<0.05 comparing with the patients with benign ovarian cysts.

4. Discussion

Recent advances in proteomics have provided new insights in
disease diagnosis as well as helped in development of convenient
and effective diagnostic tools. The CA-125 antigen is often used
as a preliminary test to diagnose various forms of cancer including
ovarian malignancy and to monitor disease progression and
recurrence. However circulating CA-125 has limited sensitivity
for the detection of the early stage of the ovarian cancer. In the last
few years considerable efforts have been made to identify other
potential biomarkers that might substitute or complement CA-
125 in disease management and in the design of new screening
strategies [11, 14, 15, 33-36].

The present study was designed primarily to identify differences
if any in the protein profiles of serum and cystic follicular fluid
among patients with malignant ovarian cysts and benign ovarian
cysts. In addition we have measured serum estradiol and testosterone
concentrations in serum and cystic fluid to assess ovarian
steroidogenic functions

The proteomic analysis exhibited a similar expression of protein
bands in serum and cystic follicular fluid of the corresponding
patients which confirms the previous findings of Ott et al [26]. Our
results revealed an absence of 100 kDa protein in serum and cystic
fluids of patients with malignant ovarian tumors. However, a protein

with MW of 50 kDa was found over expressed in patients with
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malignant ovarian cysts compared to its expression in patients with
benign ovarian cysts. Cancer specific reactivity to 50 kDa protein
has also been reported in patients with cancer of the cervix[37]. In
our study one of the patient with benign ovarian cyst also showed
an over expression of 50 kDa proteins similar to that of patients
with malignant ovarian cysts. Interestingly we found a protein of 35
kDa uniquely expressed in the serum and cystic fluid of the patients
with malignant ovarian cysts. In another study the same MW (35
kDA) protein has also been demonstrated to be enhanced in the
sera of patients with epithelial ovarian cancer and germ cell ovarian
carcinoma. But this study also demonstrated the elevation of this
protein in the serum of the patients with breast cancer|38] which we
did not. Moreover, a protein with almost similar MW of 36 kDa
has previously been reported in the sera of the patients with ovarian
cancer and its overexpression in human ovarian cell cultures has also
been established[39. 40]. Also, we demonstrate the expression of a low
MW protein (25 kDa) in 2 of the 10 patients with malignant ovarian
cysts. A protein of exactly the same MW (25 kDa) has been reported
in the malignant tissues of the female genital tract. However, the
expression of this protein was also observed in the benign tissues
of the female genital tract [41]. Furthermore, presence of a protein
with a very similar MW (27 kDa) has previously been reported in
ovarian cancer patients[42]. Moreover, glycodelin A, a protein of 28
kDa MW has been reported significantly elevated in the sera, cystic
fluid and amniotic fluid in patients with the malignant ovarian cysts
compared to the patients with benign ovarian cysts[43]. In another
study two low MW (10-20 kDa) proteins calgranulins A and B have
been identified in the serum and fluid of the patients with malignant
ovarian cysts[26]. In a more recent study the higher expression levels
of a low MW protein (11.3 kDa, A100A7) have been demonstrated
in ovarian cancer patients [44]. The previously reported findings and
our results indicate a higher expression of specific low MW proteins
in the serum and cystic fluid of patients with malignant ovarian
cysts. However, identification of these proteins and their association
with ovarian malignancy needs further systematic investigations.

In our study the serum estradiol levels were not significantly
different among the four groups of subjects although mean estradiol
concentrations were relatively higher in patients with benign ovarian
cysts compared to mean levels in the other three groups. On the
other hand a study by Agarwal e al [30] showed a decrease in the
serum estrogen levels in patients of PCOS. Furthermore, low levels
of estrogen in patients with ovarian serous cystadenoma compared
to that of the estrogen levels in follicular fluid have been reported[45].
Moreover, the lower levels of estrogen have also been reported in

the ovarian cancer tissue, ovarian cystic fluid and serum in patients
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with FIGO stages 3 and 4 than in stages 1 and 2 [46] which support
our findings of low estradiol levels, although non-significant, in
malignant patients compared to the benign patients. Also, in our
study significantly higher estradiol concentrations were found in
follicular fluid aspirated from benign cystic follicles as compared
to that of malignant cysts (508.46x£154.03 vs. 68.06+12.34). The
possible reason for the higher levels of estradiol in case of benign
ovarian cysts could be that the steroid producing cells are functioning
normally or even slightly at a higher level whereas in malignant cyst
their normal function of androgen aromatization is affected resulting
in decreased ovarian estrogen synthesis.

Our data failed to demonstrate a significant difference in the serum
testosterone concentrations among the four groups. Our findings of
testosterone are in accordance to the study of Heiononen PK [47] which
also demonstrates no difference in the androgen levels in patients
with malignant, borderline, benign ovarian tumors and the control
subjects. However, an in vitro study showed increase production
of testosterone by the benign tumor cells compared to malignant
ovarian cells[48]. Our results of serum testosterone levels in patients
with benign ovarian cysts also differ from those reported in patients
with PCOS where an increase in the testosterone levels as compared
to the controls, has been demonstrated[31]. The mean cystic fluid
testosterone concentrations of patients with benign and malignant
ovarian cysts were also not significantly different from each other
although testosterone concentrations were lower in malignant
cystic fluid compared to that of benign ovarian cystic fluid. These
observations suggest that at this stage of malignancy steroidogenic
function of the thecal cells of the ovary is not greatly impaired.
However, these results need further verification in future studies.

In summary our results demonstrate unique expression of a protein
with MW of 35 kDa in the serum and cystic fluid of patients with
malignant ovarian cysts which was absent in other three groups.
Since the protein is uniquely expressed in malignant ovarian patients
in our study, therefore, we speculate that its expression in patients
with ovarian disease could serve as a potential protein biomarker for
differential diagnosis of ovarian cancer. However, such proposition
can only be made by analyzing samples from a much larger number

of patients and controls.

Conflict of interest statement

We declare that we have no conflict of interest.



Gulfam Ahmad et al./ Asian Pacific Journal of Reproduction (2015)297-304 303

References

[1] Badgwell D, Bast RC Jr. Early detection of ovarian cancer. Dis Markers
2007; 23: 397-410.

[2] Jacobs 1J, Menon U. Progress and challenges in screening for early
detection of ovarian cancer. Mol Cell Proteomics 2004; 3: 355-366.

[3] Greenlee RT, Murray T, Bolden S, Wingo PA. Cancer statistics. CA
Cancer J Clin 2000; 50: 7-33.

[4] Goff BA, Mandel L, Muntz HG, Melancon CH. Ovarian carcinoma
diagnosis. Cancer 2000; 89: 2068-2075.

[5] Schildkraut JM, Thompson WD. Familial ovarian cancer: a population-
based case-control study. Am J Epidemiol 1988; 128: 456-466.

[6] Alam I, Waqar F, Khan A, Begum N. Prevalence and management of
ovarian tumors in Women and Children Hospital Abbottabad. J Ayub Med
Coll Abbottabd 2001; 13: 19-21.

[7] Aziz Z, Sana S, Saeed S, Akram M. Institution based tumor registry from
Punjab: five year data based analysis. J Pak Med Assoc 2003; 53: 350-
353.

[8] Mansoor NA, Jezan HS. Spectrum of ovarian tumors: Histopathological
study of 218 cases. Gulf ] Oncolog 2015; 1: 64-70.

[9] Gupta N, Rajwanshi A, Dhaliwal LK, Khandelwal N, Dey P, Srinivasan
R, et al. Fine needle aspiration cytology in ovarian lesions: an
institutional experience of 584 cases. Cytopathology 2012; 23: 300-307.

[10]Daly MB, Ozols RF. The search for predictive patterns in ovarian cancer:
proteomics meets bioinformatics. Cancer Cell 2002; 1: 111-112.

[11]Mills GB, Bast RC, Jr Srivastava S. Future for ovarian cancer screening:
novel markers from emerging technologies of transcriptional profiling
and proteomics. J Natl Cancer Inst (Bethesda) 2001; 93: 1437-1439.

[12]Bast RC, Jr Klug TL, St John E, Jenison E, Niloff JM, Lazarus H, et al. A
radioimmunoassay using a monoclonal antibody to monitor the course of
epithelial ovarian cancer. N Engl J Med 1983; 309: 883-887.

[13]Bandera CA, Ye B, Mok SC. New technologies for the identification of
markers for early detection of ovarian cancer. Curr Opin Obstet Gynecol
2003; 15: 51-55.

[14]Clarke CH, Yip C, Badgwell D, Fung ET, Coombes KR, Zhang Z, et al.
Proteomic biomarkers apolipoprotein Al, truncated transthyretin and
connective tissue activating protein III enhance the sensitivity of CA125
for detecting early stage epithelial ovarian cancer. Gynecol Oncol 2011;
122: 548-553.

[15]Topalak O, Saygili U, Soyturk M, Karaca N, Batur Y, Uslu T, et al.
Serum, pleural effusion and ascites CA-125 levels in ovarian cancer and
non-ovarian benign and malignant diseases: A comparative study. Gynecol
oncoly 2002; 85: 108-113.

[16]Kong F, Nicole White C, Xiao X, Feng Y, Xu C, He D, et al. Using

proteomic approaches to identify new biomarkers for detection and
monitoring of ovarian cancer. Gynecol Oncol 2006; 100: 247-253.

[17]Ahmed N, Oliva KT, Barker G, Hoffmann P, Reeve S, Smith IA, et al.
Proteomic tracking of serum protein isoforms as screening biomarkers of
ovarian cancer. Proteomics 2005; 5: 4625-4636.

[18]An HJ, Miyamoto S, Lancaster KS, Kirmiz C, Li B, Lam KS, et al.
Profiling of glycans in serum for the discovery of potential biomarkers
for ovarian cancer. J Proteome Res 2006; 5: 1525.

[19]Woolas RP, Oram DH, Jeyarajah AR, Bast Jr RC, Jacobs 1J. Ovarian
cancer identified through screening with serum markers but not by pelvic
imaging. Int J Gynecol Cancer 1999; 9: 497-501.

[20]Yan Xu, Shen Z, Wiper DW, Wu M, Morton RE, Elson P, et al.
Lysophosphatidic acid as a potential biomarker for ovarian and other
gynecologic cancers. JAMA 1998; 280: 719-723.

[21]Flyvbjerg A, Mogensen O, Mogensen B, Nielsen OS. Elevated serum
insulin-like growth factor-binding protein 2 (IGFBP-2) and decreased
IGFBP-3 in epithelial ovarian cancer: correlation with cancer antigen 125
and tumor-associated trypsin inhibitor. J Clin Endocrinol Metab 1997; 82:
2308-2313.

[22]Cohen P, Peehl DM, Lamson G, Rosenfeld RG. Insulin-like growth
factors (IGFs), IGF receptors and IGF binding proteins in primary
cultures of prostate epithelial cells. J Clin Endocrinol Metab 1991; 73:
401-407.

[23]Kanety H, Madjar Y, Dagan Y. Serum insulin-like growth factor
binding protein 2 (IGFBP-2) is increased and IGFBP-3 is decreased in
patients with prostate cancer: correlation with serum prostate-specific
antigen. J Clin Endocrinol Metab 1993; 77: 229-233.

[24]Hirano S, Tto N, Takahashi S, Tamaya T. Clinical implications of insulin-
like growth factors through the presence of their binding proteins and
receptors expressed in gynecological cancers. Eur J Gynaecol Oncol 2004;
25: 187-91.

[25]Katsaros D, Yu H, Levesque MA, Danese S, Genta F, Richiardi G, et al.
IGFBP-3 in epithelial ovarian carcinoma and its association with clinico-
pathological features and patient survival. Eur J Cancer 2001; 37: 478-
485.

[26]Ott HW, Linder H, Sarg B, Mueller-Holzner E, Abendstein B, Bergant A,
et al. Calgranulins in cystic fluid and serum from patients with ovarian
carcinomas. Cancer Res 2003; 63: 7507-14

[27]Fu Q, Garnham CP, Elliott ST, Bovenkamp DE, Van Eyk JE. A robust,
streamlined, and reproducible method for proteomic analysis of serum
by delipidation, albumin and IgG depletion, and two-dimensional gel
electrophoresis. Proteomics 2005; 5: 2656-2664.

[28]Travis J, Pannell R. Selective removal of albumin from plasma by
affinity chromatography. Clin Chim Acta 1973; 49: 49-52.

[29]Maniwa J , Izumi S, Isobe N, Terada T. Studies on substantially



304

increased proteins in follicular fluid of bovine ovarian follicular cysts
using 2-D PAGE and MALDI-TOF MS. Reprod Biol Endocrinol 2005; 3:
23.

[30]Agarwal SK, Judd HL, Magoffin DA. A mechanism for the suppression
of estrogen production in polycystic ovary syndrome. J Clin Endocrinol
Metab 1996; 81: 3686-3691.

[31]Van der Westhuizen S, van der Spuy ZM. Ovarian morphology as a
predictor of hormonal values in polycystic ovary syndrome. Ultrasound
Obstet Gynecol 1996; 7: 335-341.

[32]Rezepka-Gorska I, Chudeecka-Glaz A, Kosmowska B. FSH and LH
serum/fluid ratios and malignant tumors of the ovary. Endocr Relat
Cancer 2004; 11: 315-21.

[33]Bast RC Jr, Xu FJ, Yu YH, Barnhill S, Zhang Z, Mills GB. CA 125: the
past and the future. Int J Biol Markers 1998; 13: 179-187.

[34]Zhang Z, Bast RC Jr, Yu YH, Li J, Sokoll LJ, Rai AJ, et al. Three
biomarkers identified from serum proteomic analysis for the detection of
early stage ovarian cancer. Cancer Res 2004; 64: 5882-5890.

[35]Mok SC, Chao J, Skates S. Prostasin, apotential serum marker for ovarian
cancer: identification through microarraytechnology. J Natl Cancer Inst
2001; 93: 1458 1464.

[36]Kim JH, Skates SJ, Uede T, Wong KK, Schorge JO, Feltmate CM, et al.
Osteopontin as a potential diagnostic biomarker for ovarian cancer. JAMA
2002; 287: 1671-169.

[37]Gercel-Taylor C, Douglas D. Taylor. Antibody response of cervical
cancer patients to tumor cell antigens. In: Proceedings of AACR 96th
Annual Meeting 2004. Philadelphia: American Association for Cancer
Research; 2004, p.1265-1266.

[38]Mohamed E, Abdul-Rahman PS, Doustjalali SR, Chen Y, Lim BK, Omar
SZ, et al. Lectin-based electrophoretic analysis of the expression of the
35 kDa inter-alpha-trypsin inhibitor heavy chain H4 fragment in sera of
patients with five different malignancies. Electrophoresis 2008; 29: 2645-
2650.

[39]JHu W, Kavanagh JJ, Deaver M, Johnston DA, Freedman RS,

Gulfam Ahmad et al./ Asian Pacific Journal of Reproduction (2015)297-304

Verschraegen CF, et al. Frequent overexpression of STK15/Aurora-A/
BTAK and chromosomal instability in tumorigenic cell culture derived
from human ovarian cancer. Oncol Res 2005; 15: 49-57.

[40]Prokopenko PG, Borisenko SA, Sokolov AV, Terentyev AA. Identification
and characterization of serum protein in patients with ovarian cancer.
Bull Exp Biol Med 2002; 133: 156-159.

[41]Holm J, Hansen SI, HA, ier-Madsen M, Helkjaer PE, Nicolas CW. Folate
receptors in malignant and benign tissues of human female genital tract.
Biosci Rep 1997; 17: 415-427.

[42]Korneeva I, Caputo TA, Witkin SS. Cell-free 27 kDa heat shock protein
(hsp27) and hsp27-cytochrome ¢ complexes in the cervix of women with
ovarian or endometrial cancer. Int J Cancer 2002; 102: 483-486.

[43]Jeschke U, Bischof A, Speer R, Briese Volker, Richter DU, Bergemann
C, et al. Development of monoclonal and polyclonal antibodies and
ELISA for the determination of glycodelin in human serum, amniotic
fluid and cystic fluid of benign and malignant ovarian tumors. Anticancer
Res 2005; 25: 1581-1589.

[44]Gagnon A, Kim JH, Schorge JO, Ye B, Liu B, Hasselblatt K, et al. Use
of a combination of approaches to identify and validate relevant tumor-
associated antigens and their corresponding autoantibodies in ovarian
cancer patients. Clin Cancer Res 2008;14: 764-771.

[45]Reis FM, Faletti A, Luisi S, Bifulco G, Cauci S, Quadrifoglio F, et
al. High concentrations of inhibin A and inhibin B in ovarian serous
cystadenoma: relationship with oestradiol and nitric oxide metabolites.
Mol Hum Reprod 2000; 6: 1079-1083.

[46]Lindgren P, Backstrom TC, Cajander S, Damber MG, Mahick CG, Zhu
D. The pattern of estradiol and progesterone differs in serum and tissue
of benign and malignant ovarian tumors. Int J Oncol 2002; 21: 583-589.

[47]Heinonen PK. Androgen production by epithelial ovarian tumors in post-
menopausal women. Maturitas 1991; 13: 117-122.

[48]Ridgerheim M, Mahlck CG, Selstam G, Stendahl U, Bickstrom T.
Steroid production in different parts of malignant and benign ovarian

tumors in vitro. Cancer Res 1993; 53: 2309-2312.



