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Abstract: Background: Both ovarian/breast cancers are the most prevalent hormone-associated
gynecological-cancers, where uncontrolled cellular proliferations/genetic-errors are noticed. The
cancer-antigen125 (CA125), which we assessed presently is an important biomarker in the early
detection/monitoring of this disease-pathogenesis.

Methods: Serum/tissue CA125 was measured by solid-phase-Enzyme-linked-immunosorbent-
assay in women with ovarian/breast tumors of different types (epithelial/non-epithelial; benign/
borderline/ malignant)/stages. Breast-tumor tissues were employed for histoarchitecture/DNA-
stability (comet) assay. Extensive protein-protein(CA125) interactions were studied by the
STRING (Search-Tool-for-the-Retrieval-of-Interacting Genes/Proteins) Bioinformatics-software.

Results: Serum CA125 levels were <35 U/ml in 94% of benign epithelial-cases, 35-65 U/ml in
100% of borderline-tumors and >100 U/ml in the 41.17% of patients with malignant-tumors. The
Received: October 22, 2016 malignant epithelial tumor showed significantly higher (>100U/ml) CA125 than the non-epithelial
f\z‘é;e[ng:;ngg %gig malignant-tumor (<35-65 U/ml). Highly enhanced cellularity/histo-architectural impairment/un-

’ stable-DNA-materials/CA125 was found in advanced breast-cancers. The CA125 is highly
metabolically interactive, especially with mesothelin impairing cell-cell adhesion and enhancing
tissue anti-establishment.
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Conclusion: CA125 is a predictive-marker in ovarian/breast carcinoma depending on disease
nature/stages. CA125, in combination with other tests like mesothelin/estradiol can be of great use
in the better diagnosis of this disease. Not only as a detection-marker, has the CA125 played an
interactive role in the disease processes. The Bioinformatics study revealed an important role of
mesothelin and other mucin like proteins. Early detection and proper diagnosis are important
determinants for the greater possibility of the relief from the disease like cancers. Selection of
suitable biomarker combinations may increase the better diagnosis of the types and severity of this
disease. Our present result has an impact on these aspects.
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INTRODUCTION incidences observed in Scandinavia, Western Europe and
North America [1]. All cell types of the human ovary may
undergo neoplastic transformation. The vast majority (80—
90%) of the benign and malignant tumors are derived from
the Ovarian Surface Epithelium (OSE) and its cystic
derivatives [2]. Generally, CA125 is elevated in the serum of
most of the women with ovarian cancer, but the pre-
operative serum CA125 levels are below the conventional

Ovarian cancer and the Breast cancer are the second most
common and the most lethal gynecologic malignancy. The
incidence of this cancer varies widely in frequency among
different geographic regions and ethnic groups, with high
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women with advanced ovarian epithelial cancer, and in about
50% of patients in the initial stages, particularly in the cases
of tumors of serous nature [4]. There have been reports of
elevated soluble CA125 levels in a number of other
malignant conditions such as breast cancer [5, 6]. The
CA125 levels have also been found elevated in benign
conditions [7, 8] such as endometriosis [9], preghancy
ovulatory cycles [10], liver diseases and congestive heart
failure [11], and in infectious disease i.e., tuberculosis [12].

CA125 is a mucin-type O-linked glycoprotein expressed
as a membrane-bound protein on the surface of cells that
undergo metaplastic differentiation [13] or released in
soluble form in the body fluids. The CA125 gene was named
as MUCL6, after the mucin-like nature of CA125 protein,
which is conserved through evolution [14]. This feature
includes a high serine, threonine, and proline content in an
N-terminal region of nine partially conserved tandem repeats
(156 amino acids each) and a C-terminal region non-tandem
repeat sequence containing a possible trans-membrane
region and a potential tyrosine phosphorylation site [14, 15].
The attachment of the oligosaccharide to the CA125 suggests
a role of this marker in cell-mediated immune response [16].
In vitro cytotoxicity inhibition study reveals that the CA125
acts as a suppressor of the anti-tumor immune response in
the disease condition [17]. CA125 also binds to mesothelinn
[18,19], a 40 kDa protein. The interaction between
mesothelin and CA125 results in a peritoneal-implantation of
ovarian tumor cells that constitutively expresses a
membrane-bound form of mesothelin [20].

Estrogens have been reportedly suspected as a causative
agent of various types of breast and ovarian cancer. Estrogen
levels were at least 100-fold higher in the ovarian tissue than
the circulating levels and much higher in the follicular fluid
of ovulatory follicles [21]. Eventually, the ovarian surface
epithelium is likely to be exposed to a high level of
estrogens. Estrogen receptor (ER)-mediated responses for
growth stimulation of normal and malignant OSE cells by
estradiol-17B and estrone have been reported [22]. Estradiol
and human chorionic gonadotropin (HCG) regulate cellular
growth responses of ovarian cancer cells through the
induction of insulin like growth factor (IGF-1) and epidermal
growth factor (EGF) [23]. It is evident that estrogen as a
stimulator of genes involved in the growth and development
of cancer, along with its genotoxic nature [24]. Logically, in
certain instances it can be speculated that estrogen-induced
genomic regulation in ovarian surface epithelial cells can be
accused for the transformation of normal cells to cancerous
one. Peripheral estrogen formation and oxidative stress
induction also play as promotional factors for the breast and
ovarian cancer progression [25].

Epidemiological evidence indicates that prolonged
lifetime exposure to estrogen is associated with an elevated
breast cancer risk in women. Oxidative stress and estrogen
receptor-associated proliferative changes are suggested to
play important roles in estrogen-induced breast carcino-
genesis [26, 27, 28]. Ninety percent of the ovarian cancer
patients are carriers of mutated Breast Cancer Gene 1
(BRCAL) and/or BRCA2 genes, which are also implicated in
hereditary breast cancer [29]. Increased CA125 was also
found in breast cancer patients and that was associated with
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the metastasis in or near the pleura [30]. As noticed in the
present study, CA125 levels were also elevated in breast
cancer patients with lung metastasis [31]. CA125 was
significantly higher in serum and nipple discharge of cancer
patients than that of the control group. It gradually increased
with disease severity and was much higher in recurrent
groups [32, 33]. Malignancies other than ovarian carcinomas
are associated with elevated serum levels of CA125 as well
as several inflammatory conditions and its markers. An
immunohistochemistry study showed the presence of CA125
in all normal tissue samples and was located on apical
surfaces, ductal contents, and cytoplasmic granules, and on
the membrane in a significant number of breast carcinoma
cases [34].

Our aim of this study was to study the level of CA125 in
different types of ovarian cancer and in different grades of
breast cancers. We were intended to find out the clinical
efficiency of CA125 in early diagnosis of ovarian and breast
carcinoma.

MATERIALS AND METHODS
Ovarian and Breast Cancer Sample

The current study is a hospital based cross-sectional
study. The study was carried out with a sample size of sixty
ovarian cancers at the Department of Gynecology and
Obstetrics, Burdwan Medical College, a tertiary health care
center with a proper ethical clearance. The breast tumor
samples were obtained from the Midnapore Medical College
and Hospital and the studies were carried out in this hospital
and in the Cell and Molecular Therapeutics Laboratory,
Oriental Institute of Science and technology after the
completion of proper regulatory affairs and permission. Both
ovarian and breast tumors were suspected clinically, sent for
radiological confirmation and the blood samples were taken
for CA125 estimation. After operation ovarian specimens
were sent for histological typing and grading in the
department of pathology. Breast cancers were classified on
the basis of TNM (Tumor, Nodes and Metastases) staging.
Samples were collected and preserved at -20 °C by the
registered health professionals, clinicians and surgeons.

Inclusion and Exclusion Criteria

Blood samples included or used for CA125 assay was
collected from those patients who have been radiologically
diagnosed to have a tumor and have not received any
chemotherapy prior to blood collection (except couple of
cases of breast cancer). Patients suffering from endo-
metriosis, pelvic inflammatory diseases, tuberculosis, liver
diseases, endometrial carcinoma, pancreas carcinoma, colon
carcinoma, lung carcinoma, pregnancy, menstruation were
excluded.

Sample Processing and Cytosol Preparation

Serum was separated from the collected blood samples of
all cancer patients. A small amount of breast tumor tissues
(~150 mg) and same amount of non-tumor tissues (control)
from the surrounding regions were collected from the
corresponding patients and homogenized in ice-cold
phosphate buffered saline (pH 7.4). The homogenate was
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centrifuged at 10000 x g for 30 minutes in a cold centrifuge.
The supernatant was preserved in aliquots at -20 °C for
CA125 assay.

CA125 Assay

CA125 in the serum was measured by ELISA method.
The ELISA kit used was based on the principle of a solid
phase enzyme-linked immunosorbent assay (KIT- reference).

Absorbance was measured spectrophotometrically at 450 nm.

Histoarchitechture Studies of Cancerous Tissues

Cancerous growth in breast tissue and its surrounding tis-
sues were embedded in paraffin, serially sectioned at 5 uM
by an automated cryostat slicing machine (Leica Biosys-
tems), stained with eosin and hematoxylin (Harris), and ob-
served under a microscope (Nikon, Eclipse LV100, magnifi-
cation 20X) to study the tissue histoarchitecture.

Comet Assay

The alkaline Comet assay was performed according to
the Singh and colleagues’ method with some minor modifi-
cations [35]. A total of 75ul of low melting point agarose
(0.6%) in PBS at 37 °C was added to a 25ul of cell suspen-
sion (10° cells). The mixture was then dropped onto a micro-
scope slide precoated with 1% agarose, and a coverslip was
placed on top. After the agarose had solidified the coverslips
were removed and the slides were immersed in ice cold lysis
buffer (2.5 mM NaCl, 85 mM EDTA, 10 mM Trizma base,
1% Triton X-100, 10% DMSO and 1% sodium lauryl sar-
cosinate, adjusted to pH 10) for 1 hour at 4 °C. After lysis
the slides were washed three times in PBS at room tempera-
ture. Next, 50 ml of buffer (control) or T4 endo V (Epicen-
tre) (4 U/slide) in buffer was transferred to the slides. Cover-
slips were put on and the slides were incubated at 37-C for
45 min. The coverslips were then removed and the slides
were washed in water twice more to remove any excess salt.
Slides were then placed in a submarine gel electrophoresis
chamber (Bio-Rad, USA) filled with alkaline electrophoresis
buffer (0.3 M NaOH and 1 mM EDTA) for 25 min. Follow-
ing this incubation, electrophoresis was performed for 30
min at 25 V and the current was adjusted to 300 mA by rais-
ing the buffer level. Slides were then neutralized with PBS
and stained with a solution of 10 mg/ml ethidium bromide
for 5 min. Excess stain was removed by washing in water.
Slides were read using a fluorescence microscope (Nikon,
Eclipse LV100 POL), with the VisComet (Impuls Bildana-
lyse) software. A total of 100 comets/ slide were read for
each experiment.

Possible Interactions of CA125 with Other Proteins

STRING (Search Tool for the Retrieval of Interacting
Genes/Proteins) is a biological database and web resource of
known and predicted protein-protein interactions [36, 37].
String is a precomputed database derived from experimental
data, literature mining, analysis of coexpressed genes etc.
String applies a unique scoring method based on the differ-
ent types of associations against a common reference set and
produces a single confidence score per prediction [38]. Evi-
dence based interactive or interrelated pattern has been de-
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duced by this online software

(http://string-db.org/)

resource/analytical

Statistical Analysis

The statistical analyses were done by using the SPSS for
Windows statistical software package (SPSS Inc., Chicago,
IL, USA, 2010). Normally distributed data were tested by
Kolmogorov-Smirnov test. Baseline variables and outcome
measures are compared with the Students t’ test for continu-
ous variables and the chi-square test for categorical variables.

RESULTS

Among the 60 selected ovarian tumor patients, 49 were
in premenopausal age and 11 were in the postmenopausal
age group. Histopathological examination confirmed that 37
(61.6%) cases were benign ovarian tumor, 6 (10%) cases
were borderline ovarian tumor and 17 (28.3 %) cases were
malignant ovarian tumor.

CA125 Levels in Benign, Borderline and Malignant
Ovarian Tumor

In the present study, majority of patients with benign
tumor (35/37) 94.59% have their serum CA125 value <35
U/ml and the majority of patients with borderline &
malignant tumors (18/23) 78.2% have their serum CA125
value >35 U/ml (* = 59.837, p<0.001). Again, (7/17)
41.17% of patients with malignant tumor have their serum
CA125 value > 100 U/ml. 100% of patient with borderline
tumors have their serum CA125 value in between 35-65
U/ml (*= 12.64, p<0.001) (Fig. 1a). CA125 levels are pre-
sented in different grades of the disease (* = 16.913; p<0.01).
Irrespective to the CA125 value the distribution of patients
in different disease grade is noticed to be significant (v* =
11.12; p<0.001) (Fig. 1b).

CA125 Levels in Epithelial and Non-Epithelial Types of
Benign and Malignant Ovarian Tumors

Benign epithelial and non epithelial tumor: 94.44% of
Benign epithelial tumor had their serum CA125 values
<35U/ml, whereas 5.55% had >35U/ml but below 65U/ml.
94.73% Benign non epithelial tumor had their serum CA125
values <35U/ml, whereas only 5.2% of them had CA125
values >35 but below 65 U/ml. (Fig 1c). CA125 levels pre-
sent in a number of patients which are found to be signifi-
cantly different (* = 14.18, p<0.01) between border-
line/malignant epithelial tumor and borderline/malignant
nonepithelial tumor (Fig. 1d).

In FIGO Staging and CA 125 Levels

While considering the FIGO staging of all borderline &
malignant ovarian tumor in association with levels of serum
CA125, the study revealed (3/23), 13.04 % cases of stage |
tumor and (3/23) 13.04% cases of stage |1l tumor had their
serum CA125 level >100U/ml. And (5/23) 21.7%, (8/23)
34.7% & (2/23) 8.69 % cases of stage | had their serum
CA125 values <35 U/ml, between 35-65U/ml & between 66-
100U/ml respectively. There is no statistically significant
difference in serum CA125 level in ascending stage of any
histopathological type of ovarian tumors.



4 Medicinal Chemistry, 2017, Vol. 13, No. 00 Nazmeen et al.

| | W Halgiranl m Biecde e e - Bpras e HGiafe
Lo 1005
i L
O i
L i
g e HE
§ § oo
g am g %
el ]
bl il
L 1
e o |
w3 BHahsk 66100 w1 - BB- lIII k|
CA-128 in Wil d [A-12%n L=l
1] Bewigr hon Epticiial B Bevign Epithedis! WL 0 R e g, o Enrckes Lows | roodpriacs
Turinie U i nean egpithial e apilhel iz b
100%, 100%
Bl o |
8 Bk |
- m. m
| o i oom |
g Bl
d 401 g am |
L] e
i
159%
%
1S5 BE-100 wiga OO <I%  AR-R% BA-LD >100
CA-L3S Ia Liml CA-12%in U'mi

Fig. (1). a. CA125 levels are presented in benign, borderline and malignant ovarian tumor. This distribution pattern is found to be highly
significant (Xz =509.837, p<0.001). Irrespective to the CA125 value the distribution of patients with benign and borderline/malignant tumor is
highly significant (,*= 12.64, p<0.001).

b. CA125 levels are presented in different grades of the disease (= 16.913; p<0.01). Irrespective to the CA125 value the distribution of
patients in different disease grade is noticed to be significant (4*= 11.12; p<0.001).

c. CA125 levels are presented in epithelial and non epithelial types of benign ovarian tumors.

d. CA125 levels are presented in number of patients with borderline/malignant epithelial tumor versus borderline/malignant nonepithelial
tumor (4= 14.18, p<0.01).
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Fig. (2). a. Mean CA125 levels of histopathological types of benign tumor (multiple comparison ANOVA, F = 3.61, p<0.01).
b. Mean CA125 levels of histopathological types of borderline/ malignant tumor (multiple comparison ANOVA, F = 8.65, p<0.001).

CA125 Values in Different Histopathological Types of mucinous cystadenoma and further increased to 299.773
Ovarian Tumor U/ml in malignant mucinous cystadenocarcinoma. CA125
value in benign mature teratoma was 13.139 U/ml and was
56.145 U/ml in advanced immature teratoma. The serum
CA125 value was 26.65 U/ml in benign fibroma tumor and
22.83 U/ml in benign type of mixed epithelial tumor and was
12.22 U/ml in benign Brenner. Individuals with malignant
Yolk sac tumor had there serum CA125 values 47.15 U/ml
and malignant tumors mixed germ cell and Dysgerminoma
had CA125 values as 18.41 and 19.225 U/ml which is less
than the normal cutoff of <35 U/ml (Fig. 2a,2b).

CA125 was also measurued in different histopathological
types of Benign, borderline and malignant tumor, all the
benign types of ovarian tumor had there serum CA125
values <35 U/ml. CA125 value in benign serous cystade-
noma was 11.127 U/ml which rises to 54.075 U/ml in
borderline serous cystadenoma and was enormously high in
Malignant serous cystadenocarcinoma, 339.103 U/ml. In the
same way CA125 value in benign mucinous cystadenoma
was 27.48 U/ml which rises to 53.81 U/ml in borderline
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Fig. (3). CA125 levels are presented in 10 breast cancer patients. Serum values are compared with the control values. Though the percentage
of the differences found to be high in these groups no significant changes were noticed due to the higher inter-individual variability (a).
CA125 levels from the tumor tissues are compared with the adjacent control tissues from the corresponding tissues (b). Comparisons have
been made within CA125 levels of serum, adjacent or tumor tissues from different individuals (c).

Fig. (4). Histological studies of Ductal Breast Carcinoma of different stages grade III. The snapshot of a and c are the histoarchitecture of the
surrounding tissues of the corresponding carcinomas growth b and d respectively. A representative picture is shown.

CA125 Levels in Breast Cancer

In case of breast cancer, the average Serum CA125 levels
was 9 U/ml in control women and 31.42 U/ml in breast
cancer patients of two different grades, I1IA and 1IIB of
disease outcome (Fig. 3a). The average CA125 value was
83.5 U/ml in breast tumor tissue and 41.58 U/ml in the
corresponding surrounding tissue (Fig. 3b). CA125 levels in
the tumor tissue of stage 111B (undergone no chemotherapy)
was 136U/ml and in its corresponding surrounding tissue it
was 61U/ml, whereas the CA125 level in another 111B tumor
(undergone 2 cycles of chemotherapy) was 4U/ml and in its
corresponding surrounding it was 10.35 U/ml. CA125 levels
in the tumor tissue of stage IV (undergone several cycles of
chemotherapy) was 58U/ml and in its corresponding

surrounding tissue it was 1U/ml. The CA125 value was
96U/ml in the tumor tissue of cancer stage IIIA (no
chemotherapy) and in its corresponding surrounding tissue it
was 94U/ml (Fig. 3c).

Histopathology Outcome

Histological studies of ductal breast carcinoma of differ-
ent stages grade Il are presented. The ductal carcinoma in-
situ and the ductal carcinoma (invasive) are shown and
compared with the histoarchitecture of the corresponding
surrounding control tissues. The fibrocystic changes are
evident from the pictures. Normal duct channels, blood
vessels and lymphatic channels are disorganized in the
invasive carcinomas (Fig. 4).
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Fig. (5). Increased cellularity in grade III and grade IV ductal breast carcinoma is shown in right panel of the picture (b) & (d) with compare
to its surrounding (a) & (c). Their higher damaged state of cellular DNA explained the invasive nature of cell growth with their apoptotic

death. The unstable DNA materials are clearly visualized.
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Fig. (6). Interactive role of CA125 or MUC16 is represented. The
STRING-10, efficient protein interacting software was used to
prepare this diagram (a). The Mesothelin (MSLN, 630 aa) is an
important protein member which exerts direct influence with
CA125 which is clearly discussed in the text. Most of the other
proteins are of mucin in nature and associated with MUC16 for
cell-cell interactions (a). Brief descriptions of all interacting pro-
teins are explained in the lower panel screenshot (b) of the picture.
Neighborhood, gene-fusion, concurrence, co-expressions, experi-
ments, databases, test-mining and homology modeling were the
default option in the software to generate this interactive diagram.

Comet Assay Results

The present comet assay result reveals a higher and
unorganized cellularity in the breast tumor tissues (Fig. 5b,
5d) as compared to the respective surrounding tissue (Fig. 5a,

5c¢). Both the tumor and the surrounding tissue shows
integrated DNA, but the tumor tissue show some larger/
expanded DNA material.

Bioinformatics Results

Our present bioinformatics result suggests that CA125
interacts with several proteins as described in Fig. (5b),
showing a strongest interacting score with mesothelin
(MSLN) i.e., a combined score of 0.977 (Fig. 6a, 6b) based
on experimental and biochemical data and text mining. The
predicted specific action was a strong binding between
MSLN and CA125 (Mucl6) with a binding score of 0.800
evidenced from an in vitro experiment [42]. It concluded
that mesothelin is a novel CA125-binding protein and that
CA125 might contribute to the metastasis of ovarian cancer
to the peritoneum by initiating cell attachment to the meso-
thelial epithelium via binding to mesothelin

DISCUSSION

In our study, CA125 levels were found to be highly
elevated in cases of borderline/malignant epithelial tumors
but not in non epithelial malignant tumors, which abides by
the existing literature that its level increases in advanced
ovarian epithelial cancer [4]. The sensitivity of CA125
towards epithelial tumor indicates a correlation between
them. The level of CA125 rises as an early marker of this
disease [39]. But, eventually it causes the tumor cell to bind
to the epithelium through its strong mesothelin binding
property [20], suggesting its prominent role in the cell-cell
interaction, other than playing as a simple marker molecule.
The binding of CA125 to mesothelin is involved in cellular
adhesion [20]. The CA125 is overexpressed both at mMRNA
and protein levels in ovarian carcinoma [40], specifically in
most of the epithelial ovarian tumors where a significant
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level of mesothelin is also noticed. Whereas, the entire germ
cells exception to the teratomas were found to be
consistently negative for the mesothelin immunostaining.
The main finding of our study that CA125 is very low in
malignant germ cell tumors like dysgerminomas, mixed
germ cell tumor and yolk sack tumor and extremely high in
malignant epithelial tumors. This suggests that the parity in
the expression patterns of CA125 and mesothelin might be
mechanistically inter-dependant. Silencing of the mesothelin
gene with anti-mesothelin microRNA caused a significant
loss of viability and invasiveness of the ovarian cancer cells
[41]. Taken together, the higher expression of mesothilin and
CA125 might be specifically involved in causing epithelial
tumors to be originated followed by becoming more
pathogenic. And that is helpful for a firm establishment of a
metastasized cell to some other locations of the body [20].
The independent and highly interactive role of mesothelin
with CA125 and other mucin like proteins is clearly evident
from the protein-protein interaction data generated by the
STRING software in the present Bioinformatics study.
Where, mesothilin (MSLN) had the highest score of 0.977
(Fig. 6b) based on experimental evidence which concluded
that mesothelin is a novel CA125-binding protein and that
CA125 might contribute to the metastasis of ovarian cancer
to the peritoneum by initiating cell attachment to the meso-
thelial epithelium via binding to mesothelin [42]. The
CA125 might have a significant role in the pathogenesis of
epithelial ovarian cancer as in our study; we found a high
level of CA125 level in the epithelial malignant tumors and
very low CA125 level in non epithelial tumor though being
malignant. Evidence suggests that CA125 protects tumor
cells from the immune system by suppressing the response
of natural killer cells (NK cells) [43] reminiscent of CA125
binds to NK cells of pregnant women [44] during the normal
proliferatives phase of the human endometrium. The CA125
gene expresses highly just before the expression of the NK
cell specific genes in this tissue [45]. NK cells are well
involved in the maintenance of the pregnancy [46]
suggesting a potential immunosuppressive role of CA125
and indirect prevention of immunological rejection of the
fetus. On the other hand, prevention from rejection of a
tumor cells (extra-cellular growth with uncontrolled
proliferation) is established and finally recognized and
accepted by the physiological system. And the growth of the
new cell mass is unrecognized or overlooked by the host
immune system with the help of CA125 mediated
suppression of the NK cells and other immune competent
cells [47].

The report demonstrates that estradiol is synthesized by
the epithelial tumor tissue. In addition, 3B-Hydroxysteroid
dehydrogenase (3p-HSD) activity is localized in the stroma
of the epithelial ovarian tumors [48]. Estradiol may have a
significant role in epithelial ovarian cancer beginning from
its benign till malignant stages appear. The malignant
dysgerminomas and mixed germ cell tumors were found to
be hormonally inert in its initial stages, but the estradiol level
is elevated at the time of malignant transformation [49]. A
report infers that the estradiol signals exert malignant
transformation of immature ovarian teratoma through a non-
genomic regulations [50], suggesting estrogen being
functionally responsible for the malignant transformation of
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tumors. Hormone replacement therapy (HRT) with estradiol
showed persistently high values of CA125 which returned to
the normal level after discontinuation of the therapy [51].
This suggests that estrogen may regulate CA125. Thus, both
the ovarian epithelial tumors and non epithelial tumors were
found to have high estrogen at their malignant stages. In our
study CA125 was found to be extremely high only in
malignant epithelial ovarian tumors (Fig. 2a, 2b). This needs
further investigation for a more conclusive remark.

Ovaries give rise to germ cell, stromal and epithelial
ovarian tumors depending on the constitutive cell types. The
90% of all the ovarian cancers are epithelial ovarian
carcinoma and are derived from the celomic epithelium [52].
Epithelial tissue possesses the most efficient cell
proliferative capacity due to its stem cell like property which
may support its sensitivity for tumor generation on certain
dysregulations of its normal function [53, 54]. Cancer stem
cells, like somatic stem cells, are thought to be capable of
self-renewal or unlimited proliferation [55]. This suggests
that the self- renewal property and multi-lineage potential of
epithelial tissue could be responsible for tumor development
and differentiation of more mature epithelial ovarian cells
attributing to tumorogenesis. The elevated levels of testo-
sterone and 17B-estradiol induce neoplastic transformation in
the stem cell-generated prostatic tissues [56]. Thus, non-
reproductive function of E2 may partly relate to the stem cell
proliferation and its malignant transformation resulting in
E2-related cancers and may induce the ovarian epithelial
tissue to raise its stem cell like property and malignant
transformation. Taking into account the CA125 binding to
cell surface adhesins, mesothelin is inducing in cellular
transformation, it may be suggested that the E2-associated
epithelial stem cell transformation and tumerogenesis may
have some interdependent signaling with CA125 associated
disease pathogenesis.

The literature consistently provides evidences that
CA125 is a gold standard tumor-marker in ovarian
carcinoma [57]. A statistically significant high-risk of
ovarian cancer and breast cancer was observed in women
with elevated CA125, with poor prognosis in stage IV breast
cancers [58]. Evidence suggests that CA125 along with
vascular endothelial growth factor (VEGF), CA15-3, ER and
progesterone receptor (PR) can guide both diagnosis and
treatment for breast cancer [59]. Our findings suggest that
CA125 can be considered as a disease marker which can
detect the intermediate degree of the disease severity and is
least efficient in diagnosing the disease at its benign stage.
So, CA125 alone cannot be an ideal biomarker for all the
different cancers with such inconsistencies in its expression
in benign, borderline and malignant epithelial and non-
epithelial tumors. To increase its clinical performance, in
terms of better sensitivity and specificity in relation to the
tumors’ epithelial/non epithelial nature (germ cell tumors
and yolk sac tumors), benign/borderline/malignant stages,
CA125 may be used in combination with some other
biomolecules as early disease markers.

In our study the CA125 levels were higher in breast
tumor tissues as compared to its adjacent control tissues.
Estrogen is associated with breast cancer risk in women.
Oxidative  stress and  estrogen  receptor-associated
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proliferative changes are suggested to play important roles in
estrogen-induced breast carcinogenesis [26-28]. Studies have
targeted estrogen and estrogen metabolizing enzymes as the
therapeutic target. One of them is estrogen sulfotransferase
(EST or human SULT1E1) which can be redox regulated
[60]. It metabolizes estradiol by sulfoconjugation forming
estradiol sulfate, which is immediately excreted from the
body [61] Estradiol sulfate becomes unable to bind to
estrogen receptors and to mediate both genomic and non
genomic functions [61]. In breast cancer cases, estradiol and
CA125 may have some interdependency as in our study low
estradiol is found to be associated with low CA125 in the
adjacent normal tissue with comparison to high estradiol
level with high CA125 in the concerned tumor tissues (data
not shown). Estrogen sulfotransferase (EST) mRNA
expression in ovarian surface epithelium was found to be
higher than in epithelial ovarian cancer with abundant E1 to
E2 conversion and minimal sulfo-conjugation [62]. This
explains that EST is down-regulated in the cancerous tissue
as compared to the normal tissue and may be the cause of E2
abundance in the cancer tissue. This needs further
investigation.

Among the three different breast cancer stages in our
study it was found that CA125 was highest in the lowest
cancer stage that is IIlA gradually decreased in a case of
stage 111B, whereas, in another 111B tumor, the tumor tissue
had extremely high CA125 than that of the surrounding
tissue (Fig. 3c). CA125 can be suggested as a good marker
for disease prognosis [63, 64]. During downstaging of the
disease, CA125 levels fluctuates significantly and an
increase in CA125 levels within individuals undergoing
remission is a strong predictor of the recurrence of the cancer
[65]. Monitoring CA125 blood serum levels were found to
be useful for determining how ovarian cancer is responding
to treatment [66]. Thus, expression of CA125 in an elevated
form may frequently occur in mammary carcinoma tissues.
This tissue was strongly CA125 positive as compared to the
surrounding normal tissues which had low but still higher
than the reference range of serum CA125 levels.

In conclusion, CA125 is highly important as a disease
marker and at several stages of disease prognosis. CA125 is
conveniently predicted as a good determinant in cancer of
certain stages and types. Not only as a disease marker, has
CA125 played an important interactive role in cell-cell
interaction, adhesion and disease manifestation.
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