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ABSTRACT

Review Article

Advances in Tumour Biomarkers for
Screening, Diagnosis and Management

of Ovarian Malignancies

Ovarian cancer is one of most deadly malignancies in women, accounting for 1,52,000 deaths annually worldwide. Most ovarian
malignancies are diagnosed at advanced stages when they have already metastasised to distant sites. Many researches are still
under way to find means of detecting this malignancy at an early stage, so as to improve overall survival rates associated with it.
One such way is use of serum biomarkers, which can help to some extent in detecting these cancers at an early stage as well as
to follow-up patients during chemotherapy, after surgery and for detection of recurrent/persistent disease. Present review throws
light on some of these novel biomarkers that help in detection and follow-up of women with ovarian cancers.
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INTRODUCTION

Ovarian malignancy is seventh most commonly diagnosed and
most lethal of all gynaecological cancers among women worldwide,
accounting for an estimated 2,39,000 new cases and around
1,562,000 deaths annually [1-3]. The incidence of ovarian cancer
varies according to geographic regions with maximum cases in
developed countries, including North America and Central and
Eastern Europe (>8 per 1,00,000 cases), intermediate in South
America (5.8 per 1,00,000 cases) and lowest number in Asia and
Africa (<3 per 1,00,000 cases) [1,4-6].

In India, ovarian cancer is the third leading gynaecological cancer,
after cervical and breast cancers [7]. The incidence rate in India,
during 2001-2006, ranges between 0.9-8.4 per 1,00,000, cases.
However, it has been observed that there is a steady increase in
age standardised prevalence rate of ovarian cancer by around 3%
per year in different state registries [8,9]. Also, it was observed that
the incidence increasis sharply from 35 years of age and reaches a
peak at around 55-64 years [8,10].

Most of the ovarian cancers usually present at an advanced stage
when overall five year survival rate is only 29%. Very few cases
(15%) are diagnosed at an early stage with localised tumour (stage
1), when five year survival rate can be as high as 92% [11]. Despite
of various screening methods available till date, the overall five
year relative survival rate ranges between 30-40% worldwide with
only a very small increase of 2-4% in survival rates since 1995 [1].
Moreover, a woman’s lifetime risk of having ovarian cancer is around
11in 75, and her risk of dying due to disease is 1 in 100 indicating
a large burden of disease and deaths due to it. One of the major
issues why ovarian malignancies are diagnosed at a late stage is
lack of specific symptoms and effective screening or diagnostic
techniques [11-13]. Ovarian cancer usually remains asymptomatic
in its early stages; patients present at an advanced stage with
abdominal distension or mass, gastrointestinal symptoms like
dyspepsia, bloating, loss of appetite and symptoms related to
tumour metastasis [13]. Around 60-70% of women with ovarian
cancer at the time of diagnosis are already in Stage llI-IV or with
abdominal metastasis, resulting in a poor five year survival rate
and less than 25% are at Stage |, when the disease is localised to
ovaries itself [13-15].
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Furthermore, if ovarian cancer is diagnosed at an early stage (Stage
I) the overall five year survival rate can be as high as >90% and
most of these women can be cured by surgery alone [16]. Hence,
early diagnosis of ovarian cancer is most important for improving
the five year survival rate of women suffering from this dreadful
condition [13]. This can be achieved to some extent by use of
specific and sensitive ovarian tumour biomarkers. Studies are still
underway for development of such biomarkers that can help in
detection of ovarian cancers at an early stage. The present review
discusses some of the serum biomarker which can help in early
detection of ovarian cancer, either alone or in combination for better
management and to decrease the overall morbidity and mortality
associated with this disease. Recent literature related to ovarian
malignancy and its detection using biomarkers was searched from
several english journals, peer-reviewed articles on Pubmed, google
scholar, MEDLINE and various governmental agencies till 2017.

Serum Tumour Markers

Cancer antigen (CA)-125: The CA-125 was the first circulating
biomarker for ovarian cancer and its recognition in 1981, initiated
the research for other biomarkers for ovarian carcinoma [17,18].
Till date, it is one of the most extensively studied biomarker for
early detection of ovarian malignancy, and is valuable for both early
detection and monitoring of disease after surgery or chemotherapy
[18,19]. It is @ membrane bound protein found on the surface of
cells that go through metaplastic changes into a mdillerian type
epithelium, or is released in soluble form in body fluids [18,20].

The exact role of CA-125 in body remains poorly understood. The
unusual features of oligosaccharides linked to CA-125 may play role
in cell mediated immune response [18,21]. It was observed that
CA-125 decreases the complement lysis of antibody sensitised
cells [18,22]. Also, the bisecting type biantennary oligosaccharides
attached to CA-125 can cause inhibition of cytotoxic responses
of human Natural Killer (NK) cells and this inhibition is directly
proportional to severe reduction in CD16 (FcyRIll) expression on cell
surface of NK cells [18,23,24].

Furthermore, it was found by various studies that CA-125 also binds
to mesothelin, which is a 40 kDa protein present over the surface
of cancer cells of ovaries, lungs and pancreas and also on normal
mesothelial cells [18,25,26]. This interaction promotes attachment of
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tumour cells expressing CA-125 to the peritoneal lining expressing
mesothelin, thereby explaining their role in peritoneal deposits seen
in women with ovarian malignancy [18,27,28].

Despite of all this, CA-125 is still the only best proven biomarker
to detect ovarian cancer at an early stage even before onset of
clinical symptoms [13-15,29]. Its levels are detected using double
determinant Enzyme Linked Immunosorbant Assay (ELISA) tests
that detects two monoclonal antibodies (Anti-CA-125) directed
against the epitope groups M11 and OC125 [18,30].

Haptoglobin: Haptoglobin is an acute phase tetrameric
glycoprotein with two a and 3 dimers. The B-chains are identical
in all haptoglobin molecules, while differences in a-chains result
in polymorphisms of haptoglobin [31]. The main phenotypes are:
haptoglobin 1-1, haptoglobin 2-2, and heterozygous haptoglobin
2-1 [32]. Haptoglobin is mainly associated with regulation of
immune response and is one of the most abundant glycoproteins
secreted by liver. Elevated levels are usually observed in infections,
inflammation, and in various malignancies, like lung and bladder
cancers, leukaemias, breast cancers, malignant lymphoma,
urogenital tumours, and oesophageal Squamous Cell Carcinoma
(SCC) [32-38].

Furthermore, the serum and ascitic fluid haptoglobin levels are
significantly higher in patients with advanced epithelial ovarian
cancer with overall poor survival [31,32,39]. Six different isoforms
of haptoglobin-1 were observed in the serum of women with
epithelial cell ovarian cancer, and these were found at very high
concentrations in early stages, suggesting that haptoglobin-1 can
be used as biomarker for early diagnosis of epithelial cell ovarian
cancer [32]. Hence, the preoperative levels of haptoglobin can
serve as an independent prognostic factor in women with epithelial
cell ovarian cancers [31] and also helps in monitoring response to
treatment, similar to CA-125 [32].

Osteopontin: Osteopontin (OPN) is an extracellular matrix
glycoprotein that plays as important role in various cellular
processes, like wound healing, inflammation, immune mechanism
and tumourigenesis [40,41]. Its levels are usually overexpressed in
women with ovarian cancer. In addition to this, it is also elevated
in other human malignancies like malignant pleural mesothelioma,
hepatocellular carcinoma and breast cancer [41-43]. Its use in
diagnosis and assessing the prognosis of ovarian cancer has been
studied most intensively by two recently published meta analysis,
which revealed that serum OPN levels were significantly increased
in women with ovarian cancers, indicating its potential role as
biomarker for ovarian cancer [41,44].

Furthermore, it was observed that overall diagnostic sensitivity and
specificity of OPN for ovarian cancer was 0.66 (95% ClI, 0.51-0.78)
and 0.88 (95% ClI, 0.78-0.93), respectively [41]. Various studies
have shown that the levels of OPN were significantly higher in
women with advanced International Federation of Gynaecology
and Obstetrics (FIGO) stages of ovarian cancer, indicating high
diagnostic sensitivity of OPN for advanced ovarian cancers [45].

Hence, higher levels of OPN are usually associated with overall poor
prognosis. Also, the disease free survival of patients is inversely
related to OPN levels in various cancers [46,47]. There is a strong
correlation between high OPN levels in tumour (82%) and plasma
(100%) measurements and decreased mean survival time, indicating
its role in patient stratification. Hence, in addition to a prognostic
marker for survival, OPN is also a marker for grade, stage, and early
progression of disease [46].

Human Kallikreins: Kallikreins (hK) are group of 15 trypsin
and chymotrypsin like secreted serine proteases, encoded by
contiguous cluster of 15 structurally similar genes localised on
chromosome 19qg13.4 [48,49]. Several members of hK were found
to be associated with ovarian cancers, of which hK6 and 10 are
mainly elevated in cancer cells, serum and ascitic fluid of women
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with ovarian cancer and correlate best with disease prognosis. Other
hK that may be related to ovarian cancer include hK4, 5, 7, 8, 9, 11,
18, 14 and 15 [50]. The most studied of all hK is hK3 also known
as prostate specific antigen, and it is also the best known cancer
biomarker for early diagnosis and management of several cancer
types including prostate and ovarian carcinoma [49,51]. Various
studies have shown that till now, 12hK genes were significantly up
regulated in women with ovarian cancer, resulting in high hK protein
levels in the tumour cells, ascitic fluid, and/or serum of these patients.
Furthermore, it was found that this overexpression of hKs in ovarian
cancer was also linked with patient prognosis [48,49]. According
to a recent meta-analysis of 10 studies, hK acts as a mediator of
tumourigenesis and it was found that positive hK expression was
significantly associated with worse overall survival and progression
free survival in women with ovarian malignancy [52]. The hK7 has
recently been included as a part of ovarian cancer prognostic profile
signature [53]. Also, the raised serum levels of hK5, hK6, hK8, hK10,
hK11, and hK14 may help in the early diagnosis and management
of women with ovarian malignancy [54-59].

Studies have shown that levels of human hK13 were raised in 50%
of women with ovarian malignancy as compared to low levels in
women with normal or benign ovarian tissue. Also, it was observed
that levels of hK13 was associated with early stage disease, no
residual tumour, and optimal debulking. Hence, hKs can act as
an independent predictor for favourable outcome in women with
ovarian cancers [60].

Bikunins: Bikunin is a heavily glycosylated, Kunitz type protease
inhibitor, mainly found in human amniotic fluid. It is synthesised by
liver cells and excreted in urine [61]. The exact function of bikunin
is not clear, but is known to mediate suppression of tumour cell
invasion and metastasis. This was evidenced by administration of
bikunin in cancers, where it blocked tumour cell invasion by directly
inhibiting tumour cell associated plasmin activity as well as by
inhibiting urokinase type Plasminogen Activator (UPA) expression at
gene and protein levels [62]. Furthermore, it was observed that there
is a direct correlation between raised bikunin levels and decreased
metastatic potential of primary tumour biopsies. Hence, low bikunin
mMRNA expression was associated with poor overall prognosis
in women with ovarian cancer and this is independent of age at
surgery, stage, size, histology, degree of differentiation of tumour
and plasma CA-125 levels [63,64].

Therefore, preoperative plasma bikunin concentration may be used
as a strong and independent favourable prognostic marker for
screening of patients with ovarian cancers [63].

Human epididymis protein 4: Human epididymis protein 4
(HE4), was first discovered by Kirchhoff C et al., [65]. It belongs to
“whey-acidic four disulfide core” family of proteins, which functions
as proteinase inhibitors that decreasis the activity of serine proteases
PRSS35 and PRSS23, responsible for degrading type | collagen that
accumulates in kidney fibrosis [66,67]. The gene for HE4 known as
WFDC2 is located on chromosome 20q12-13.1 [67,68].

Normally, HE4 is expressed over glandular epithelium of breast,
female genital tract, epididymis, vas deferens, distal renal tubules,
respiratory epithelium, colonic mucosa, and salivary glands,
whereas, among different tumour sites, the maximum levels were
observed in ovarian cancers followed by lung adenocarcinoma
and lowest in breast, gastric, transitional cell, and pancreatic
carcinomas [66,69,70]. Recent studies have shown that the highest
levels of HE4 were found in ovarian cancer in women and in lung
cancer in men [66,71]. Furthermore, it was found that HE4 plays an
important role in migration and adhesion of ovarian tumour cells.
Various in vitro studies have shown that knockdown of HE4 results
in inhibition of tumour growth [66,72]. It was in 2003, when HE4 for
the first time was identified as a potential secreted tumour marker
due to its overexpression in ovarian cancer tissue as compared
to normal ovarian tissue and other carcinomas [66,73,74]. Raised
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levels of HE4 correlates with the aggressiveness of ovarian cancer,
overall poor prognosis and survival [66,75]. Also, the higher levels
were found to be associated with increase in FIGO stage, grade of
tumour, preoperative CA-125 levels, and residual tumour as well as
platinum resistance [66,75,76].

A recently FDA approved algorithm known as Risk Of Malignancy
Algorithm (ROMA) combines CA-125-HE4 marker panel in
menopausal women for differentiating malignant from benign ovarian
masses [66,77]. It was found that ROMA has a better diagnostic
ability than CA-125 alone, with a sensitivity and specificity of 78.9%
and 85.9% respectively. Also, it was observed that HE4 is better
than CA-125 in detecting borderline tumours, early stage ovarian
and tubal cancers, and in predicting recurrent epithelial ovarian
cancers even when it is used alone [66,78,79]. Hence, HE4 may
prove to have better sensitivity and specificity in detection of ovarian
cancers as compared with CA-125 [73,80,81].

Vascular endothelial growth factor: Vascular Endothelial
Growth Factor (VEGF) is a 45 kDa heparin binding homodimeric
glycoprotein that plays an important role in physiological and
pathological angiogenesis [82,83]. It is a family of cytokines that
includes VEGF-A, VEGF-B, VEGF-C, VEGF-D, Placenta Growth
Factor (PIGF), VEGF-E, and VEGF-F (snake venom VEGFs)
[84]. It plays an important role in angiogenesis, haematopoiesis,
haemodynamics, and vascular homeostasis. It acts as an endothelial
cell mitogen, thereby promoting vascular endothelial cells regrowth
during physiological and tumour angiogenesis [85]. VEGF is
important for normal functioning of ovaries, as ovary is different from
other endocrine organs of body in that it undergoes repetitive cycles
of angiogenesis within its various glandular compartments [82,86].
High intrafollicular levels of VEGF were observed during the initial
part of ovulatory cycle, with peak concentrations occurring before
onset of luteal phase [82,87]. Furthermore, ovarian malignancies are
highly vascularised tumours and this vascularisation is dependent
on VEGF mediated angiogenesis [88]. Also, VEGF is implicated in
various other ovarian pathologies [82,89].

Since, VEGF mediates a crucial, early event of tumour angiogenesis,
its overexpression is associated with greater tumour growth,
aggression, as well as poor overall survival [90,91]. Moreover, it was
observed that overexpression of VEGF can result in transformation
of normal, functional ovarian tissue into ascites producing,
malignant tissue through an autocrine loop [82,88,92,93]. Hence,
overexpression of intratumoural VEGF in women with ovarian cancer
correlates with poor prognosis, enhanced disease progression,
poor overall survival and as a biomarker of response to platinum
based chemotherapy [82,92,94-97].

The VEGF can therefore act as a serological biomarker for diagnosis
and prediction of prognosis in women with ovarian cancer [82,98].
Recent studies have shown that women with ovarian tumours
positive for VEGF and Cyclooxygenase 2 (COX 2) staining have
decreased overall survival and may get benefit from antiangiogenesis
targeted therapy [99].

Mesothelin: Mesothelin is a 40 kDa glycosylphosphatidylinositol
linked protein expressed over the surface of normal peritoneal,
pleural, and pericardial mesothelial cells, but is also highly expressed
in mesothelioma and other human malignancies like ovarian,
pancreatic and some SCCs [100,101]. It is encoded by mesothelin
gene as a 69 kDa precursor protein with hydrophobic sequence
at the carboxyl end that is replaced by phosphatidylinositol. This
glycosylphosphatidylinositol linkage helps in anchoring mesothelin to
cell membrane [102,103]. Mesothelin is produced in three isoforms
that enter the circulation, either through shedding of membrane
bound portion (variants 1 and 2) or by a frameshift mutation
(variant 3). Of all these variants, variant 1 is principally expressed
and released from membrane [100,103]. The exact function of
mesothelin is not clear, but it has been observed that it binds to
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CA-125, thereby facilitating cellular adhesion and signaling [104]. In
this manner, it may play an important role in tumour adhesion and
metastasis [101,105].

It is overexpressed in ovarian cancer tissues and a soluble form
can be easily detected in blood of women suffering from ovarian
malignancy. Elevated levels are found in 40-67 % of such women with
ovarian cancer [101,106]. Also, the overexpression is associated
with a poor overall outcome [102]. Hence, it can act as an important
biomarker for diagnosis and assessing the prognosis of women with
ovarian cancer.

B7-H4: B7-H4 or B7x or B7S1, belongs to B7 family which is
normally expressed over surface of activated antigen presenting
cells [107]. It was first recognised in 2003, and its action is mediated
through an unidentified CD28 family receptor present over activated
T cells and activation of this B7-H4 pathway is responsible for
inhibition of T cell mediated immune response [108,109]. It was
also observed that B7-H4 plays an important role in regulation of
T cell mediated immune response by inhibiting T cell proliferation,
cytokine secretion, and development of cytotoxicity [108].

Of B7 family, B7-H1 {also known as Programmed Death-1-Ligand
1 (PD-L1)} and B7-H4, are most important costimulatory molecules
responsible for T cell activation [110]. Moreover, various recent
studies have observed that they may also act as negative regulatory
factors in antitumour immune response of the body [110-112]. It was
found that B7-H4 is highly expressed in various human tumours,
including breast, ovarian, lung, pancreatic, gastric and urothelial
cell carcinoma [108,113-118]. Also, high levels of B7 especially B7-
H1 and B7-H4 in tumour cells of these malignancies are closely
associated with disease progression and prognosis [108,110,119].

Furthermore, the levels of B7-H4 were very low in normal ovaries
and in benign tumours whereas 50% of early stage and 66% of late
stage cancers have overexpression of B7-H4 [120]. Also, it was
found that women with high coinciding levels of B7-H1 and B7-
H4 had poor survival, and increased risk of relapse. Hence, over
expression of B7-H1 and B7-H4 in tumour tissues can be used as
a tumour marker with negative prognostic effect for epithelial cell
ovarian cancer and can prove as a potential immunotherapeutic
target for these patients [110].

Lysophosphatidic acid: Lysophosphatidic Acid (LPA) is a small
bioactive phospholipid detected in ascitic fluid and blood of women
with ovarian cancer [121]. The LPA causes stimulation of G protein
coupled receptors of endothelial differentiation gene family resulting
in cell proliferation, cell migration, cell survival, platelet aggregation,
smooth muscle cell contraction, wound healing and alteration in
morphology and differentiation of cells [121,122]. This LPA mediated
pathway is significantly linked with tumour growth and metastasis
in various human cancers. LPA is generated from lysophospholipids
present in serum and plasma, and from phosphatidic acid in platelets
and cancer cells [123]. Also, the ovarian tumour cells are a major
source of LPA and Autotaxin (ATX) [124]. Hence, the plasma levels
of LPA are robustly associated with presence of ovarian tumours
and the levels are significantly higher in women with ovarian cancers
as compared to those with benign ovarian lesions [121,125].

Furthermore, various studies have found that the increased LPA levels
are also associated with increased expression of other important
metastasis promoters necessary for ovarian cancer progression
[121,126]. Also, higher the plasma LPA levels; more is the FIGO
staging of ovarian cancer. This is not affected by histological subtype
and grade of ovarian cancer. Hence, the plasma LPA levels can
prove as a useful marker for detection of ovarian cancer, especially
in its early stages [125].

Human serine protease prostasin (PRSS8): Human
prostasin also known as channel activating protease 1, a 40 KDa
trypsin like proteinase, is a glycosyl phosphatidyl inositol anchored
extracellular serine protease encoded by PRSS8 gene, located on
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chromosome 16p11.2. It is normally expressed over epithelial cells
and ducts of prostate glands and was first isolated from seminal
fluid [127]. Being a channel activating protease, it is present in
all those tissues that absorb sodium and acts as a proteolytic
activator of epithelial sodium channel and helps in regulating
sodium balance, thus playing an important role in regulating blood
pressure [127-130].

Many human cancers show unusual expression of prostasin like
urinary bladder, uterine, prostate, gastric and ovarian cancers [131].
Furthermore, it was observed that prostasin initiates cleavage
of extracellular domain of epidermal growth factor on epithelial
cells, resulting in continuous phosphorylation of receptor, thereby
triggering metastasis of tumour. Hence, the levels of prostasin were
found to be significantly higher in patients with advanced stage
ovarian cancer. The levels were 120-410 times higher in advanced
stage ovarian cancer patients as compared to normal ones
[127,132]. Though, the prostasin is overexpressed in all stages of
ovarian cancer, but levels change considerably from early to late
stages. Peak levels were usually found at stage Il and lll and then
decreasis sharply at stage IV (level being still slightly higher than in
normal tissue) [130,133]. Moreover, prostatin is usually not present
in normal ovarian tissues, but is upregulated from the very beginning
of the disease. As there is overexpression of prostatin in the ovarian
tissues from early stages and low grades, it can thus be used as a
complementary biomarker to CA-125 for early detection of ovarian
cancer [127,130,132].

Macrophage colony stimulating factor: Macrophage-Colony
Stimulating Factor (M-CSF) also known as a Colony Stimulating
Factor 1 (CSF-1) is a cytokine that regulates growth, stimulates
proliferation and differentiation of phagocytic cells including
neutrophils or macrophages [134]. Furthermore, it is also known
to play a major role in pathogenesis of various human cancers,
including breast, lung, pancreatic, cervical, and ovarian cancers
[135-140]. Moreover, it was found that M-CSF and its receptor
gene, c-fms, were overexpressed in various gynaecological
malignancies, and this coexpression might be involved in
progression of disease to metastatic state, and is usually associated
with overall poor prognosis [140-142]. Furthermore, M-CSF is a
potent chemoattractant for monocytes, which produces factors like
Interleukin-1 (IL-1), Interleukin-6 (IL-6) and Tumour Necrosis Factor
(TNF) that causes increased proliferation of ovarian tumour cells.
The clinical specimens from parient with metastatic ovarian cancer
reveal strong immunostaining for both M-CSF and its receptor as
compared to those with noninvasive borderline tumours or benign
ovarian tissue [135,141,142]. Hence, M-CSF can be used to
assess progress of disease and overall prognosis of patients with
ovarian cancers.

OVA1: OVA 1 is a five protein biomarker panel approved by FDA
in 2009 [143,144]. It utilises a combination of five biomarkers; CA-
125-l, apolipoprotein A1, transthyretin, beta-2 microglobulin, and
transferrin identified through serum proteomics [144,145]. Two
of these biomarkers (CA-125 I, B-microglobulin) are upregulated
and three are downregulated (apolipoprotein A1, prealbumin,
transferring) in women with ovarian cancers. Serum levels of these
biomarkers are compiled using a computer program giving a final
score of O to10. The values >5.0 in premenopausal and >4.4 in
postmenopausal women are considered high risk groups [146].
Recent multicenter study has shown high sensitivity and specificity
of OVAT1 test in diagnosis of ovarian cancer of 96% (91% in FIGO I/
Il) and 51% respectively.

Recently, in 2016, the FDA cleared another new generation OVA1
test known as Overa® that essentially combines two multivariate
index assay tests and has a high diagnostic sensitivity with
improved specificity [147]. The biomarkers included in this test are
CA-125-II, HE4, apolipoprotein A-1, follicle stimulating hormone,
and transferring [144].
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CONCLUSION

The main aim of using tumour biomarkers is to diagnose ovarian
cancers at an early stage, so as to reduce the overall burden of
morbidity and mortality associated with this disease. Although, none
of the biomarkers are perfect in diagnosing ovarian cancer at an early
stage. With the search of newer biomarkers, we can expect in future
that ovarian malignancies can be diagnosed at as earlier stage.
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