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ABSTRACT: Between all of the gynecological cancers, ovarian cancer (OvCa)
shows high clinical challenge because it is difficult to be detected in early
stage and it has the highest mortality proportional to the other gynecologic
malignancies. Despite medical advances and the development of diagnostic
tools such as biomarkers and detection techniques, OvCa remains a fatal
cancer with high progression. There are different types of OvCa based on
histological classification; Epithelial Ovarian Cancer (EOC) is the most
common, whereas, stromal and germ cell tumors are of lower abundance.
EOC is identified in over 80% of women at late-stage with complications
include the spread of tumor implants throughout the peritoneal cavity. Early
diagnosis of OvCa is helpful in the treatment and promotion of survival
rate. Such diagnostic medical methods and biomarkers include vaginal and
pelvic examination, diagnostic imaging, serum CA125, and screening tests

or a combination used in medical centers, however, it is necessary to find
new biomarkers with long-term stability and high specificity and sensitivity to
detect OvCa in early stages of disease. This review presents novel and robust
biomarkers and methods for detecting OvCa.

Key Words: Ovarian Cancer; Serum and genetic Biomarkers; Early diagnosis
ABBREVIATION

OvCa: Ovarian Cancer; EOC: Epithelial Ovarian Cancer; BRCA:
Breast Cancer Gene; MAPK: Mitogen Activated Protein Kinase; PI3K:
Phosphatidylinositide 3-kinase; CA125: Carbohydrate Antigen 125; ERK:
Extracellular Signal Regulated Kinase; MMPs: Matrix Metallopeptidases;
HE4: Human Epididymis Protein 4; FDA: Food and Drug Administration;
EGFR: Epidermal Growth Factor Receptor; ROMA: Risk of Malignancy
Algorithm; ApoAl: Apolipoprotein Al; KLKs: Kallikrein related Peptidases;
VCAM-1: Vascular Cell Adhesion Molecules 1; miRNAs: MicroRNAs.

Ovarian cancer is the fifth frequency occurring cancer among women and
the leading cause of death among gynecological cancers. The risk factors
that are specific to OvCa are positive familial history (transfer of mutant genes
can increase the chance of OvCa in succeeding generations) [1], age and
menopause [2], breast cancer; women with breast cancer are likely to develop
to OvCa because mutant genes such as breast cancer genes 1 and 2 (BRCA1
and BRCA2) are common in this type of cancer [3,4]. Other OvCa risk factors
include obesity [5], diet (mainly meats and saturated fats), hormone therapy
and some inflammatory diseases such as endometrioses [6]. On the basis of
histological classification there are different types of OvCa, EOC is the most
common whereas stromal and germ cell tumors are of lower abundance [7].
Epithelial tumors in OvCa classified to two types: type 1, with mutations in genes
such as PTEN, KRAS and BRAF [8] which ultimately increase the expression of
Mitogen-Activated Protein Kinase (MAPK) and phosphatidylinositide 3-kinase
(PI3K) signaling pathways which lead to proliferation and metastasis of OvCa
cells, and type 2 which involves mutations in P53 [9]. EOC is diagnosed in more
than 80% of women at a latesstage, during which spread of tumor implants
throughout the peritoneal cavity is observed [10]. In 2012 approximately 15.500
deaths occurred because of OvCa in the US [11]. The metastasis of OvCa cells
through the vasculature is unusual and more metastases occur in serosal such
as the peritoneum [12]. In this review, we introduce screening algorithms for
serum and genetic biomarkers that can be used to diagnose OvCa in its early
stages. Some of the biomarkers are still under investigation and have not been
implemented for clinical use. Information about OvCa in the human within
the past 10 years was obtained from the PubMed and Scopus databases, and
the gynecological text books.

APPROACHES FOR DIAGNOSING OVCA

The early diagnosis of OvCa and corresponding efforts from the medical
community in this regard are important in increasing patient survival
and reducing treatment costs. Diagnostic imaging technologies, such as
ultrasonography, and the use of biomarkers and screening tests are the
available methods for detecting OvCa.

Vaginal and pelvic examinations

Patients with vaginal or pelvic masses are tested by one or two doctors of
registrar grade. An abnormal examination is defined as a palpable pelvic mass
of any size that can be clinically distinct from the uterus and gastrointestinal
tract. The problem with pelvic examinations is that they are not useful in the
distinction of early or premalignant lesions from a normal ovary. Evidence

showed that the sensitivity and specificity of detecting a pelvic mass on the
basis of a pelvic exam alone are about 40% and 90%, respectivelym [13,14].

Diagnostic imaging

Transvaginal ultrasonography, sonography and color Doppler are the most
frequently adopted approach techniques for detecting and assessing OvCa
and tumor vascularity. Given the limited sensitivity and specificity of these
methods, however, they are usually implemented in combination, along with
tumor markers and screening tests [15,16].

Serum biomarkers
CA125

CA125 (carbohydrate antigen 125 or MUCI16) is a high-molecular-weight
glycoprotein found on the surface of epithelial cells. It is overexpressed in
EOC and is a widely used serum biomarker for the monitoring of patients
with OvCa. The expression of CA125 is usually low in normal ovaries, but a
proteolytic site presented in the structure of CA125 is believed to cause the
formation of high invasive characteristics of OvCa cells [17]. The interaction
of CA125 with mesothelin on the surface of mesothelial cells mediates
cell adhesion. Therefore, it is proposed that CA125 may contribute to the
metastasis of ovarian cancer [18]. Two of the most important features of OvCa
are invasion and metastasis. Expression of PI3K/AKT and Extracellular
Signal-Regulated Kinase (ERK) signaling pathways are stimulated by
overexpression of CA125 in OvCa. Consequently cause enhances the
expression of Matrix Metallopeptidases (MMPs). MMPs, a family of more
than 20 zinc-dependent enzymes, are known to degrade the extracellular
matrix and basement membrane components [19]. MMPs are not only a
critical component of cancer development but also play important roles in
cancer cell invasion and metastasis. They are correlated with OvCa, with
patients exhibiting elevated levels of MMP-2, MMP-7, and MMP-9 [20,21].
CAI125 is measured in serum, values higher than 35 U/mL is significant
levels that indicate the need for follow-up; an important consideration, is
that serum CA125 levels also increase in some physiological conditions such
as pregnancy, and certain diseases such as uterine fibroids, endometriosis,
and pelvic inflammation [22]. The use of CA125 as a biomarker results in
a 47% likelihood of detecting OvCa in its early stage and a likelihood of
80%-90% in late stages. The sensitivity of CA125 is about 50%-60%, and
its specificity is about 90% [23]. Because of the low sensitivity of a CA125
test, physicians usually request its combination with other biomarkers. The
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Figure 1) Signaling pathways which affected by overexpression of HE4 in cells
of OuC.

most commonly used supplement to CA125 is human epididymis protein 4

(HE4) [24].
HE4

HE4 is coded by the WFD2 gene, with a molecular weight of 25 kDa. It
belongs to a “four-disulfide core” family that contains various groups of small
acid- and heatstable proteins with different functions. It circulates in the
bloodstream and can be detected via enzyme immunoassay [25]. Research
suggested that HE4 functions as a protease inhibitor similar to other whey
proteins, such as elafin and secretory leukocyte protease inhibitor [26,27]. In
2009, the Food and Drug Administration (FDA) approved the use of HE4 for
monitoring of women to diagnose EOC. Scientists demonstrated that HE4
is overexpressed in EOC but not in other types of OvCa [28]. The detection
of serum HE4 levels is always requested by physicians to be combined with
the use of CA125 for the early detection of OvCa, because CA125 alone
might be elevated in certain benign lesions and other diseases. HE4-based
early OvCa detection presents a sensitivity of about 90% and a specificity of
72.9%; the combination of HE4 and CA125 can distinguish between benign
and malignant conditions and improve the early detection of cancer [29].
The overexpression of HE4 in OvCa cells can irritate the Epidermal Growth
Factor Receptor (EGFR) and MAPK signaling pathway and induce tumor
cell adhesion, migration, and growth [30] (Figure 1). The reference range of
serum HE4 in normal conditions is less than 140 pmol/L. Serum HE4 levels
also increase with pregnancy, aging, and menopausal status.

Risk of Ovarian Malignancy Algorithm (ROMA)

The Risk Of Malignancy Algorithm (ROMA), which was approved by
the FDA in 2011, is used to measure CA125 and HE4 simultaneously
(with menopausal status) for the detection of epithelial OvCa in women
presenting with pelvic masses. The sensitivity and specificity of ROMA are
higher than those of CA125 alone (i.e., 90.7% and 93.1%, respectively). In
premenopausal women, a ROMA score >1.31 reflects a high risk of ovarian
malignancy, but in postmenopausal women, such risk is reflected by a

ROMA score >2.71 [31,32].

OVALI screening test

In OVAL screening, which was approved by the FDA in 2009, a woman
presenting with a pelvic mass is tested for the presence of several
biomarkers in the blood, including CA125, apolipoprotein Al (ApoAl),
B2 microglobulin, and transferrin and transtertin. The patient obtains
a score ranging from O to 10. The sensitivity of OVAI screening is 93%
[33,34]. An OVAL test is intended as an aid to the further assessment of
the probability that malignancy is present when a physician’s independent
clinical and radiological evaluation does not show malignancy. It can be used
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Figure 2) Attachment between CAI25 and mesothelin mediate peritoneal
metastasis of OvCa.

by a patient’s primary physician to decide on whether the patient should be
referred to a gynecologist or a gynecologic oncologist.

Mesothelin

Mesothelin is a glycoprotein with a molecular weight of 40 kDa and is
expressed on the surface of mesothelial cells. Serum and urine levels
of mesothelin can be elevated in some cancers, such as mesothelioma,
ovarian cancer, and pancreatic cancer [35,36]. Studies demonstrated that
CA125 and mesothelin on the surface of cancer cells can interact with each
other and mediate cell attachment. Such interaction facilitates peritoneal
metastasis in OvCa [6,19,20] (Figure 2). The overexpression of mesothelin
in mesothelioma n OvCa influences the MAPK, PI3K, and NFIB (nuclear
factor kappa-light-chain-enhancer of activated B cells) pathways, in which
changes can inhibit apoptosis and cause cell proliferation in cancer cells [37]
(Figure 3). Mesothelin alone has a 60% sensitivity and a 98% specificity in
cancer detection, but in combination with CA125, improved OvCa detection
is achieved [38]. The measurement of mesothelin in urine is more effective
than performing a serum assay; urine assays exhibit 95% specificity in early-
stage detection for OvCa patients [39]. Some factors, such as age, smoking,
and body mass index, affect mesothelin expression levels [40]. Mesothelin in
serum and urine can be measured by Enzyme Linked Immunosorbent Assay

(ELISA).
Kallikrein-related peptidases (KLKs)

Kallikreins are a group of serine proteases with proteolytic functions
(molecular weight=30 kDa) that play different roles in the human body. A
cluster of genes located on chromosome 19q13 encode 15 related serine
proteases. This is the largest contiguous cluster of proteases within the human
genome. The cleavage of propeptide is needed to activate mature proteins
[41,42]. Research on SKOV3 EOC cell lines indicated that some kallikreins,
such as KLK4, KLK7, and KLK®6, are overexpressed and play certain roles
in OvCa, including extracellular matrix cleavage, peritoneal invasion, cell
shedding, spheroid formation, and chemoresistance [43,44] (Figure 4). KLKs
exhibit low sensitivity in the early detection of OvCa, but a 90% specificity
and a 72% sensitivity have been reported for KLK combination with CA125
[42]. Serum levels more than 4.4 mg/L indicate poor prognosis in patients
[45]. KLKs are measured in serum through ELISA.

Osteopontin (OPN)

OPN is an adhesive glycoprotein synthesized by vascular endothelial cells
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Figure 3) Effects of overexpression mesothelin in cell survival and proliferation
of cancer cells.
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Figure 4) Different functions of overexpressed kallikreins in extension of OuvCa.
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and osteoblasts. Its function is related to bone remodeling and immunity.
OPN was first identified in bones, but immune cells can also express this
protein [46]. Through the Arg-Gly-Asp (RGD) domain, OPN can bind to
avp3 integrin and fibronectin and advance cell survival and the migration
of cancerous cells. OPN has a sensitivity of 83.3% in the detection of OvCa,
and this sensitivity improves when the protein is combined with CA125 [47].
Its specificity is low, but Mor et al. demonstrated that blood tests based on
four analytes, namely, leptin, prolactin, OPN, and insulin-like growth factor-
II, can distinguish between diseasefree and cancerous patients, including
those diagnosed with stages I and II disease [48].

ApoAl

ApoAl is part of the family of high-density lipoproteins. Reduced ApoAl
concentrations are related to OvCa. Decreased ApoAl levels were previously
reported in the serum of patients with OvCa, but the mechanism through
which this effect occurs is unclear. Researchers suggested that such reduction
is linked to damage in cellular biomembranes, thus resulting in lipid
peroxidation. ApoAl can serve as a biomarker for the detection of early-
stage OvCa; combined with CA125, it presents a sensitivity of 93.9% and a
specificity of 95% [49,50].

Vascular cell adhesion molecules 1 (VCAM-1)

VCAM-1 is a receptor found on the surface of endothelial and mesothelial
cells. It regulates attachments in leukocyte and extravasations of immune
cells at inflammation sites and is overexpressed in the mesothelium layer
of the ovaries in women with OvCa (in comparison with healthy women).
VCAM:-1 can stimulate cancerous OvCa cells to move to the peritoneal
cavity. When VCAM-1 is combined with other biomarkers, it has a sensitivity
of 86% in the detection of early-stage cancers and a sensitivity of 93% and a
specificity of 98% in the detection of late stages of OvCa [12,51].

Genetic markers

The accumulation of mutations in tumor suppressor genes and genes related
to the cell cycle, DNA repair, growth factor receptor genes, or cell adhesion
leads to the uncontrolled proliferation, survival, and metastasis of cancerous
cells in different types of cancers, such as OvCa. Genetic biomarkers aid
early detection; disease subtyping, staging, and prognosis; and the selection
of effective therapies. Some of the most important genes that mutate in

OvCa are as follows:
BRCA1

BRCAI has an important role in the familial transition of OvCa. The gene
is located in chromosome 17q12-21, and its preserved function is genome
repair. Studies demonstrated that the massive hyper-methylation of BRCA1
occurs in ovarian tumors. Hyper-methylation causes a 12% to 16% decrease
in expression and is strongly associated with diminishing RNA and BRCA1
protein concentrations, especially in EOC. Gene hyper-methylation is also
related to poor OvCa prognosis [3,52-54].

P53

P53 is a tumor suppressor gene that is implicated in the cell cycle and
apoptosis. Studies reported that mutations in P53 exist in about 50% of
OvCa cases [55]. It serves as a good marker for assessing the metastatic
potential of OvCa and can distinguish between EOC ovarian tumors from
other types of OvCa. Mutations of P53 increase in all stages of ovarian
tumors [56].

KRAS

KRAS, which is a membrane of the RAS protein, is a GTPase and an early
player in many signal transduction pathways. The normal KRAS protein
performs a necessary role in normal tissue signaling, and the mutation of
a KRAS gene is a necessary step in the development of many cancers [57].
Proto-oncogene KRAS is mutated in about 25% of human cancers. KRAS
mutations are found in approximately 40% of patients with type I EOC
tumors. In most cases, these mutations are missense mutations at position 12,
13, or 61, and they result in the constitutive activation of the KRAS signaling
pathway. In one study, KRAS mutations were related to poor prognosis for
metastatic type I tumors [58]. By contrast, another study reported favorable
outcomes for low-grade tumors with KRAS mutations [59].

EGFR

EGEFR is a kind of tyrosine receptor kinase for an epidermal growth factor
that is substantially important for normal cell function. Mutation in this
receptor may contribute to the transformation of cellular phenotypes into
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tumor cells with high proliferation and may increase survival rate [60].
EGFR mutates in 70% of ovarian carcinoma cases. Mutations cause the
overexpression of EGFR and the overexpression of downstream factors, such
as the AKT signaling pathway. An EGFR/AKT mutant can cause tumor
infiltration, metastasis, and angiogenesis. The overexpression of EGFR and
AKT signaling is related to aggressive forms of OvCa and poor prognosis
[61,62]. In OvCa, mutations in other genes, such as RAS-association domain
family 1 [63], opioid binding protein/cell adhesion molecule-like gene [64],
aplysia RAS homology member I [65], ARID1a [66], and BRAF [67], occur.
The percentage of mutations in these genes is low and needs further research.

MicroRNAs (miRNAs)

MicroRNAs are a type of non-coding RNA of about 21 to 24 nucleotides
in length and act in the post-transcriptional regulation of gene expression.
Typically, miRNAs interact with specific mRNAs through complementary
base pairing, thereby influencing the translation or stability of a target
mRNA molecule [68,69]. Some investigated microRNAs in OvCa that can
be used as biomarkers for the detection of OvCa include miR-21, miR-141,
miR-200a, miR-200c, miR-200b, miR-203, miR-205, and miR-214 [70].
Studies compared the exosomes isolated from benign and malignant tumors
of OvCa and found that miRNA profiles in these groups differed [70,71]. In
research on the OVCAR3 cell line, higher levels of miR-203 and miR-205
were found in malignant OvCa than in normal tissue [68], suggesting that
that miRNAs can be used as biomarkers for detecting early stages of OvCa
and determining prognosis.

CONCLUSION

Opvarian carcinoma is a progressive tumor with low survival rates; it’s fifth
common cancer in women. Thus, early diagnosis and good screening tests
is important in treatment. An ideal screening test characterize with high
sensitivity to diagnose correctly of patients and good specificity in order to
prevent false positive results. CA125 a tumor marker with ultrasonography
are selective diagnostic test for detection of ovarian cancer but these tests
detect only 30% to 45% of women in early stage of OvCa; however CA125
increase in some non-malignancy conditions for examples benign ovarian
diseases and endometriosis, so it has low sensitivity for detection in early
stage and not enough potential as a single biomarker for screening of OvCa,
therefore the majority of patients detect in advance stages. Hence variety
of techniques includes proteomics and gene-expression assay and different
biomarkers use in laboratories to improve the positive predictive value and
better diagnosis.

REFERENCES

1. Hartge P, Whittemore AS, Itnyre ], et al. Rates and risks of ovarian cancer
in subgroups of white women in the United States. The Collaborative

Ovarian Cancer Group. Obstet Gynecol. 1994;84:760-4.

2. Cramer DW, Hutchison GB, Welch WR, et al. Determinants of ovarian
cancer risk. I. Reproductive experiences and family history. ] Natl Cancer

Inst. 1983;71:711-6.

3. Miki Y, Swensen ], Shattuck-Eidens D, et al. A strong candidate
for the breast and ovarian cancer susceptibility gene BRCAI.
Science.1994;266:66-71.

4. Kuchenbaecker KB, Ramus SJ, Tyrer ], et al. Identification of six new
susceptibility loci for invasive epithelial ovarian cancer. Nat Genet.

2015;47:164-71.

5. Farrow DC, Weiss NS, Lyon JL, et al. Association of obesity and ovarian
cancer in a case-control study. Am J Epidemiol. 1989;129:1300-4.

6. Schorge JO, Modesitt SC, Coleman RL, et al. SGO White Paper on
ovarian cancer: etiology, screening and surveillance. Gynecol Oncol.

2010;119:7-17.

7. Chen VW, Ruiz B, Killeen JL, et al. Pathology and classification of
ovarian tumors. Cancer. 2003;97:2631-42.

8. Dinulescu DM, Ince TA, Quade B]J, et al. Role of K-ras and Pten in
the development of mouse models of endometriosis and endometrioid

ovarian cancer. Nat Med. 2005;11:63-70.

9. Kindelberger DW, Lee Y, Miron A, et al. Intraepithelial carcinoma of the
fimbria and pelvic serous carcinoma: Evidence for a causal relationship.

Am ] Surg Pathol. 2007;31:161-9.



Arjmand et al

10.

I1.

13.
14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Abubaker K, Latifi A, Luwor R, et al. Shortterm single treatment of
chemotherapy results in the enrichment of ovarian cancer stem cell-like
cells leading to an increased tumor burden. Mol Cancer. 2013;12:24.

Sarojini S, Tamir A, Lim H, et al. Early detection biomarkers for ovarian

cancer. ] Oncol. 2012;2012:709049.

. Slack-Davis JK, Atkins KA, Harrer C, et al. Vascular cell adhesion

molecule-1 is a regulator of ovarian cancer peritoneal metastasis. Cancer

Res. 2009;69:1469-76.
Cragun JM. Screening for ovarian cancer. Cancer control. 2011;18:16-21.

Myers ER, Bastian LA, Havrilesky L], et al. Management of adnexal
mass. Evid Rep Technol Assess (Full Rep). 2006:1-145.

Fishman DA, Cohen L, Blank SV, et al. The role of ultrasound
evaluation in the detection of early-stage epithelial ovarian cancer. Am ]

Obstet Gynecol. 2005;192:1214-21.

Marret H, Sauget S, Giraudeau B, et al. Contrastenhanced sonography
helps in discrimination of benign from malignant adnexal masses. ]

Ultrasound Med. 2004;23:1629-39.
O’Brien TJ, Beard JB, Underwood LJ, et al. The CA 125 gene: an

extracellular superstructure dominated by repeat sequences. Tumour

Biol. 2001;22:348-66.

Kabawat SE, Bast RC, Welch WR, et al. Immunopathologic
characterization of a monoclonal antibody that recognizes common
surface antigens of human ovarian tumors of serous, endometrioid, and

clear cell types. AJCP. 1983;79:98-104.

. Massova I, Kotra LP, Fridman R, et al. Matrix metalloproteinases:

structures, evolution, and diversification. FASEB J. 1998;12:1075-95.

Acar A, Onan A, Coskun U, et al. Clinical significance of serum MMP-2
and MMP-7 in patients with ovarian cancer. Med Oncol. 2008;25:279-
83.

Zhu XM, Sun WF. Association between matrix metalloproteinases
polymorphisms and ovarian cancer risk: A meta-analysis and systematic

review. PLoS One. 2017;12:e0185456.

Skates SJ, Jacobs 1], Knapp RC. Tumor markers in screening for ovarian

cancer. Methods Mol Med. 2001;39:61-73.

Skates SJ, Mai P, Horick NK, et al. Large prospective study of ovarian
cancer screening in high-risk women: CA125 cut-point defined by
menopausal status. Cancer Prev Res (Phila). 2011;4:1401-8.

Escudero JM, Auge JM, Filella X, et al. Comparison of serum human
epididymis protein 4 with cancer antigen 125 as a tumor marker in
patients with malignant and nonmalignant diseases. Clin Chem.

2011;57:1534-44.

Moore RG, Miller MC, Eklund EE, et al. Serum levels of the ovarian
cancer biomarker HE4 are decreased in pregnancy and increase with age.

AJOG. 2012;206:349.e1-7.

Kirchhoff C, Habben I, Ivell R, et al. A major human epididymis-specific
cDNA encodes a protein with sequence homology to extracellular

proteinase inhibitors. Biol Reprod. 1991;45:350-7.

Galgano MT, Hampton GM, Frierson HF. Comprehensive analysis of
HE4 expression in normal and malignant human tissues. Mod Pathol.

2006;19:847-53.

Montagnana M, Danese E, Giudici S, et al. HE4 in ovarian cancer: from

discovery to clinical application. Adv Clin Chem. 2011;55:1-20.

Moore RG, Brown AK, Miller MC, et al. The use of multiple novel
tumor biomarkers for the detection of ovarian carcinoma in patients

with a pelvic mass. Gynecol Oncol. 2008;108:402-8.

Lu R, Sun X, Xiao R, et al. Human epididymis protein 4 (HE4) plays a
key role in ovarian cancer cell adhesion and motility. Biochem Biophys
Res Commun. 2012;419:274-80.

Moore RG, McMeekin DS, Brown AK|, et al. A novel multiple marker
bioassay utilizing HE4 and CA125 for the prediction of ovarian cancer
in patients with a pelvic mass. Gynecol Oncol. 2009;112:40-6.

Bast RC, Feeney M, Lazarus H, et al. Reactivity of a monoclonal antibody
with human ovarian carcinoma. ] Clin Invest. 1981;68:1331-7.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Muller CY. Doctor, should I get this new ovarian cancer testOVA1?
Obstet Gynecol. 2010;116:246-7.

Nolen BM, Lokshin AE. Biomarker testing for ovarian cancer: clinical
utility of multiplex assays. Mol Diagn Ther. 2013;17:139-46.

Hassan R, Kreitman R]J, Pastan I, et al. Localization of mesothelin in
epithelial ovarian cancer. Appl Immunohistochem Mol Morphol.

2005;13:243-7.

Hassan R, Ho M. Mesothelin targeted cancer immunotherapy. Eur ]
Cancer. 2008;44:46-53.

Chang MC, Chen CA, Chen PJ, et al. Mesothelin enhances invasion
of ovarian cancer by inducing MMP-7 through MAPK/ERK and JNK
pathways. Biochem J. 2012;442:293-302.

Mclntosh MW, Drescher C, Karlan B, et al. Combining CA 125
and SMR serum markers for diagnosis and early detection of ovarian

carcinoma. Gynecol Oncol. 2004;95:9-15.

Badgwell D, Lu Z, Cole L, et al. Urinary mesothelin provides greater
sensitivity for early stage ovarian cancer than serum mesothelin, urinary
hCG free beta subunit and urinary hCG beta core fragment. Gynecol
Oncol. 2007;106:490-7.

Lowe KA, Shah C, Wallace E, et al. Effects of personal characteristics on
serum CA125, mesothelin, and HE4 levels in healthy postmenopausal
women at high-risk for ovarian cancer. Cancer Epidemiol Biomarkers

Prev. 2008;17:2480-7.

Yousef GM, Diamandis EP. Expanded human tissue kallikrein family~a
novel panel of cancer biomarkers. Tumor Biol. 2002;23:185-92.

Diamandis EP, Scorilas A, Fracchioli S, et al. Human kallikrein 6 (hK6):
a new potential serum biomarker for diagnosis and prognosis of ovarian

carcinoma. ] Clin Oncol. 2003;21:1035-43.

Yousef GM, Polymeris ME, Yacoub GM, et al. Parallel overexpression of
seven kallikrein genes in ovarian cancer. Cancer Res. 2003;63:2223-7.

Dong Y, Tan OL, Loessner D, et al. Kallikrein-related peptidase 7
promotes multicellular aggregation via the alpha(5)beta(l) integrin

pathway and paclitaxel chemoresistance in serous epithelial ovarian
carcinoma. Cancer Res. 2010;70:2624-33.

El Sherbini MA, Sallam MM, Shaban EA, et al. Diagnostic value of
serum kallikrein-related peptidases 6 and 10 versus CA125 in ovarian
cancer. Int ] Gynecol Cancer. 2011;21:625-32.

Bao LH, Sakaguchi H, Fujimoto ], et al. Osteopontin in metastatic lesions
as a prognostic marker in ovarian cancers. ] Biomed Sci. 2007;14:373-81.

Nakae M, Iwamoto I, Fujino T, et al. Preoperative plasma osteopontin
level as a biomarker complementary to carbohydrate antigen 125 in
predicting ovarian cancer. ] Obstet Gynaecol Res. 2006;32:309-14.

Mor G, Visintin I, Lai Y, et al. Serum protein markers for early detection
of ovarian cancer. Proc Natl Acad Sci U S A. 2005;102:7677-82.

Gadomska H, Grzechocinska B, Janecki ], et al. Serum lipids
concentration in women with benign and malignant ovarian tumours.

Eur J Obstet Gynecol Reprod Biol. 2005;120:87-90.

Su F, Kozak KR, Imaizumi S, et al. Apolipoprotein A-l (apoA-I) and
apoA-I mimetic peptides inhibit tumor development in a mouse model

of ovarian cancer. Proc Natl Acad Sci U S A. 2010;107:19997-20002.

Yurkovetsky Z, Skates S, Lomakin A, et al. Development of a multimarker
assay for early detection of ovarian cancer. ] Clin Oncol. 2010;28:2159-66.

Baldwin RL, Nemeth E, Tran H, et al. BRCAl promoter region
hypermethylation in ovarian carcinoma: a population-based study.

Cancer Res. 2000;60:5329-33.

Wilcox CB, Baysal BE, Gallion HH, et al. High-resolution methylation
analysis of the BRCAI promoter in ovarian tumors. Cancer Genet
Cytogenet. 2005;159:114-22.

Strathdee G, Appleton K, Illand M, et al. Primary ovarian carcinomas
display multiple methylator phenotypes involving known tumor

suppressor genes. Am ] Pathol. 2001;158:1121-7.

Marks JR, Davidoff AM, Kerns BJ, et al. Overexpression and mutation of
p53 in epithelial ovarian cancer. Cancer Res. 1991;51:2979-84.

J Mol Cancer Vol 2 No 1 January 2019



56.

57.

58.

59.

60.

61.

62.

63.

Milner BJ, Allan LA, Eccles DM, et al. p53 mutation is a common
genetic event in ovarian carcinoma. Cancer Res. 1993;53:2128-32.

Tsuchida N, Ryder T, Ohtsubo E. Nucleotide sequence of the oncogene
encoding the p21 transforming protein of Kirsten murine sarcoma virus.

Science. 1982;217:937.9.

Nodin B, Zendehrokh N, Sundstrom M, et al. Clinicopathological
correlates and prognostic significance of KRAS mutation status in
a pooled prospective cohort of epithelial ovarian cancer. Diagnostic

pathology. 2013;8:106.

Bell DA. Origins and molecular pathology of ovarian cancer. Mod
Pathol. 2005;18 Suppl 2:S19-32.

Huang SM, Harari PM. Epidermal growth factor receptor inhibition in
cancer therapy: biology, rationale and preliminary clinical results. Invest

New Drugs. 1999;17:259-69.

Siwak DR, Carey M, Hennessy BT, et al. Targeting the epidermal growth
factor receptor in epithelial ovarian cancer: current knowledge and

future challenges. ] Oncol. 2010;2010:568938.

Zeineldin R, Muller CY, Stack MS, et al. Targeting the EGF receptor for
ovarian cancer therapy. ] Oncol. 2009;2010:414676.

Agathanggelou A, Honorio S, Macartney DP, et al. Methylation
associated inactivation of RASSF1A from region 3p21.3 in lung, breast
and ovarian tumours. Oncogene. 2001;20:1509-18.

J Mol Cancer Vol 2 No 1 January 2019

64.

65.

66.

67.

68.

69.

70.

71.

Biomarkers of Ovarian Cancer

Sellar GC, Watt KP, Rabiasz GJ, et al. OPCML at 11q25 is epigenetically
inactivated and has tumorsuppressor function in epithelial ovarian
cancer. Nat Genet. 2003;34:337-43.

Yu Y, Xu F, Peng H, et al. NOEY2 (ARHI), an imprinted putative tumor
suppressor gene in ovarian and breast carcinomas. Proc Natl Acad Sci U

S A. 1999;96:214-9.
Wiegand KC, Shah SP, Al-Agha OM, et al. ARIDIA mutations

in endometriosis-associated ovarian carcinomas. N Engl ] Med.

2010;363:1532-43.

Grisham RN, Iyer G, Garg K, et al. BRAF mutation is associated with
early stage disease and improved outcome in patients with low-grade
serous ovarian cancer. Cancer. 2013;119:548-54.

lorio MV, Visone R, Di Leva G, et al. MicroRNA signatures in human
ovarian cancer. Cancer Res. 2007;67:8699-707.

Zhang L, Volinia S, Bonome T, et al. Genomic and epigenetic alterations
deregulate microRNA expression in human epithelial ovarian cancer.

Proc Natl Acad Sci U S A. 2008;105:7004-9.

Taylor DD, Gercel-Taylor C. MicroRNA signatures of tumor-derived
exosomes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol.

2008;110:13-21.

Szajnik M, Derbis M, Lach M, et al. Exosomes in Plasma of Patients with
Ovarian Carcinoma: Potential Biomarkers of Tumor Progression and
Response to Therapy. Gynecol Obstetric. 2013;54:003.



