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Role of Thrombopoietin in the Diagnosis
of Ovarian Cancer: A Brief Review
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ABSTRACT

Ovarian Cancer (OC) is the most fatal condition among all gynaecologic malignancies. The survival rate of early and advance stage
of OC is 80-90% and 15-20% respectively. This data constitutes the need of a novel biomarker for early diagnosis, which may
distinguish malignant tumours from benign ovarian cysts. Presently in practice there are three screening techniques: bimanual
pelvic examination, serum Cancer Antigen (CA) 125 and transvaginal ultrasound. Bimanual pelvic examination can detect only 1
in 10,000 ovarian cancers in women presenting to the clinic. CA 125 is raised in 80% of cases of ovarian carcinoma; however, if
the carcinoma is limited to ovary, the raised value is seen only in 50% of women. It is mainly useful in postmenopausal women.
Ultrasonography also lacks specificity and sensitivity, apart from being costly as a screening test. Studies are going on for search of
a biomarker, which may complement CA 125. Most common among these are Human Epididymis Protein 4 (HE4), Thrombopoietin
(TPO), CA19-9, human kallikrein 10, human kallikrein 6, osteopontin, claudin 3, DF3 (murine monoclonal antibody), vascular
endothelial growth factor, MUC1, mesothelin etc. In 2008, FDA approved the use of HE4 assay for monitoring of progressive
disease in patients with epithelial ovarian cancer. Similarly TPO also holds the promise of being a biomarker to complement CA125
and many studies are indeed available to support the association of TPO and OC. In this review article we have summarised and
analysed such studies.
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OVARIAN TUMOURS

WHO has classified ovarian tumours into three major categories:
surface epithelial-stromal tumour, sex cord-stromal tumour and germ
cell tumour. Surface epithelial-stromal tumour designated as OC in
this manuscript, constitute approximately 60% of all ovarian tumours
and approximately 90% of all malignant ovarian tumours [1]. OC is the
sixth most common gynaecologic malignancy. Its incidence increases
with age. So the post menopausal women are the maximum sufferers
[2]. The fatality rate of OCs are highest among all gynaecologic
malignancies. Most of the cases of OC are diagnosed in advanced
stage. This results in long-term survival only in 30% of cases [3]. The
survival rate for OC in early and advanced stage is 80-90% and 15-
20% respectively. Early stage has been taken till the cancer is limited
to ovary (Stage 1A and 1B of FIGO Staging system). Rest all the
stages (1C, II, lll and IV) have been taken as advanced stage.

This data indicates the need of a novel biomarker, which may
distinguish malignant tumours from benign one at early stage
[4]. Due to lack of specific symptoms and a potent biomarker,
the diagnosis of OC is usually delayed. Survival rate for OC for
localised disease, regional metastasis and distant metastasis is
approximately 89%, 36% and 17% respectively. The overall five-
year survival rate stands around 44%. So the early diagnosis seems
to be crucial in increasing the survival rate [5]. If OC is diagnosed
in Stage |, cure rate is up to 90%. At present we can diagnose
less than 25% of OC in Stage | by combined approach of CA 125
and transvaginal ultrasonography. However, 20% of cases of OC
lack CA 125 expression. If we recognise a marker that can detect
the OC lacking CA 125 expression, it will improve the diagnostic
accuracy significantly [6].

Screening Tests for Ovarian Cancer

Presently in practice there are three screening techniques: bimanual
pelvic examination, CA 125 and transvaginal ultrasound. Bimanual
pelvic examination detects 1 in 10000 OC cases indicating its
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poor sensitivity and sensitivity. CA 125 is elevated in 80% of OC
cases; however, if the cancer is limited only to the ovary, the raised
CA 125 is found only in 50% of cases. Raised CA 125 values have
also been noted in non malignant gynaecological diseases such as
pelvic inflammatory disease, endometriosis and adenomyosis. It is
raised in pregnancy, uterine fibroids (benign tumours), pancreatitis,
normal menstruation, and liver disease. In healthy female CA 125
is produced by ovary, endometrium and peritoneum. Transvaginal
ultrasonography can detect abnormality in ovarian morphology, but
is not reliable in differentiating benign from malignant tumours. For
screening test, it is sensitive, but it has low positive predictive value.
It is also an expensive tool for screening purpose [7]. The statistical
data may be better understood by the study of Van Nagell JR Jr
et al., which showed following variables of transvaginal ultrasound
in screening of OC: sensitivity 81%, specificity 98.9%, Positive
Predictive Value (PPV) 9.4% and Negative Predictive Value (NPV)
99.97% [8]. Lastly the definitive diagnostic tool for OC is still surgery.
Surgery also has measurable shortcomings. As per the report of
Buys SS et al., only 3.5% (20/570) malignant cases can be found
after diagnostic surgical excision for OC [9]. Recently serum HE4
assay is gaining popularity, which has been approved by the FDA in
2008 for monitoring of recurrent or progressive disease in patients
with OC (Rosen DG et al., 2005) [6]. Thus, to find a novel marker is
the need of recent time which may be used in screening, diagnosis
and monitoring of therapy in OC.

Serum CA 125 was discovered by Bast Ret al., in 1983 [10]. Itis also
known as MUC 16. It is a member of mucin glycoprotein, contains
22,000 amino acids. CA 125 is the most commonly used screening
test for epithelial OC; however, it is more useful in postmenopausal
women. It cannot be a reliable marker for early stage disease.
Raised CA 125 is seen in 80% cases of advanced cancer and in
only 50% cases in early stage (FIGO stage 1A and 1B). Most of
the cases of OC with advanced stage are seen in postmenopausal
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stage [10]. Malkasian GD Jr et al., conducted study on pre-versus
postmenopausal women (sample size 158 women) to look the role of
CA 125 in the diagnosis of ovarian tumour. They found that CA 125
was a better marker for the postmenopausal women. Probably this
was due to OC being more diagnosed in postmenopausal women
[11]. ltis also raised in many benign conditions as already mentioned.
Report from American College of Obstetricians and Gynecologists,
Practice Bulletin; 2007, shows the PPV of CA 125 in women with an
adnexal mass ranges from 35% to 91% and the NPV ranges from
67% to 90%. The sensitivity of CA 125 in distinguishing benign and
malignant mass is 61% to 90% and specificity is 35% and 91%.
This broad range of values appears to be due to different inclusion
criteria for premenopausal women in different studies [12].

THROMBOPOIETIN

Thrombopoietin is also known as myeloproliferative leukaemia virus
ligand (c-mpl). It is a hematopoietic growth factor belonging to
the (Erythropoietin) EPO/TPO family [13]. V-mpl, an oncogen was
first discovered from murine myeloproliferative leukaemia virus in
1990. It had capacity to immortalise bone marrow hematopoietic
cells from different lineages. Its human homologue, c-mpl, was
cloned in 1992. TPO, the ligand for c-mpl, was cloned in 1994.
This is the regulator of megakaryopoiesis. Encoded protein for
c-mpl gene is CD110. This is composed of 635 amino acids (14).
TPO is produced in bone marrow, liver, kidney and spleen. It binds
c-mpl and gets cleared from circulation [15,16]. Human TPO gene
is located on chromosome 30g27. It comprises six exons and five
introns. Eight variants of TPO mRNA have been identified yet.
TPO-1 has been identified in its full length of MRNA and it has
shown proliferative activity [17,18]. Human TPO is a 60-70 kDa, 332
amino acid residue glycosylated polypeptide that plays key role in
the growth and development of megakaryocytes and platelets [18].
Conversely platelets have regulatory role on concentration of TPO
in plasma [19]. Preoperative thrombocytosis has been described
for cervical, endometrial, ovarian and vulvar lesions [20-24]. TPO
has shown a regulatory role in proliferation and secretion in porcine
ovarian follicular cells [20]. TPO genes have been shown to be
expressed by several cancer cell lines e.g., lung, stomach, liver and
thyroid [21]. TPO level has also been shown to be increased by
inflamnmatory mediator IL-6 in hepatoma cell lines. IL-6 is produced
by macrophages and monocytes [24]. TPO may work as a tumour
marker for diagnosis of carcinoma in ovary. As per literature
available in past decade, TPO has been shown to be expressed by
three malignant tumours: OC, hepatoblastoma and hepatocellular
carcinoma. Bottsford-Miller J studied that platelets may work as a
biomarker for recurrence of OC. He did a retrospective analysis, in
which platelet count was measured twice; one at the time of initial
diagnosis and second at the time of recurrence. He noticed that
at the time of recurrence, platelet count was increased by 49%.
This high value was especially seen when the value of CA125 was
normal [25]. Tsukishiro S et al., studied the values of TPO at the time
of diagnosis of ovarian tumour. They noticed that histopathologically
proven cases of OC had statistically significant values of TPO with
respect to benign tumours (cysts) of ovary. They also noticed that
there was no significant correlation with platelet count in benign and
malignant cases. When the assessment of TPO was combined with
CA 125, it showed specificity of 92% in prediction of malignancy, in
contrast to 76% for CA 125 alone [26,27]. This discussion justifies
that there may be an existence of relationship between OC and
either TPO, which requires further study. Similar to this study,
Mermer T et al., also identified TPO as a potential tumour marker for
the diagnosis of OC. They also noticed high TPO values at the time
of diagnosis in cancer cases with respect to benign one [27]. For
statistical analysis of serum TPO, they took cut off level 90 pg/mL
for diagnosis of malignancy. They noticed sensitivity 52%, specificity
84%, PPV 76% and NPV 63%.

On taking CA 125 alone as a diagnostic marker with cut-off value 30

U/mL, statistical analysis showed sensitivity 92%, specificity 76%,
PPV 79% and NPV 84%. When CA 125 was combined with TPO,
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PPV reached up to 85%. Post therapy serum TPO level in malignant
group was significantly low in comparison to preoperative value
(p=0.002). In addition, Mermer T et al., also noticed that the high
values of TPO were significantly decreased on successful completion
of therapy. TPO alone was more cost effective (9.75%) than the
combined use of CA 125 (6.5$) and transvaginal ultrasonography
(15%). They concluded that TPO can play an additive role for
prediction of OC, but it was not superior to CA-125 [27]. So to
establish TPO as a diagnostic marker in OC more studies are
required. High TPO values in OC may be attributed to direct secretion
from tumour tissue or some other growth factors i.e., inflammatory
cytokines, which stimulate the target tissue for TPO secretion
[27]. Furuhashi M et al., reported a case of ovarian carcinoma
expressing thrombopoietin on tissue by immunohistochemistry
[28]. TPO expression may be detected in many ways like ELISA,
flow cytometry, immunohistochemistry, western blot and molecular
techniques. We can study the expression of TPO on all the surgical
specimens of ovarian tumour by immunohistochemistry, which is
not a very uncommon technique. Sirotkin AV et al., studied that
TPO may be a regulator of ovarian function e.g; proliferation,
apoptosis, secretion of hormones, steroids, growth factors etc.
Furthermore, they also demonstrated that TPO works with protein
kinase A to achieve these functions. [29]. Dabrow MB et al., studied
that Platelet Derived Growth Factor (PDGF) promoted the growth
of ovarian surface epithelial cells in vitro. This may have a role in
ovarian carcinogenesis [30].

Erickson-Miller CL et al., studied that Eltrombopag has an inhibitory
effect on proliferation of solid tumour cell lines of ovary, lung and
breast. Eltrombopag (Promacta®) is an oral Thrombopoietin Receptor
(TpoR) agonist. It stimulates megakaryocyte to produce platelets and
is helpful in thrombocytopenic patients [31]. Kaszubaska W et al.,
prepared recombinant human TPO (rhTPO) from Chinese Hamster
Ovary (CHO) cell. It showed in vitro megakaryopoiesis in mice [32].

Buller HR et al., have demonstrated that platelets along with other
hemostatic constituents like coagulation and fibrinolytic proteins
have an established role in progression of cancer. It works through
increasing tumour cell survival [33].

Mechanism of Action of TPO in Ovarian Cancer
Mareacucci R et al., showed that TPO is the major regulator of
proliferation and secretion of procrine ovarian follicular cells. Zeimet AG
et al., showed that TPO level is increased by an inflamsmatory process
mediated by Interleukin-6 (IL-6), which is produced by macrophages
and monocytes. Besbes S et al., studied that normal ovarian tissue
as well as ovarian cancer cell expresses TPO. They also showed that
TPO is produced by OC cells. Sarkar M et al., demonstrated that the
expression of TPO and its receptor c-mpl in bovine ovarian follicles
[34]. They showed the production of the both (TPO and c-mpl) in
corpus luteum. Its production varies on different stages of corpus
luteumn [34]. Besbes S et al., studied the sequence analysis of TPO
genetic materials in cell lines of OC and leukemic cell. They showed
that the both cells lines expressed the three out of eight variants of
TPO, TPO-1 (fulllength TPO), TPO-2 (12 bp deletion) and TPO-3 (116
bp deletion) variants. On the basis of this data they concluded that
TPO could be used as a biomarker for the detection and progression
of ovarian pathology.

Secretion of Thrombopoietin in other Medical
Conditions

Tsukishiro S et al., showed that serum TPO level was higher in
patients with OC than with benign cysts at the time of diagnosis.
However, TPO is not specifically secreted in OC. Raised TPO
level has been noticed in diverse diseases. Zakynthnos SG et al.,
studied that value of TPO was raised in sepsis, and also its value
correlated well with the severity of sepsis [35]. If a healthy volunteer
is infused with endotoxin, it will also show raised TPO value. High
TPO value has also been noticed in neonates, children and adult
patients with sepsis [36]. Frank Heits et al., studied the association
of TPO with Inflammatory Bowel Disease (IBD). The value of TPO
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was high in active phase of IBD; however, the mechanism could
not be found out [37]. Lupia E et al., have studied that TPO has
a role in cardiovascular damage [38]. Mermer T et al., studied on
OC and attempted to assess the relationship between serum TPO
level and therapeutic response following surgery and chemotherapy.
Although, TPO level decreased significantly following treatment,
there was no relationship between the patients who responded and
who did not respond. This finding limited the relevance of serum
TPO in the evaluation of response to treatment. Mermer T et al., also
showed that TPO had no relationship with the majority of prognostic
factors (age, stage, grade, histology etc.) and their significance in the
evaluation of response to treatment [27].

CONCLUSION

Limited studies exist concerning the search of a gold standard marker
for OC, which may help in screening, diagnosis and therapeutic
monitoring. TPO seems to be a potential diagnostic marker for OC.
If proved satisfactory, this will be a major revolution in the field of
gynaecological malignancies. Quantitative measurement of TPO is
possible by simple techniques like ELISA. This may also be done
by immunohistochemistry on ovarian tissue and by molecular
technique using real time polymerase chain reaction. This appears to
be a potential area for research. Early diagnosis may save numerous
human lives. Young researchers need to be promoted to work in this
field.
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