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. Endothelin-1 and its receptors play
such roles in tumor cell pathology as
proliferation, migration, invasion, and
vascular differentiation, especially in
ovarian cancer.

Heparanase, which plays a role in
tumor progression and angiogenesis,
correlates with poor survival in ovarian
carcinoma.

Serial immunostaining revealed
similar localization of the endothelin
A receptor (ETAR) and heparanase
in ovarian cancer samples. Moderate
correlation between heparanase and
ETAR expression was also shown in this
study. Findings may indicate interactions
between endothelin and heparanase
signaling.
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Abstract

Background: Heparanase and endothelin-1/endothelin A
receptor (ET-1/ET,R) expressions increase in cancer. This
condition enhances tumor progression and correlates with poor
survival. Limited data are documented regarding the role of
heparanase and ET-1/ET R in epithelial ovarian cancer (EOC).
We sought to characterize the correlation between heparanase
and ET-1/ET R in EOC.

Methods: Thirty patients with benign and malignant ovarian
neoplasms were recruited in this study. Neoplasm subtypes
were diagnosed by pathologists. RNA extraction was done in
fresh frozen neoplasms while immunohistochemical (IHC)
staining was done on ET,R, heparanase, and proliferation (Ki-
67 antigen) in paraffin sections. Reverse transcriptase PCR
was done to quantify the expression of preproET-1 (ppET-1),
ET,R, and heparanase. ET,R and heparanase histoscores were
done based on IHC staining. The Independent Samples ¢ Test,
ANOVA, and correlations were used for statistical analysis.
Results: Heparanase and ET R histoscores, ppET-1 and ET,R
mRNA levels, and Ki-67 were significantly higher in the group
with EOC than in the benign or borderline group, regardless
of the histopathological types. The heparanase histoscore
correlated with the ET,R histoscore (1=0.484, P=0.007) and
the ET,R mRNA level (r=0.551, P=0.003). The level of ppET-1
mRNA correlated with both ET,R mRNA level and ET,R
histoscore (r=0.603, P=0.001 and r=0.455, P=028, respectively).
The ovarian neoplasms with high ppET-1 mRNA levels also
tended to have high heparanase mRNA levels; however, the
correlation was weak (r=0.354, P=0.07). Ki-67 correlated with
the heparanase and ET, R histoscores (r=0.381, P=0.038 and
r=0.477, P=0.008, respectively).

Conclusion: Heparanase and ET,R were upregulated in EOC,
and the correlation between heparanase and ET,R expressions
was also elucidated in the current study.
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Introduction

Ovarian carcinoma is the most frequent type of malignancy
and causes mortality among women. ' It accounts for 140,200
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deaths worldwide."? The most common ovarian
malignancyis epithelial ovarian carcinoma (EOC).
There are 4 major histopathological subtypes
of EOC: serous, mucinous, endometrioid, and
clear cell.2® All over the world, the most frequent
subtype of EOC is the serous type, followed
by mucinous, endometrioid, and clear cell
subtypes.! The distribution of the subtypes varies
according to regions or countries. They have
distinctive molecular pathogeneses and different
vulnerabilities to chemotherapeutic agents.
However, the regulatory mechanisms underlying
this heterogeneity remain vaguely known. At
present, clinical trials do not discriminate these
subtypes but treat them as a homogeneous
cluster. Hence, the outcomes should be analyzed
further to understand whether the therapy has
different influences in each subtype.'* Many
substances may also influence the therapeutic
approach based on the biological activities of
those substances. They may have interactions
with each other and influence tumor progression.

Heparanase is an endo-B-D-glucuronidase
capable of cleaving heparan sulfate side
chains at a limited number of locations.® A
previous study showed an association between
heparanase expression and worse prognosis
in EOC.® Heparanase vitiates heparan sulfate
and results in tumor progression, comprising
adhesion, migration, invasion, metastasis, and
angiogenesis.”® The angiogenesis mechanism
encompasses the release of heparan sulfate-
bound angiogenic factors such as the vascular
endothelial growth factor (VEGF) and the basic
fibroblast growth factor.”.%°

The endothelin (ET) pathway is used for
targeting tumor vasculature as well as tumor
cells. ETs are a family of small peptides
consisting of ET-1, ET-2, and ET-3."> These smalll
peptides share structural homology and initiate
signaling by binding to the G-protein-coupled
receptors the endothelin A receptor (ET,R) and
the ET,R.” Both ET-1 and ET,R act in cancer
cell proliferation and metastasis.'* ' The ET axis
has also been reported to be of significance
in EOC."® The role of ETs and ET receptors
in the biology and therapy for EOC has been
previously delineated. The increased expression
of ET-1 and the ET,R in EOC cells and the ET_R
in intratumoral vessels has also been reported,
as well as a relationship between the expression
of ET-1 and the VEGF in the development of
ascites and cell resistance to therapy.'”

In EOC, ET-1 plays a role in the epithelial—

mesenchymal transition. Tumor cells
experiencing  the  epithelial-mesenchymal
transition undergo epithelial  morphology

alterations and restructuring of their cytoskeleton;
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in addition, they attain a motile phenotype
through the modification of the regulation
of several molecules including tight and
adherens junctions’ proteins and mesenchymal
markers.'181°  Clarifying possible molecular
interactions between heparanase and ET-1/
ET,R and their relation with histopathological
subtypes and metastasis could help identify
a new therapeutic approach. Nonetheless,
there is a dearth of data in the existing
literature on heparanase, ET-1/ET,R axis, and
histopathological subtypes of EOC. Hence, the
present study aimed to elucidate the correlation
between heparanase and ET-1/ET,R among
various histopathological subtypes of benign
and malignant ovarian tumors.

Materials and Methods

Tissue Samples from the Patients

This was a cross-sectional study of the
benign and malignant ovarian neoplasms. Thirty
tissue samples of human ovarian neoplasms
were obtained via surgical resection at Sardjito
Hospital, Yogyakarta, Indonesia, between
January and July 2014. The purpose of tissue
sampling was to extract RNA and to process
formalin-fixed paraffin-embedded tissues. The
paraffin-embedded tissue blocks were placed
in 10% buffer formalin, whilst the samples used
for RNA extraction were retained in RNAlater
(AM7021, Ambion) in a refrigerator at-30°C
to -80°C. Next, 4-uym paraffin sections were
deparaffinized and stained with hematoxylin—
eosin for the histopathological examination of
the cancer. Non-epithelial subtypes of ovarian
cancer were excluded from this study.

The malignancy of the ovarian neoplasms
was identified by pathologists at the Faculty of
Medicine, Universitas Gadjah Mada. The study
design was approved by the institutional Ethical
Review Board of Universitas Gadjah Mada,
and informed consent was obtained from the
patients.

Immunohistochemistry

The paraffin-embedded tissues were used
for immunohistochemistry with heparanase
(AB85543, Abcam, dilution 1:200), ET,R
(SC33535, Santa Cruz, dilution 1:100), and Ki-67
(CRM 325 B, Biocare Medical, dilution 1:100)
antibodies. Paraffin sections, 4 um in thickness,
were placed on poly-L-lysine-coated slides. After
deparaffinization, endogenous peroxidase was
reduced by incubation with 3% H,O, in phosphate
buffer saline for 5 minutes. The secondary
antibodies used were EnVision+System-HRP
anti rabbit (K4002, Dako) for heparanase and the
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ET,R and Histofine SAB-PO (MULTI) (414171F,
Nichirei) for Ki-67. The chromogen used was
3,3’-diaminobenzidine. Hematoxylin was utilized
for counterstaining.

Evaluation of Immunostaining

The stains for heparanase and the ET,R
were assessed by calculating the positively
marked carcinoma cells from 10 randomized
representative fields (x400 magnification). The
immunohistochemistry was scored based on
the technique previously reported. The mean
percentage of the positive cancer cells was
calculated, and the staining strength was stratified
from 0 to 3 (0, no staining; 1, slight staining; 2,
medium staining; and 3, strong staining). The
scores were obtained through the subsequent
method: (mean  percentage)x(intensity+1);
range=0-400.2021

Ki-67 was used to measure the proliferation
index, and the score was calculated as stained
nuclei over the total number of tumor nuclei in
10 randomized representative high-power fields
(or x400 magnification). The Ki-67 score was
presented as a percentage ranging from 0% to
100%.

RNA Extraction and Semiquantitative Reverse
Transcriptase PCR Assay

Twenty-seven fresh tissues from the
30 samples used for immunohistochemistry were
available for RNAextraction, cDNA synthesis, and
polymerase chain reaction (PCR). The purpose
of RNA extraction was to quantify the expression
of heparanase, ppET-1, and ET,R. The level of
ppET-1 expression was quantified to determine
the ET-1 level. Total RNA was extracted from the
ovarian neoplasm tissues using RNAiso PLUS
(Takara Bio, Tokyo, Japan). The tissue was
chosen from the area adjacent to the layer used
for paraffin-embedded tissue processing. RNA
(1 ug) was reverse-transcribped with ReverTra
Ace reverse transcriptase (TRT-101, TOYOBO
Co.) in a 20-pL mixture with a random primer.
The cycling conditions were 30°C for 10 minutes,
42°C for 60 minutes, and 99°C for 5 minutes.

The reaction mixture (1 yL) was then used
as a template in a conventional PCR assay.
GoTaq Green Master Mix (M7122, Promega)
was employed. The initial denaturation was
performed at a temperature of 94°C for 2 minutes.
The primers and PCR conditions used are
presented in table 1.

The PCR products were subjected to 2%
agarose (Agarose S; Nippon Gene, Tokyo,
Japan) gel electrophoresis and gel red
staining. The expression of the PCR products
in gel electrophoresis was quantified using
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densitometry analysis by image J software.
Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) expression was used for normalizing
the gene expressions.

Statistical Analysis

The variables were analyzed using ANOVA
and the Independent Samples t test for the
normally distributed data, while the Kruskal—
Wallis test and the Mann—-Whitney U test were
applied for the data that were not normally
distributed. The simple regression test and the
Spearman test were drawn upon to test for
correlation. Values of P<0.05 were considered
statistically significant.

Characteristics of the Patients

The age of the patients ranged from 15 to
71 years (median age=49.5 y) (table 1). The
diagnoses of EOC were malignant in 18 (60%)
samples and benign or borderline in 12 (40%).
Based on the histopathological subtypes,
the malignant tissue samples consisted of
8 (26.7%) serous, 3 (10%) mucinous, 4 (13.3%)
endometrioid, and 3 (10%) clear cell carcinoma.
The benign or borderline tissues were comprised
of 5(41.7%) serous and 7 (58.3%) mucinous
subtypes (table 2). The mean age of the patients
with benign or borderline tumors tended to be
younger than that of the patients with malignant
tumors (45.1£13.39 vs. 50.50+9.08; P=0.20
[meanzSD])

Immunohistochemical Characteristics of
Heparanase, ET,R, and Ki-67 in the Ovarian
Neoplasms

The immunohistochemical staining of
heparanase, ET,R, and Ki-67 in the ovarian
neoplasms is depicted in figure 1. The
histoscores of heparanase and the ET,R
were higher in the ovarian carcinoma group
than those in the benign or borderline group
(363.2+£35.99 vs. 127.6+170.46; P=0.004
and 306.8£103.11 vs. 56.2+114.32; P<0.001
[meanxSD], respectively) (figure 2A), regardless
of the histopathological types (figure 2C). The
mean percentage of Ki-67 was also significantly
greaterin the malignant cluster than in the benign
or borderline cluster (31.9% vs. 5.4%; P<0.001)
(figure 2B), irrespective of the histopathological
types (figure 2D).

mRNA Level of Heparanase, ppET-1, and ET,R
in the Ovarian Neoplasms

The ovarian carcinoma tissues revealed a
higher expression of ppET-1 and ET,R mRNA
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Table 1: Primers and conditions used

No Gene Primer

PCR Conditions

1 Heparanase 5-GTAGTGATGCCATGTAACTGAATC-3'(forward);
5-TTCGATCCCAAGAAGGAATCAAC-3’ (reverse)

2 ppET-1 5-CAGAGGAACACCTAAGACAAACC-3 (forward);
5-GTGGGTCACATAACGCTCTC-3’ (reverse)

3 ET,R 5-GCACCGTCAAGGCTGAGAAC-3’ (forward);
5-TGGTGAAGACGCCAGTGGA-3’ (reverse)

4 GAPDH 5-GCACCGTCAAGGCTGAGAAC-3’ (forward);

5-TGGTGAAGACGCCAGTGGA-3’ (reverse)

30 cycles: 94°C for 10 s, 60°C for 20 s, 72°C for
1 min, extension 72°C for 10 min
30 cycles: 94°C for 10 s, 60°C for 20 s, 72°C for
1 min, extension 72°C for 10 min
30 cycles: 94°C for 10 s, 60°C for 20 s, 72°C for
1 min, extension 72°C for 10 min

30 cycles: 94°C for 10 s, 60°C for 20 s, 72°C for
1 min, extension 72°C for 10 min

ppET-1: PreproET-1; ET,R: Endothelin A receptor; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase

Table 2: Baseline characteristics of the patients (N=30)
Characteristics No. of patients (%)

Age (y) 15—71 (median 49.5)
<45 5(16.7)
245 25 (83.3)

Malignancy
Benign/borderline 12 (40.0)

Serous cystadenoma 5(16.7)
Mucinous cystadenoma 7 (23.3)
Malignant 18 (60.0)
Serous carcinoma 8(26.7)
Mucinous carcinoma 3(10.0)
Endometrioid carcinoma 4 (13.3)
Clear cell carcinoma 3(10.0)

than the tissues with benign or borderline
neoplasms (0.93+0.19 vs. 0.68+0.25; P=0.018
and 1.20+0.45vs. 0.68+0.38; P=0.001
[meanxSD], respectively) (figure 3). The mRNA
level of heparanase was revealed to be more
elevated in the ovarian carcinoma tissues than
in the tissues with benign or borderline tumors,
even though the statistical test was not significant
(0.82+0.65 vs. 0.74+0.69; P=0.46) (figure 3).
There were no significant dissimilarities in terms
of heparanase, ppET-1, and ET,R mRNA levels
between the histopathological subtypes of
ovarian carcinoma (data not shown).

Correlation Between Heparanase, ppET-1, and
ET,R

The heparanase immunohistochemical
histoscore was correlated with the ET,R
histoscore (r=0.484, P=0.007 [n=30]) and the
ET,R mRNA level (r=0.551, P=0.003 [n=27])
(figures 4A and 4B). Acorrelation was also
detected between the ppET-1 mRNA level and
both ET,R mRNA level and ET,R histoscore
(r=0.603, P=0.001[n=27] and r=0.455, P=028
[n=27], respectively) (figures 4C and 4D). The
ovarian neoplasms with high ppET-1 mRNA
levels tended to have high heparanase mRNA
levels, but a weak correlation was detected
between ppET-1 and the heparanase mRNA
level (r=0.354, P=0.07 [n=27]) (figure 4E).
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A correlation was also found between the Ki-67
percentage and the heparanase and ET,R
histoscores (r=0.381, P=0.038 [n=30] and
r=0.477, P=0.008 [n=30]) (data not shown).

The current study found a higher expression
of heparanase in malignant ovarian tumors
than in benign ovarian tumors. This enzyme is
also related to the rapid progression and poor
postoperative survival of cancer patients.62223
Heparanase relatively remains unexpressed in
common normal tissues.?® Thus, heparanase
has become an appropriate therapeutic
target for advanced cancers as well as for the
prevention of metastasis.'®?22 The present
study confirmed those findings. The higher
histoscore of heparanase correlated also with
a higher proliferation number in the malignant
ovarian neoplasms. This outcome is consistent
with the previous reports.®?* Heparanase
upregulation has been correlated with the
dissemination or metastatic capability of various
cancer cells such as ovarian cancer cells.>%
Our immunohistochemical staining result
also revealed high positive of heparanase
signals in the cancer cells. Regarding this
result, heparanase is believed to play a role in
ovarian neoplasm progression. Extracellular
matrix positive area of heparanase might
elucidate the function of heparanase as an
angiogenesis inducer. Heparanase has a role in
angiogenesis through several mechanisms such
as degradation of the subendothelial basement
membrane and enabling of endothelial cell
invasion, propagation, and adhesion.?® In
addition, the molecular processes also involve
the discharge of the VEGF-A, a heparan sulfate-
bound growth factor, and the basic fibroblast
growth factor.®

The present study showed that the ET,R and
ppET-1 were expressed more in the malignant
ovarian tumors, as detected by reverse
transcriptase PCR and immunohistochemical
staining. Similar to heparanase, ETs and their
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Mucinous Serous cystadenoma Mucinous
cystadenocarcinoma cystadenocarcinoma cystadenoma

Serous

Endometrioid
carcinoma

Clear cell carcinoma

Figure 1: Based on the immunohistochemical staining of heparanase (black arrow), endothelin A receptor (ET,R) (orange
arrow), and Ki-67 (red arrow), overexpression of heparanase and ET,R was detected in the malignant ovarian epithelial tumors
(i.e., mucinous [G-I] and serous cystadenocarcinoma [J-L], endometrioid [M-O], and clear cell carcinoma [P-R]). Nevertheless,
lesser expression was shown in the benign ovarian epithelial tumors (i.e., mucinous [A-C] and serous [D-F] cystadenoma

(magnification x400).

receptors also play a role in tumor growth.
ET-1 upregulation contributes to the growth
and progression of various tumors such as
male and female genital epithelial carcinoma
as well as bladder, pulmonary, and colorectal
cancer. The roles of ET-1 in malignancy include
mitogenesis regulation, angiogenesis, invasion
and metastatic spreading, cell persistence,
tumor-infiltrating immune cells, and epithelial-
mesenchymal transition.2?2 An increased
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expression of ET-1 has also been detected
in the ascitic fluid of patients with ovarian
carcinoma,?® which may denote the progression
and spreading of the carcinoma.

In the current study, correlations were also
detected between the ppET-1 mRNA level and
both ET,R mRNA level and ET,R histoscore
(r=0.603, P=0.001 [n=27] and r=0.455, P=0.28
[n=27], respectively) (figures 4C and 4D), which
might indicate an activation in the ET-1/ET,R
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axis. Moreover, the increased ET-1/ET,R
was associated with higher proliferation in
this study. Furthermore, ET,R has been also
known as one of the genes highly expressed
in post-chemotherapy samples compared to
untreated primary tumors. Combined treatment
of ET,R antagonist and cytotoxic drugs such
as paclitaxel or with molecular inhibitors such
as gefitinib displays evident inhibition on tumor
growth.?® Elevated ET-1 levels are correlated
with increased VEGF and transactivation of the
epidermal growth factor receptor (EGFR).

The current study illustrated that the
heparanase immunohistochemical histoscore
was correlated with the ET,R histoscore
and the ET,R mRNA level (figures 4A and
4B). Both heparanase and the ET,R play
roles in metastasis and tumor growth with
particular mechanisms which have previously
been explained. We also revealed a positive
correlation between ppET-1 expression and
heparanase expression (figure 4). The possible
crosstalk between these 2 molecules is a
scintillating issue to be investigated. A preceding
study elucidated the crosstalk between the
EGFR and the ET,R. In this study, heparanase
and ET,R overexpression was also correlated
with the proliferation index, expressed as the
Ki-67 percentage (r=0.381, P=0.038 [n=30] and
r=0.477, P=0.008 [n=30], respectively). Several
serial immunostainings have revealed positive
signals for heparanase and the ET,R in the
same tumor areas (figures 1P and 1Q). These
areas have also shown higher positive results
for Ki-67 staining. This could indicate a possible
interaction between ET-1/ET,R and heparanase
in EOC. This interaction might play a role in the
proliferation of EOC. Recently, another study
explained the presence of an interaction between
ET-1 and heparanase in proteinuria condition in
chronic kidney diseases.®® ET-1 might promote
proteinuria through heparanase modulation
and glycocalyx effacement.®" Furthermore, in
neoplasm condition, this condition may also
augment the metastatic potential of EOC cells
and trigger different pathways. An interaction
between ET,R and B-catenin also has been
known in EOC. B-Catenin is an ET,R/IEGFR
downstream pathway in the invasive manners
of EOC cells and co-targeting the ET,R
and the EGFR may serve as a therapeutic
potential.®> Based on our study, it is still far
away to conclude the crosstalk between ET-1/
ET,R and heparanase before further research
is undertaken. Double immunofluorescence or
in vitro assay with the ET,R or the heparanase
inhibitor in ovarian cancer cells can provide an
important result to confirm possible crosstalk.
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Further in vitro studies to asses our hypothesis
are needed using tumor cell lines with both ET-1
and heparanase inhibition. Combining this study
with the history of the patients such as survival
rates or prognoses may yield important data as
well.

Conclusion

In  conclusion, the correlation between
heparanase and ET-1/ET,R in the present study
marks the possible enhancing antimetastatic
activity of the ET,R and heparanase inhibitors.
It is suggested that those systems might perform
crosstalk in the mechanism underlying EOC.
The inhibition agents of each system might
consider the contribution of the other system
in the experiment or therapeutic approach in a
clinical setting.

Acknowledgement

The authors would like to thank Titik
Cahyanti, MD, Chatarina Ratna Kurniasari, MD,
Hayu Qaimamunazzala, MD, Mrs. Agustin, Mrs.
Mulyani, Mr. Atpana, and Mr. Mulyana for their
technical support. Grant sponsor: Ministry of
Research, Technology, and Higher Education,
Indonesia.

Conflict of Interest: None declared.

References

1. Sung PL, Chang YH, Chao KC, Chuang
CM, Task Force on Systematic Review and
Meta-analysis of Ovarian Cancer. Global
distribution pattern of histological subtypes
of epithelial ovarian cancer: a database
analysis and systematic review. Gynecol
Oncol. 2014;133:147-54. doi: 10.1016/j.ygyno.
2014.02.016. PubMed PMID: 24556058.

2. Vergara D, Merlot B, Lucot JP, Collinet P,
Vinatier D, Fournier |, et al. Epithelial-
mesenchymal transition in ovarian cancer.
Cancer Lett. 2010;291:59-66. doi: 10.1016/j.
canlet.2009.09.017. PubMed PMID:
19880243.

3. Kurman RJ, Shih le M. Pathogenesis
of ovarian cancer: lessons from
morphology and molecular biology and
their clinical implications. Int J Gynecol
Pathol. 2008;27:151-60. doi: 10.1097/
PGP.0b013e318161e4f5. PubMed PMID:
18317228; PubMed Central PMCID:
PMCPMC2794425.

4. Ng JS, Low JJ, llancheran A. Epithelial
ovarian cancer. Best Pract Res Clin Obstet

293



Anggorowati N, Ghozali A, Widodo |, Sari DCR, Romi MM, Arfian N

10.

11.

12.

13.

14.

294

Gynaecol. 2012;26:337-45. doi: 10.1016/j.

bpobgyn.2011.12.005. PubMed PMID:
22281513.
Nadir Y, Brenner B. Heparanase

multiple effects in cancer. Thromb Res.
2014;133 Suppl 2:S90-4. doi:  10.1016/
S0049-3848(14)50015-1. PubMed PMID:
24862152.

Davidson B, Shafat I, Risberg B, llan N,
Trope CG, Vlodavsky I, et al. Heparanase
expression correlates with poor survival
in metastatic ovarian carcinoma. Gynecol

Oncol. 2007;104:311-9. doi: 10.1016/j.
ygyno.2006.08.045. PubMed PMID:
17030350.

Parish CR, Freeman C, Hulett MD.
Heparanase: a key enzyme involved
in cell invasion. Biochim Biophys Acta.
2001;1471:M99-108. PubMed PMID:
11250066.

Vlodavsky |, Friedmann Y. Molecular

properties and involvement of heparanase
in cancer metastasis and angiogenesis.
J Clin Invest. 2001;108:341-7. doi: 10.1172/
JCI13662. PubMed PMID: 11489924;
PubMed Central PMCID: PMCPMC209369.
Vlodavsky |, Goldshmidt O, Zcharia E,
Metzger S, Chajek-Shaul T, Atzmon R,
et al. Molecular properties and involvement
of heparanase in cancer progression
and normal development. Biochimie.
2001;83:831-9. PubMed PMID: 11530216.
Edovitsky E, Elkin M, Zcharia E, Peretz T,
Vlodavsky |. Heparanase gene silencing,
tumor invasiveness, angiogenesis,
and metastasis. JNatl Cancer Inst.
2004;96:1219-30. doi: 10.1093/jnci/djh230.
PubMed PMID: 15316057.

Kim SJ, Kim JS, Kim SW, Brantley E, Yun SJ,
He J, et al. Macitentan (ACT-064992),
a tissue-targeting endothelin receptor
antagonist, enhances therapeutic efficacy of
paclitaxel by modulating survival pathways
in orthotopic models of metastatic human
ovarian cancer. Neoplasia. 2011;13:167-79.
PubMed PMID: 21403842; PubMed Central
PMCID: PMCPMC3033595.

Levin ER. Endothelins. NEngl J
Med. 1995;333:356-63. doi: 10.1056/
NEJM199508103330607. PubMed PMID:
7609754,

Goldie RG. Endothelins in health and
disease: an overview. Clin Exp Pharmacol

Physiol. 1999;26:145-8. PubMed PMID:
10065336.
Bagnato A, Rosano L. Epithelial-

mesenchymal transition in ovarian cancer
progression: a crucial role for the endothelin

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

axis. Cells Tissues Organs. 2007;185:85-94.
doi: 10.1159/000101307. PubMed PMID:
17587812.

Nelson J, Bagnato A, Battistini B, Nisen P.
The endothelin axis: emerging role in
cancer. Nat Rev Cancer. 2003;3:110-6. doi:
10.1038/nrc990. PubMed PMID: 12563310.
Bagnato A, Rosano L. The endothelin
axis in cancer. Int J Biochem Cell
Biol. 2008;40:1443-51. doi: 10.1016/j.
biocel.2008.01.022. PubMed PMID:
18325824.

Kim SJ, Kim JS, Kim SW, Yun SJ, He J,
Brantley E, et al. Antivascular therapy
for multidrug-resistant ovarian tumors by
macitentan, a dual endothelin receptor
antagonist. Transl Oncol. 2012;5:39-47.
PubMed PMID: 22348175; PubMed Central
PMCID: PMCPMC3281406.

Rosano L, Spinella F, Di Castro V,
Nicotra MR, Dedhar S, de Herreros AG,
et al. Endothelin-1 promotes epithelial-to-
mesenchymal transition in human ovarian
cancer cells. Cancer Res. 2005;65:11649-57.
doi: 10.1158/0008-5472.CAN-05-2123.
PubMed PMID: 16357176.

Rosano L, Spinella F, Di Castro V, Decandia
S, Nicotra MR, Natali PG, et al. Endothelin-1
is required during epithelial to mesenchymal
transition in ovarian cancer progression. Exp
Biol Med (Maywood). 2006;231:1128-31.
PubMed PMID: 16741062.

Mikami S, Oya M, Mizuno R, Murai M, Mukai
M, Okada Y. Expression of Ets-1 in human
clear cell renal cell carcinomas: implications
for angiogenesis. Cancer Sci. 2006;97:875-
82. doi: 10.1111/j.1349-7006.2006.00268.x.
PubMed PMID: 16856880.

Khatun S, Fujimoto J, Toyoki H, Tamaya T.
Clinical implications of expression of ETS-1
in relation to angiogenesis in ovarian
cancers. Cancer Sci. 2003;94:769-73.
PubMed PMID: 12967474.

Vlodavsky |, llan N, Nadir Y, Brenner B,
Katz BZ, Naggi A, et al. Heparanase,
heparin and the coagulation system
in cancer progression. Thromb Res.
2007;120 Suppl 2:5112-20. doi: 10.1016/
S0049-3848(07)70139-1. PubMed PMID:
18023704.

Zhang YF, Tang XD, Gao JH, Fang DC,
Yang SM. Heparanase: a universal
immunotherapeutic target in  human
cancers. Drug Discov Today. 2011;16:412-7.
doi: 10.1016/j.drudis.2011.02.015. PubMed
PMID: 21376137.

Ginath S, Menczer J, Friedmann Y,
Aingorn H, AvivA, Tajima K, et al. Expression

Iran J Med Sci May 2018; Vol 43 No 3



25.

26.

27.

28.

29.

of heparanase, Mdm2, and erbB2 in ovarian
cancer. Int J Oncol. 2001;18:1133-44.
PubMed PMID: 11351242.
Levy-AdamF,llanN,Vlodavskyl. Tumorigenic
and adhesive properties of heparanase.
Semin Cancer Biol. 2010;20:153-60.
doi: 10.1016/j.semcancer.2010.06.005.
PubMed PMID: 20619346; PubMed Central
PMCID: PMCPMC2941534.

Nadir Y, Brenner B. Heparanase-A Link
between Coagulation, Angiogenesis, and
Cancer. Rambam Maimonides Med J.
2012;3:e0002. doi: 10.5041/RMMJ.10069.
PubMed PMID: 23908827; PubMed Central
PMCID: PMCPMC3707414.

BagnatoA. The endothelinaxis astherapeutic
target in human malignancies: present and
future. Curr Pharm Des. 2012;18:2720-33.
PubMed PMID: 22390759.

Kawanabe Y, Nauli SM. Endothelin. Cell
Mol Life Sci. 2011;68:195-203. doi: 10.1007/
s00018-010-0518-0. PubMed PMID:
20848158; PubMed Central PMCID:
PMCPMC3141212.

Rosano L, Spinella F, Salani D,
Di Castro V, Venuti A, Nicotra MR, et al.

Iran J Med Sci May 2018; Vol 43 No 3

30.

31.

32.

Upregulation of ET-1/ET,R and heparanase

Therapeutic targeting of the endothelin
a receptor in human ovarian carcinoma.
Cancer Res. 2003;63:2447-53. PubMed
PMID: 12750265.

Buelli S, Perico L, Benigni A. Untangling
the Knot in Diabetic Nephropathy: The
Unanticipated Role of Glycocalyx in the
Antiproteinuric Effect of Endothelin Receptor
Antagonists. Diabetes. 2016;65:2115-7.
doi: 10.2337/dbi16-0020. PubMed PMID:
27456616.

Garsen M, Lenoir O, Rops AL, Dijkman HB,
Willemsen B, van Kuppevelt TH, et al.
Endothelin-1 Induces  Proteinuria by
Heparanase-Mediated Disruption of
the Glomerular Glycocalyx. JAm Soc
Nephrol. 2016;27:3545-51. doi: 10.1681/
ASN.2015091070. PubMed PMID: 27026367;
PubMed Central PMCID: PMCPMC5118481.
Cianfrocca R, Tocci P, Spinella F, Di Castro V,
Bagnato A, Rosano L. The endothelin A
receptor and epidermal growth factor
receptor signaling converge on beta-catenin
to promote ovarian cancer metastasis.
Life Sci. 2012;91:550-6. doi: 10.1016/j.
Ifs.2012.03.023. PubMed PMID: 22480520.

295



