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A Comparative Study of Angiogenesis and Lymphangiogenesis as
Prognostic Indicators in Epithelial Ovarian Carcinoma
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Introduction: Ovarian cancer is the sixth most common cancer
and the seventh leading cause of cancer death among women
worldwide with 90% of them being of epithelial origin. Its early
detection is difficult due to the lack of specificity of clinical
symptoms and effective screening procedures, with a 5-year
survival rate of ovarian cancer being only 30% approximately.
Study aimed to evaluate Angiogenesis and Lymphangiogenesis
as Prognostic Indicators in Epithelial Ovarian Carcinoma. IHC
evaluation of intra & peritumoral Lymphangiogenesis and
Angiogenesis in 25cases of EOC with histological type, grade &
stage.

Material and Methods: This was a retrospective study
comprising of 25 cases of epithelial ovarian carcinoma diagnosed
over a period of 2 years. Quantification of tumor vascularisation
by IHC for Lymphangiogenesis was assessed by marker D2-40
and Angiogenesis by CD 34 in 25 patients of Epithelial Ovarian
Carcinoma. Morphological aspects such as histological type,
grades, stage of cancer as well as vessel distribution that is
peritumoral and intra tumoral and vessel density were analyzed.
Result: LVD in peritumoral areas was associated with type,
grade & stage of EOC.Cancer induced lymphangiogenesis may
be related to microenvironment in tumor infiltrating areas. MVD
demonstrated close relation with FIGO stage, grade &type of
EOC.

Conclusion: Angiogenesis &lymphangiogenesis may be of
significant prognostic value in predicting clinical outcome and
future therapeutic measures.

ABSTRACT
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INTRODUCTION

Ovarian cancer is the sixth most common cancer and the seventh
leading cause of cancer death among women worldwide with
90% of them being of epithelial origin. Its early detection is
difficult due to the lack of specificity of clinical symptoms and
effective screening procedures, with a 5-year survival rate of
ovarian cancer being only 30% approximately.'?

Epithelial ovarian cancer is one of the most precarious of the
various gynecological pathologies.

The best way to tackle the increased mortality rates is by
detecting the disease at its earliest clinical stage.’

A large number of factors are responsible for increasing the
probability of incidence of ovarian tumors. These include
genetic and hormonal profiles, ethnic and social factors, fertility,
diet, viral infections, increased number of ovulatory cycles, late
onset of menopause etc.*

Apart from these certain independent factors for instance FIGO
stage, residual disease after surgery, histology and lymph node
status also play an important role in understanding the natural
course process and spread of ovarian cancer.’

Ovarian cancer etiology becomes highly multifactoral and thus,

like finding for something in a heaped stack, establishing and
confirming a single specific biomarker seems to be a very tough
occurrence. Keeping these complexities in mind, alternative
strategies have to be considered for the purpose of screening
and diagnosis.®®

Several panels of biomarkers such as IL13, M-CSF, leptin,
prolactin, osteopontin, IGFII, MIF and CA-125 have been used
for discrimination of benign and ovarian cancer tissues.

Many biomarkers can be used alone for understanding ovarian
cancer mechanisms, these include CA-125, IL13, MIF and
M-CSF. Certain biomarkers have also been implicated with
the prognosis of ovarian cancer, such as MMP, E-cad and
epididymis protein.*!

Various studies also reveal the role of signaling pathways in
OVC cell differentiation, cell movement and apoptosis. They
are directly associated to OVC tumor suppressor genes and
oncogenes.'?

The ovarian cancer research has mainly put attention on the
transformed tumor cell while the role of tumor stroma, especially
the fibroblasts which is the main component in stroma has not
been studied much. Cancer associated fibroblasts (CAF’s) are
thought to promote lymphangiogenesis and angiogenesis and in
turn contributing to ovarian cancer.!?

Lymphangiogenesis is the process of lymphatic vessel formation
from pre existing post capillary venules. The most important
pathological role of lymphangiogenesis is promotion of tumor
growth and induction of cancer metastasis.'

Physiologically, in mature organisms lymphangiogenesis is
activated in very strict conditions e.g tissue repair, inflammation.
In pathological cases such as tumor growth (oncogenesis),
excessive proliferation and an occurrence of new vessel
formation.

Lymphatic spread may be significant in aiding metastasis in
ovarian cancer but needs other biological factors also to act in
conjunction. Cancer produced lymphangiogenesis is triggered,
promoted and executed by many different growth factors such
as PROX-1, VEGFR-3, LYVE-1 and Podoplanin(D2-40)'>-""
D2- 40 or Podoplanin belongs to the family of type-1
transmembrane sialomucin like glycoproteins. It discriminates
between lymphatics and blood vessels of ovarian tissue
and allows an accurate count that is referred to as lymphatic
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microvessel density. '

Angiogenesis is a process of neovascularization. It has an
essential role in many physiological processes like organ
development, wound healing and tissue regeneration. It also
plays an important role in the normal growth and differentiation
of cells.”

Excessive angiogenesis is associated with pathogenesis,
progression and metastasis of malignancies. The presently
accepted standard method for quantifying tumor angiogenesis is
to assess micro vessel density based on IHC. The most commonly
used endothelial marker is CD-34. It is 67kDa transmembrane
glycoprotein, located on the surface and directed to the inside
part of blood vessel.???

Many anti-angiogenic agents were developed during last
few years therefore it calls for a better understanding of
angiogenesis and its role in tumors biology seems to be essential
for introduction of new therapeutic strategies.?

So the study was done to evaluate Angiogenesis and
Lymphangiogenesis as Prognostic Indicators in Epithelial
Ovarian Carcinoma. THC evaluation of intra & peritumoral
Lymphangiogenesis and Angiogenesis in 25cases of EOC with
histological type, grade & stage.

MATERIAL AND METHODS

This was a retrospective study comprising of 25 cases of
epithelial ovarian carcinoma diagnosed over a period of 2
years. Epithelial ovarian carcinoma cases without any treatment
till date and not complicated by any other malignancy were
included in the study while as cases of primary ovarian cancers
other than epithelial carcinoma, metastasis in ovary from any
other organ malignancy and any case of AIDS/ TB/ Leprosy
were excluded from the study.

Quantification of tumor vascularisation by IHC for
Lymphangiogenesis was assessed by marker D2-40 and
Angiogenesis by CD 34 in 25 patients of Epithelial Ovarian
Carcinoma.

Morphological aspects such as histological type, grades, stage
of cancer as well as vessel distribution that is peritumoral and
intra tumoral and vessel density were analyzed.

Ovarian tissue obtained was subjected to histopathological
processing and paraffin embedding was carried out. The paraffin
blocks were subjected to IHC using D2-40 and CD34 markers.

Histopathological evaluation on the basis of type, grade and
stage of Epithelial Ovarian Carcinoma was made.

A 4-um section from one selected paraffin block per subject was
stained immunohistochemically with commercially available
monoclonal antibodies to D2-40 and CD 34.

Sections were dewaxed briefly in benzene and hydrated
in decreasing solutions of alcohols. Antigen retrieval was
performed with microwave, using citrate buffer pH6 for 30
minutes. After blocking the endogenous peroxidase, slides were
incubated with anti-D2-40 and CD 34 for 30 minutes (ready-
to-use, Dako Cytomation, CA, USA). The working system was
LSAB-HRP and the final product of reaction was visualized
with diaminobenzidine (Dako, Glostrup, Denmark).

Nuclei were stained with Lillie’s modified haematoxylin. The
entire immunohistochemical procedure was performed with
Dako Autostainer Plus (DakoCytomation, Denmark)

Assessment of Vessel density (LVD and MVD): The D2-

40 and CD 34 stained section were examined at 100X
magnification to delineate “hot spots” i.e. areas of maximum
LVD and MVD in intratumoral and peritumoral areas. In
three such hot spots in each case all micro vessels (any brown
staining endothelial cell clearly separated from adjacent micro
vessels, tumor cells or other connective tissue elements was
considered to be single countable vessel) were counted at
400X magnification. The average MVD and LVD of three
fields in intratumoral and peritumoral area was calculated.
Large vessels with thick muscular wall were excluded from the
count.

STATISTICAL ANALYSIS

The statistical analysis was performed using the commercially
available SPSS software version 17.0. Statistical test was
applied to assess the significance of intratumoral and peritumoral
difference, expression of D2-40 and CD 34 with type, grade and
stage of ovarian carcinoma.

RESULTS

25 cases of malignant epithelial ovarian cancer were reviewed.
These cases included 14 cases of serous carcinoma, 7 cases of
mucinous and 2 each of endometrioid and clear cell carcinoma.
No case of ovarian malignant Brenner was present. 7 cases were
of Grade I and II and 11 cases of Grade III. On FIGO staging
5,6,10,4 were of stage I, II, IIL, IV respectively.

Assessment of d2 — 40 in histological type, grade and stage
[table 1,2]

Among the various histological types such as serous, mucinous,
endometrioid and clear cell carcinomas, IHC data revealed
statistically significant difference in means of intratumoral
(p=0.020) & peritumoral (p= 0.045) areas.A significant mean
difference was seen in intratumoral area between serous and
mucinous carcinoma (p=0.027).A significant mean peritumoral
difference was seen between mucinous and clear cell carcinoma
(0.049)

Among various grades, significant difference was seen in means
of peritumoral (0.002) areas. There was no significant mean
difference in intratumoral areas. Mean peritumoral difference
was seen between Grade 1 &3 (p=0.002) and 2 &3 (p=0.026).On
classifying the cases on the basis of staging into L, II, IIl and IV
stages, significant difference was seen in means of intratumoral
(p=0.033) & peritumoral (p= 0.008) areas.Significant mean
intratumoral(p=0.033) and peritumoral(p=0.004) difference
was seen between stage [ & V.

Assessment of cd34 in histological type, grade and stage
[table 3,4]

On the basis of various histological types, i.e. serous,
statistically significant difference was seen between the
means of intratumoral (p = 0.025) but not in peritumoral
among the values. A significant mean difference was seen in
intratumoral area between mucinous and clear cell carcinoma.
Among the grades, statistically significant difference was
seen in means of intratumoral (p = 0.002) and peritumoral (p
<0.001). Statistically significant mean intra and peritumoral
difference was seen between Grade 1 & 3 and Grade 2 &3.
Between various stages, statistically significant difference
was seen in means of intratumoral between Stage 1 &
v
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S No | Histological type No. of cases(N) Intramural Pertumoral
1. Serous Carcinoma N 14 14
2. Mucinous Carcinoma N 7 7
3. Endometrioid Carcinoma N 2
4. Clear cell Carcinoma N 2 2
Total N 25 25
Mean 9.32 7.96
SD 2.78 2.73
p- value .020 .045
Between Groups(ANOVA) Intratumoral Peritumoral
p- value .020 .045
Serous vs Mucinous Mean Difference 3.357 1.790
p- value .027 403
Serous vs Endometrioid Mean Difference 1.210 2.357
Serous vs Clear cell p-value 904 .580
Mucinous vs Endometrioid Mean Difference 1.786 3.643
Mucinous vs Clear cell p-value 151 223
Endometrioid vs Clear cell Mean Difference 2.143 571
p-value .675 991
Mean Difference 5.143 5.429
p-value .058 .049
Mean Difference 3.000 6.000
p-value 591 .093
Table-1: D2 40 Assessment on the basis of histological types
Grades No. of cases Intratumoral | Peritumoral the proliferating tumor cells, angiogenesis plays a crucial role
1 N 7 7 in tumor growth and metastasis. Tumor genesis of malignant
Mean 7.71 5.86 neoplasm is associated with extensive neovascularization for
SD 2.690 1.676 tumor growth progression.?
Cancers after the so called angiogenic switch acquire the ability
2 N 7 7 to induce new vessel formation. Neovascularization depends on
Mean 9.14 7.00 the ability to produce specific factors stimulating and inhibiting
SD 3.436 2.309 new blood vessel formation. These factors can be released by
neoplastic cells, stromal components and immune cells like
3 N 1 1 macrophages. Angiogenesis is assessed by micro vessel density
Mean 10.45 991 which can be evaluated after immunostaining endothelial cells
SD 1.968 2.256 with antibodies against CD 31, CD 105 and CD 34 for blood
vessels.?
Total N 25 25 . . . .
Moan 933 Y CD34 is a hlghl}.f glycosylated transr.ne.mbrane protein which
) 2780 2731 is e?(pressed on 1}mmature hCI‘I.latOPOICtIC cells as well as on
Between p- value 121 002 luminal endothelial cells. Tanigawa et al;1996 reported that
Groups CD34 displayed a better sensitivity and specificity than FVIII
(ANOVA) for endothelial cells induced by tumor angiogenesis.”
1vs 2 Mean difference 1.143 In an embryo, vessels are derived form in situ differentiation
p- value 582 of undifferentiated precursor cells to vascular endothelial
1vs3 Mean difference NA 4.052 cells (Risau, 1997). Subsequently, this primeval structure
p- value .002 expands by sprouting of capillaries from pre-existing vessels or
2vs 3 Mean difference 2.909 intussusception, in which interstitial tissue such as tumor cells
p-value 026 are integrated into the lumen of pre-existing vessels (Carmeliet,
Table-2: D2 40 Assessment among grades and stages 2000). In addition, tumor cells next to existing vessels have an
ability to form a perivascular cuff (Yancopoulos et al., 2000).
DISCUSSION

Concerning the complexity of mechanisms responsible for
carcinogenesis, there are still no routine methods of early
detection of ovarian cancer, and its biological behavior.
Clinical stage, histological grade and the type of neoplasm are
the most significant prognostic factors of ovarian cancer. It is
essential to investigate new biomarkers which allow for a better
prognosis of patients with ovarian neoplasms.?**

As tumor mushrooming is severely limited by nutrient supply to

It is still a controversial question whether these vessels result
from tumor cells invading lumen, from ‘vasculogenic mimicry’
of tumor cells, or from exposing underlying tumor cells due to
apoptosis of endothelial cells.?*-3

Among the angiogenesis markers most commonly examined is
the microvessel’s density (MVD). During our study we assessed
MVD using IHC marker CD34. A study carried out by Radoslaw
B et al in 2011; revealed that the mean value of MVD was
significantly higher in serous ovarian carcinoma than benign
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Sr. No. | Histological type No. of Intratumoral Peritumoral
1. Serous Carcinoma N 14 14
Mean 8.29 8.29
(MVD) 2.37 3.15
SD
2. Mucinous Carcinoma N 7 7
Mean 6.43 8.14
SD 3.64 2.73
3. Endometrioid Carcinoma N 2 2
Mean 7.50 7.00
SD 3.54 1.41
4. Clear cell Carcinoma N 2 2
Mean 14.00 13.50
SD .00 1
Total N 25 25
Mean 8.16 8.56
SD 3.26 3.11
Between Groups (ANOVA) Intratumoral Peritumoral
p- value .025 115
Serous vs Mucinous Mean Difference 1.857 NA
p- value 495
Serous vs Endometrioid Mean Difference 786 NA
Serous vs Clear cell p-value 982
Mucinous vs Endometrioid Mean Difference 5.714
Mucinous vs Clear cell p-value .060
Endometrioid vs Clear cell Mean Difference 1.071
p-value 963
Mean Difference 7.571
p-value .014
6.500
126
Table-3: CD 34 Assessment on histological types of epithelial ovarian tumors

serous adenomas. Also, no correlation was observed between
MVD and FIGO staging, but differences between MVD and
tumor grade were on a statistical borderline (p=0.07).3

study we observed a statistical difference in
intratumoral(p=0.002) and peritumoral (p<0.001) areas of
ovarian cancer among grades 1 & 3 and 2 & 3. In a study done
by Lei He et al; 2015, it was seen that both overall survival and
progression free survival were significantly poorer with high
MVD than with low MVD in ovarian cancer patients. In our
study we found a significant mean difference in intratumoral
areas in epithelial ovarian carcinoma(p= 0.025)*

Shelly Sehgal et al; 2013 in a study consisting of 42 cases of
ovarian surface epithelial tumors showed that MVD was much
higher in malignant ovarian tumors along with intense CD34
expression. In our study we found that the expression of CD34
on endothelium cells correlated with histological examination is
an indicator for clinical prognosis and survival rate.’

In postnatal life under normal conditions, lymphangiogenesis is
a quiescent process, but an active formation of new lymphatics
was reported in various neoplastic and non-neoplastic
human diseases. Although the lymphatic vessels invasion is
unanimously accepted as a poor prognostic factor, the early
steps of invasion by tumor cells and their clinical significance
are still a matter of debate.

Lymphangiogenesis is a complex multistep process, brought
about mainly by vascular endothelial growth factor-C and its
cognate receptor. The binding of the ligand to the receptor
stimulates endothelial cells of the postcapillary venules

In our

to acquire lymphatic phenotype and, finally, they lose the
connection with blood vessels.***” The study of lymphatic vessels
had been hampered with difficulty due to the overlapping mor-
phological features between blood and lymphatic endothelial
cells.*® By immunochemistry, lymphangiogenesis had been
reported in many solid tumors, not only in peritumoral but also
intratumoral.*

A certain specific antibodies were introduced, that can
discriminate between blood vessels and lymphatic vessel
endothelium such as LYVE-1, podoplanin (D2 40), Prox-1,
desmoplakin and VEGFR (Witte MH et al. 2006) Due to these
antibodies, it was possible to count LVs in the peritumoral
and tumoral area, procedure known as lymphatic microvessel
density (LMVD). LMVD was calculated in almost all human
tumors and specially in carcinomas, and in most of the cases,
a positive correlation between LMVD, lymph node metastases,
and prognosis was found.**!

Podoplanin/D2-40 belongs to the family of type-1 trans-
membrane sialomucin-like glycoproteins. It can be used as a
marker of lymphatic endothelial cells. In the normal ovary,
primary and secondary ovarian follicles show strong podoplanin
expression and the reaction becomes negative in the luteal body
and albicans body. A role for podoplanin was suggested in the
early differentiation of the granulosa cell layer of the ovarian
follicle.*

In our study we assessed LVD in epithelial ovarian cancers by
D2-40 for lymphatic vessels. In a study done by Schacht V et
al. 2005; podoplanin expression was found in 4 of 4 cases of
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Grades Intratumoral | Peritumoral
N 7 7
Mean 6.57 6.29
SD 2.23 1.70
2 N 7 7
Mean 6.00 6.86
SD 2.24 1.95
3 N 11 11
Mean 10.55 11.09
SD 2.88 2.55
Total N 25 25
Mean 8.16 8.56
SD 3.26 3.11
Between p- value .002 <0.001
Groups
(ANOVA)
lvs 2 Mean difference 571 571
p- value 908 .877
1vs3 Mean difference 3.974 4.805
p- value .010 <0.001
2vs3 Mean difference 4.545 4.234
p-value .003 .002
Stages
Stage Intratumoral | Peritumoral
1 N 5 5
Mean 6.20 6.00
SD 2.28 1.58
11 N 6 6
Mean 6.33 8.67
SD 2.66 2.66
111 N 10 10
Mean 8.90 9.00
SD 2.73 291
v N 4 4
Mean 11.50 10.50
SD 3.79 4.51
Total N 25 25
Mean 8.16 8.56
SD 3.26 3.11
Between p-value .026 158
Groups
(ANOVA)
TIvs1I Mean Difference 133 NA
p-value 1.000
Tvs Il Mean Difference 2.700
p-value 323
IvsIV Mean Difference 5.300
P-value .048
11 vs 111 Mean Difference 2.567
P-value 316
IIvsIV Mean Difference 5.167
P-value .044
THIvs IV | Mean Difference 2.600
P-value 420
Table-4: CD 34 assessment on the basis of grades & stages

dysgerminoma and in one of 3 cases of granulosa cell tumor.*
Mishima K et al. 2006; suggested a role of podoplanin in
invasion and metastasis. This was based on the observation

that an increased expression of podoplanin was consistently
correlated with the presence of metastasis. It was reported in
2006 by Wicki A et al. that podoplanin expressing cells were
present in more than 80% of human squamous cell carcinomas
at the invasion front.*

In a study carried out by Laurentiu P et al. 2011; lymphatic
vessels were found not only in stroma but also in tumor area.
Also a strong correlation was found between the intratumoral
lymphatic microvessel density and the stage of ovarian cancer.*
In our study we found that D2-40 expression on the basis of
stage was found in peritumoral area between stage 1 and 2 of
ovarian cancer. In a study conducted by Shouhua Yang et al,
2016 it was found that lymphatic vessels density in epithelial
ovarian cancer was not related to clinical stage, pathological
types, cell differentiation of tumor cell while as LVD was
positively related to LVI, LVP and the volume of ascites. These
results indicated that the proliferation of lymphatic vessels in
EOC induced the progression to advanced epithelial ovarian
cancer via metastasis.*

Lichun Li et al; 2009 in their study showed intratumoral
lymphatics as independent prognostic indicators. Intratumoral
lymphatics are associated with lymphatic invasion and thus
promote malignant progression in ovarian carcinomas.*’

In our study, the D2-40-stained endothelial cells with a lumen
were defined as individual lymphatic vessels. We observed a
significant correlation between the lymphatic density and in
means of intratumoral and peritumoral among the various
histological types. Incase, of assessment of D2-40 in grades, a
significant difference is seen in means of peritumoral areas of
epithelial ovarian carcinoma.

Lymphatic vessels spread may be significant in aiding metastases
in ovarian cancer but requires other biological factors to act in
conjunction, as it does not have clear-cut prognostic significance.

CONCLUSION

LVD in peritumoral areas was seen to be significantly associated
with type, grade and stage of malignant epithelial ovarian lesions
(EOC). This indicates a proliferation of lymphatic vessels in
EOC in peritumoral areas possibly induces(shows) a progress
to advanced epithelial ovarian cancers. Thus, a cancer induced
lymphangiogenesis may be related to the microenvironment in
tumor infiltrating areas(peritumoral areas) and hence, result in
induction of cancer metastasis.

Markers of lymphangiogenesis might be useful in both prognosis
as well as for targeted treatment on neoplasm’s. Lymph vessels
are an important component of tumoral stroma and are also
responsible for creating conduits for tumor metastasis.

MVD demonstrated a close relation with FIGO stage, grade &
type of EOC. MVD in our study can be correlated significantly
with type, grade and stage in case of intratumoral areas. High
level of MVD might be an independent prognostic factor.
This suggests that vascularisation is important for tumor
growth.

A close relation between tumor vascularisation and its growth
dynamics suggests that angiogenesis markers may be of
significant prognostic value in predicting the clinical outcome
and development of gynaecological malignancies and can
be useful in predicting the result of planned treatment and as
targets for future therapeutic measures.
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