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Abstract

Bladder cancer is the ninth malignancy of the genitourinary system in the world. Urothelial cell
carcinoma is the commonest histological type. There are no good therapeutic options to date.
Vascular endothelial growth factor (VEGF) is a growth factor that is essential to stimulate
angiogenesis. Tumor growth relies on angiogenesis and determines the therapy. The epidermal
growth factor receptor (EGFR) is known as a tyrosine kinase transmembrane receptor. EGFR is
involved in the regulation of VEGF. Several researches have shown that EGFR stimulation induces
VEGF expression. Therefore, this research was conducted to analyze the relationship between
VEGF and EGFR, as the basis of therapy using anti-VEGF and anti-EGFR. An observational
research was conducted on 53 formalin fixed paraffin-embedded tissue from Radical Cystectomy
patients urothelial carcinoma of bladder which was at Dr. Soetomo General Academic Hospital
Surabaya, Indonesia during 2010 - 2019. Immunohistochemistry was conducted using VEGF and
EGFR antibodies. Significant positive correlation was seen between EGFR and VEGF expression
in bladder urothelial carcinoma. VEGF and EGFR expression can use as the basis of therapy using

anti-VEGF and anti-EGFR in bladder urothelial carcinoma.
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Introduction

Urothelial cancer is one of the top ten
most general types of cancer of the genitourinary
system worldwide %® with roughly 430,000 cases
and ranks 13th in terms of yearly cancer deaths >.
Bladder cancer also ranks 7th for the most
common malignancy in men, with men having
respective incidence and mortality rates four times
higher than women globally % In 2018, it was
predicted that there would be over 80.000 recent
cases of bladder cancer identified in USA, with
over 15.000 deaths *. Cigarette smoking is known
as the main risk factor for bladder cancer. In the
United States, approximately 50% of bladder
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cancer cases are related to smoking in both sexes,
other than water contaminant and exposure to
chemical 2.

Tumor growth determines the therapy and
prognosis of a patient. Angiogenesis, a process
where new blood vessels form and distribute
nutrients and oxygen to highly proliferative tumor
cells, can strongly affect the growth of tumor °.
Vascular endothelial growth factor (VEGF) is the
angiogenic component that is important to
stimulate angiogenesis and tumor growth factors.
The significance of the VEGF expression has
been recognized and researched in different
types of cancer. Various researches have
investigated the function of VEGF in bladder
cancer development and invasion 2.

A tyrosine kinase transmembrane
receptor, Epidermal growth factor receptor
(EGFR), heavily affects carcinogenesis °. It is
overexpressed in many tumors, such as head
and neck, colon, lung, breast, kidney, bladder
and prostate cancer °. VEGF released from
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tumor cells stimulates the proliferation and
sprouting of endothelial cells '°. The significance
of the VEGF expression has been investigated in
various types of cancer. Several researches have
investigated the role of VEGF in bladder cancer
progression and invasion 5.

EGFR is embroiled in the control of VEGF.

Several researches have shown that EGFR
stimulation induces VEGF expression .
Biological agents alone or combined with other
cytotoxic therapies targeting EGFR and VEGF
pathways are proven to show clinical benefits in
various cancers in humans. Inhibition of VEGF-
related pathways is suspected to effect the
mechanism of action agents that target EGFR.
However, over activation of VEGF expression,
which is independent of EGFR signaling, could
result in tumor resistance towards anti-EGFR
therapy '>'3. Therefore, this study analyzes the
role and the relationship between EGFR and
VEGF in bladder cancer, as the basis of therapy
using anti-VEGF and anti-EGFR.

Materials and methods

An analytic observational study was done
on 53 paraffin-embedded tissues fixed in formalin
from Radical Cystectomy (RC) patiens urothelial
carcinoma of bladder which were at Dr. Soetomo
General Academic  Hospital's  Anatomical
Pathology Laboratory at Surabaya Indonesia
during 2010 - 2019. Immunohistochemistry was
conducted using VEGF and EGFR antibodies,
measured and statistically analyzed to find the
correlations between VEGF and EGFR in
urothelial carcinoma of bladder.

Immunohistochemistry Staining
A 4um cut of paraffin block, was sectioned into
slides, each deparaffinized three times for 5
minutes with xylol, and rehydrated using graded
alcohol for 2 minutes each. In order to reduce
nonspecific staining caused by peroxidized block,
hydrogen peroxide was used to incubate the
slides for 10-15 minutes. Antigen retrieval was
carried out using microwave treatment in sodium
citrate buffer in pH 6.0 at 95°C for 45 minutes,
then background sniper was applied (Biogear -
Excell Block). Slides were incubated overnight
with monoclonal antibodies for VEGF (C-1 - sc
7269 dilutions 1:200; Santa Cruz Biotechnology)
and EGFR (0.N.268: sc-71034; dilution 1:100;
Santa Cruz Biotechnology), and washed in
phosphates buffer saline. It was followed by a
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secondary antibody (Biogear Universal HRP
Excell Stain System — Biogear, BDK-HES125) for
10 minutes at room temperature and DAB
chromogen for 5-15 minutes. Slides then were
counterstained with Meyer's hematoxillin and
dehydrated with 95% alcohol. We use human
placental tissue as a positive control for EGFR
while human liver tissue as a positive control for
VEGF.

Evaluation of Immunohistochemistry Expression

The expression of VEGF and EGFR was
evaluated by two pathologists using Olympus
CX41RF light microscopes in the blinded fashion
and documented using Olympus DP2-BSW. The
VEGF expression was interpreted in accordance
with the intensity and percentage in the
cytoplasm of tumor cells. The percentage of
tumor cell positively stained was determine by
counting the tumor cell that had the highest
immunoreactivity, as 0 (< 10%); 1 (210% -
<25%); 2 (>25% - <50%) and 3 (= 50%). The
staining intensity was scored as 1; 2; 3 for weak,
moderate, and strong. Then intensity and
percentage scores were summed and considered
as total score 0-2 (negative), total score 3-4
(positive), and 5-6 (strongly positive) '.

EGFR expression was evaluated on the
percentage of membranous and cytoplasmic and
the intensity of tumor cells staining as follows: 0
for no positive cells; 1(1-25%); 2 (26-50%); 3
(61-75%); and 4 (>75%). The staining intensity
for EGFR was scored as 0 (absent), 1 (weak), 2
(moderate), and 3 (strong). Then, the calculation
of the final score was done by multiplying the
score of staining intensity and percentage of
stained cells. The negative group had a score of
0, weak had a score of 1-4, moderate had a
score of 5-8 and strong had a score of 9-12°,

Results

Four hundred and three patients were
obtained from ten years the medical record.
There is fifty-three Radical Cystectomy patients
urothelial carcinoma of bladder. SPSS v 25.0
was used to calculate statistical analyses and
Spearman’s test was employed to analyze the
correlation between VEGF and EGFR with
significance level of p<0.05. The correlation
between EGFR and VEGF expression in bladder
urothelial carcinoma was significant positive
correlation rs= 0.418; p=0.002 (p<0.05), (Table 1,
2, Figure 1).
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Variable Score )3

VEGF Negative (Score 0-2) 10
Positive (Score 3-4) 18
Strong positive (Score 5-6) 25
Total 53

EGFR negative (Score 0) 16
weak (Score 1-4) 28

moderate (Score 5-8) 7

Strong (Score 9-12) 2

Total 53
Table 1. Immunohistochemistry of VEGF and
EGFR.

Correlation between EGFR and VEGF

rs 0.418*
p 0.002
n 53

Tabel 2. Spearman Test of Correlation between
EGFR and VEGF in bladder urothelial cell
carcinoma. *a< 0.05, considered as significant.

Figure 1. VEGF expression, 400 HPF (A.Weak,
B.Moderate, and C.Strong); EGFR expression,
400 HPF (D. Weak, E. Moderate, and F. Strong).

Discussion

VEGF positive immunoreaction was
observed as a brown color staining localized in
the cytoplasm, and EGFR expressed was found
at the plasma membrane and/or cytoplasm of the
cell. A significant positive correlation was found
between VEGF and EGFR expression in bladder
urothelial carcinoma (rs= 0.273; p=0.048).

Of all samples (53 samples), 43 samples
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(81.1%) were positive for VEGF, indicating that
most of the samples expressed VEGF, which
means that it has the opportunity to do therapy
with anti-VEGF. VEGF is an angiogenic factor
that is important to stimulate angiogenesis and
tumor growth factors 2. The growth of tumor is
heavily affected by angiogenesis, which is the
formation of blood vessels that distribute
nutrients and oxygen to higly proliferate tumor
cells °.

VEGF, a member of a gene family, is
known to be one of the main regulators of
pathological and physiological angiogenesis >
Several studies found that VEGF is highly
expressed in various cases of tumors in humans
118 |nitially, the expression of VEGFR-2 was
prefominantly found in endothelial cells while
VEGF-A expression was detected in various
tumor cell lines '®'°. VEGF released from tumor
stimulates the proliferation and sprouting of
endothelial cells '. Although angiogenesis
induction may cater the tumor with more nutrients
and oxygen at first, the utmost response is
insufficient.This is due to the continuously
remodeled vasculature of tumor that is tortuous
and leaky, which causes irregular blood flows ™.
The significance of VEGF expression has been
investigated in various types of cancer.Various
researches have investigated the role of VEGF in
the progression and invasion of bladder cancer®™®

There are several factors that can
regulate VEGF expression, including hypoxia,
free radicals, pH imbalance, and nutrient
deficiencies %. Tumor cells express hypoxia-
inducible factors (HIF) to compensate for hypoxia,
nutrient deficiency and escape tumor necrosis.
This will activate the transcription of over 40
genes, such as VEGF . In accordance with a
previous study, there was a positive correlation
between VEGF and HIF-1a immunoreactivities
(P<0.001) in urothelial carcinoma 2'. VEGF and
VEGF receptor transcription is directly activated
by HIF-1a by binding hypoxia response element
(HRE) and performs a crucial role during tumor
formation and normal growth 2.

The prognostic value of VEGF-A tissue
expression in urothelial bladder cancer still
remains unanswered. It was discovered that high
levels of VEGF-A were related to higher
reccurance rates and lower survival rates 2>,
however several researches had contradicting
results 58, In vitro studies revealed that the
inhibition of angiogenesis effectively decreases
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invasion and proliferation of UBC, leading to
further research on angiogenesis-targeted agents
8, The growth of several tumor cell lines were
successfully inhibited using anti-VEGF antibody
treatment, which implies that blocking VEGF
alone may inhibit angiogenesis thus suppress the
growth of tumor '6. Recent researches reveal that
VEGF-targeted therapies have the ability to alter
the interaction between tumor cells and their
environment by transforming tumor cells to have
a more metastatic and aggressive phenotype.
This section highlights several tissues for which
there are currently no clear solutions but which
warrant  consideration when therapeutic
strategies. Methods to observe the response to
anti-angiogenic therapy in vivo and several anti-
angiogenic treatments for cancer are presently
approved by the FDA™.

It is apparent that the anti-tumor effects of
multi-kinase inhibitors have the ability to both
block signaling in tumor cells and other types of
cells and also block angiogenic signaling
pathways. The importance of understanding in
vivo performance of anti-angiogenic drugs and
also finding possible combinations of drugs is a
crucial step to produce better results and improve
the success of anti-angiogenic therapies.
However, at this moment there are no validated
biomarkers that can determine the suitablility of
angiogenic therapy for different cases of cancer
patients 2 |t is essential to conduct further
research to discover new markers that are
suitable to measure the efficacy of anti-
angiogenic strategies '°.

Of all samples (53 samples), 37 samples
(69.9%) were positive for EGFR, indicating that
most of the samples expressed EGFR. This
means that it has the opportunity to do therapy
with anti-EGFR. As it is currently known, EGFR is
a tyrosine kinase transmembrane receptor that
plays an important role in carcinogenesis " It is
overexpressed in many tumors, such as lung,
head and neck, colon, breast, prostate, bladder
and kidney cancer °. EGFR is a tyrosine kinase
receptor that is a part of the HER/erbB family %’.

The structure of this membrane-spanning
glycoprotein includes a cytoplasmic domain
containing the tyrosine kinase domain, a region
of hydrophobic transmembrane and an essential
extracellular ligand-binding domain. Increased
activitiy or disregulation of EGFR signaling
pathways and EGFR overexpression are
suggested mechanisms, by which malignant
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phenotype may confer with the presence of
EGFR 13,28,29.

It is hypothesized that the increase of
EGFR-mediated signaling can cause a cell to
shift into a state of unregulated and continuous
cell proliferation, thus increasing the mass of
tumor due to the high number of malignant cells.
In agreement with this, expression or
overexpression of EGFR is found in various
types of solid tumor '32°,

The activation of EGFR pathways is
associated to several mechanisms crucial in
tumor  progression, including proliferation,
transformation, cell survival and metastasis,
migration, adhesion, motility and differentiation
1327 Various solid tumors are known to express
EGFR, some of the many include non-small cell

lung cancer (NSCLC), pancreatic, colon,
pancreatic, head and neck, ovarian,
glioblastoma, breast and bladder3°. EGFR

expression was significantly linked with poor
clinical outcome, tumor progression and high
tumor stage'. EGFR inhibitors have clear anti-
proliferative and anti-angiogenic effects 3.
Recently, it was revealed that prior
chemotherapy rendered patients with muscle-
invasive TCC to be resistant to EGFR family
inhibitors as well. Nevertheless, family of EGFR
inhibitors may work well in those groups of
patients in whom no prior chemotherapy has
been given, and EGFR is over expressed ?%. The
EGFR score has a statistically significant
association with prognostic factors like grade of
tumor, size of tumor, presence of Cancer Insitu
(CIS) and shape of stalk but not with age, gender,
stage, muscle invasion and number of tumors.
Overexpression of EGFR in TCC of bladder
makes this receptor a good therapeutic target * It
is for various reasons that underlie anti-EGFR
therapy in tumors.

In solid tumors, EGFR and VEGF
pathways appear to be related, specifically with
respect to angiogenesis. TGF-a and EGF
encourage the expression of VEGF by way of
EGFR activation in cell culture models. In
addition to that, these pathways also have pro-
angiogenic properties '**%32 Evidence has
shown that tumor-associated endothelial cells
express EGFR ™3 and that aberrant EGFR
expression correlates with poor prognosis 3%,
There is a possibility that angiogenesis is
modulated by the EGFR pathway which up-
regulates VEGF or other key mediators in
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angiogenesis '*%2. However, the inhibition of

EGFR does not block VEGF, which allows
angiogenesis to occur around the tumor, thus
induces tumor growth '3,

There is a close relationship between
VEGF and EGFR. EFGR expression causes up-
regulation of VEGF signaling. Meanwhile, VEGF
up-regulation independent of EGFR signaling
shows contribution to resistance to EGFR
inhibition. As a result, inhibiting both VEGF and
EGFR pathways may show effects in overcoming
resistance to EGFR inhibition and improving the
efficacy of anti-tumor 2.

Two crucial factors that affect the
dissemination and growth of tumors are EGFR
and VEGF. The VEGF and EGFR pathways are
closely associated and share similar downstream
signaling pathways *. In addition, VEGF
expression is driven by EGF, which is a growth
factor and also a key EGFR ligand *°*. EGFR and
VEGF play a crucial function in the growth and
progression of tumors through the exertion of
direct and indirect impacts on tumor cells 3.
Biological agents administered alone or
combined with standard cytotoxic therapies that
target the EGFR and VEGF pathways have
shown positive benefits in various types of
human cancers. The inhibition VEGF-related
pathways is suspected to have effect on the
action mechanism of agents that target EGFR *°.
However, over activation of VEGF expression
independent of EGFR signaling is suspected to
cause tumor resistance to anti-EGFR therapy
1213 These various reasons are in accordance
with the results of this research, which states that
there is a relationship between EGFR and VEGF
in bladder urothelial carcinoma. So that, it can be
considered a combination therapy between anti-
VEGF and anti-EGFR.

There is a relation between EGFR and
VEGF signaling pathways. VEGF is the main
mediator in angiogenesis and the over
expression of VEGF may stimulate resistance to
EGFR. However, inhibitihng EGFR does not
directly inhibit angiogenesis. Because of this,
anti-VEGF agent is needed to prevent
angiogenesis from occuring. So, an anti-VEGF
agent should be used together with any
treatement that requires anti-EGFR agent. Many
agents that target EGFR or VEGF used in
combination  with standard chemotherapy
regimens have shown positive results and has
been regulatory approved for cancer therapy.
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The combination of EGFR and VEGEF inhibitors
with  other therapies may contribute in
overcoming tumor resistance mechanisms, thus
result in better therapeutic outcomes 3.

The regulation of cancer integrity and
permeability that depends on the intravastation
sustaining intratumoral vessels on VEGF can be
reflected in increased benefits in the combination
of anti-EGFR therapies and anti-VEGF agents
that are now mainly used as a treatment for late-
stage cancers.

Results in this study suggest that
EGFR/IL-8/ neutrophil MMP-9/VEGF pathway is
a valid axis that has the ability to compromise
intratumoral  vasculature during anticancer
therapy *. HER2 and EGFR are therapeutic
targets that have shown promising results and
are currently under investigation and futher
research in bladder cancer. However, potential
mechanisms of resistance and the selection of
most appropriate strategies to this approach
need to be futher researched as it still remains
unclear ¥.

The main limitation of this research is the
low number of patients from only one hospital
and no analysis of their current condition.

Conclusions

In summary, this study revealed an
important correlation between EGFR and VEGF
in bladder urothelial cancer.
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