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Vascular endothelial growth factor as a biomarker for endostatin gene therapy
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A B S T R A C T

Renal cell carcinoma (RCC) is characterized by high vascular endothelial growth factor (VEGF)

production and, consequently, excessive angiogenesis. Several strategies have been developed to target

angiogenesis as a method for treating metastatic RCC (mRCC). Endostatin (ES) is a C-terminal fragment of

collagen XVIII that has antiangiogenic activity. The aim of this study was to investigate the predictive

value of circulating VEGF-A in a murine model of mRCC after ES gene therapy. ES therapy did not affect

the levels of collagen XVIII/ES or ES in the tissue. The circulating level of ES was increased in the control

and ES-treated groups (normal vs. control, P < 0.05 and ES-treated vs. control, P < 0.001), and the

intratumoral vessels were significantly decreased (ES-treated vs. control, P < 0.05). ES therapy decreased

the VEGF mRNA levels. The tissue and circulating levels of VEGF in the control group were significantly

higher than normal (P < 0.01 and P < 0.05, respectively). Treatment with ES significantly reduced the

VEGF concentrations in both compartments (P < 0.001 for tissue and P < 0.05 for plasma). Our findings

indicate that in addition to the directly targeted tumor vessels, ES exerts its antitumor effect by down-

regulating VEGF gene expression in renal tumor cells. Additionally, our findings point to the predictive

value of VEGF for ES therapy.
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1. Introduction

Angiogenesis is the growth of new vessels from a pre-existing
blood supply and is essential for the growth and metastasis of solid
tumors [1]. To promote angiogenesis, tumors upregulate the
proangiogenic cytokine production. However, they also generate
angiogenesis inhibitors, and decreased expression of these
endogenous antiangiogenic factors is another important feature
of tumor angiogenesis [2,3].

Renal cell carcinoma (RCC) is a group of malignances
comprising different histological subtypes. Clear cell renal cell
carcinoma (ccRCC) is the most frequent renal tumor subtype,
accounting for 70% of cases. Inactivation of the von Hippel-
Lindau (VHL) tumor suppressor via mutation, hypermethylation,
and loss of heterozygosity frequently occurs in ccRCC [4]. VHL
protein (pVHL) is a part of an E3 ubiquitin ligase complex that
ubiquitylates the hypoxia inducible factor a (HIFa) subunit,
leading to its rapid degradation. Loss of the VHL protein
prevents the VHL complex from targeting HIF for degradation,
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resulting in accumulated HIF. An increased level of HIF results in
the increased transcription of its downstream targets, including
platelet-derived growth factor (PDGF) b, carbonic anhydrase 9
(CA9), transforming growth factor (TGF) a and vascular
endothelial growth factor (VEGF or VEGF-A) [4–6]. VEGF is
the most important angiogenic factor associated with inducing
and maintaining the neovasculature in tumors, thereby exerting
its mitogenic effect by binding to its receptor, VEGFR2 (human
KDR; mouse Flk-1) [7].

Over the last decade, there has been a better understanding of
the molecular pathways involved in RCC pathogenesis, which
result in the development of VEGF (the therapeutic agents target)
and the mammalian target of the rapamycin (mTOR) pathway.
Receptor tyrosine kinase inhibitors ([TKIs], sorafenib, sunitinib,
pazopanib and axitinib), VEGF antibodies (bevacizumab) and
mTOR inhibitors (everolimus, temsirolimus) were approved to
treat metastatic kidney cancer [8].

In oncology, a biomarker is a biological indicator of the disease,
a tool for patient prognosis and treatment response [9]. A
prognostic biomarker provides information about the progression
of a disease without considering any treatment. Conversely, a
predictive biomarker can provide information about the effect of a
specific treatment [10].
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Fig. 1. Tissue and circulating endostatin profile in a metastatic renal cell carcinoma murine model. The endostatin mRNA expression in metastatic lungs was examined using

RT-qPCR. The results are shown as the folds increase relative to normal levels following normalization against a housekeeping gene. A. Endostatin gene expression was not

modulated by the endostatin treatment (P = 0.3168). B. The lung endostatin concentration was significantly higher than that of normal lungs (normal vs. endostatin-treated

P < 0.05). C. Circulating endostatin in the control group showed a pronounced increase compared with the normal group (normal vs. control groups, P < 0.001); in the

endostatin-treated mice the plasma levels of endostatin were significantly higher than that of the control mice (control vs. endostatin-treated mice, P < 0.001).
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In RCC, VEGF has been considered a prognostic biomarker
because plasma VEGF levels have been associated with shorter
survival. However, its predictive value is unclear [11,12].

Endostatin (ES) is a cleavage product from the C-terminal portion
of collagen XVIII, which has been shown to exhibit antiangiogenic
activity and has been effective in the experimental treatment of
diseases with neovascularization; it is also involved in the
pathogenesis of some diseases, such as arthritis, diabetic nephro-
pathy and tumor growth. In vitro, ES has shown many biological
activities, including inhibiting endothelial cell migration and
inducing and proliferating apoptosis [13–16]. The apoptotic effect
of ES is associated with decreased levels of anti-apoptotic proteins,
such as Bcl-2 and Bcl-xl [17]. It was demonstrated that soluble ES
inhibits endothelial cell migration by binding to integrin a5 and av
[18]. Oligomeric ES can also bind to heparan sulfate on cell surface to
regulate morphogenesis and cell migration. Kim et al. demonstrated
that the inhibition of endothelial proliferation and migration is
caused by the direct interaction of ES with KDR/Flk-1 receptor [19].

In vivo, the antitumor activity of ES has been demonstrated in
different tumor types [20–22]. Over the last 10 years our group has
Fig. 2. Tissue and circulating vascular endothelial growth factor profile in a metastatic re
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demonstrated that ES gene therapy resulted in increased levels of
plasma ES and in significant antitumor effects in a murine model of
primary and metastatic RCC [23–25]. Treated tumors showed a
decreased microvascular density, reduced nodule areas and a
decreased proliferation of tumor cells. In addition, tumor-bearing
treated mice showed a significantly prolonged survival rate [26].

The aim of this work was to evaluate the potential of VEGF as a
predictive biomarker for ES therapy.

2. Results

Balb/c mice bearing mRCC were treated with ES for 10 days, and
then the ES and VEGF levels of mRNA and protein were assessed.

2.1. Tissue and circulating endostatin profile in a metastatic renal cell

carcinoma murine model

The RT-qPCR revealed that the ES mRNA expression in the
metastatic lungs was not modulated by the ES treatment (control
vs. ES-treated groups, P = 0.3168) (Fig. 1A). ES concentration in the
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Fig. 3. CD34 immunohistochemistry and blood vessel quantification in nodules from the controls and endostatin-treated animals. CD34 immunostaining (20�) of endothelial

cells and representative vessels in sections (indicated arrow) from the control (A) and endostatin-treated groups (B). (C) Blood vessel quantification in tumor tissues was

performed using ImageJ software (http://rsb.info.nih.gov/ij/). The percentage of CD34-positive cells reduced significantly after the endostatin therapy. Bars, means � SE

(control vs. endostatin-treated groups, P < 0.05, Student’s test-t).

M.S. Braga et al. / Biomedicine & Pharmacotherapy 67 (2013) 511–515 513
lungs of control mice was similar to that presented in the lung of
normal mice. However, tissue ES levels were significantly
increased in the ES-treated group compared to the normal group
(normal vs. ES-treated, P < 0.05) (Fig. 1B).
Fig. 4. Vascular endothelial growth factor immunofluorescence staining in the lung tiss

Intense cytoplasmic vascular endothelial growth factor labeling (red) was observed in 

decreased markedly after the endostatin treatment. C. A semi-quantitative analysis was

(control vs. endostatin-treated groups, P < 0.01, Student’s t-test).
Circulating ES levels were also measured, and the control group
showed a pronounced increase in the endogenous ES concentra-
tion. The presence of tumors cells lead to a 3-fold increase in the ES
levels (normal vs. control groups, P < 0.001). As expected, the
ues from mice in each experimental group. Representative sections are shown. A.

the tumor cells of the control mice. B. Vascular endothelial growth factor staining

 performed using ImageJ software. Original magnification (20�). Bars, means � SE
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subcutaneous inoculation of NIH/3T3-LendSN-clone 3 cells
resulted in a significant increase in circulating ES levels in the
ES-treated group (control vs. ES-treated, P < 0.001) (Fig. 1C).

2.2. Tissue and circulating vascular endothelial growth factor profile

in an metastatic renal cell carcinoma murine model

The RT-qPCR revealed that VEGF gene expression was
modulated by the presence of ES gene therapy. On average, VEGF
mRNA expression decreased nearly 2.0-fold in response to the ES
treatment (control vs. ES-treated mice, P < 0.001) (Fig. 2A).

In the lung tissue of the control group, the VEGF levels increased
by approximately 84% compared to the normal group (normal vs.
control groups, P < 0.01). As a result of the ES treatment, the VEGF
levels decreased, nearly returning to levels similar to that of the
normal group (ES-treated vs. control mice, P < 0.001) (Fig. 2B).

The circulating VEGF levels of the normal, control, and the ES-
treated groups were impacted by the presence of metastatic
tumors; these results were similar to those obtained in lung tissue
(normal vs. control groups, P < 0.01; control vs. ES-treated mice,
P < 0.001) (Fig. 2C).

2.3. Histological analysis

To determine the extent of angiogenesis, lung tissues were also
stained with antibodies against the endothelial marker CD34. As
indicated on Fig. 3, ES-treatment resulted in a reduced number of
intratumoral vessels (Fig. 3A, 3B). A quantitative analysis showed a
decrease of approximately 60% in the tumor microvessels (Fig. 3C).

The expression levels of VEGF in the metastatic lungs were also
assessed using immunofluorescence analysis. Cytoplasmic fluor-
escence staining corresponding to the VEGF expression was
observed in the lung tumor cells from both the control and
treated groups. Metastatic cancer cells from the control group
showed strong and positive VEGF staining (Fig. 4A). Semi-
quantitative immunofluorescence analysis of these sections
showed a reduction of approximately 66% in the VEGF expression,
as previously shown using the ELISA (Fig. 4B).

3. Discussion

Tumor growth is dependent on angiogenesis, which is
controlled by proangiogenic and antiangiogenic molecules. VEGF
is a central regulator of tumor angiogenesis and is highly expressed
in many types of tumors, including RCC [27–31]. Thus, both
angiogenesis and VEGF have been confirmed as targets of
anticancer therapeutics [32].

The use of molecular targeted drugs has changed the
therapeutic practice and also brought many challenges to
oncology. One challenge is finding biomarkers.

In the last 10 years, our group has been working with ES in
treating an experimental model of mRCC, with promising results
[23–25]. In this study, using the same animal model, we sought to
determine the predictive value of circulating VEGF.

ES treatment showed interference neither in the collagen XVIII/
ES gene expression nor in the lung ES protein expression.
Moreover, corroborating our previous data, the ES plasma levels
increased significantly in the control group and, as expected, in the
ES-treated group. This profile indicates that the increased plasma
levels of endogenous ES in the control group results from cleavage
of collagen XIII by metalloproteinases (MMPs) and proteases and
its release into the circulation [33]. The expression of MMPs, such
as MMP-2 and MMP-9, correlated with tumor progression [34].
Additionally, elevated serum levels of ES endogenous and VEGF
correlated with stage IV clear cell renal cancer [31]. The increased
plasma levels of endogenous ES did not control the tumor growth.
However, the implantation of engineered NIH/3T3 cells producing
the ES fragment independently of proteolytic activation (recom-
binant ES) displayed antitumor action.

The increased tissue and circulating VEGF levels in the control
group can justify high the intratumoral vascularization. Increased
VEGF expression, either in the circulation or in tumor tissue, was
found to correlate with worse prognoses [12]. Exogenous ES
treatment caused a markedly reduced expression of VEGF-A mRNA
in the metastatic lungs of the ES-treated groups. The down-
regulation of VEGF expression by ES has been demonstrated in
malignant murine keratinocytes and EF43.fgf-4 mammary carci-
noma, indicating a direct effect of ES on tumor cells [35].
Circulating VEGF levels displayed a similar trend in tissue. This
evidence shows that circulating VEGF could be directly derived
from tumor tissues, thereby reflecting the biological activity of
mRCC.

In summary, in mRCC, the antitumor effect of ES therapy seems
to be mediated by both the reduction of VEGF gene expression by
renal tumor cells and antiangiogenic activity. Additionally, our
findings point to the predictive value of VEGF in ES therapy.
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