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Angiogenesis is essential for tumor growth and metastasis. VEGF has been shown to be a central player in this process. The
biological activity of VEGF is mainly mediated by two tyrosine kinase receptors, VEGFR-1 and VEGFR-2. While increasing
evidence suggests that VEGF/VEGFR-1 signaling is crucial for tumor angiogenesis, its molecular mechanism is not well
understood. Here we show that VEGFR-1 knockdown dramatically inhibits tumor growth. This inhibition is associated with
significant decrease of tumor VEGF levels and tumor angiogenesis as well as an increased tumor necrosis. Moreover, we
demonstrate that VEGF in CRCC tumors is mainly produced by tumor stromal cells instead of the tumor cells themselves. It
has been shown that macrophages constitute a significant part of tumor stromal cells and produce a large amount of
VEGF. We therefore examined the macrophage infiltration in the xenograft tumors. Remarkably, VEGFR-1 knockdown
attenuates the tumor macrophages infiltration. To understand the mechanism, we investigated the impact of VEGFR-1
knockdown on the expression of monocyte chemoattractant protein-1 (MCP-1), one of the main chemoattractants for
macrophages. Significantly, VEGFR-1 knockdown inhibits MCP-1 expression of CRCC cells. Taken together, these data
indicate that VEGF/VEGFR-1 signaling plays an essential role in initiating tumor angiogenesis by regulating MCP-1
expression, which in turn, attracts macrophages infiltration and VEGF production. Thus, these studies suggest that
blockade of VEGFR-1 function may provide a tumor-specific, VEGF-based therapeutic strategy for treatment of CRCC.

Introduction

Angiogenesis provides nutrients for tumor cell growth and a
means for tumor metastasis; therefore it is a vital process for
tumor progression. Increased tumor blood vessel density has
been shown to correlate directly with poor prognosis in many
tumors.1 The formation of blood vessels within a tumor is
dependent on the proliferation and migration of endothelial cells.
More than 20 positive regulators of angiogenesis have been
identified including growth factors, matrix metalloproteinase,
cytokines and integrins. Among these, VEGF has been shown
to play a central role in this process. It has been shown that the
levels of VEGF and VEGF receptors are increased in many
advanced tumors.2

VEGF exerts its biological effect mainly through the interaction
with two receptor tyrosine kinases, VEGFR-1 and VEGFR-2.
Studies have shown that the biochemical features of the two
receptors are quite distinct.3 VEGF has been shown to have a
10-fold higher binding affinity to VEGFR-1 than to VEGRR-2,
yet it induces a robust increase in tyrosine kinase activity of
VEGFR-2 but only a moderate increase of VEGFR-1 tyrosine

kinase activity. While it is widely believed that the VEGF
signaling through VEGFR-2 is the major pathway for the survival
effects of endothelial cells in adult, the role of VEGF/VEGFR-1
signaling has not been well defined.

Increasing evidence suggests that VEGF/VEGFR-1 singling
may play an important role in the progression of pathological
angiogenesis that occurs in many diseases, including cancer.
Increased level of tumor VEGFR-1 but not VEGFR-2 expression
has been shown to associate with high tumor angiogenesis and
advanced tumor development.4-6 Higher VEGFR-1 expression is
correlated with a significantly shorter time to tumor recurrence
and decreased survival rates compared with those with lower
VEGFR-1 expression after surgical resection of a cancerous
tumor.7-11 The hypoxia inducible element sequence has been
identified in the promoter of VEGFR-1 gene but not VEGFR-2
gene, suggesting that there is a direct regulation of VEGFR-1
expression by hypoxia, a condition that exists in solid tumors.12

In addition, VEGFR-1 positive hematopoietic progenitor cells
(VEGFR-1+ HPCs) has been shown to enhance tumor metastasis
by forming premetastatic niches in future metastatic organs.13

A recent study shows that VEGFR-1 expressed by malignant
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However, the mechanisms of VEGF/VEGFR-1 signaling in
regulating tumor angiogenesis and growth are not well defined.

Clear cell renal cell carcinoma (CRCC) is one of the best tumor
models for studying the role of VEGFR-1 signaling in tumor
angiogenesis. CRCC is caused by the inactivation of the von
Hippel Lindau (VHL) tumor suppressor gene. Inactivation of
VHL in CRCC cells results in the stabilization of HIFα subunits
which in turn, induces the expression of hypoxia-inducible genes
including VEGF and VEGFR-1.15,16

In this study, we investigated the role of VEGF/VEGFR-1
signaling in CRCC angiogenesis and growth. VEGFR-1 was
knocked down in the CRCC cell line 786-O by shRNAs that
specifically targeted VEGFR-1 mRNA. The effects of VEGFR-1
knockdown on tumor angiogenesis and growth were investigated
in both ectopic (subcutaneous implantation) and orthotropic
(sub-renal capsule implantation) nude mice xenograft models.
We show here that interruption of VEGF/VEGFR-1-signaling
significantly reduces CRCC angiogenesis and growth in both
models and that a significantly decreased VEGF level accompanies
this inhibition. By using a species-specific VEGF assay, we found
that tumor infiltrating macrophages are likely the main source of
tumor VEGF. More importantly, we show that knockdown of
VEGFR-1 expression in tumor cells significantly reduced their
ability to produce MCP-1, which may account for the decreased
macrophage infiltration in VEGFR-1 knockdown tumors. These
data suggests that tumor associated macrophages (TAMs) play a
key role in the onset of angiogenesis and that VEGF/VEGFR-1
signaling is essential for macrophage infiltration. Therefore,

inhibition of the VEGFR-1 function may provide a tumor-
specific therapeutic strategy for the treatment of CRCC.

Results

VEGF and VEGFR-1 are expressed in human CRCC tumors
and cell lines. In this study, cell lines derived from human CRCC
tumors were used to investigate the role of VEGF/VEGFR-1
signaling in xenograft mice models. To confirm that VEGF and
VEGFR-1 expression is a common feature of CRCC, we first
examined human CRCC tumors from 13 individual patients
(kidney carcinoma array, Cybrdi) for VEGF and VEGFR-1
expression by immunohistochemistry. We found that all CRCC
tumor samples express relatively high levels of VEGF and
VEGFR-1. Figure 1A shows a representative staining of VEGF
and VEGFR-1 on CRCC tumor sections. We then examined the
expression of VEGFR-1 and VEGF in human CRCC cell lines,
including 786-O, 769-P, Caki-1, and Caki-2 by protein gel blot
and ELISA analysis. As shown in Figure 1B and C, the expression
of VEGF and VEGFR-1 was detected in all CRCC cell lines,
suggesting that VEGF and VEGFR-1 expression is a common
feature in CRCC tumors. 786-O cells were used for our further
study because these cells expressed the highest levels of both
VEGF and VEGFR-1 among those examined.

VEGFR-1 shRNAs specifically knockdown VEGFR-1 expres-
sion. To determine the role of VEGFR-1 in CRCC tumor
progression, we took an shRNA-based gene silencing strategy to
knockdown VEGFR-1 expression in 786-O cells. To ensure
efficient knockdown, we tested three VEGFR-1 shRNAs that

Figure 1. VEGF and VEGFR-1 are expressed in human CRCC tumors and cell lines. (A) Immnohistochemical staining of VEGF and VEGFR-1 in human CRCC
tumor sections (brown staining). (B) Protein gel blot analysis of VEGFR-1 expression in CRCC cell lines. Protein gel blot of β-actin is included as a loading
control. (C) VEGF ELISA analysis of VEGF levels in CRCC cells.
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targeted different regions in VEGFR-1 mRNA. The expression
vectors for these VEGFR-1 shRNAs were stably transfected into
786-O cells. As a control, we stably transfected 786-O cells with a
scramble shRNA.

Figure 2A shows the VEGFR-1 RT-PCR results of parental
786-O cells, 786-O cells transfected with control and VEGFR-1
shRNAs vectors. Two out of the three VEGFR-1 shRNAs
(shRNA1 and shRNA2) dramatically downregulated VEGFR-1
mRNA expression in 786-O cells. Densitometry analysis showed
that there is more than an 80% reduction of VEGFR-1 mRNA
levels in 786-O cells transfected with these two shRNAs
compared with the parental 786-O cells (Fig. 2B). Figure 2C
shows the protein gel blot results of VEGFR-1 protein expression
of parental 786-O cells and 786-O cells transfected with control
and VEGFR-1 shRNA1 vectors. Consistent with a reduction in
mRNA level, VEGFR-1 protein level was decreased more than
65% in 786-O cells transfected with the shRNA1 as compared
with control cells (Fig. 2D).

To ensure that the shRNAs are specific for VEGFR-1, we exa-
mined the expression of VEGFR-2 mRNA in 786-O cells trans-
fected with VEGFR-1 shRNAs. Figure 2E shows the VEGFR-1
and VEGFR-2 RT-PCR results of 786-O cells transfected with
control and VEGFR-1 shRNA1 and -2 vectors. Knockdown of
VEGFR-1 expression did not have a dramatic effect on the levels of
VEGFR-2 mRNA in 786-O cells. While there is over 80%
decrease in VEGFR-1 mRNA in both shRNA knockdown cells,
there is only about 10% changes in VEGFR-2 mRNA in both
shRNAs knockdown cells compared with control cells (Fig. 2F).

VEGFR-1 knockdown significantly inhibits tumor growth
and metastasis. The effect of VEGFR-1 knockdown on tumor
growth and metastasis was investigated in both ectopic and
orthotropic xenograft mice models. 2 × 106 control or VEGFR-1

knockdown 786-O cells were implanted subcutaneously into
bilateral flanks (n = 6) or under the renal capsule of the left
kidney (n = 6) of the Nu/Nu mice. At 8 weeks post implanta-
tion, the subcutaneous tumor, left kidney with tumor, as well
as the control right kidney were harvested and measured.
The tumor cell invasion to neighboring tissues and metastasis to
lung were determined by examination of H&E stained tissue
sections.

Figure 3A shows a representative picture of normal control
right kidneys and tumor bearing left kidneys that was implanted
with control 786-O cells or VEGFR-1 knockdown 786-O cells.
Figure 3B shows representative pictures of control and VEGFR-1
knockdown tumors from subcutaneous implantation. VEGFR-1
knockdown significantly inhibited tumor growth in both sub-
renal capsule and subcutaneous models. In the sub-renal capsule
model, the control and VEGFR-1 knockdown tumors weighed
2.4 ± 1.3g and 0.05 ± 0.04 g (p , 0.01 vs. control; Fig. 3C).
In the subcutaneous model, the control and VEGFR-1 knock-
down tumor weighed 1.65 ± 0.3 and 0.023 ± 0.01 g (p, 0.01 vs.
control; Fig. 3C). Because tumor necrosis is associated with
tumor growth inhibition,17,18 we examined the level of tumor
necrosis on the H&E stained tumor sections by their histological
appearance. As shown in Figure 3D and E, remarkable, gross
necrosis was found in the VEGFR-1 knockdown tumors that were
not evident in the control tumors. The percentage of necrosis in
control and VEGFR-1 knockdown tumors are 9 ± 3 and 72 ± 4
(p , 0.01 vs. control; Fig. 3F).

Furthermore, we found that VEGFR-1 knockdown inhibits
tumor cell invasion and metastasis. Invasion into neighboring
tissues was seen in all control tumors (6/6) in both models.
Metastasis to lung was seen in one control tumor in the sub-
cutaneous model (1/6) and one control tumor in the sub-renal

Figure 2. VEGFR-1 shRNA1 and shRNA2 efficiently knocked down VEGFR-1 expression at both mRNA and protein levels in 786-O cells. (A) RT-PCR analysis
of VEGFR-1 expression in parental 786-O cells and 786-O cells stably transfected with VEGFR-1 shRNA1, shRNA2, shRNA3, and control shRNA.
(B) Densitometry quantification of the RT-PCR results in (A). (C) Protein gel blot analysis of VEGFR-1 expression in parental 786-O cells and 786-O cells
stably transfected with either shRNA1 or control shRNA. Protein gel blot of β-actin is included as a loading control. (D) Densitometry quantification of the
protein gel blot results in (C). (E) RT-PCR analysis of VEGFR-1 and VEGFR-2 mRNA expression in 786-O cells transfected with control shRNA, VEGFR-1
shRNA1, and shRNA2. RT-PCR of 28S mRNA was included as an internal control. (F) Densitometry quantification of the RT-PCR results in (E).
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capsule model (1/6). Neither invasion to neighboring tissues nor
metastasis to lung was detected in VEGFR-1 knockdown tumors
in both models (0/6). Figure 3G is of representative pictures of
control tumor cell invasion into adjacent muscle in the
subcutaneous model. Figure 3H is a representative picture of
control tumor cell invasion into adjacent kidney tissues in the sub-
renal capsule model. Figure 3I is a representative picture of
control tumor cell metastasis to the lung. These results suggest
that VEGFR-1 signaling plays an important role in tumor growth,
invasion and metastasis.

Inhibition of the tumor growth by VEGFR-1 knockdown is
associated with a decrease in angiogenesis as well as a reduction
of tumor VEGF and MMP9 levels. Because angiogenesis is
essential for tumor growth and metastasis, we examined the micro-
vessel density (MVD) in control and VEGFR-1 knockdown
tumors. Immunohistochemical staining with anti-CD31 antibody

was used to detect tumor microvessels. MVD was measured by the
number of CD31 positive cell clusters per field under microscope
at 20X magnification. Figure 4A shows a representative picture of
CD31 staining in control and VEGFR-1 knockdown tumors.
VEGFR-1 knockdown significantly inhibits tumor angiogenesis.
The MVD in control tumors is 25 ± 11 while in VEGFR-1
knockdown tumors is 11 ± 7 (p , 0.05 vs. control; Fig. 4B).

It is well established that VEGF is the central regulator of
angiogenesis.19 In addition, increasing evidence suggests that
matrix metalloprotease-9 (MMP9) also plays an essential role in
tumor microvessel formation.20,21 Therefore, we examined the
VEGF and MMP9 levels in control and VEGFR-1 knockdown
tumors. In order to distinguish the VEGF produced by human
tumor cells from that produced by the infiltrated host stromal
cells, we examined tumor VEGF using both mouse VEGF specific
and human VEGF specific ELISA kits. As shown in Figure 4C,

Figure 3. VEGFR-1 knockdown significantly inhibits tumor growth and invasion. (A and B) Representative pictures of orthotropic (A) and ectopic (B)
control and VEGFR-1 knockdown tumors. Normal right kidney and tumor-bearing left kidney are shown in orthotropic tumors. (C). The weight of VEGFR-1
knockdown tumors is significantly decreased in both orthotropic and ectopic tumors compared with their control. In orthotropic tumors, the weight
difference between the tumor-bearing left kidney and the normal right kidney was used as tumor weight. *p , 0.05 vs. orthotropic control. **p , 0.01
vs. ectopic control. (D and E) Representative picture of H&E stain control (D) and VEGFR-1 knockdown (E) tumor sections. (F) The percentage of tumor
necrosis was significantly increased in VEGFR-1 knockdown tumors compared with control tumors. *p , 0.01 vs. control. (G-I) Representative pictures of
control tumor cells invade adjacent muscle tissue (G, red arrows) in the ectopic model, invade the kidney (H, red arrows) in the orthotropic model, and
metastasize to the lung in both models (I, red arrows).
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both control and VEGFR-1 knockdown tumors express low
levels of human VEGF (36 ± 25 and 32 ± 15 pg/mg protein,
p = 0.7 vs. control). However, control tumors express signifi-
cantly higher mice VEGF (2637 ± 357 pg/mg protein) compared
with VEGFR1 knockdown tumors (568 ± 8 pg/mg protein,
p , 0.01 vs. control; Fig. 4D).

MMP9 expression in control and VEGFR-1 knockdown
tumors was examined by gelatin zymography. Gelatin zymogra-
phy can distinguish the sources of MMP9 by its size because
human MMP9 is smaller than mice MMP9.22 Figure 4E shows a
representative picture of gelatin zymography of human and mice
MMP9 and MMP9 from control and VEGFR-1 knockdown
tumors. Human MMP9 was undetectable in both control and
VEGFR-1 knockdown tumors (Fig. 4F). However, high levels
of mice MMP9 was detected in control tumors and VEGFR-1
knockdown significantly reduced mice MMP9 level (p , 0.05 vs.
control; Fig. 4F). Collectively, these data suggest that host

infiltrating stromal cells is the main source of VEGF and MMP9
in CRCC tumors.

VEGFR-1 knockdown inhibit MCP-1 expression and macro-
phages infiltration. A positive correlation between the elevated
TAMs number and increased tumor MVD has been reported in
many tumors.23,24 In addition, macrophages have been shown to
produce many potent proangiogenic factors, including VEGF
and MMP9.25-27 Our findings that the majority of tumor VEGF
and MMP9 are derived from host stromal cells and that the
knockdown of VEGFR-1 expression in CRCC cells decreased
tumor MVD as well as VEGF and MMP9 levels suggest that
VEGFR-1 knockdown may inhibit the infiltration of macro-
phages. Therefore, we examined macrophage infiltration in control
and VEGFR-1 knockdown xenograft tumors by immunohisto-
chemical staining using an antibody specific for macrophages,
F4/80. Figure 5A shows a representative picture of macrophage
staining in control and VEGFR-1 knockdown tumor sections.

Figure 4. VEGFR-1 knockdown inhibits tumor angiogenesis and tumor VEGF and MMP9 levels. (A) Representative pictures of immunohistochemical
staining of control and VEGFR-1 knockdown tumor sections with antibody against CD31, a marker of blood microvessel. (B) The blood microvessel
density was decreased in VEGFR-1 knockdown tumors compared with control tumors. *p , 0.05 vs. control. (C and D) VEGF ELISA analysis of human
(C) and mouse (D) VEGF expression in control and VEGFR-1 knockdown tumors. *p = 0.7 vs. their control. **p , 0.01 vs. their control. (E) Representative
picture of MMP9 gelatin zymography of control human and mice MMP9 and MMP9 from VEGFR-1 knockdown and control tumors. Human MMP9 was
undetectable in both control and VEGFR-1 knockdown tumors. The level of mice MMP9 was decreased in VEGFR-1 knockdown tumors compared with
control tumors [*p , 0.05 vs. control, (F)].
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VEGFR-1 knockdown significantly reduced the infiltration of
macrophages into tumors. The number of macrophages per field
under a microscope with 20�magnification is 469 ± 30 for control
tumors. Significantly, this number drops to 25 ± 11 in VEGFR-1
knockdown tumors (p , 0.01 vs. control; Fig. 5B).

MCP-1 is one of the most potent macrophage-recruitment
factors. It has previously been shown that MCP-1 is expressed by
many tumor cells and its expression is positively associated with
macrophage recruitment.28 To examine whether the reduction of
macrophage infiltration in VEGFR-1 knockdown tumors is
mediated by decreased tumor MCP-1, we examined the effect of
VEGFR-1 knockdown on the expression of MCP-1 in cultured
786-O cells and in control and VEGFR-1 knockdown tumors by
RT-PCR. Figure 5C shows a representative picture of MCP-1
RT-PCR of control and VEGFR1 knockdown cells in cell culture
condition and in xenograft tumors. VEGFR-1 knockdown drama-
tically decreased MCP-1 expression in both cell culture condition
and in xenograft tumors (p , 0.01 vs. control; Fig. 5D).

Discussion

In this study, we present a novel finding that knockdown of
VEGFR-1 inCRCC tumor cells significantly decreased theirMCP-1
expression.Moreover,we show that the decrease in tumor cell-derived

MCP-1 expression is associated with remarkably reduced macro-
phage infiltration, angiogenesis and tumor growth and invasion.

It is well established that tumor angiogenesis is essential for
tumor growth and metastasis. Tumors develop as a result of
abnormally increased cell proliferation, usually caused by either
genetic or epigenetic alterations in the genome that affect the
tightly controlled signaling network for cell proliferation. In the
early stages of development, tumor cells usually form a small mass
not much larger than 1–2 mm in diameter. These microscopic
tumors are found in high frequency in normal individuals but
only a small portion of them developed into malignant tumor.
This suggests that gene mutations are necessary, but not sufficient
for the malignant phenotype to be manifested.29 The angiogenic
switch, which controls the passage from the preangiogenic
phenotype to the angiogenic phenotype of tumors, has been
considered as an initial step in tumor malignant conversion.30

Malignant tumors are heterogeneous tissues containing not
only tumor cells but also many genetically normal stromal cells,
including fibroblasts, endothelial cells and inflammatory cells.31

Macrophages constitute a significant part of the inflammatory
cells and the number of TAMs has been shown to correlate
significantly with tumor microvessel density and VEGF level.23,24

Increasing evidence suggests that macrophage infiltration may
initiate angiogenesis in tumors. Numerous studies have reported

Figure 5. VEGFR-1 knockdown inhibits MCP-1 expression and macrophage infiltration. (A) Representative pictures of immunohistochemical staining of
control and VEGFR-1 knockdown tumor sections with antibody against F4/80, a marker of macrophages. (B) The macrophage count was significantly
decreased in VEGFR-1 knockdown tumors compared with control tumors. *p , 0.01 vs. control. (C) Representative pictures of MCP-1 RT-PCR in cultured
control and VEGFR-1 knockdown 786-O cells, as well as in control and VEGFR-1 knockdown tumors. (D) The level of MCP-1 mRNA was significantly
decreased in VEGFR-1 knockdown tumors compared with control tumors. *p , 0.01 vs. control tumors.
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that a marked increase of macrophage infiltration occurs before
tumor angiogenesis and transition to malignancy.23,24 A correla-
tion between increased TAMs and high vascular grades has also
been reported in many tumor types.23,24 In addition, cell culture
studies show that macrophages produce many pro-angiogenic
factors. Particularly, macrophages produce a large amount of
VEGF. This VEGF production has been shown to be upregulated
in hypoxic conditions and stimulated by many growth factors
and cytokines that have been shown present in tumor micro-
environment.32,33 These data suggest that TAMs may contribute
significantly to the increase of VEGF levels in a tumor. However,
because the tumor cells also secrete VEGF into the tumor micro-
environment, quantitative assessment of the respective contri-
bution of tumor cells and TAMs to tumor VEGF level has proven
difficult. By using mice and human specific VEGF ELISA assays,
we have shown in this study that most VEGF in CRCC tumors
are derived from mice stromal cells.

TAMs are derived from circulating peripheral blood mono-
cytes that are attracted to the tumor site. Many tumor-derived
chemoattractants has been shown to correlate positively with
TAMs density. MCP-1 is one of the most potent macrophage-
recruitment factors. MCP-1 levels in tumors has been shown to
associate with macrophage recruitment in many tumors.34-36

However, there is no direct evidence showing that tumor cell
derived MCP-1 is responsible for initiating macrophages infiltra-
tion and little is known about how MCP-1 expression in tumor
cell is regulated.

Our study shows that VEGF/VEGFR-1 signaling regulates
tumor cell MCP-1 production. We believe that MCP-1 derived
from tumor cells plays a critical role in onset of tumor
angiogenesis by attracting macrophages infiltration. We have
shown that stromal cells infiltrating the tumor are the main source
of VEGF and MMP9 in the tumor microenvironment. Also,
tumor associated macrophages are major components of tumor
stromal cells and produce large amounts of VEGF and
MMP9,37,38 suggesting that macrophages are a major contributor
of tumor VEGF and MMP9. Thus, the VEGF/VEGFR-1
signaling mediated tumor cell MCP-1 expression could represent
a mechanism responsible for tumor angiogenic switch.

Our results may impact on the development of anti-
angiogenesis based cancer therapies. Currently, several VEGF-based
cancer therapies have been developed and have shown decreased
tumor angiogenesis and improved cancer patient survival.39,40

However, all these therapies are associated with clinically signifi-
cant toxic effects such as bleeding and renal dysfunction. These
effects are mainly due to the inhibition of the VEGF normal
function in the body. Our data suggests that specific blockade of
VEGFR-1 signaling may provide a tumor specific VEGF based
therapeutic strategy for the treatment of human cancer.

Material and Methods

Cell lines and VEGFR-1 shRNAs. CRCC cell lines, 786-O, 769-
P, Caki-1 and Caki-2 were obtained from ATCC (American
Type Culture Collection, CRL-1932, CRL-1933, HTB-46 and

HTB-47). Three retroviral constructs expressing shRNAs that
specifically target VEGFR-1 mRNA (RHS1764–9190963,
RHS1764–9402726 and RHS1764–9494891) and a control
retroviral construct expressing scrambled shRNA (RHS1703)
were obtained from Open Biosystems. Transfection of these con-
structs into CRCC cells using Lipofectamine 2000™ (Invitrogen,
11668) were performed by following the manufacturer’s protocol.
VEGFR-1 and VEGFR-2 expression in the transfectants was
analyzed by RT-PCR as well as by protein gel blotting.

Nude mouse xenograft models. Female Nu/Nu Nude mice
were obtained from the Jackson Laboratory (002019). Mice were
used at the age of 6–8 weeks. All animal studies were performed
under a protocol approved by the Laboratory Animal Resources
Center (LARC) of Texas Tech University Health Science Center
(TTUHSC).

Sub-renal capsule implantation was performed as previous des-
cribed.41 2 × 106 tumor cells were injected underneath the renal
capsule of left kidney. For subcutaneous implantation, 2 × 106 tumor
cells were injected underneath the bilateral flanks of nude mice.

RNA isolation and RT-PCR. Total RNA was isolated with
RNeasy Mini Kit (Qiagen, 74104) following the manufacturer’s
instructions. The cDNAs were synthesized using SuperScript III
First-strand Synthesis System (Invitrogen, 18080–051). RT-PCR
was performed using specific primers for VEGFR-1 and VEGFR-
2, as previously described.42

Histological and immunohistochemical analysis. Human
CRCC tumor sections were purchased from Cybrdi (CC07–01).
Xenograft tumors from this study were embedded in OCT and
sectioned to 5 μm thickness. Immunohistochemical staining was
performed as described previously using antibodies against VEGF
(Santa Cruz Biotechnology, sc-7269), VEGFR-1 (Santa Cruz
Biotechnology, sc-9029), CD31 (BD Biosciences PharMingen,
550274), and F4/80 (Santa Cruz Biotechnology, sc-71086),
respectively.43 Images of Hematoxylin and Eosin (H&E) stained
tumor sections were captured using an inverted microscope
(Nikon Eclipse, TE 2000-U) and the percentage of tumor
necrosis was measured using NIS-Elements BR 2.30 software.

Biochemical Assays.Gelatin zymography of tumor tissue extracts
and cell culture media were performed as previously described.44

Protein gel blotting analysis was performed as previously
described with anti-VEGFR-1 antibody (Novus, NB 100–685).43

To confirm equal loading, the membranes were also incubated
with anti-α-actin antibody (Sigma, A2103).

Enzyme immunoassay kits specific for mouse and human
VEGF (R&D Systems, MMV00 and DVE00) were used to mea-
suring VEGF levels in cell culture supernatants as well as in tumor
tissue extracts. Cell culture supernatants were prepared by culture
1.5 × 105 cells in 0.3 ml of serum-free medium in a 24-well plate
for 36 h. Tumor extracts were prepared as described previously.43

Statistical analysis. Comparison of the means was performed
with the Student t-test. The p value , 0.05 was considered
statistically significant. Values are expressed as mean ± STDEV.
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