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A B S T R A C T

Tumor cells induce the disruption of homeostasis between cellular and extracellular compartments to

favor tumor progression. The expression of fibronectin (FN), a matrix glycoprotein, is increased in several

carcinoma cell types, including renal cell carcinoma (RCC). RCC are highly vascularized tumors and are

often amenable to antiangiogenic therapy. Endostatin (ES) is a fragment of collagen XVIII that possesses

antiangiogenic activity. In this study, we examined the modulation of FN gene expression by ES gene

therapy in a murine metastatic renal cell carcinoma (mRCC) model. Balb/C mice bearing Renca cells were

treated with NIH/3T3-LXSN cells or NIH/3T3-LendSN cells. At the end of the experiment, the ES serum

levels were measured, and the FN gene expression was assessed using real-time PCR. The tissue FN was

evaluated by western blotting and by immunofluorescence analysis. The ES serum levels in treated mice

were higher than those in the control group (P < 0.05). ES treatment led to significant decreases at the FN

mRNA (P < 0.001) and protein levels (P < 0.01). Here, we demonstrate the ES antitumor effect that is

mediated by down-regulation of FN expression in mRCC.

� 2012 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Renal cell carcinoma (RCC) is the 13th most common cancer
worldwide and accounts for 4% of all adult malignancies in the USA
[1]. Approximately 25 to 30% of patients with RCC have distant
metastases at diagnosis, and another 33% develop systemic
recurrence after primary tumor resection [2].

In sporadic (noninherited) RCC, von Hippel-Lindau gene (VHL)
alteration is a common event. VHL is a tumor suppressor that is
inactivated either by a loss of heterozygosity or by epigenetic
alterations [3]. VHL gene inactivation leads to HIF-1a stabilization
and the consequent induction of genes such as vascular endothelial
growth factor (VEGF) and platelet-derived growth factor (PDGF),
which are responsible for tumor-associated angiogenesis [4,5].

In the case of localized disease, RCC is curable with surgery, but
for patients with distant metastases, the prognosis is poor [6]. The
treatment of metastatic renal cell cancer (mRCC) has advanced
significantly with a better understanding of the disease pathogen-
esis. Recently, some multitarget-oriented drugs have shown
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impressive activity in mRCC, with a high percentage of patients
exhibiting a partial response and/or disease stabilization; addi-
tionally, these drugs have had a significant impact on survival
[7–10].

Integrins are involved in the pathogenesis and progression of
many diseases, including malignant tumors. Integrins directly bind
components of the extracellular matrix (ECM) and provide the
traction necessary for cell motility and invasion. The interaction
between integrins and the ECM is essential for endothelial cell
proliferation and angiogenesis. Integrin a5b1 has been identified
as one of the integrins involved in these processes [11,12].

Integrin a5b1 is a receptor of fibronectin (FN), a fibrillar
glycoprotein that is a well-characterized ECM protein [13]. FN
exists in two forms, termed cellular FN (cFN) and plasma FN (pFN).
pFN is produced in the liver, and cFN is produced by fibroblasts and
many other cell types, including tumor cells [14]. FN is deposited as
a polymerized insoluble matrix by endothelial cells to provide
support and facilitate cell migration and adhesion during
angiogenesis [15]. FN deposition requires intact focal adhesions,
which in turn serve as anchors for the actin stress fibers involved in
cell locomotion [15].

In RCC, FN appears to promote cell migration and invasion
[16,17]. Additionally, in the metastatic stage of the disease, cFN
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levels are significantly increased, suggesting a possible role for cFN
in advanced RCC [13].

Endostatin (ES), which is derived from the noncollagenous
(NC1) domain of the a1 chain of type XVIII collagen, is a potent
endothelial cell-specific inhibitor of angiogenesis and tumor
growth in mice [18–22]. At present, the exact molecular
mechanism of action of ES is not completely elucidated. ES has
been shown to bind to integrin a5b1, the major FN receptor in
endothelial cells, on the surface of proliferating endotheliocytes
[23,24]. Wickstrom and collaborators showed that ES treatment
induces disassembly of the focal adhesions and actin stress fibers
and disturbs the deposition of the FN matrix [25].

In previous reports by our group, subcutaneous injections of ES-
transduced cells resulted in significant antitumor effects in a
murine model of mRCC. A histological analysis of treated tumors
showed decreased microvascular density and reduction of the
nodule number and area as well as decreased proliferation of the
tumor cells, which was associated with leukocyte infiltration
[21,22]. In this study, we evaluated the expression of FN in
metastatic lung tissue after retroviral ES therapy.

2. Materials and methods

2.1. Cell Lines

The NIH/3T3-LendSN-clone 3 was utilized for endostatin
expression, and NIH/3T3-LXSN was used as a control, as previously
described [19]. Both cell lines were maintained in DMEM medium
(Life Technologies Corporation1, Grand Island, NY, USA) with high
glucose content (4.5 g/l at 25 mM) and were supplemented with
100 U/ml penicillin, 100 mg/ml streptomycin, and 10% fetal bovine
serum.

The murine kidney carcinoma cell line, Renca (Cell Lines
Service1, Germany), was obtained from a murine transplantable
renal adenocarcinoma of spontaneous origin. The cells were
maintained in RPMI 1640 medium (Life Technologies Corporation1,
Grand Island, NY, USA) that was supplemented with 10% fetal bovine
serum, 2 mM L-glutamine, 1 mM sodium pyruvate, 1% minimal
Eagle’s medium nonessential amino acids, 100 U/ml penicillin and
100 mg/ml streptomycin (Gibco1, Grand Island, NY, USA).

All of the cell lines were maintained in a humidified chamber at
37 8C with 5% carbon dioxide.

2.2. Animals

Male Balb/C mice, 10–12 weeks old, were obtained from the
Animal Facility of IPEN/CNEN-SP, Sao Paulo, Brazil. All of the
animals were cared for in accordance with the standards of
the Institute under a protocol that was approved by the Animal
Experimentation Ethics Committee (Number of Process: 87/11).

2.3. Orthotopic RCC tumor model

The mice were anesthetized by intraperitoneal injection with
ketamine (100 mg/kg body weight, Ketalar1; Parke-Davis, Morris
Plains, NJ, USA) and xylazine (10 mg/kg body weight, Phoenix
Scientific, Inc.1, St. Joseph, MO, USA). The left kidney was exposed
through a left-flank incision and 2 � 105 Renca cells that were
suspended in 10 ml of phosphate-buffered saline (PBS) with the aid
of a glass syringe (Hamilton Company1 Reno, NV, USA) were
inoculated into the renal subcapsular space. The kidney was then
returned to the body cavity, and the muscle and skin were sutured
using surgical clips.

The left kidney was removed by unilateral nephrectomy 7 days
after Renca cell inoculation. The mice were divided into two
experimental groups with n = 10 each: a control group and an ES-
treated group. The groups received a subcutaneous injection of
3,6 � 106 NIH/3T3-LXSN or the NIH/3T3-LendSN-clone 3 cells (ES
production levels = 1.36 mg/ml), respectively.

2.4. Plasma ES levels determination

At the end of the experiment the blood samples of mice were
taken into test tubes with EDTA, plasma components separated
and then frozen at –20 8C. Samples were thawed at the time of
study and plasma ES levels were measured using a murine ES
enzyme immunoassay kit (USCN Life Science & Technology
Company, Wuhan, China), in accordance with the manufacturer
instructions. The ES concentrations were determined at least in
duplicate, and the assay reproducibility was confirmed. ELISA
plates were read using the Multiskan EX Microplate Reader
(Labsystems, Milford, MA, USA).

2.5. Protein extraction and Western blotting

The lungs (100 mg wet wt) were homogenized in 2 ml of
extraction buffer (0.1 M Tris, 0.01 M EDTA, 1% SDS and 0.01 M
DTT at pH 8.0). After centrifugation at 3000 rpm for 10 min, the
supernatant was collected and stored at �20 8C. The protein
concentration was determined using the DC Protein Assay Kit I
(Bio-Rad Laboratories, Hercules, CA, USA) according to the
manufacturer’s instructions. SDS-polyacrylamide gel electro-
phoresis was conducted under reducing conditions. The 5% and
12% separating gels were overlaid with a stacking gel containing
4% polyacrylamide. Samples with the same protein concentra-
tion (50 mg per lane) were separated at 100 V/plate for
approximately 1.5 h until the dye front reached the end of
the gel. After electrophoresis, the gels were transferred onto
nitrocellulose membranes at 50 V for 50 min. Following the
transfer of proteins, the blotted membranes were blocked with
5% nonfat dry milk for 1 h and incubated with primary
antibodies for Fibronectin (EP5) (sc-8422, Santa Cruz Bio-
technologies1, Inc., California, USA, 1:200) and GAPDH (Cat.
#MAB374, Chemicon, Temecula1, CA, USA, 1:500) overnight,
and the blots were developed using goat anti-mouse IgG
biotinylated secondary antibody (AP308P, Millipore1, Temecula,
CA, USA, 1:5000) for 1 h. The bands were visualized using
enhanced chemiluminescence (ECL system; Amersham Biosci-
ence1, Piscataway, NJ, USA) in accordance with the manufac-
turer’s guidelines. The Western blot signal was normalized to
the GAPDH band density. To quantify the bands obtained by
Western blotting, we performed an ImageJ software-based
analysis (http://rsb.info.nih.gov/ij/).

2.6. Immunofluorescence analysis

At the end of the experiment, the animals were sacrificed
following the guidelines for euthanasia of the American Veteri-
narian Medical Association. The metastatic lungs were excised,
washed in PBS, fixed in PBS-buffered 3.7% formalin for 24 h and
then routinely processed for paraffin embedding. A histological
analysis was performed on 4 mm sections that were stained with
hematoxylin and eosin.

The metastatic lungs sections were freshly cut and hydrated,
and a heat-induced epitope retrieval was performed by immersing
the slides in citrate buffer (0.1 ml/l, pH 6.0) and incubating them in
a microwave oven for 15 min. A solution of 5% BSA and 0.1% Triton
X-100 (Sigma-Aldrich) in PBS for 30 min was used to block non-
specific reactions, and then, the slides were incubated with a
primary mouse monoclonal antibody to Fibronectin (O.N.297,
Santa Cruz, CA, USA, 1:50) overnight in a humidified chamber at
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Fig. 1. Orthotopic metastatic animal model of RCC. The ES serum levels of normal

and experimental groups are indicated (normal vs ES-treated group and control vs

ES-treated group, *P < 0.05 by ANOVA).

Fig. 2. The expression of the FN gene in metastatic lungs was examined using real-

time PCR. The real-time PCR results were described as a fold increase relative to

normal lungs following normalization against a housekeeping gene. ES treatment

led to a 2.05-fold decrease in FN expression (control vs ES-treated, ***P < 0.001 by

Student’s t-test).
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4 8C. After washing, a secondary antibody, anti-mouse Alexa
Fluor1 488 (Invitrogen Corporation, Eugene, OR, 1:100), was used
to detect the primary antibody, and the slides were incubated for
2 h. After several PBS washes, each section was counterstained
using a premixed solution of 4,6-diamidino-2-phenylindole (DAPI)
and antifade mounting media (ProLong Gold antifade reagent with
DAPI; Invitrogen Corporation, Eugene, OR1). The fluorescence
signals were observed under a fluorescence Nikon E-800 micro-
scope (Tokyo, Japan), and the images were obtained with a
DXM1200F digital camera (Nikon Instruments Inc., Melville, NY,
USA) and analyzed using the EclipseNet1 software for Nikon
cameras.

2.7. RNA extraction

Metastatic lung tissue (100 mg) was homogenized on a rotor-
stator Precellys 24 (Bertin Biotechnologies1, France) in 1 ml of
Qiazol lysis reagent (Qiagen1) on a CK28 bead tube (Bertin
Biotechnologies1, France). After the addition of 200 ml of
chloroform p.a. (Merck1, Darmstad, Germany), the samples
were vortexed and left for 15 min before the phases were
separated by centrifugation at 12,000 g for 15 min at 4 8C
(Centrifuge 5415 R, Eppendorf AG, Hamburg1). The aqueous
phase (RNA) was precipitated with 500 ml of isopropanol and
centrifuged at 12,000 g for 10 min at 4 8C. The pellet was
resuspended in 1 ml of 75% ethanol, vortexed and centrifuged at
10,500 g for 5 min at 4 8C. The pellet was subsequently dissolved
in 50 ml of DEPC-treated H2O (Invitrogen1). Total RNA
quantification was performed on a Nanodrop spectrophotometer
(ND-100, Thermo Fisher Scientific Inc.1, Waltham, MA), after
which the samples were stored at �80 8C until analysis.

2.8. Reverse transcription-polymerase chain reaction (RT-PCR)

For the total RNA analysis, the samples were treated with
RNase-free DNase (Promega1) according to the manufacturer’s
instructions. The cDNA was synthetized from 4 mg of total RNA,
and then, 2 mg of oligo(dT) (Invitrogen1), 8 ml of 5� FS buffer
(Invitrogen1), 2 ml of 10 mM dNTP, 2 ml of 0.1 M DTT (Invitro-
gen1), 2 ml of 40 U/ml RNAseOUT (Invitrogen1), and 2 ml of 200 U/
ml M-MLV (Invitrogen1) were added. At a final volume of 40 ml,
the mix was incubated at 20 8C for 10 min, at 42 8C for 45 min and
then at 95 8C for 5 min.

Real-time PCR was performed for the Fibronectin 1 gene and
the GAPDH gene using a SYBR Green PCR Master Mix (Applied
Biosystems1, Foster City, California, USA) and a TAQMAN system.
The forward and reverse primers for Fibronectin 1 (NCBI
Reference Sequence: Nm_010233.1) were designed from the
coding regions of the DNA sequences that were obtained from
www.ncbi.nlm.nih.gov. The sequences of the primers that were
used for the amplification of fibronectin 1 mRNA were as follows:
(sense) 50-CCAGGGTGTGAGCCGGACAAC-30 and (antisense) 50-
CGAACTGTGGGTCCCCTCGC-30. The primers used for the internal
control GAPDH (Glyceraldehyde 3-phosphate dehydrogenase)
mRNA were obtained from Applied Biosystems (Mm999
99915_g1). The amplification was performed by real-time PCR
(7300 System, Applied Biosystems1) as follows: 50 8C for 2 min,
95 8C for 10 min, and then 40 cycles of 95 8C for 15 s and 60 8C for
1 min.

The statistical analysis of the quantitative RT-PCR results was
performed using the DCt value (Ctgene of interest � CtGAPDH). The
relative gene expression was calculated with the DDCt methods
(DCtsample � DCtGAPDH) using the normal group as a calibrator for
the comparison of every unknown sample gene expression level.
The conversion between DDCt and the relative gene expression
levels is fold change = 2�

DDCt.
2.9. Statistical analysis

Statistical analysis were performed using a one-way ANOVA
followed by Bonferroni’s test (parametric analysis) using GraphPad
prism version 5.0 for Windows1 (GraphPad1 Software, San Diego,
CA, USA, http://www.graphpad.com). Single comparisons of the
mean values were performed by Student’s t-test. A probability (P)
value of less than 0.05 was considered to be statistically significant.
The results represent the mean � SEM as indicated.

3. Results

At the end of the experiments, the animals were euthanized,
and the levels of endogenous ES in the normal, control and ES-
treated groups were measured. As shown in Fig. 1, the
subcutaneous inoculation of the NIH/3T3-LendSN-clone 3 cells
resulted in a significant increase of circulating ES in the ES-treated
animals (P < 0.05).

The expression of FN was assessed using RT-PCR, immunofluo-
rescence and western blotting. The RT-PCR analysis showed that
there was a 2.0-fold decrease in FN in response to ES gene therapy
(control vs treated group, P < 0.001) (Fig. 2).

The immunofluorescence data revealed that in normal lung
tissues, there was no positive staining of FN (Fig. 3A). However, in
metastatic lungs, a pattern of FN staining was observed with
negative tumor cells and positive stroma around the tumor
nodules. The metastatic lung tissues of the control group showed
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Fig. 3. Representative images of FN immunofluorescence staining in the lungs of mice from each experimental group. A. The immunofluorescence staining pattern of normal

pulmonary parenchyma is shown. B. Intensive FN labeling can be observed at the periphery of the tumor nodules in the control group. C. FN staining decreased markedly after

ES treatment. The asterisk indicates the metastatic nodule, and the arrow indicates FN-positive staining. Original magnification (20�).
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strong, positive FN staining surrounding the nodule (Fig. 3B). As
shown in Fig. 3C, ES treatment resulted in a significant reduction of
FN staining.

Western blotting was performed for six tumor samples as a
complementary test to evaluate the FN expression levels. All of the
samples showed a band at approximately 220 kDa (Fig. 4A). The
densitometric quantification of the immunoblot band data corrob-
orated the immunofluorescence findings. In the lungs of the control
group, an increase in FN by approximately 35% (control vs normal
group; P < 0.05) was observed (Fig. 4B). In contrast, the concentra-
tion of FN was markedly decreased by approximately 80% in the ES-
treated group (control vs ES-treated group; P < 0.001) (Fig. 4B).

4. Discussion

The tumor environment is a complex system comprising many
types of cells, secreted soluble factors and non-cellular solid
material. The non-cellular microenvironment is composed of
Fig. 4. Western blot analysis of FN in lung tissue samples of the normal, control and

ES-treated groups. A. Lung tissue samples were randomly taken from each group

and analyzed for FN protein levels by immunoblotting. The membrane was stripped

and reprobed with GAPDH as a loading control. B. A significant increase in FN levels

was observed in the control group (normal vs control, *P < 0.05). In the lungs of the

ES-treated group, the FN expression decreased dramatically (normal vs ES-treated,

*P < 0.05; control vs ES-treated, **P < 0.01). The data are presented as the

mean � SEM and analyzed by an ANOVA test.
extracellular matrix (ECM) proteins, including FN, laminin,
collagen, osteopontin, proteoglycans, and glycosaminoglycans
[26]. FN is up-regulated in different types of malignant tumors,
including RCC [13,17,27–29].

In this study, we demonstrated that FN is significantly
increased in the lungs of the mRCC animal model. The up-
regulation of FN expression has also been observed in human
RCC. An in vitro study conducted by Brenner and collaborators
demonstrated that various compounds of the extracellular
matrix, especially FN, stimulate the migration of renal carcino-
ma cells. It has also been demonstrated that FN promotes
endothelial cell survival, growth and migration, and thus, FN has
a pro-angiogenic effect [30]. Waalkes and collaborators analyzed
FN 1 expression in 212 renal tumor samples and found that the
FN 1 mRNA expression levels were significantly higher in RCC
compared to normal renal tissue and oncocytomas. In addition,
elevated plasma levels of cFN were detected in patients suffering
from localized and metastatic RCC [13].

It has been reported that the synthesis and deposition of FN
depends on the characteristics of the tumor cells [27]. Our
immunofluorescence findings showed that FN-positive staining
was not detected in the tumor cells or in the adjacent normal
tissues but was only in the renal parenchyma cells around the
nodules. This finding suggests that the production of FN may be
induced by tumor-specific growth factors.

ES treatment led to markedly reduced FN staining in the
metastatic nodules. This is in agreement with the mechanism of
action and the signaling induced by ES that was described by
Sudhakar et al. [30]. The authors demonstrated that human ES
competes with FN to bind a5b1 integrin, which affects the
survival of endothelial cells. Our data are also corroborated by
the findings of Jens van Wijngaarden and collaborators (2004)
[31]. In that study, a human xenograft mouse model was used,
and intratumoral injection of ES caused a reduction of FN mRNA
in the heterotopic implanted human renal cell carcinomas in
nude mice.

In the present study, the decrease in FN protein expression was
also demonstrated by western blot analysis, corroborating the
hypothesis that FN expression is down-regulated by the continu-
ous release of recombinant ES from the NIH/3T3-LendSN cells.

In conclusion, FN expression is increased in mRCC, indicating a
possible role for FN in RCC progression. Our data demonstrate that
sustained expression of ES led to the down-regulation of FN
expression.
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