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Knockdown of CHCHD?2 inhibits migration and
angiogenesis of human renal cell carcinoma:
A potential molecular marker for treatment of RCC
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Abstract. Coiled-coil-helix-coiled-coil-helix domain-
containing protein 2 (CHCHD2), a novel cell migration
determinant, is able to co-express with other genes of the
oxidative phosphorylation pathway by using a computational
expression screening technique. However, little is known about
the expression and biological function of CHCHD2 in human
renal cell carcinoma (RCC). Western blotting was performed
to detect CHCHD?2 expression levels in normal renal cells and
carcinoma cells. Immunohistochemistry was performed to
detect an association between CHCHD2 expression and clini-
copathological parameters in 75 RCC tissues using a tissue
microarray. The function of CHCHD?2 in the migration and
angiogenesis of RCC cells was investigated using Transwell
migration and tube formation assays. CHCHD?2 expression
was markedly increased in human RCC cells. The results
of immunohistochemical analysis revealed that CHCHD2
expression was markedly associated with tumor grade
(P<0.001). Notably, CHCHD2 knockdown inhibited RCC
migration and tube formation of human umbilical vascular
endothelial cells. CHCHD2 knockdown further suppressed
matrix metalloproteinase-2 protein levels and enzyme activity.
An ELISA identified that CHCHD2 knockdown decreased the
secretion of vascular endothelial growth factor. The gathered
data disclose information on the association of CHCHD?2
with migration and angiogenesis of human RCC, and may
strengthen the feasibility of targeting CHCHD?2 as a potential
therapeutic target.
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Introduction

Renal cell carcinoma (RCC) accounts for 90% of renal
cancer cases, and is the most common carcinoma of the adult
kidney (1). The incident rate of RCC has risen during the
previous decade (2), making it the 7 and 8th most common
cancer in the USA among males and females, respectively (3).
Although surgery is currently the most effective treat-
ment approach for localized RCC tumors and commonly
used molecular drugs have improved over the past several
decades (4), 30% of patients continue to develop metastatic
disease following surgical resection (5). Development of
specific targets in relevant biological pathways has been
the primary advancement in treatment (6). In spite of these
advances RCC continues to be a devastating cancer with a low
number of effective treatment options. Therefore, increased
efforts should be made to improve early diagnosis and the
monitoring of patients, particularly patients that undergo
resection and treatment for metastatic RCC.

Coiled-coil-helix-coiled-coil-helix domain-containing
protein 2 (CHCHD2), a member of a family of proteins
containing the CHCH domain, was identified to be
co-expressed with other genes of the oxidative phosphoryla-
tion pathway by using a computational expression screening
technique (7). In addition, Seo et al (8) revealed that CHCHD?2
may be identified by an in vitfro functional genetic selection
strategy as a novel cell migration determinant. Liu er al (9)
reported that CHCHD? is able to inhibit apoptosis by inter-
acting with B cell lymphoma-extra large (Bcl-xL) to regulate
Bcl-associated X protein (BAX) activation. However, less is
known regarding the expression and biological function of
CHCHD?2 in RCC.

In the present study, CHCHD?2 staining in RCC cells lines
and tissues was evaluated. Then, the association between
CHCHD?2 expression and clinicopathological variables was
assessed. The possible association between CHCHD?2, and
movement and angiogenesis of RCC was also investigated.
It was identified that CHCHD?2 expression was increased
in human RCC cells and tissue. CHCHD2 expression was
significantly increased in tumor grades II-IV compared with
grade I in accordance with the World Health Organization
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classification (P<0.001) (10,11); however, no significant asso-
ciation was identified between CHCHD?2 expression and other
clinicopathological variables, including age, tumor size and
Tumor-Node-Metastasis (TNM) stage (10,11). The present
study identified that the migratory capacity of RCC was
inhibited following suppression of CHCHD?2 expression using
a stable small interfering (si)RNA compared with a scrambled
siRNA control in vitro. The matrix metalloproteinase-2
(MMP-2) protein level and enzyme activity were inhibited
following CHCHD2 knockdown, confirmed using western
blotting and gelatin zymography. In addition, data revealed that
tube formation of human umbilical vascular endothelial cells
(HUVECs) was suppressed following CHCHD?2 knockdown,
and the ELISA assay identified that the secretion of vascular
endothelial growth factor was inhibited following CHCHD2
knockdown. Taken together these data indicate that CHCHD?2
may be a novel target for the treatment of RCC.

Materials and methods

Ethics statement. The Institutional Review Board of Xuzhou
Medical University (Xuzhou, China) approved the present
study, conducted in accordance with the approved guidelines.
All patients provided written informed consent for their
colorectal tissue samples to be used in the present study.

Patients and samples. The suprarenal epithelioma tissue micro-
array (TMA) was purchased from Shanghai Outdo Biotech
(Shanghai, China) (http:/superchip.bioon.com.cn/). It included
75 patients (mean age, 59) who underwent radical nephrectomy
between 2006 and 2008. In this TMA, the array dot diameter
was 1.5 mm and each dot represented a tissue spot from one
individual specimen. The patients consisted of 50 (66.7%)
men and 25 (33.3%) women. A total of 42 (56%) patients were
aged <57 years and 32 (42.7%) ages >57 years. A total of 57
(76%) patients were classified TNM I-II and 18 (24%) TNM
stage III-I'V. Details of the patient characteristics and CHCHD?2
expression are provided in Table I. Additionally, three RCC
tissues and paired non-cancerous tissues were obtained
from The Affiliated Hospital of Xuzhou Medical University.
Patients with ccRCC who underwent radical nephrectomy
without prior treatment were recruited from the Affiliated
Hospital of Xuzhou Medical University between January
2006 and December 2008. The clinicopathological informa-
tion, including age at diagnosis, sex, tumor diameter, depth of
invasion, lymph node metastasis and TNM stage, was obtained
from the medical records in the Affiliated Hospital of Xuzhou
Medical University. All the tissue specimens were obtained for
the present research with patients' informed consent, and the
use of human specimens was approved by the Review Board of
the Affiliated Hospital of Xuzhou Medical University.

Cell lines and transfection. All cell lines were obtained from
the Shanghai Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences (Shanghai, China). HK-2 and
ACHN were grown in Dulbecco's modified Eagle's medium
(DMEM,; Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 15% fetal bovine serum (FBS;
Invitrogen; Thermo Fisher Scientific, Inc.), while 786-O and
Ketr-3 cells were cultured in RPMI-1640 (Invitrogen; Thermo
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Fisher Scientific, Inc.) supplemented with 10% FBS. All cells
were maintained as monolayer cultures at 37°C in a humidified
incubator with an atmosphere of 5% CO,.

The CHCHD2 siRNA and scrambled siRNA were
purchased from GenePharma (Shanghai, China) (Stealth RNAi
targeting CHCHD2 5'-GGGCACACATTGGGTCACGCC
ATTA-3"). Transfection of 1.25 ul 20 mM siRNAs into 40%
confluent 786-0O and ACHN cells was performed using siLent-
Fect Lipid reagent (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) according to the manufacturer's protocol. Cell migration
assays were performed 48 h after transfection.

Immunohistochemistry of TMA. Immunohistochemistry was
performed using a standard avidin biotinylated-HRP complex
(ABC) kit (Zhongshan Belling Biotechnology Co., Ltd.,
Beijing, China). TMA sections were deparaffinized in xylene
and then rehydrated with graded ethanol and distilled water.
According to the manufacturer's protocol, diaminobenzidine
(DAB; Zhongshan Jingiao Biotechnology Co., Ltd., Beijing,
China) was used to produce a brown precipitate. TMA slides
were incubated with homemade rabbit anti-CHCHD?2 antibody
(1:200 dilution; a gift from Dr Yanping Zhang, University of
North Carolina at Chapel Hill, Chapel Hill, NC, USA) over-
night at 4°C, and incubated with a goat anti-rabbit biotinylated
secondary antibody (ready to use; catalog no. PV-9001, Jingiao
Biotechnology Co., Ltd.) at room temperature for 30 min.
The sections were incubated with streptavidin-peroxidase
(Zhongshan Belling Biotechnology Co., Ltd.) at room tempera-
ture for an additional 30 min, washed with phosphate-buffered
saline (PBS) and stained using DAB at room temperature for
15 min. Subsequently, sections were rinsed in distilled water
and counterstained with hematoxylin (Beyotime Institute of
Biotechnology, Shanghai, China) at room temperature for
30 sec. Using a light microscope (Olympus BX-51 light micro-
scope) and a Camedia Master C-3040 digital camera (both from
Olympus Corporation, Tokyo, Japan), the CHCHD2 expression
in TMA was identified as positive when =5% of tumor cells
exhibited immunopositivity, while biopsies with <5% tumor
cells exhibiting immunostaining were graded negative. Samples
with an immunoreactivity score (IRS) of 0-3 and 4-12 were clas-
sified as weak and strong expression of CHCHD?2, respectively.

Cell migration assays. The cell migration assay was executed
using 6.5 mm Transwell Boyden chambers (pore size, 8 ym;
Corning Incoporated, Corning, NY, USA) as described previ-
ously, but with a number of modifications (12). Cell suspension
(100 ul) without serum at a density of 4x10* cells/well was
seeded in the Transwell chambers. After 12 h for migration
assays, cells in the upper chamber were carefully removed
with a cotton swab. The cells that had migrated to the basal
side of the membrane were fixed in 100% methanol at room
temperature for 30 min and stained with crystal violet (0.04%
in water, 100 ul; Beyotime Institute of Biotechnology) at room
temperature for 15-30 min. The permeating cells were counted
under an inverted microscope (Ti-U; Nikon Corporation, Tokyo,
Japan) and images were captured at a magnification of x10.

Western blotting and antibodies. Cells were transiently
transfected with siRNA for 48 h. The cells were then lysed
with 0.5% NP-40 lysis buffer and protein concentrations
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Table I. CHCHD?2 staining and clinicopathological characteristics of 75 patients with renal cancer.
CHCHD? staining
Variables Weak, n (%) Strong, n (%) Total, n P-value®
Age, years 38 (50.7) 37 (49.3) 75
<56 19 (52.8) 17 (47.2) 36 0.725
>56 19 (48.7) 20 (51.3) 39
Sex
Male 25 (50.0) 25 (50.0) 50 0.870
Female 13 (52.0) 12 (48.0) 25
Tumor size, cm
<7 24 (55.8) 19 (44.2) 43 0.301
>7 14 (43.8) 18 (56.2) 32
Grade
I 2 (66.7) 1(33.3) 3 <0.001
11 29 (80.6) 7(19.4) 36
11 7 (25.0) 21 (75.0) 28
v 0(0.0) 8 (100.0) 8
TNM stage
I 21 (63.6) 12 (36.4) 33 0.166
I 11 (45.8) 13 (54.2) 24
11 6(35.3) 11 (64.7) 17
v 0 (0.00) 1 (100.0) 1

a2 test. CHCHD2, coiled-coil-helix-coiled-coil-helix domain-containing protein 2; TNM, Tumor-Node-Metastasis.

were assessed using a bicinchoninic acid assay. The loading
protein (100 ug) was separated by 12% SDS-PAGE under
reducing conditions, and then transferred onto nitrocellulose
membranes. The membranes were blocked at room tempera-
ture for 2 h in Blotto (5% skimmed milk and PBS). The primary
antibodies utilized at 4°C overnight were rabbit anti-CHCHD2
(1:1,000; supplied by Dr Yanping Zhang), rabbit anti-MMP2
(1:1,000; catalog no. 4022s; Cell Signaling Technology, Inc.,
Danvers, MA, USA) and mouse anti-f3-actin (1:5,000; catalog
no. BM0626; Wuhan Boster Biological Technology, Wuhan,
China). Each antibody was used according to the manufac-
turer's protocol. Fluorescence-conjugated secondary antibody
(IRDye 700/800; Rockland Immunochemicals Inc., Limerick,
PA) was used at a dilution of 1:10,000 at room temperature
for 2 h. Analysis was performed using the Odyssey Infrared
Imaging system (LI-COR Biosciences, Lincoln, NE, USA).
All experiments were performed at least three times unless
otherwise indicated.

Gelatin zymography analysis. The gelatinolytic activity
was analyzed using gelatin zymography according to the
method previously described with a number of modifica-
tions (13). Prior to gelatin zymography, cells were cultured in
serum-free conditioned culture medium overnight. Next, the
culture conditioned medium was harvested and the proteins
in the medium were concentrated with Amicon Ultra-4-30 k
centrifugal filters (EMD Millipore, Billerica, MA, USA) at
7,500 x g for 20 min at 4°C. A total of 30 ug protein was loaded

in non-redenaturing conditions on a 10% polyacrylamide gel
containing 0.1% gelatin. The SDS was removed from the gel
using 2.5% Triton X-100 for 1 h at room temperature. The
gel was incubated overnight at 37°C in development buffer
(20 mM Tris-HCI, pH 8.0, 150 mM NaCl, 5 mM CaCl,,
and 0.01% NaN,), stained with 0.5% Coomassie blue R250
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at room
temperature for 1 h, and destained with 30% methanol and
10% glacial acetic acid for 2 h at room temperature.

Tube formation assay. Transfected 786-O and ACHN cells
(1x10°% were cultured in a 6-well plate with fresh complete
medium for 48 h, then collected and centrifuged at 800 x g at
room temperature for 5 min to remove any cell debris prior to
its use as a conditioned medium. Next, 48-well plates coated
with Matrigel were kept at 37°C for 30 min prior to the endothe-
lial cell tube formation assay. HUVECs (Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Sciences,
Shanghai, China) (2x10*/well) were suspended in 100 pl condi-
tioned medium and applied to the pre-coated 48-well plate.
The number of capillary-like tubes was quantified after 24 h
in three random microscopic fields (magnification, x10) with a
computer-assisted microscope (Nikon Corporation).

ELISA for VEGF. In order to determine the concentration of
VEGTF, 786-0O and ACHN cells were transfected with siRNA
subsequent to being plated in 6-well tissue culture plates at a
density of 1x10° cells/well. The supernatants were harvested
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Figure 1. CHCHD?2 protein expression was determined in RCC tissues and cells by immunohistochemical staining and western blot analysis. (A) Representative
images revealed CHCHD2 immunohistochemical staining in (b and d) RCC maligant tissues and (a and ¢) tumor adjacent tissues, which were taken at different
magnifications (Top panel, x100; bottom panel, x400). (B) The distribution of the difference in CHCHD2 staining (AIRS=IRS-IRSy). Immunoreactivity
score (IRS) of CHCHD?2 staining was available from 75 pairs of tissues. P-values were calculated with the y%? test. (C) Whole-cell protein extracts were further
prepared from three paired tumor adjacent normal renal tissues and RCC tissues. The CHCHD2 protein level was determined by western blot analysis. (D) In
contrast to normal renal HK-2 cell, the CHCHD?2 expression is increased in RCC cell lines. RCC, renal cell carcinoma; CHCHD?2, coiled-coil-helix-coiled-co
il-helix domain-containing protein 2; N, normal renal tissues; T, RCC tissues; IRS, immunoreactivity score.

48 h after transfection. The VEGF concentration was
measured using a Quantikine ELISA kit (catalog no. DVEQO;
R&D Systems, Inc., Minneapolis, MN, USA) according to the
manufacturer's protocol.

Statistical analysis. All the data in the figures and text are
presented as the mean + standard deviation from >3 indepen-
dent experiments. The differences in the TMA were analyzed
using SPSS software (version 16.0; SPSS, Inc., Chicago, IL,
USA). The association between staining of CHCHD2, and the
clinicopathological parameters of the patients with suprarenal
epithelioma, including age, sex, World Health Organization
grade and histological type (10,11), was evaluated by the y?
test. Differences in treatment groups were assessed by two-way
analysis of variance followed by the Dunnett's test. P<0.05 was
considered to indicate a statistically significant difference.

Results

CHCHD? expression is increased in human RCC tissues and
cell lines. The expression levels of CHCHD2 were evaluated in
human RCC. Immunohistochemical staining was performed in
RCC tissues and paired non-cancerous tissues. The representa-
tive images presented in Fig. 1A revealed that CHCHD2 protein
in cytoplasm was stained brown. Significantly higher expression
of CHCHD?2 was observed in the carcinoma tissues (P<0.001;
Fig. 1B). In order to confirm the aforementioned observation,
western blotting was performed using three RCC tissues together
with paired non-cancerous tissues. Notably, the level of CHCHD2
protein was markedly increased in malignant tumor tissues
compared with non-cancerous tissues (Fig. 1C). Additionally,
the differences in expression of CHCHD2 between normal renal
cells and carcinoma cells were investigated. Western blotting was
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Figure 2. Association between CHCHD2 expression and clinicopathologic
parameters in RCC. The immunohistochemical analysis identified that
increased CHCHD?2 expression was markedly associated with tumor grade
(P<0.001, % test, comparing I, IT vs. IT[-1V). CHCHD2, coiled-coil-helix-coi
led-coil-helix domain-containing protein 2.

performed to measure the CHCHD?2 expression in distinct renal
cell lines. The results identified that CHCHD2 expression levels
were markedly increased in human 786-0, Ketr-3 and ACHN
RCC cells, compared with HK-2 normal renal cells (Fig. 1D).
This result was consistent with the level of CHCHD?2 protein
expression in RCC tissues.

Association between CHCHD?2 expression levels and clinico-
pathological parameters. To further investigate the possible
function of CHCHD?2 in RCC, the associations between
CHCHD?2 expression in primary tumor tissue samples from
75 patients and clinicopathological parameters were assessed.
The mean age of the patients with suprarenal epithelioma was
58.7 years (50 males and 25 females with a median age of
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Figure 3. Knockdown of CHCHD?2 inhibits the motility and angiogenesis of the 786-O and ACHN cells. (A) Western blot analysis of the relative protein level
of CHCHD2 in CHCHD2-knockdown (siCHCHD2) and control siRNA (siCtrl) groups for the (A) 786-O and (B) ACHN cell lines. (C and D) A cell migration
assay revealed that knockdown of CHCHD2 decreased the ability of cells to migrate through a Boyden chamber in 786-O and ACHN cell. (E and F) Knockdown
of CHCHD?2 decreased angiogenesis in 786-O and ACHN cells. All experiments were performed in triplicate. Data are presented as mean + standard error of
the mean. “P<0.01 for siCHCHD2 vs. siCtrl. CHCHD2, coiled-coil-helix-coiled-coil-helix domain-containing protein 2.

56 years; range, 29-82 years). The comparisons of numerous
clinicopathological characteristics with CHCHD?2 protein
expression are presented in Table I. The results revealed
that CHCHD?2 staining was significantly increased in tumor
grade II-IV compared with tumor grade I (P<0.001; Fig. 2).
Although TNM stage is an important prognostic marker for
patients with RCC, no significant association was observed
between CHCHD?2 expression and age (P=0.725), sex
(P=0.870), tumor size (P=0.301) and TNM stage (P=0.166).

Knockdown of CHCHD?2 inhibits migration of RCC cells
in vitro. To further investigate the function of CHCHD?2 in
tumor cell migration, human 786-O and ACHN cells were
transfected with control siRNA and CHCHD2 siRNA. At48 h
after transfection, CHCHD2 protein was markedly downregu-
lated in cancer cells (Fig. 3A and B). As presented in Fig. 3C,
silencing of CHCHD?2 significantly inhibited the 786-O cells
ability to migrate through the Boyden chambers. In order to
examine the effect of CHCHD2 knockdown on other RCC
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Figure 4. Knockdown of CHCHD?2 decreases the expression and ability of MMP-2 protein and suppresses VEGF secretion in 7860 and ACHN cells. (A and B) Western
blot analysis identified that CHCHD2 knockdown decreased the expression level of MMP-2. (C and D) Gelatin zymography confirmed that transfecting with
CHCHD2-siRNA may result in decreasing the MMP-2 protein ability when compared to the control. (E and F) In siCHCHD2 and control group for RCC cell lines,
the VEGF secretion was markedly decreased in 786-O-siCHCHD?2 cells and ACHN-siCHCHD?2 cells, respectively. All experiments were carried out in triplicate.
“P<0.01 for siCHCHD? vs. siCtrl. CHCHD?2, coiled-coil-helix-coiled-coil-helix domain-containing protein 2; VEGF, vascular endothelial growth factor.

cells, ACHN cell migratory assays were performed. The data
gathered revealed that the migratory ability of ACHN cells
was also suppressed by silencing of CHCHD?2 (Fig. 3D).

Knockdown of CHCHD?2 suppresses angiogenesis in RCC
cells. Angiogenesis induces the growth and metastasis of
tumors (14). Therefore, the effect of angiogenesis following
knockdown of CHCHD?2 was investigated. The endothelial cell
tube formation assay (Fig. 3E and F) identified that conditioned
medium from CHCHD2 knockdown cancer cells significantly
reduced the average number of complete tubular structures
formed by HUVECSs compared with those of control cells.

Knockdown of CHCHD?2 decreases MMP-2 expression,
activities and VEGF secretion in RCC cells.In order to improve
understanding of the mechanism of siCHCHD2-induced cell
migration and angiogenesis inhibition in RCC cells, the MMP
expression levels and activities, and VEGF expression levels in
786-0O and ACHN cells were measured. The invasive ability
of cancer cells may be regulated by MMPs (15-17), and VEGF
is considered one of the most prominent pro-angiogenic
factors (18-21). The results of the present study revealed that
MMP-2 levels were markedly suppressed in 786-O-siCHCHD2
and ACHN-siCHCHD?2 cells compared with the control cells
(Fig. 4A and B). The activities of MMP-2 protein were also
markedly decreased in 786-O and ACHN cells transfected
with siCHCHD?2 using gelatin zymography (Fig. 4C and D).
Additionally, it was identified that VEGF secretion was signifi-
cantly suppressed in 786-O and ACHN cells transfected with
siCHCHD?2 compared with the control cells (Fig. 4E and F).

Discussion

Previous research identified that Cytochrome ¢ oxidase (COX)
is the terminal enzyme of the electron transport chain, and COX
subunit 4 (COX4) is a key regulatory subunit (22). Aras et al (22)
demonstrated that oxygen responsive element (ORE) is a
highly conserved 13-bp sequence in the proximal promoter of
the tissue-specific (predominantly lung) COX4 isoform 2, and
further confirmed that CHCHD?2, as a transcription factor,
bound this conserved ORE and activated the ORE at 4% oxygen.
Seo et al (8) reported that CHCHD?2 protein was able to mutually
regulate the balance of cell migration by directly interacting with
hyaluronic acid-binding protein 1, and CHCHD2 was identified
as a novel cell migration determinant using an in vitro functional
genetic selection strategy. In addition, CHCHD?2 is involved in
mitochondrial function (23) and has been identified in a screen
for HTT interacting proteins (24,25). Liu et al (9) demonstrated
that CHCHD2 was able to inhibit apoptosis by interacting with
Bcl-xL to regulate BAX activation. Furthermore, increasing
evidence suggests a potential function of CHCHD?2 in
CHCHD2-Bcl-xL protein interactions.

In the present study, CHCHD2 expression was first exam-
ined at the protein level in RCC cells and tissues using western
blotting. The results indicate that the expression of CHCHD?2
protein was more abundant in suprarenal epithelioma cells and
tissues compared with that of the normal renal cells and tissues.
The expression level of CHCHD2 was markedly associated
with tumor grade in data gathered from a TMA. However,
little is known about the association between CHCHD2
expression and patients with RCC, and the functional role



of CHCHD?2 in the progress of RCC remains unresolved. To
determine whether CHCHD?2 regulates the development of
RCC,RNA interference (RNAi) was used in further functional
studies (26,27). CHCHD2 siRNA or control siRNA were trans-
fected into 786-O and ACHN cells to observe the effect on the
cells ability to migrate. The results demonstrate that silencing
CHCHD?2 with RNAI resulted in significantly reduced cell
migration rates in both cell lines. To investigate the associated
mechanism of this phenomenon in 7860 and ACHN cells, the
level of various movement-associated proteins was analyzed.
MMPs may allow cancer cell to migrate and invade by virtue
of degrading components of the basement membrane and the
extracellular matrix (28,29). Therefore, it was hypothesized
that siCHCHD2-induced inhibition of cell migration was
also associated with MMPs. The results suggested an asso-
ciation between CHCHD2 and migration of RCC. In gelatin
zymography, the activities of MMP-2 protein were markedly
decreased in 7860-siCHCHD2 and ACHN-siCHCHD?2 cells
compared with the control groups.

Previous research reported that 30% of RCC patients
develop metastatic disease following surgical resection (4),
and the growth and metastasis of neoplasms is dependent on
angiogenesis (30,31). The results of the present study identified
that knockdown of CHCHD?2 suppressed angiogenesis, and
further research revealed that knockdown of CHCHD?2 inhib-
ited VEGF secretion. VEGF is the most prominent of these
pro-angiogenic factors (19-21). Additionally, several studies
reported that increased VEGF expression was identified to
be associated with poorer prognosis in RCC (32). Therefore,
these findings suggest an association between CHCHD2, and
migration and angiogenesis of RCC.

In summary, an increase of CHCHD?2 expression was
observed in the groups presenting with RCC as compared with
the normal renal cells and tissues. This observation implied
a potential function of CHCHD?2 in the development and
progression of renal carcinoma. The gathered data demon-
strated that migration of RCC cells was promoted through
increasing MMP-2 protein expression and ability. The knock-
down of CHCHD2 suppressed angiogenesis of RCC cells
through decreasing VEGF secretion. Although the underlying
molecular mechanisms of CHCHD2 promoting suprarenal
epithelioma cell migration and angiogenesis require further
investigation, CHCHD2 may be eventually be utilized as a
novel molecular marker and a potential target in the therapy
for RCC.
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