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Abstract
Early studies suggested that the androgen receptor (AR) might play important roles to promote the renal cell carcinoma
(RCC) progression; however, the detailed mechanisms remain unclear. Here we demonstrated the higher YBX1
expression with lower C1QBP expression in human RCC clinical tissues, and the intensity of C1QBP was negatively
correlatedwith the YBX1 nuclear expression.Mechanism dissection found C1QBP could interact with YBX1 to suppress
the YBX1 activation via altering the YBX1 phosphorylation and nuclear translocation in RCC cells. The consequences of
such suppression of YBX1might then result in suppressing the RCC cell migration and invasion that involved altering the
AR-modulated MMP9 signals. Interruption of this newly identified C1QBP → YBX1 → AR → MMP9-suppressed RCC
cell invasion pathway via targeting YBX1 or AR partially reversed the RCC cell invasion. Importantly, results from in vivo
mouse model with orthotopic implantation of RCC OSRC2 cells into the left renal capsule also confirmed in vitro cell
line studies showing targeting YBX1 could suppressRCC cell invasion via regulation of AR/MMP9 signals. Collectively,
these data suggest that C1QBP could regulate YBX1 to suppress the AR-enhanced RCC cell invasion. Targeting this
newly identified C1QBP/YBX1/AR/MMP9 signal pathwaymay provide a new potential therapy to better suppress RCC
metastasis.
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Introduction
Renal cell carcinoma (RCC) is the most common kidney tumor
arising from the cells in the lining of the kidney tubules [1]. RCC
accounts for 3% of adult malignancies and approximately 90% to
95% of kidney neoplasms [2,3]. Approximately 30% of RCC patients
are at a later metastatic stage when they are first diagnosed. The
molecular mechanisms of the metastasis of RCC have not been fully
studied or understood. Immunotherapy has been the major
therapeutic option for advanced RCC, yet the effect is limited.
Although recently there have been targeted therapies developed for
treating advanced RCC, the majority of advanced RCC patients
remain refractory to these treatments [4,5]. Thus, understanding the
molecular mechanisms of RCC progression in order to identify new
targets for future therapy is essential before we can better battle the
advanced RCC.
The epidemiological studies indicated that a gender difference with
male:female ratio in RCC incidence of 1.6:1.0 [6,7], suggesting that
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sex hormones and/or their receptors may play important roles in the
development of RCC. Zhu et al. found that AR could be detected in
various stages of RCC [8], and He et al. found AR might play key
roles in RCC progression [9]. However, which upstream signals may
regulate AR to impact RCC remain unclear.

The nuclease-sensitive element-binding protein 1 (YBX1) is a
member of the cold-shock protein superfamily that contains a highly
conserved nucleic-acid-binding motif for binding to both DNA and
RNA, and has been implicated in numerous cellular processes
including regulation of transcription and translation, pre-mRNA
splicing, DNA repair, and mRNA packaging [10], drug resistance and
stress response to extracellular signals [12,13]. YBX1 is also a
component of messenger ribonucleoprotein (mRNP) complexes and
may have a role in microRNA processing [11]. Interestingly, recent
studies also indicated that YBX1 expression might be linked to tumor
progression with abnormal expression in the cell nucleus of various
tumors, including bladder, prostate, and breast [12–17]. Moreover, in
dialysis caused RCC, nuclear expressions of YBX-1 were higher than
in sporadic RCC [18].

The complement component 1, q subcomponent binding protein
(C1QBP) is a ubiquitously expressed and multi-compartmental
cellular protein involved in various biological processes [19,20].
Over-expressed C1QBP with a potential oncogene characteristic has
been reported in various types of cancer including prostate, ovarian,
liver, and breast [21–24]. However, another study also indicated a lower
expression of C1QBP in cervical cancer compared to normal tissues
[26], suggesting the expression patterns of C1QBP in different tumors
and its impacts on tumor progression may be cell-type dependent.

Here we demonstrate that C1QBP could regulate YBX1 to
suppress the AR-enhanced RCC cell invasion.

Materials and Methods

Cell Culture and Transfection
The human RCC cell line, SW839 was purchased from Cell Resource

Center for Biomedical Research, Tohoku University and OSRC2 was
purchased from Riken Cell Bank (Tsukuba, Japan). Cells were cultured in
DMEM supplemented with 10% fetal bovine serum and 1% glutamine
and Pen-Strep solutions at 37°C and 5% CO2.

To generate AR, YBX1 and C1QBP overexpressed or
knocked-down stable clones, OSRC2 and SW839 cells were
transfected with lentiviral vectors (Promega, Madison, WI, USA),
including pWPI-AR, pWPI-YBX1, pWPI-C1QBP, pWPI-Vec,
pLKO1-sh-AR, pLKO1-sh-YBX1, pLKO1-sh-C1QBP, or
pLKO1-scr, with the psAX2 packaging plasmid, and pMD2G
envelope plasmid, then transfected into 293 T cell for 48 h to get the
lentivirus supernatant. The lentivirus supernatant was collected and
frozen at −80°C for later use. For stable clones, virally infected cells
were cultured in media containing 2.5 μg/ml puromycin for 10 days
and the puromycin-resistant clones were collected and expanded.

Clinical Specimens
Clear cell RCC primary tissue samples and corresponding

para-carcinoma tissues were surgically removed and paraffin-embedded
in the Tianjin Medical University Second Hospital between January
2005 and December 2005 with patients' consent and ethical committee
approval. The age and gender of patients were noted and the tumor size,
histological type, Fuhrman grade and presence or absence of invasion
were evaluated. All patients had undergone radical nephrectomy with no
preoperative or postoperative adjuvant therapy. All samples were analyzed
by two experienced pathologists to ensure that they were correctly
identified as RCC.

Immunohistochemical Staining
Paraffin-processed sections at 5 μm thickness were mounted on

poly-D-lysine coated glass slides. Slides were dewaxed in 100% xylene,
rehydrated by incubation in decreasing concentrations of alcohol, and
incubated in 3% H2O2 to eliminate endogenous biotin. Briefly,
sections blocked with horse serum were incubated with C1QBP
antibody (Santa Cruz Biotechnologies, Santa Cruz, CA, USA) or YBX1
antibody (Abcam, Cambridge, UK) overnight at 4°C. After being
washed with PBS, the immunoreactions were performed according to
Max Vision HRP-Polymer anti-Rabbit IHC Kit (Miaxim.bio, Fuzhou,
China). Sections were developed by peroxidase substrate DAB
Detection Kit (Maxim.bio, China) and were counterstained by
hematoxylin. Immunostaining for C1QBP and YBX1 expression was
scored by 2 independent observers based on the relative color area and
intensity of the brownDAB signals. For each section, at least 5 different
fields were examined under the microscope. First, the immunostaining
score was evaluated from 0 to 5: 0, (0-1)% of tumor cells positive; 1
point, (1-5)% of tumor cells positive; 2 point, (5-10)% of cells positive;
3 point, (10-20)% of cells positive; 4 point, (20-50)% of cells positive;
and 5 point, N50% of cells positive. Second, the intensity of
immunostaining level was determined by subjective visual scoring of
the brown stain. Scoring levels were: 0 point, no staining; 1 point,
yellow brown staining and 2 points, brown staining. The final score
consists of addition of these two scores and the immunostaining for
C1QBP was scored as – (0-3) and + (4-7).

Western Blot Analysis
Cells were lysed in RIPA buffer and protein concentration in the

cell lystate solution was determined by BCA protein assay (Amresco,
Cochran, Solon, OH, USA). 30 μg protein was separated on 10%
SDS/PAGE gel and then transferred onto PVDF membranes
(Millipore, Billerica, MA, USA). After blocking membranes, they
were incubated with appropriate dilutions of specific primary
antibodies: rabbit anti-AR (1:1000; Santa Cruz Biotechnology),
mouse anti-GAPDH (1:1000; Santa Cruz Biotechnology),
anti-YBX1 (1:1000; Abcam, Cambridge, UK), anti-p-YBX1
(1:1000; Abcam), anti-MMP9 (1:1000; Abcam) and anti-C1QBP
(1:1000; Santa Cruz Biotechnology). The blots were incubated with
HRP-conjugated secondary antibodies and visualized using ECL
system (Thermo Fisher Scientific, Rochester, NY, USA).

Co-Immunoprecipitation
Cells were harvested and lysed with Triton X-100 buffer (40 mM

Tris, 120 mM NaCl, 1% Triton X-100, 1 mM NaF, 1 mM
Na3VO4). The cell lysates were then centrifuged at 20,000xg at 4 °C
for 1 h and the pellets containing DNA and cell debris were removed.
Their interacting proteins were enriched with 1 mg anti-C1QBP,
anti-AR, and anti-YBX1 antibody. Normal mouse/rabbit immuno-
globulin G was used as a control. The immunoprecipitated protein
complexes were separated by sodium dodecyl sulfate–polyacrylamide
gel electrophoresis, and followed by Western blot analysis.
Immunofluorescence and Confocal Microscopy
Cells were plated in 12-well plates containing sterile glass coverslips,
allowed to grow for 24 h and then starved in serum-free media for 6 h.



Figure 1. Expression of C1QBP and YBX1 in RCC clinical samples. Immunohistochemical analysis of C1QBP and YBX1 expression in the
para-carcinoma tissues and carcinoma tissues. The scale bar was 20 μm.
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After stimulation with 10 ng/mL EGF for 10 min at 37 °C, cells were
fixed with 4% paraformaldehyde in PBS (pH 7.4) for 10 min at room
temperature, permeabilized in 0.2% triton/PBS for 10 min and
blocked in 3% BSA in PBS for 1 h at room temperature. The cells
were incubated with primary antibodies at 4 °C overnight, followed
by staining with Alexa Fluor 488- and 546-conjugated secondary
antibodies for 1 h at room temperature. One ng/mL DAPI was used
for nuclear staining. Coverslips were counter-stained with DAPI,
mounted with ProLong Gold antifade reagents, and visualized with
confocal laser scanning microscopy (Leica, Buffalo Grove, IL, USA).

Luciferase Reporter Assay
RCC cells were transfected with 0.5 mg of the various ARE plasmids

(Promega, Madison WI, USA) and 0.05 mg TK (Promega) using
Lipofectamine 3000, according to the manufacturer's protocol. Cells
were also treated with 10 nM DHT. After 24 h, ARE activity was
detected using a Dual-Luciferase Reporter Assay System (Promega).
Light intensity was measured using a plate reader (ARVOTM MX,
Perkin Elmer, Inc., Waltham, MA, USA).
Table 1. The Expression of C1QBP and YBX1 in Renal Cell Carcinoma Tissues

Parameter N C1QBP Expressi

-

T stage T1–2 34 14
T3-4 18 14

Metastasis Positive 10 6
Negative 42 22

Tissue location Tumor 52 22
Para-tumor 20 2

*Metastasis includes all types of metastasis.
Cell Invasion and Migration Assay
The invasion capability of RCC cells was determined by the transwell

assay. The upper transwell chambers (Corning Inc., Corning, NY,
USA) were pre-coated with diluted growth factor-reduced matrigel (1:5
serum free RPMI) and put into the incubator for 5 h. RCC cells were
harvested and seeded at 1 × 105 cells/well with serum-freeDMEM into
the upper chamber and the lower chamber contained DMEM with
10% FBS. After 24 h incubation at 37 °C, the invaded cells attached to
the lower surface of the membrane were fixed with paraformaldehyde
and stained with crystal violet. Cell numbers were counted in five
randomly chosen microscopic fields. For migration assays, RCC cells
(5 × 104 cells/well) were harvested and seededwith serum-freeDMEM
into the upper chamber and the lower chamber containedDMEMwith
10% FBS. After 6 h incubation at 37°C, cells were counted.

In Vivo Metastasis Studies
Nudemice 6–8 weeks old were purchased fromNCI. Eighteen mice were

divided into 3 groups (n = 6, Male:Female = 1:1): 1) control, 2) OSRC2-
YBX1-siRNA and 3) OSRC2-YBX1-siRNA + AR-overexpression. We
on P
Value

Nuclear Expression of
YBX1

P
Value

+ - +

20 .012 * 22 12 .011 *

4 5 13
4 .736 2 8 .036 *

20 25 17
30 .009 * 27 25 .003 *

18 18 2



Table 2. Correlation Between C1QBP and YBX1 Nuclear Expression in RCC

C1QBP YBX1 Spearman's Rank
Correlation
Coefficient (P)Nnegative Positive

Negative 10 18 −0.350 (P = 0.011)
Positive 17 7
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prepared xenografts by an incision in the back of mice and exposure of the left
kidney. The mice were the injected with 1 × 106 cells (mixture with
Matrigel, 1:1) into the sub-renal capsule and incision closed. Cells
were also transduced with Luciferase so that metastasis in the mice
could be measured using a Fluorescent Imager (IVIS Spectrum,
Caliper Life Sciences, Hopkinton, MA) at 4 different time points (1, 4,
5, and 6 weeks after injection). After the last monitoring with
the Imager, mice were sacrificed and tumors were further examined by
IHC staining.
Statistical Analysis
Data values were presented as the mean ± SD. Differences in mean

values between two groups were analyzed by t test. Chi-square and
Fisher exact tests were used for statistical analysis of the correlations
between C1QBP and YBX1 expression and clinicopathologic
parameters. The correlation between the expression of C1QBP and
Figure 2. The interaction between C1QBP and YBX1. (A) Reciprocal c
cells. Immunoprecipitates of C1QBP and YBX1 were analyzed by We
C1QBP in SW839 cells increased EGF-induced phosphorylation of YB
EGF at 10 ng/ml for 0, 5, and 15 min. Then the level of YBX1 and p-YB
microscopy analysis of C1QBP and YBX1 in SW839 cells. Knockdown
(yellow arrows).
nuclear localization of YBX1 was analyzed using Spearman tests.
Differences with P values b0.05 were considered as statistically significant.

Results

The Expression of C1QBP and YBX1 Correlated With RCC
Progression in Human Clinical RCC Samples

Immunohistochemistry (IHC) quantitation analysis of clear cell
RCC clinical samples found higher expression of C1QBP in
surrounding normal tissues (90% of 18/20), but in the RCC samples
57.7% (30/52) showed weak expression of C1QBP (P b 0.05) and
42.3% (22/52) were negative (Figure 1). Furthermore, pathological
analysis revealed that the C1QBP staining scores in RCC were associated
with T stage (P b 0.05) (Table 1). In contrast, IHC staining found the
ratio of positive staining of YBX1 expression in the nuclei of RCC was
significantly higher compared to those found in surrounding tissues
(P b 0.01) (Figure 1), and this nuclear expression of YBX1was correlated
with T stage and the presence of metastases (P b 0.05) (Table 1).

Furthermore, the correlation between C1QBP and YBX1 nuclear
expression was examined using the Spearman's correlation test.
The results revealed that the intensity of C1QBP was negatively correlated
with the YBX1 nuclear expression with the correlation coefficient of −0.35
(P = 0.011) (Table 2), which is in agreement with results from in vitro cell
line studies showing the reduction of C1QBP expression is accompanied
with the increase of nuclear translocation of YBX1 (Figure 2C).
o-immunoprecipitation of endogenous C1QBP and YBX1 in SW839
stern blot. (B) Western blot analysis showed that the depletion of
X1. Cells were deprived of serum for 6 hours before stimulated with
X1 in the cell lysates was analyzed by immunoblotting. (C) Confocal
of C1QBP enhanced the EGF induced nuclear translocation of YBX1

image of Figure 2


Figure 3. C1QBP regulated RCC cell invasion andmigration viaYBX1. SW839 cellswere transfectedwith pWPI-GFP, pWPI-C1QBP, pWPI-YBX1, or
pWPI-C1QBP together with pWPI-YBX1. (A) 1 × 105 cells were plated onto the upper matrigel coated transwell chambers with 8 μm pore
polycarbonatemembrane for cell invasionassays. (B)5 × 104cellswereplatedonto theupperchamberwith8μmporepolycarbonatemembrane for
cellmigration assays.Overexpressionof YBX1could reverseC1QBP inhibited cell invasionandmigrationofRCCSW839cells. (*Pb 0.05, **Pb 0.01).
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The Interaction Between C1QBP and YBX1
To dissect the mechanism linked to the expression of YBX1 and

C1QBP, we applied the co-immunoprecipitation assay to examine if
these 2 proteins could interact with each other in RCC cells. The
results revealed that endogenous YBX1 and C1QBP could form a
physical interaction in RCC SW839 cells (Figure 2A).
Early studies indicated that activation of YBX1 via EGF-induced

phosphorylation could lead to its nuclear translocation [26]. Results
from Figure 2B also confirmed that EGF could induce phosphor-
ylation of YBX1 in the cold shock domain (S102) in a
time-dependent fashion. Using confocal fluorescent microscopic
analysis, we also found knockdown of C1QBP or treatment with
EGF induced YBX1 phosphorylation and its nuclear translocation
(Figure 2C).
Together, results from Figure 2, A–C suggest that C1QBP can
interact with YBX1 and then suppress the activation of YBX1 via the
YBX1 phosphorylation and nuclear translocation in RCC cells.

C1QBP Regulated RCC Cell Invasion and Migration via
Interacting/Suppressing YBX1

To further examine the consequences of C1QBP suppression of YBX1
activation and the impact of RCCprogression, we overexpressed functional
cDNAs of C1QBP and YBX1 into RCC SW839 and OSRC2 cells and
found overexpression of C1QBP suppressed the invasion of SW839 and
OSRC2 cells using Chamber co-culture invasion assay [9]. In contrast,
overexpression of YBX1 enhanced the SW839 and OSRC2 cell invasion.
Importantly, overexpression of YBX1 could reverse theC1QBP-suppressed
SW839 cell invasion (Figure 3A and Supplementary Figure 1A).

image of Figure 3


Figure 4. C1QBP regulated YBX1 to affect the expression and activity of AR. (A) YBX1 and AR could interact with each other in SW839 and
OSRC2 cells. Co-immunoprecipitation experiment was performed on endogenous YBX1 and AR in RCC cells. (B) SW839 cells were
transfected with pWPI-GFP, pWPI-YBX1, pWPI-C1QBP, or pWPI-YBX1/C1QBP expression plasmids. The protein expressions were tested.
(C) SW839 cells were transfected with 0.5 mg of the various ARE plasmids and 0.05mg TK and ARE activities were tested. Cells were also
treated with/without DHT (10 nM). Overexpression of YBX1 enhanced the AR transactivation that could be partially reversed after
overexpression of C1QBP (*P b 0.05).
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Similar results were also obtained when we replaced the invasion
assay with the migration assay [9] showing overexpression of YBX1
could reverse the C1QBP-suppressed SW839 and OSRC2 cell
migration (Figure 3B and Supplementary Figure 1B).

Together, results from Figure 3 and Supplementary Figure 1
suggest that C1QBP could interact with and modulate YBX1 activity
that resulted in enhancing the migration and invasion of RCC cells.

C1QBP Regulated YBX1 to Alter the Expression and Transactivation
of AR

Next we determined the mechanism(s) how C1QBP-modulated
YBX1 signals could suppress RCC cell invasion. As recent study
indicated that AR might play key roles to promote the RCC
metastasis [9], we were interested to see if C1QBP-modulated YBX1
signals may function through altering the AR signals to influence the
RCC cell invasion. We applied the co-immunoprecipitation assay to
examine the interaction of YBX1 and AR and results revealed they
could interact with each other (Figure 4A).

We then applied the Western blot analysis to examine the potential
impact after YBX1 interaction with AR in SW839 and OSRC2 cells, and
results showed that overexpression of YBX1 enhanced the AR expression
and overexpression ofC1QBP suppressed theAR expression. Importantly,
the C1QBP-suppressed AR expression was reversed by overexpression of
YBX1 (Figure 4B and Supplementary Figure 2A), suggesting C1QBP
might function through YBX1 to influence AR expression.

We also applied the Luciferase assay to examine the potential impact
after YBX1 interaction with AR. The results revealed that in the
presence of 10 nM DHT, addition of YBX1 enhanced the AR
transactivation that could be reversed after overexpression of C1QBP in
SW839 and OSRC2 cells (Figure 4C and Supplementary Figure 2B).

Together, results from Figure 4 and Supplementary Figure 2
suggest that C1QBP could modulate YBX1 activity that resulted in
influencing the AR transactivation.

C1QBP Regulated YBX1 to Affect the AR-Enhanced
RCC Cell Invasion

To determine if C1QBP-modulated YBX1 influenced AR
transactivation which in turn altered RCC cell invasion, we
overexpressed AR and knocked down YBX1 separately or in
combination in SW839 and OSRC2 cells. YBX1 and AR expressions

image of Figure 4


Figure 5. YBX1 regulated RCC cell migration and invasion was mediated by AR. SW839 cells were transfected with pLK0.1-scr,
pLK0.1-YBX1, pWPI-AR, or pLK0.1-YBX1 together with pWPI-AR plasmids. (A) YBX1 and AR expression in SW839 cell lines were tested by
Western blot. (B) 1 × 105 SW839 cells were plated onto the upper matrigel coated transwell chambers with 8 μm pore polycarbonate
membrane for cell invasion assay. (C) 5 × 104 SW839 cells were plated onto the upper chamber with 8 μm pore polycarbonate
membrane for cell migration assay. (**P b 0.01).
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were examined by Western blot (Figure 5A and Supplementary
Figure 3A). We first found that knocked-down YBX1 suppressed
the SW839 and OSRC2 cell invasion and overexpression of AR
enhanced the SW839 and OSRC2 cell invasion. Importantly,
overexpressing AR also reversed the suppression of cell invasion by
YBX1 knocking down in SW839 and OSRC2 cells (Figure 5B and
Supplementary Figure 3B). Similar results were also obtained
when we replaced invasion assay with migration assay (Figure 5C
and Supplementary Figure 3C).
Together, results from Figure 5 and Supplementary Figure 3

conclude that C1QBP suppressed YBX1 and AR transaction thus
AR-enhanced RCC cell invasion.

C1QBP/YBX1/AR Signaling Regulated MMP9 Expression to
Influence the RCC Cell Invasion
Next, we screened the expression of genes related to cell

invasion and RCC metastasis and found YBX1 knockdown could
decrease the expression of AR and MMP9. Importantly, AR
knockdown could also decrease MMP9 expression (Supplemen-
tary Figure 4A). Western blot assay further confirmed that
overexpressing C1QBP or knocking down YBX1 suppressed AR
and MMP9 in SW839 and OSRC2 cell lines (Figure 6 and
Supplementary Figure 4B), suggesting that C1QBP-YBX1
interaction regulated AR function which in turn influence the
RCC cell invasion through MMP9.

In Vivo Mouse Model to Prove the Effects of C1QBP-YBX1-
AR Signals on RCC Cell Invasion

To confirm the above in vitro data in the in vivo mouse model, we
performed the orthotopic implantation of RCC OSRC2 cells stably
transfected with firefly luciferase reporter gene and infected with
lentivirus for knocking down YBX1 with and without overexpression
of AR into the renal capsule of mouse left kidney. The primary
tumors and metastatic tumors in lung and enterocoelia were
monitored through IVIS imaging (Figure 7A). The results revealed
that mice with the YBX1 knocked down in OSRC2 cells had much
fewer metastatic foci detected (Figure 7, B and C), and overexpression
of AR could reverse the inhibition effect of YBX1 knockdown.
These suggested that YBX1 could regulate AR to promote RCC
cell invasion.

image of Figure 5


Figure 6. Signal pathway of C1QBP and YBX1 regulate invasion and migration of RCC through AR. SW839 cells were transfected with
pWPI-GFP, pWPI-C1QBP, pLK0.1-scramble (SCR) or pLK0.1-YBX1 expression plasmids. The C1QBP, YBX1, AR, and MMP9 expressions
were tested by western blot. Overexpression of C1QBP or knockdown of YBX1 suppressed AR and MMP9 protein expression in SW839
cell lines.
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We then analyzed the expression of YBX1-AR-MMP9 signals
using IHC staining of the xenograft tissues and found that MMP9
expression is lower in the YBX1 knocked-down tumors (Figure 7D).

Together, results from Figure 7, A–C in vivo mouse model studies
are in agreement with the above in vitro cell lines studies and
demonstrate that targeting YBX1 could suppress RCC cell invasion
via regulation of AR/MMP9 signals.

Discussion
Recent studies have shown that AR plays key roles in RCC
progression [8,9]. However, which upstream signals may regulate
AR to impact RCC remained unclear. YBX1 functions as a
transcription factor in the nucleus, which binds to the nucleotide
sequence 5′-ATTGG-3′ denoted as the Y-box [27]. It is well known that
YBX1 expression is closely associated with cell growth, drug resistance and
clinical outcome in various cancers [12–18]. Using the ChIP-on-chip assay,
Finkbeiner et al. found that YBX1 binds to the AR promoter in breast cancer
cells, suggesting that AR is a direct gene target of YBX1 [28], and Shiota et al.
[14] also found that YBX1 binds to the AR promoter in prostate cancer.
Although it remains unclearwhether YBX1 expression contributes to theRCC
progression, here we found abnormal nuclear YBX1 expression in RCC
suggesting itmight function as an oncogene to influence theRCCprogression.

Early studies suggested that DNA damaging agents, oxidative
stress, and UV irradiation might influence the nuclear translocation of
YBX1 to stimulate expression of genes related to cell viability
[29–32]. Our results revealed C1QBP as another factor that could
interact with and influence the nuclear translocation of YBX1. This is
consistent with their expression pattern showing the expression of
C1QBP is negatively correlated with YBX1 nuclear localization in
RCC samples [33]. Importantly, our finding that C1QBP might
function through YBX1 to modulate AR expression provides a good
model of how C1QBP/YBX1 might influence the RCC cell invasion.
Other studies also linked the abnormal expression of C1QBP with
the progression of various tumors, including prostate, breast and
cervix [21–25].

Some studies in clinical samples have shown that AR expression in
RCC is associated with low-stage, well-differentiated tumors and
favorable prognosis [8,34–35]. These contrasting results of AR
expression in different stages or grades of RCC raised the question
whether AR expression is indeed linked to AR-mediated RCC
progression, especially because early prostate cancer studies indicated
that AR might have various mutations, and therefore AR expression
alone might not directly link to prostate cancer stages [36–38].
Consistent with some studies in vitro, we found AR promoted RCC
malignancy [9,39]. So the expression of AR in clinical RCC samples
might not equally reflect the function of AR in RCC patients.
Expanding the previous researches in our laboratory, we found that
both AR and YBX1, an inducer of AR, contribute to the metastasis of
RCC in both in vitro assay as well as in vivo xenograft model.

One potential target by which AR increases the invasion and
migration of cancer cells is the MMP family. It is well established that
secretion of MMPs that can degrade ECM is a feature of metastatic
cancer cells [40]. MMP9 is a well-characterized protease with strong
proteolytic activity in the ECM [41]. Consistent with our previous
studies, we found that MMP9 was a key molecule that mediated AR
signals to enhance the metastatic potential of RCC, even though AR
might interact with different co-regulators in different microenviron-
ments and cancers [42–44].
In summary, the expression of C1QBP was negatively correlated with

the YBX1 nuclear expression in RCC tissues. C1QBP low-expression and
YBX1 nuclear expressionmay be used as independent prognostic markers
to predict the progression of RCC. Interrupting this newly identified
signal via targeting C1QBP, YBX1 or AR may allow us to develop new
and better therapies to suppress RCC progression.
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Figure 7. In vivo mouse model to prove the effects of C1QBP/YBX1/AR signals on RCC cell invasion. Luc-OSRC2 (control),
luc-OSRC2 + pLK0.1-YBX1 (pLKO.1YBX1) and luc-OSRC2 + pLK0.1-YBX1 + pWPI-AR (pLK0.1-YBX1 + pWPI-AR) cells were implanted
into nude mice. The reporter gene signals were detected by IVIS imaging system. (A) The tumor growth (upper panels) and metastatic
tumors in lung and enterocoelia (lower panels, red arrows) were detected by IVIS system. (B) Quantified data for bioluminescence in
metastatic sites for mice of 3 groups. (C) Quantification of the tumor metastasis. (D) Mouse tumor samples were collected for IHC
staining for AR, YBX1, and MMP9 (**P b 0.01).
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