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ABSTRACT

Background: RNA binding motif protein 3 (RBM3) Is a glycine-rich protein and is considered to be a potential
proto-oncogene, but its role and mechanism in Clear Cell Renal Cell Carcinoma (ccRCC) are not clear.

Methods: ccRCC tissues and adjacent tissues from patients and ccRCC cell lines were used to detect the
expression of RBM3 and HK2 by RT-PCR and western blot. The RBM3/HK2 activity in ccRCC cell lines was
modulated through siRNA and/or inhibitors and the effect on glucose consumption, drug resistance, cell
proliferation, invasion, migration and apoptosis were measured by glucose quantification kit, colony formation
assay, MTT assay, transwell assay and flow cytometry, respectively. The effect of RBM3 overexpression on
ccRCC drug resistance was confirmed in vivo in the nude mice tumor model.

Results: In this study, we found that RBM3 was overexpressed in ccRCC tissues, and overexpression of RBM3
effectively up-regulated glucose consumption and lactic acid production, while RBM3 silencing played the
opposite role. In addition, through screening, we found that RBM3 motivated aerobic glycolysis and
chemoresistance by promoting the expression of hexokinase 2 (HK2) in renal clear cell carcinoma cells. We also
found that HK2 is the key factor of drug resistance induced by RBM3 in ccRCC.

Conclusions: In summary, our results suggest that RBM3 may be a new regulator of glycolysis metabolism and
chemotherapy resistance by controlling HK2 in renal clear cell carcinoma cells. This result may help to develop
RBMS3 as a promising therapeutic target for ccRCC.

INTRODUCTION

Clear Cell Renal Cell Carcinoma (ccRCC) is a common
malignant tumor with rapid development and no
obvious early clinical symptoms [1, 2]. Renal cell
carcinoma is a middle-aged and elderly disease. About
90% of patients diagnosed with RCC are aged 45 or
above, more than 50% of patients are between 60 and
70 years old [3]. About 28% of ccRCC patients have
local invasion or distant metastasis at initial diagnosis
[4]. After surgical treatment, about 1/4 of localized
ccRCC patients have local recurrence or distant
metastasis [5]. Distant metastases are most common in
lungs, lymph nodes, liver, bones and brain. The 5-year
survival rate of patients with ccRCC increased from
57% in 1987-1989 to 74% in 2007-2013. However, the

effective systemic efficacy of recurrent and metastatic
ccRCC is still lacking, and the prognosis has been poor
[2]. CcRCC patients are not sensitive to radiotherapy
and chemotherapy, and surgery is still the first choice
for treating ccRCC.

Related studies have shown that the invasion and distant
metastasis of cancer cells are closely related to the
remodeling of their energy metabolism [6, 7]. Unlike
normal differentiated cells, tumor cells mainly rely on
glycolysis to provide the necessary energy for rapid
proliferation, which increases the metabolism and
utilization of glucose [7]. Glycolysis metabolic
intermediates, such as glucose-6-phosphate and
pyruvate, can also be directly used by tumor cells for
the synthesis of nucleotide or amino acid building
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blocks [8-10]. Moreover, studies have found that
glycolysis  metabolites can acidify the tumor
microenvironment, which is conducive to the
infiltration and metastasis of tumor cells and inhibit the
immune effect of the body [11, 12]. Fluorouracil (5-FU)
is one of the most commonly used conventional anti-
metabolites chemotherapy drugs. It inhibits the DNA
synthesis and repair in cancer cells. However, enhanced
glycolysis in tumor cells promotes chemoresistance in
cancer. Hexokinase 2 (HK2) is the key rate-limiting
enzyme in the glycolysis pathway, and the expression of
HK2 is increased in various tumor cells [13, 14]. At
present, metabolic inhibitors for glycolysis pathway
have shown a particularapplication prospect. RBM3 is a
member of highly conserved RNA-binding family
proteins. It is thought to be a proto-oncogene promoting
cell differentiation and preventing apoptosis in several
cancers [15, 16]. Under general physiological
conditions, the expression of RBM3 is related to the
stage of the tumor, indicating that it may be related to
tumorigenesis [17]. RBM3 can improve the translation
of cyclooxygenase-2, IL-8 and vascular endothelial
growth factor and is essential for cells to progress
through mitosis [18].

In the present study, we compared the expression of
RBM3 in ccRCC tissue and normal renal tissue through
bioinformatics data mining of Oncomine database and
GEPIA database, and measured the level of RBM3
protein in tumor specimens of ccRCC patients by
immunohistochemistry. We explored the effect of
RBM3 expression level on glycolysis, chemoresistance,
as well as the regulation of HK2 activity in ccRCC. Our
study may help to find new potential therapeutic targets
of the energy metabolism remodeling pathway for the
targeted therapy of ccRCC.

RESULTS
High expression of RBM3 in ccRCC

We first analyzed the expression of RBM3 in renal clear
cell carcinoma through the oncomine database (Figure
1A). The results shown that the RBM3 in tumor tissue
was hyper-expressed than that in renal tissue (p < 0.05)
(Figure 1A). Similarly, the results of GEPIA database
showed that RBM3 was overexpressed in renal cell
carcinoma (p < 0.05) (Figure 1B). To verify these data,
we collected cancer and paracancerous tissues from 30
patients with ccRCC for detection. RT-PCR results
showed that RBM3 level was higher in tumor tissues (p
< 0.01) (Figure 1C). Moreover, Western blot (p < 0.05)
(Figure 1D) and immunchistochemical experiments
(Figure 1E) showed that the level of RBM3 protein was
increased in tumors. Meanwhile, the expression of
higher in pT3/pT4 stage patients than that in pT1/pT2

stage patients (Figure 1F). The high expression of
RBM3 was positive correlated with the poor survival of
the patients (Figure 1G). Therefore, the overexpression
of RBM3 may be related to the ccRCC (Figure 1).

RBM3 promoted glycolysis in ccRCC cells

In order to analyze the effect of RBM3 on glucose
consumption and lactic acid production of renal cancer
cells, we constructed stable RBM3 overexpression renal
cancer cell lines, and the RBM3 protein level increased
steadily (p < 0.05) (Figure 2A). Compared with the
control cells, the glucose consumption (p < 0.05)
(Figure 2B) and lactic acid production (p < 0.05)
(Figure 2C) were significantly increased. On the other
hand, we used two independent siRNA targeting RBM3
to silence the RBM3 in 769-P and OSRC-2 cells (p <
0.01) (Figure 2D). The decrease of RBM3 significantly
reduced the glucose consumption and lactic acid
production of the two cell lines (p < 0.01) (Figure 2E—
2F). In summary, these data suggested that RBM3
promotes glycolysis in renal cancer cells.

RBM3 regulated expression of HK2

To further investigate the regulatory function of RBM3
on glycolysis of renal clear cell carcinoma, we
measured the expression of key genes related to
glycolysis, such as glucose transporter 1 (Glu_1),
glucose transporter 4 (Glu_4), lactate dehydrogenase A
(Ldha), lactate dehydrogenase B (LdhB), HK2,
pyruvate kinase M2 (PkM_2), hypoxia inducible factor-
1 a (HIF-1 o) and pyruvate dehydrogenase kinase 1
(Pdk_1). We found that HK2, a well-known glycolysis
mediator, was differentially expressed in 769-P or
OSRC-2 cells with RBM3 overexpression (Figure 3A).
On the contrary, Western blot analysis showed that
RBM3 knockdown significantly decreased the HK2
protein level in 769-P or OSRC-2 cells, while the
overexpression of RBM3 led to a significant increase of
HK2 protein (p < 0.05) (Figure 3B). Therefore, our
results show that RBM3 regulates the expression of
HK2.

High expression of HK2 in ccRCC

Oncomine database predicted the high expression of
HK2 in ccRCC (p < 0.05) (Figure 4A). The GEPIA
database analysis shows the same results (p < 0.05)
(Figure 4B). In ccRCC tissues, the expression of HK2
was positively correlated with that of RBM3 (Figure
4C). The RT-PCR results of clinical samples revealed
that HK2 was upregulated in tumor tissues (p < 0.01)
(Figure 4D). Western blot and immunohistochemical
experiments showed that the HK2 protein was increased
in tumors (p < 0.05) (Figure 4E-4F).
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RBMS3 increased ccRCC cell chemoresistance via
upregulating HK2

In addition to accelerating tumorigenesis, the activity of
aerobic glycolysis may promote the chemoresistance of
cancer cells. Previous studies have reported that knockout
of HK2 enhanced the sensitivity of pleomorphic

glioblastoma cells to chemotherapeutics drugs [19]. Here,
we chose HK2 siRNA (25 nM) or 5 mM HK2 inhibitor
2-DG to evaluate whether HK2 plays a key role in
RBM3-regulated cancer chemoresistance.

Colony formation assay was used to detect the effect of
RBM3 on chemotherapy resistance of renal cell
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Figure 1. RBM3 level in ccRCC. (A) The expression of RBM3 was predicted based on the Oncomine database. (B) The expression of RBM3
was predicted based on the GEPIA database. (C) The expression of RBM3 in carcinoma and paracancerous tissues of 30 patients with ccRCC
was detected by gqRT-PCR. n = 30. (D) RBM3 protein in ccRCC and paracancerous tissues was detected using western blot. Representative
image was shown on the left. Quantification data represented mean * SD (normalized to adjacent tissue). n = 6. (E) Immunohistochemistry
was used to detect RBM3 protein in renal cell carcinoma and paracancerous tissues. (F) The expression of RBM3 was analyzed by gPCR in the
different stage of the patients. (G) The correlation of RBM3 expression with overall survival and disease-free survival of the patients was

analyzed. Representative image was shown. *p < 0.05, *"p < 0.01 vs. normal.
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carcinoma cells. The overexpression of RBM3 s
ignificantly enhanced the invasion and colony
formation ability of 769-P and OSRC-2 when exposed
to 5-FU (p < 0.05) (Figure 5A-5B). Apoptosis
detection showed that RBM3 reduced 5-FU-induced
apoptosis (Figure 5C). In addition, MTT showed that
RBM3 overexpression enhanced the resistance of 769-
P or OSRC-2 to 5-FU (Figure 5D). In order to verify

D
EV RBM3 EV RBM3
— e~ r‘ o | RBM3
Py ‘ e
by GAPDH
] Sl
769-P OSRC-2
RBM3 RBM3
c 2.0 = 4
2 * °
% 15- % 3 ¥
o o
< 1.0- < o
() 10 )
= £
@ 0.5 CRE
e e
Q- g0 o o
EV RBM3 EV RBM3
B E
769-P OSRC-2
2.0+ 2.0 ®
@ c = § c * 2
S & 15 S o 151 8
S e ER =
= Qa - Q. I5)
(S O E
o 3 1.0 o 3> Q
z2 22 &
s 5 0.5+ & O 05 <
O o O )
(14 (14 14
0.0- 0.0-
EV RBM3 EV RBM3
C F
769-P OSRC-2
2.0 *
] 2 * %
s c 154 s c 1.5+ k1t
© G © o -
© = S =
@B ] s
o= 1.0 o =2 1.0 Q
>3 23 2
S o5 g o 05 g
@ @ &
0.0- 0.0-
EV RBM3 EV RBM3

whether the overexpression of RBM3 leads to the
resistance to chemotherapeutic drugs through the
increase of glucose metabolism, 769-P and OSRC-2
cells with overexpression of RBM3 were treated with
HK2 siRNA or 2-DG. We found that the resistance of
769-P and OSRC-2 cells overexpressing RBM3 to 5-
FU could be reversed by si-HK2 or 2-DG (p < 0.05)
(Figure 5D).
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Figure 2. RBM3 facilitated aerobic glycolysis in ccRCC cells. (A) Protein levels of RBM3 was analyzed using western blot in 769-P and
OSRC-2 cells. EV indicated the empty vector control; RBM3 indicated the RBM3 overexpression vector. Glucose consumption (B) and lactate
production (C) were detected in both 769-P and OSRC-2 cells. n = 6. (D—F) RBM3 protein levels in 769-P and OSRC-2 cells were detected by
western blot after transfection with si-RBM3-1 or si-RBM3-2 or negative control. n = 6. *p < 0.05, “p < 0.01 vs. EV or si-NC.
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Figure 3. RBM3 promoted the expression of HK2 in ccRCC cells. (A) RT-qPCR was used to measure glycolysis-related genes in both
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Figure 4. Expression of HK2 in ccRCC. (A) The expression of RBM3 was predicted based on the Oncomine database. (B) The expression of
RBM3 was predicted based on the GEPIA database. (C) GEPIA database predicted the correlation between RBM3 and HK2 expression. (D) The
expression of RBM3 in carcinoma and paracancerous tissues of 30 patients with renal cell carcinoma was detected by gRT-PCR. (E) The relative
amount of the HK2 protein in ccRCC and paracancerous tissues tested by western blot, n = 4. (F) Representative immunohistochemistry image
of the HK2 protein in ccRCC and paracancerous tissues. p < 0.05, ““p < 0.01 vs. normal.
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RBM3 regulated HK?2 induced ccRCC transplanted tumor models of OSRC-2 cells

chemoresistance in vivo overexpressing RBM3 was established in nude mice,
and 5-FU were given at different time points (Figure
In order to confirm the chemotherapeutics resistance 6A). Tumor volume and weight were compared among
function of RBM3 to renal cell carcinoma, the different treatment groups. We found that the mass and
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Figure 5. RBM3 regulated the chemoresistance of ccRCC cells by HK2 in vitro. (A) Cells invasion of the 769-P and OSRC-2 cells
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measure cell viability, n = 10. “p < 0.05 vs. EV; #p < 0.05 vs. RBM3.
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volume of OSRC-2 tumors with overexpression of
RBM3 were significantly higher than those of the
control group (Figure 6B), indicating RBMS3
overexpression promotes 5-FU resistance. In order to
confirm whether the drug resistance of renal cell

carcinoma regulated by RBM3 is dependent on HK2 in
vivo, the mouse model of transplanted tumor was
injected with 2-DG (p < 0.05) (Figure 6B-6E). The
expression of RBM3 and HK2 was validated in the
model (Figure 6F). The result showed that 2-DG
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Figure 6. RBM3 dependent on HK2 to regulate the chemoresistance of ccRCC in vivo. (A) Schematic overview of the 5-FU/2-DG
treatment and xenograft tumor model. (B) A representative image of RBM3-overexpressing OSRC-2 tumors in nude mice. (C) The volumes of
the RBM3-overexpressing OSRC-2 tumors with or without 5-FU treatment. (D) The weights of the RBM3-overexpressing OSRC-2 tumors in
nude mice with or without 5-FU treatment. (E) The injury was detected by hematoxylin and eosin staining. (F) The levels of RBM3 and HK2
were analyzed by immunohistochemical staining. n =5, "p < 0.05 vs. OSRC-2; #p < 0.05 vs. OSRC-2+5FU; &p < 0.05 vs. RBM3+OSRC-2+5FU.
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significantly reversed the 5-FU resistance of tumors in
vivo. The results suggest that RBM3-induced glycolysis
promotes the chemotherapy resistance of renal cell
carcinoma cells, and interfering with this process can
reverse the chemotherapeutic resistance of ccRCC.

DISCUSSION

CcRCC is one of the most common urological tumors,
with high morbidity and mortality and poor prognosis.
At present, the treatment for advanced ccRCC is very
limited, and the main reason of its poor efficacy is due
to the insensitive to adjuvant therapy, such as
radiotherapy and chemotherapy. At present, targeted
antiangiogenic drugs are mainly used for adjuvant
therapy, but they are only effective in certain patients,
and most patients display drug resistance in varying
degrees [20]. Many ccRCC patients are in advanced
stage when they are first diagnosed, and 20-30% of
them may have recurrence and metastasis after
operation. Therefore, it is of great clinical significance
to study the mechanism of carcinogenesis of ccRCC and
to find reliable and effective molecular biomarkers for
the early diagnosis, prognosis prediction and clinical
treatment of ccRCC.

RBM3 has been found to be highly expressed in some
other invasive and malignant tumors. The expression of
RBM3 is related to tumor pathological stage, and
contributes to the invasion and proliferation, but the
mechanism is not clear. It was speculated that RBM3
may promote the progression of early tumorigenesis by
affecting the DNA damage repair and the chromosome
stability, thus increasing the chance of malignancy [21,
22]. Meanwhile, it has been found that RBMS3
contributes to cell proliferation of hepatocellular
carcinoma [23]. The effects of RBM3 expression on
ccRCC energy metabolism and chemoresistance has
been unclear.

In this study, we reported the regulatory effect of RBM3
on glycolysis and chemotherapy resistance of renal
clear cell carcinoma. Bioinformatics has been widely
used in biomedical research [24, 25]. By analyzing the
data set of RBM3 expression in ¢ccRCC and normal
renal tissue in Oncomine database and GEPIA database,
we found that RBM3 gene was highly expressed in
ccRCC compared with normal renal tissue, which
suggested that RBM3 is a potential diagnostic
biomarker of ccRCC. Meanwhile, 5-FU-based
chemotherapy is not considered as standard therapy for
patients with ccRCC and the effect of RBM3 on other
standard chemotherapy resistance in ccRCC should be
explored in future investigations. In addition, it has been
reported that RBM3 is highly expressed in the samples
of surgically treated colorectal lung metastases and

paired primary tumors and is a promising clinical
prognostic  factor [26]. A meta-analysis also
demonstrates the prognostic and clinicopathological
significance of RBM3 in differect cancer types [27]. In
our clinical analysis, we found that RBM3 was elevated
in clinical ccRCC samples and the high expression of
RBM3 was positive correlated with the poor survival of
cCRCC patients. The prognostic and clinical
significance of RBM3 deserved to more exploration in
future investigations.

Using ccRCC tissues and adjacent tissues from
patients, we found that RBM3 was upregulated in
cancer tissues. Overexpression of RBM3 in cancer
cell lines enhanced glucose consumption, while
downregulation of RBM3 showed the opposite effect.
Through screening of a panel of genes, we found the
elevated glucose consumption was mediated by
enhanced HK2 expression. The upregulation of HK2
was confirmed in cancer tissues as well. 5-FU is one
of the most commonly used conventional anti-
metabolites chemotherapy drugs. We used 5-FU as the
chemoresistance drug model of ccRCC in our study.
Downregulation of HK2 by siRNA of inhibitor
reduced the chemoresistance, invasion and cell
viability of cancer cells in vitro. Importantly,
inhibiting the glycolysis reduced the chemoresistance
of tumor volume and weight in nude mice tumor
model.

Tumor cells promote and maintain the ability of
continuous proliferation, invasion and metastasis
through the reconstruction of energy metabolism
system. HK2 is rarely distributed in normal human
body. However, studies have confirmed the high
expression of HK2 in glioma, cervical cancer,
metastatic carcinoma, thymoma and many other tumor
tissues. HK2 overexpression has been correlated with
malignant stage and enhanced glycolysis of cancer cells
[28]. We confirmed that HK2 was higher expressed in
ccRCC and regulated by RBM3. Our data suggested
that RBM3 was an important gene in the energy
metabolism of ccRCC, and RBM3 affected the drug
resistance of ccRCC through modulating HK2 activity.
Overall, RBM3 is a promising therapeutic target of
clear cell renal cell carcinoma.

The expression of some proteins such as hERG1 and
CA IX are associated with disease recurrence in
surgically resected ccRCC [26]. In our study, due to the
low sample number of ccRCC patients, we did not
observe a potential correlation between the level of
RBM3 expression and the recurrence and prognosis. In
addition, although we showed RBM3 affected the HK2
activity and chemoresistance, the potential regulating
roles of other unidentified factors could not be ruled
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out. More detailed study with large sample number is
needed to address these questions in the future.

CONCLUSIONS

RBM3 was overexpressed in ccRCC cells and it
promoted the malignancy by upregulation of HK2. Our
data suggested that RBM3 is a promising therapeutic
target of clear cell renal cell carcinoma.

METHODS
Tissue specimen

The surgical specimens of 30 patients with ccRCC from
the hospital included ccRCC tissue and adjacent normal
tissue, which were used for this study. All the cases
were clear cell carcinoma in this study, which were
confirmed after nephrectomy. The clinical information
of the samples was shown in Supplementary Table 1.
The experiment was permitted by the Ethics Review
Committee of the Third Hospital of Jilin University and
the patients signed informed consent.

Cell culture

769-P, ORSC-2 cell lines and RBM3 stable-transfected
cells were purchased from CHI Scientific, Inc (Jiangsu,
China). The cells were cultured in a complete 1640
medium including 10% FBS from Biological Industries
(Beit-Haemek, Israel), and maintained in a humidified
incubator with 37°C and 5% of CO,. The concentration
of 5-FU was 15 nmol/mL [29].

Animals

Animal experiments were permitted by the Animal
Protection and Ethics Committee of the Third Hospital
of Jilin University. BALB/c nude mice (6-8 weeks)
were purchased from Beijing Weitong Lihua
Experimental Animal Technology Co., Ltd. (Beijing,
China). For the experiment of Xenograft, OSRC-2 cells
(5 x 10%) were suspended in 200 ul normal saline and
injected subcutaneously. Tumor volume (mmd): V
(mm®) = S2 (mm?) x L (mm)/2. In order to determine
the resistance of RBM3 and HK2 to 5-FU, mice were
randomly divided into empty vector OSRC-2 group, 5-
FU chemotherapy group (5-FU-OSRC-2), 5-FU
chemotherapy group with overexpression of RBM3
(RBM3+OSRC-2+5-FU) and HK2 inhibitor treatment
group (2-DG+RBM3+0SRC-2+5-FU). The 5-FU (10
mg/kg; 6, 10, 14 days) [29] and 2-DG (500 mg/kg; 5, 9,
13 days) (Sigma) [30] were intraperitoneal injected after
tumor implantation. The hematoxylin and eosin staining
was performed to assess the injury. The levels of RBM3

and HK2 were analyzed by immunohistochemical
staining in the model.

Colony formation experiment

About 300 cells were inoculated into a 10-cm dish.
After the cells were evenly distributed, they were
cultured in a cell incubator for 14 ~ 21 days. The
medium was abandoned and 4% paraformaldehyde was
added to fix the cells for 15 min. After abandoning the
fixed solution, Giemsa was added to stain the cells for
15 min. Rinse the dish with running water and dry. The
number of colony was counted under microscope.

Glucose consumption and lactic acid production test

The glucose quantification kit (glucose oxidase-
peroxidase method) was bought from Rongsheng
Biopharmaceutical Co., Ltd. (Shanghai, China), the
lactic acid detection kit was bought from Jikai Co., Ltd.
(Jiangsu, China). The experiment was performed
according to the product manual.

gRT-PCR

RNA extraction was performed using Trizol reagent.
NanoDrop 8000 (Thermo Scientific, Waltham, MA,
USA) was used to measure the concentration and purity
of RNA. The single-stranded cDNAs were synthesized
from total RNA using TransScript One-Step gDNA
Removal and cDNA Synthesis SuperMix (Transgen).
The expression of mMRNAs and miRNAs were
quantified by RT-PCR with SYBR Green | (Thermo
Fisher Scientific, Inc).

Matrigel transwell assay

24-well matrigel transwell (Corning, USA) were used to
investigated cell invasion. 2 x 10° 769-P or ORSC-2
cells were seeded in insert precoated with 1 pg/pL
Matrigel (BD Biosciences, USA). Medium include 20%
FBS was used to stimulate invasion in the bottom of
wells. After 48 h, the invaded cells were stained with a
0.1% crystal violet.

Immunohistochemical staining

Paraffin sections of carcinoma or adjacent tissue were
dewaxing to water in xylene and descending series of
ethanol. Sections were penetrated using 0.5% Triton X-
100. After 3 times wash, sections were blocked with
50% goat serum. Then, sections were incubated with
RBM3 or HK2 primary antibody overnight. Sections
were incubated with secondary antibody followed by
DAPI staining. The sections were photographed under
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an 1X73 fluorescence microscope (Olympus, Valley,
PA, USA) and analyzed by Image J software.

Transfection

Plasmid of HK2 or small interfering RNA (siRNA) of
RBM3 and HK2 were constructed by Genechem
(Shanghai, China). The 769-P or ORSC-2 cells were
transfected using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA).

MTT assay

The cell viability was detected by MTT assay. The 769-
P and ORSC-2 cells were conducted with indicated
treatment, and placed in 96-well plates at a density of 4
x 103 cells per well to growth for 48 hours. Then 0.5
mg/mL of MTT reagent was added in each well to
incubate for another 4 hours. At the end time point, the
medium with MTT was discarded and 150 uL DMSO
was added in each well. The absorbance values were
detected at 490 nm wusing a microplate reader
(PerkinElmer, CA, USA).

Detection of apoptosis

The Annexin V-FITC/PI apoptosis kit was purchased
from Solarbio (Beijing, China). The 769-P or ORSC-2
cells were suspended with 500 ul of binding buffer and
mixed with 5 ul of annexin V-FITC and PI,
respectively, and placed at 25°C for 15 min. The
apoptosis rate was determined by flow cytometry.

Western blot

After RIPA lysis, total proteins were extracted from
clinical tumor tissues, adjacent non-tumor tissues, and
769-P and ORSC-2 cells and measured with BCA
method. After SDS-PAGE separation, protein binds
were transferred onto PVDF membrane and blocked
using 5% non-fat milk. The primary antibody of RBM3
(1:500) and HK2 (1:1000), and HRP-anticonjugated
secondary antibodies were purchased from Affinity
Biosciences (Jiangsu, China). The expression of the
protein was expressed by the gray value.

Statistical analysis

Statistical analysis of the data was performed using
GraphPad Prism 8.0 software. The results were
expressed in the form of mean + standard deviation
[23]. Two-tailed Student's t-test was used to compare
data of the two groups, and one-way ANOVA analysis
was used to evaluate the differences among multiple
groups. P < 0.05 was considered that the difference was
statistically significant.
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SUPPLEMENTARY MATERIALS

Supplementary Table

Supplementary Table 1. Patient information.

Variables Number
Age
<50 years 22
>50 years 8
Tumor stage
pT1/pT2 16
pT3/pT4 14
Fuhrman grade
Grade %2 17
Grade % 13
Tumor diameter (cm)

<7 cm 18
>7cm 12
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