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Abstract: Colon cancer is one of common cancer in the world and glycolysis is one of the major problems in colon 
cancer therapy. MicroRNAs (miRNAs) involve in colon cancer progression. Sushi repeat-containing protein X-linked 2 
(SRPX2) is associated with poor prognosis in some cancer patients, however, the role of SRPX2 including glycolytic 
metabolism regulated by miRNAs is unclear in colon cancer. So, the purpose of the present study is to elucidate 
the underlying mechanism in colon cancer metabolism mediated by SRPX2. Our results revealed that miR-192-5p 
(miR-192) and miR-215-5p (miR-215) inhibited glycolysis by regulating SRPX2 expression in colon cancer cells. We 
also found that miR-192 and miR-215 were both regulated by PI3K-Akt. Our results indicate that SRPX2 facilitates 
colon cancer cell glycolysis by miR-192 and miR-215, which are down-regulated by PI3K-Akt.
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Introduction

Sushi repeat protein X-linked 2 (SRPX2), named 
as a sushi-repeat protein, was first identified in 
pro-B leukemia cells [1]. SRPX2 acts as a ligand 
for the urokinase plasminogen activator sur-
face receptor, which plays a role in angiogene-
sis by inducing endothelial cell migration and 
the formation of vascular network [1, 2]. SRPX2 
is commonly overexpressed in many types of 
cancer such as glioblastoma [3, 4], pancreatic 
cancer [5], colorectal cancer [6, 7] and gastric 
cancer [8, 9]. SRPX2 enhances cellular migra-
tion and adhesion in gastric cancer cells and 
the conditioned-medium obtained from SRPX2-
producing cells promotes cell migration and 
adhesion [1, 2]. SRPX2 is also associated with 
poor prognosis in cancer patients. SRPX2 over-
expression promotes interactions between 
tumor cells and endothelial cells and further 
accelerates tumor progression and metastasis 
[2]. All these reported data suggest that SRPX2 
functions as an oncogene in cancer.

Colon cancer is a common and aggressive 
digestive tumor in the world and the major 
problems for colon cancer therapy include che-
motherapy resistance, glycolytic state and 

metastasis. It is necessary to elucidate the 
underlying mechanism in colon cancer glycoly-
sis. MicroRNAs (miRNAs) play an important role 
in regulating colon cancer [10-12]. Based on 
the background, we hypothesize that SRPX2 
regulates colon cancer cell proliferation and gly-
colysis via miRNAs regulated by PI3K-Akt. In 
this study, we investigated and confirmed that 
SRPX2 was regulated by PI3K-Akt in colon can-
cer cells. Cellular functions including cell growth 
and glycolysis were performed for verify the role 
of SRPX2 in colon cancer cells. Further studies 
verified that SRPX2 was a target gene of miR-
192-5p (miR-192)/miR-215-5p (miR-215), whi- 
ch were negatively regulated by PI3K-Akt. It was 
also confirmed that SRPX2 expression was neg-
atively related with the levels of miR-192/miR-
215, which are the down-stream miRNAs of 
PI3K-Akt.

Materials and methods 

Cell lines and cell culture

Human colon cell lines (HCT8 and SW116) were 
obtained from Shanghai Institute of Bioche- 
mistry and Cell Bank at the Chinese Academy of 
Sciences (Shanghai, China). The cells were 
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maintained in Dulbecco’s modified eagle medi-
um (Invitrogen, USA) with 10% fetal bovine 
serum (FBS), streptomycin (100 U/mL) and 
penicillin (100 U/mL). Cells were cultured under 
a condition of a humidified atmosphere of 5% 
carbon dioxide at 37°C.

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

Total RNA and miRNA was extracted from the 
colon cancer cells using Trizol (Invitrogen, CA, 
USA) based on the protocol. RNA was firstly syn-
thesized to cDNA (Takara, Japan). For mRNA 
and miRNA expression detection, real time 
RT-PCR was performed usinga sequence detec-
tor (ABI-Prism, Applied Biosystems) following 
the instructions. The relative expression levels 
were calculated by the 2-ΔΔCq method. All data 
were normalized to β-actin for mRNA and U6 for 
miRNA.

Luciferase assay

The wide-type or mutated type of SRPX2 3’-UTR 
was cloned into PGL3 firefly luciferase reporter 
vector. The luciferase activity was assayed 
using dual luciferase assay system (Promega, 
USA) according to the protocol.

Cell proliferation

The Cell Counting Kit-8 (CCK-8) was used to 
determine cell viability according to the manu-
facturer’s instructions.

Western blot analysis

The cell lysates were separated by SDS-PAGE 
and transferred to PVDF membranes (Millipore, 
Bedford, MA). After blocking in 5% non-fat dry 
milk for 1 h at room temperature, the mem-
branes were incubated with primary antibodies 
for 2 h at room temperature, and then incubat-

Figure 1. PI3K-Akt up-regulates SRPX2 expression in colon cancer cells. A. SRPX2 expression in SW116 and HCT8 
cells. The cells were treated with LY294002 (20 uM) for 24 h and then protein was extracted for western blotting 
analysis. B. SRPX2 expression in SW116 and HCT8 cells. The cells were transfected with Akt1/2 siRNAs (100 uM) 
for 48 h and then protein was extracted for western blotting analysis. C. SRPX2 expression in SW116 and HCT8 cells. 
The cells were treated with LY294002 (20 uM) for 24 h and then total RNA was extracted for real time RT-PCR. D. 
SRPX2 expression in SW116 and HCT8 cells. The cells were transfected with Akt1/2 siRNAs (100 uM) for 48 h and 
then total RNA was extracted forreal time RT-PCR. **P<0.01 compared with the control.
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ed with the secondary antibodies conjugated 
for 1 h at room temperature. Protein bands 
were visualized on X-ray film using an automatic 
imager.

Glucose consumption and lactate production

The supernatants from the cultured cells with 
SRPX2 siRNAs or miR-192/miR-215 transfec-

tion were used for glucose consumption and 
lactate production measurement. Metabolite 
concentrations were quantified according to 
the protocols of glucose consumption and lac-
tate production (Invitrogen). Glucose consump-
tion and lactate production were normalized to 
protein content using the Pierce BCA Protein 
assay (Thermo Scientific).

Figure 2. MiR-192/miR-215 regulates SRPX2 expression in colon cancer cells. (A) miR-192 and miR-215 are the 
predicted miRNAs targeting SPRX2. (B) miR-192 and miR-215 expression increased in colon cancer cells. SW116 
and HCT-8 cells were transfected miR-192 and miR-215 for 48 h, and then total RNA was extracted for real time 
RT-PCR. (C) Relative luciferase activity of the indicated SRPX2 reporter construct in SW116 cells. SW116 cells were 
co-transfected with SRPX2 promoter plasmid or miR-192 and miR-215 for 24 h. The cells were collected according 
to the protocol and analyzed. (D) miR-192 and miR-215 expression increased in colon cancer cells. SW116 and 
HCT8 cells were transfected miR-192 and miR-215 for 48 h, and then total RNA was extracted for SPRX2 mRNA 
analysis by real time RT-PCR. (E) Western blot assays were performed to detect the expression of SRPX2 upon trans-
fection with miR-192 and miR-215 in SW116 and HCT8 cells. SW116 and HCT8 cells were transfected miR-192 and 
miR-215 for 48 h, and then total protein was extracted for SPRX2 protein analysis by western blotting. **P < 0.01 
compared with the control.
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Patients and tissue specimens

Primary human colon cancer samples were 
obtained from patients undergoing tumor 
resection. Informed consent was obtained from 
Cancer Hospital of China Medical University, 
Liaoning Cancer Hospital & Institute (Shenyang, 
China). 

Statistical analysis

All the data were analyzed using the SPSS 15.0 
software (Chicago, IL, USA) or Excel. All the in 
vitro experiments were done for three depen-
dent times. Data are presented as mean and 
standard error (mean ± SEM). Student’s t-test 
was used for comparing means between two 
groups. Statistical significance was analyzed by 
one-way ANOVA in three or more groups. In all 
experiments, a p-value of 0.05 or less was con-
sidered statistically significant.

Results

PI3K-Akt regulates SRPX2 expression in colon 
cancer cells

To determine whether SRPX2 is regulated by 
PI3K-Akt in colon cancer cells, SW116 and 

HCT8 cells were treated with a PI3K inhibitor, 
LY294002 and then PI3K down-stream genes 
were examined by western blotting. It was 
found that SRPX2 protein levels were decreased 
in colon cancer cells after inhibiting PI3K 
(Figure 1A), so did in the cells with Akt1/2 siR-
NAs transfection (Figure 1B). Next, SRPX2 
mRNA levels was examined in the colon cancer 
cells. SW116 and HCT8 cells were treated with 
LY294002 or transfected with Akt1/2 siRNAs 
and it was shown that inhibition of PI3K-Akt 
decreased SRPX2 mRNA level in colon cancer 
cells significantly (Figure 1C and 1D). The data 
indicate that SRPX2 is a down-stream molecule 
of PI3K-Akt in colon cancer cells.

MiR-192/miR-215 regulates SRPX2 expres-
sion in colon cancer cells

To further explore the molecular mechanism of 
PI3K-Akt regulating SRPX2 expression in colon 
cancer cells, we used the online prediction 
tools to find miRNAs that may regulate SRPX2 
expression. MiR-192 and miR-215 were among 
the predicted miRNAs which may regulate 
SRPX2 expression (Figure 2A). When SW116 or 
HCT8 cells were transfected with miR-192 and 
miR-215 mimics, miR-192 and miR-215 levels 

Figure 3. MiR-192 or miR-215 expression is related to SRPX2 mRNA levels in colon cancer samples negatively. A. 
The expression of SRPX2 mRNA in 49 pairs of colon cancer tissues and adjacent normal tissues. SPRX2 mRNA was 
examined by real time RT-PCR. B, C. The expression of miR-192 and miR-215 in 49 pairs of colon cancer tissues and 
adjacent normal tissues. MiR-192 and miR-215 levels was examined by real time RT-PCR. D. Relationship between 
miR-192 and SRPX2 expression in colon cancer tissues. E. Relationship between miR-215 and SRPX2 expression in 
colon cancer tissues. **P<0.01 compared with normal tissues.
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were both increased (Figure 2B). When SW116 
cells were co-transfected with the SRPX2 3’UTR 
and miR-192/miR-215, we found that the lucif-
erase activity of SRPX2 3’UTR (wide type) was 
suppressed significantly comparing to the lucif-
erase activity in the cells with mutated SRPX2 
3’UTR transfection (Figure 2C). To further vali-
date the result, we examined whether or not 
miR-192/miR-215 could influence the expres-
sion of SRPX2. It was found that the expression 
of SRPX2 mRNA and protein decreased in 
SW116 or HCT8 cells with miR-192/miR-215 
transfection compared with the control (Figure 
2D and 2E). Collectively, these findings sug-
gested that miR-192 and miR-215 regulated 
the expression of SRPX2 in colon cancer cells 
post-transcriptionally.

MiR-192 or miR-215 expression is negatively 
related to SRPX2 expression in colon cancer 
samples

To know the relationship between miR-192 or 
miR-215 levels with SRPX2 expression in colon 
cancer samples, we detected SRPX2 expres-
sion in 78 pairs of colon cancer tissues by qRT-

PCR. Most of colon cancer tissues exhibited 
overexpression of SRPX2 (Figure 3A) and down-
regulation of both miR-192 and miR-215 com-
paring with the matched normal tissues (Figure 
3B and 3C). It was also shown that SRPX2 
mRNA was negatively correlated with miR-192 
and miR-215 expression in most of colon can-
cer samples (Figure 3D and 3E). These data 
confirmed that SRPX2 might play important 
roles in colon cancer, which was regulated by 
miR-192 and miR-215.

SRPX2 promotes cell proliferation regulated by 
miR-192/miR-215

To explore the roles of miR-192 and miR-215 in 
colon cancer cells, cells were transfected with 
miR-192 or miR-215 or SRPX2 siRNA to observe 
cell survival ability and glycolyticmetabolism. 
As expected, the level of SRPX2 decreased effi-
ciently when SRPX2 siRNA was transfected into 
SW116 and HCT8 cells (Figure 4A). Inhibiting 
SRPX2 expression decreased cell proliferation 
(Figure 4B and 4C) in SW116 and HCT8 cells 
infected with SRPX2 siRNA. We also observed 
that miR-192 or miR-215 decreased ATP and 

Figure 4. SRPX2 regulates cell proliferation and metabolism via miR-192 or miR-215. A. The expression of SRPX2 
mRNA in SW116 and HCT8 cells. SW116 and HCT8 cells were transfected with SRPX2 siRNA or siRNA controls and 
total RNA was isolated for real time RT-PCR analysis. B, C. CCK-8 assay was used to detect the proliferation. SW116 
and HCT8 cells transfected with miR-192 or miR-215 or SRPX2 siRNA for 24 h. Cell survival rates were assayed by 
CCR8 at the day 1, 3 and 5. D. Glucose uptake in SW116 and HCT8 cells. Cells were transfected with miR-192 or 
miR-215 or SRPX2 siRNA for 48 h and glucose uptake was assayed using glucose consumption kit. E. Lactate pro-
duction in SW116 and HCT8 cells. Cells were transfected with miR-192 or miR-215 or SRPX2 siRNA for 48 h. Lactate 
was measured using lactate production assay kit. **P<0.01 compared with the controls.
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lactate production in SW116 and HCT8 cells 
(Figure 4D and 4E). These results demonstrat-
ed that miR-192 or miR-215 suppressed colon 
cancer cell proliferation and cell metabolism 
via SRPX2.

PI3K-Akt down-regulates miR-192/215 in 
colon cancer cells

Previous reports show that various signal path-
ways such as PI3K-Akt involving in regulating 
miRNA expression. To know the correlation of 
PI3K-Akt and miR-192/215 expression in colon 
cancer cells, colon cancer cells were treated 
with LY294002 and miR-192 and miR-215 
expression was measured using qRT-PCR. MiR-

192/215 increased in SW116 and HCT8 cells 
treated with LY294002 compared with the cells 
treated with DMSO (Figure 5A and 5B). It was 
also shown that miR-192/215 increased in the 
colon cancer cells with Akt1/2 siRNA transfec-
tion (Figure 5C and 5D). These data indicated 
that PI3K-Akt negatively regulated miR-
192/215 in colon cancer.

Discussion

The reports showed that SRPX2, an oncogene, 
is involved in the progression of several types 
of cancer including glioblastoma [3, 4], pancre-
atic cancer [5] and colorectal cancer [6], gas-
trointestinal cancer [8, 9]. A report shows that 

Figure 5. MiR-192 and miR-215 are regulated by PI3K/Akt in colon cancer cells. A, B. miR-192 and miR-215 expres-
sion in colon cancer cells. SW116 and HCT8 cells were seeded in 6-well plates and treated with LY294002 (20 uM) 
for 24 h and then miR-192 or miR-215 expression levels were examined by real time RT-PCR. C, D. miR-192 and 
miR-215 expression in colon cancer cells. SW116 and HCT8 cells were seeded in 6-well plates and transfected 
with Akt1/2 siRNAs for 24 h and then miR-192 or miR-215 expression levels were examined by real time RT-PCR. 
**P<0.01 compared with the controls.
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SRPX2 is overexpressed in glioblastoma, and 
can promote epithelial-mesenchymal transi-
tion, which suggests SRPX2 involves in glio-
blastoma metastasis [3]. SRPX2 promotes pan-
creatic and colorectal cancer metastasis [5, 6]. 
In addition, the published reports show that 
there are other cancer cellular functions on 
SRPX2 inducing temozolomide resistance. It is 
reported that SRPX2 is regulated by MAPK [3], 
FAK [5], Wnt/β-catenin [6] and miRNAs such as 
miR-149 [7]. SPRX2 is a potential down-stream 
gene of the PI3K-Akt pathway based on our pre-
vious genome array. Here, we identified that 
SRPX2 is regulated by PI3K-Akt and further 
study verified that it was a target gene of both 
miR-192 and miR-215, which were down-regu-
lated by PI3K-Akt in colon cancer cells. 

To verify that PI3K-Akt regulates SRPX2 expres-
sion in colon cancer, cells were treated with a 
PI3K inhibitor or transfected with Akt1/2 siR-
NAs, and when PI3K-Akt was effectively sup-
pressed, SRPX2 levels decreased in SW116 
and HCT8 cells. The experiments demonstrate 
that SRPX2 is a down-stream gene of PI3K-Akt. 
MiRNAs are a class of non-coding RNA with 
short length and involve in many tumor aggres-
sive processes such as cell proliferation, 
metastasis, metabolism and others. In order to 
find the new miRNAs targeting SRPX2, potential 
miRNAs are predicted using TargetScan and 
miRBase. We found that miR-192 and miR-215 
were among the most potential miRNAs that 
regulated SRPX2 expression in colon cancer 
cells. The findings identified that both miR-192 
and miR-215 regulated SRPX2 expression 
based on the results from luciferase assay, real 
time RT-PCR and western blotting. A sequence 
complementary to miR-192 and miR-215 was 
identified in the 3’UTR of the SRPX2 mRNA 
sequence, and introduction of miR-192 and 
miR-215 to the colon cancer cells led to a sig-
nificant reduction in SRPX2 expression at 
mRNA and protein levels. Previous studies 
show that miR-192 [13-16] and miR-215 [17-
21] are tumor suppressors in many kinds of 
cancer, here, we verified that SRPX2 is new tar-
get gene of miR-192 and miR-215.

The relationship between SRPX2 expression 
and miR-192/miR-215 expression in colon can-
cer tissue was analyzed, which elucidated that 
SPRX2 levels was negatively correlated to miR-
192 or miR-215 levels. SRPX2 expression is 

overexpressed in colon cancer tissues in com-
parison with adjacent normal tissues. In addi-
tion, we found that the introduction of miR-192 
or miR-215 into the colon cancer cells could 
inhibit cell proliferation, lactate production and 
glucose uptake, which were strengthened by 
down-regulation of SRPX2. The evidence indi-
cates that SRPX2 benefits to colon cancer 
growth through the negative control of miR-192 
and miR-215 expression. Further research elu-
cidates that miR-192 and miR-215 expression 
are enhanced by inhibition of PI3K-Akt. Our 
study also confirmed that miR-192 and miR-
215 are tumor suppressors in colon cancer.

In a conclusion, our study found a new molecu-
lar mechanism of SRPX2 regulation in colon 
cancer cells. Our study elucidated the following 
points: (1) SRPX2 is overexpressed in colon 
cancer including cells and tissues and is a 
down-stream gene of PI3K-Akt; (2) SRPX2 is 
regulated by miR-192 and miR-215 in colon 
cancer; (3) PI3K-Akt decreases miR-192 and 
miR-215 expression in colon cancer cells; (4) 
Suppression of SRPX2 inhibits cell proliferation 
and glycolysis in colon cancer due to lack of 
miR-192 and miR-215 expression in colon can-
cer. There needs further investigation to evalu-
ate SRPX2, miR-192 and miR-215 as the poten-
tial targets in colon cancer.
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