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ﬁbstract \
Background: To study the molecular mechanism of cisplatin chemotherapy resistance in colorectal cancer cells

and to explore the effect of miRNA in regulating the expression of glucose transporter 3 (SLC2A3) and the pro-
liferation and migration of colon cancer cells.

Methods: All samples were obtained from the People’s Hospital of Wuhai, Wuhai, China between June 2019
and June 2020. Real-time quantitative PCR (qQRT-PCR) was carried out to check the expression of miR-103a in
these cell lines. Western blotting and Luciferase reporter gene detection confirmed the regulation of the miR-
103a/SLC2A3 axis. Western blotting detected the activation of SLC2A3, caspased-9 and -3.

Results: The expression of SLC2A3 protein in colon cancer cell lines was significantly higher than that of not-
mal colon cancer cells, while the expression of SLC2A3 miRNA showed no significant difference (P<0.05).
Then, through clone formation analysis, SLC2A3 was closely related to the proliferation of human colon cancer
cells. Functional recovery experiments showed that increasing the expression of miR-103a could reverse the
abnormal proliferation caused by overexpression of SLC2A3.

Conclusion: Overall, miR-103a can inhibit the proliferation of human colon cancer cells by targeting SLC2A3,
and this result will provide a potential target for the treatment of colon cancer.
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Introduction

Colon cancer is a common malignant tumor of all know, tumor cell invasion and metastasis ate
the digestive tract in the colon, and its incidence the main causes of death of colon cancer pa-
ranks third among gastrointestinal tumors (1). tients. The factors that cause tumor cell metasta-
The junction of the rectum and the sigmoid co- sis are complex, involving cancer genes, tumor
lon is its predisposition site (2). The incidence suppressor genes, and a series of regulatory fac-
rate is the highest in the 40-50 age group, where tors, which are multi-factor and multi-step regula-
the ratio of male to female is about 3:1(3). As we tion (4, 5). MiRNAs (microRNA) play a role in

Copyright © 2021 Li et al. Published by Tehran University of Medical Sciences.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.

2576 Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Li et al.: The Effect of SLC2A3 Expression on Cisplatin Resistance ...

tumor metastasis, providing new ideas and meth-
ods for inhibiting tumor cell metastasis (6). Plati-
num chemotherapy is one of the most important
strategies for the treatment of colon cancer. The
platinum-based chemotherapeutic drug cisplatin
is widely used and shows a wide range of anti-
cancer activities. The uptake of cisplatin can
cause cell DNA damage, thereby inducing cancer
cell apoptosis. Although cisplatin is widely used
in the treatment of colon cancer, the drug re-
sistance of colon cancer cells is currently the big-
gest problem affecting the efficacy (7, 8). How to
overcome the drug resistance of tumors, improve
the sensitivity of cancer cells to chemotherapeutic
drugs, reduce the amount of clinical chemothera-
peutic drugs, thereby reducing chemotherapy-
related side effects, and successfully completing
the chemotherapy process has important clinical
significance for improving the therapeutic effect.
In recent years, the research of miRNAs and co-
lon cancer has made great progress (9-11). The
transfection of miR-let-7a in colorectal cancer
cells can significantly inhibit the growth of tumor
cells and the expression of RAS protein (12);
overexpression of miR-143 in colorectal cancer
LOVO cells can significantly inhibit the prolifera-
tion of tumor cells (13); research showed Trans-
fection of HT-29 and LOVO cells with miR-195
can down-regulate the targeted anti-apoptotic
protein Bcl-2, thereby inducing tumor cell apop-
tosis (14).

Based on the recent research progress of
SLC2A3 in tumor treatment and the potential
role of miRNAs in colon cancer (15-17), this
study used bioinformatics methods to find slc2a3
targeted miRNAs and study the role of slc2a3
targeted miRNAs in the occurrence and devel-

opment of colon cancer, to provide new strate-
gies for the treatment of colon cancer.

Materials and Methods

Clinical samples

All samples were obtained from the People’s
Hospital of Wuhai, Cina between June 2019 and
June 2020. All participants had signed informed
consent forms. Our experiments were approved
by the Ethic Community of The People’s Hospi-
tal of Wubhai.

Cell Culture

Human normal colon epithelial cell line NCM460
and HT29, COLO25, SW620, SW480, NCM460
cells were supplied by American Type Culture
Collection (Rockville, MD, USA) and cultured at
37 °C in a humidified incubator containing 5%
CO2 according to the manufacturer’s recom-
mendations.

RNA EXxtraction and Quantitative Real-Time
Polymerase Chain Reaction (QqRT-PCR)

Total RNA from tissues and cells was extracted
using TRIzol® reagent (Invitrogen; Thermo Fish-
er Scientific, Inc.) following the manufacturer’s
protocol. RNA (1 pg) was reverse transcribed to
cDNA using the Prime Script RT Master Mix kit
(Takara Bio, Inc.). After RT, qPCR analysis was
conducted using SYBR Premix Ex Taq™ II
(Takara Bio, Inc.) on a StepOnePlus™ Real-Time
PCR System (Applied Biosystems; Thermo Fish-
er Scientific, Inc.). The 2#4“! method was used to
calculate relative mRNA expression. NADPH
was used as a control RNA to determine the rela-
tive expression of miR-103a. Table 1 for all the
Qrt-PCR primer sequences used in this research.

Table 1: The Qrt-PCR primer sequence

Gene Primers
SLC2A3 F:5TCCCCTCCGCTGCTCACTATTT-3'
R:5-ATCTCCATGA CGCCGTCCTTTC-3'
miR-103a F:5-TCAATGCCTTCATAGCCCTGT-3
R:5’-TTACAGTGCTGCCTTGTTGC-3
GAPDH F:5-"GTCGGAGTCAACGGATT-3'

R:5-AAGCTTCCCGTT CTCAG-3".
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Oligonucleotides, Plasmid Construct, and
Cell Transduction

Solute Carrier Family 2 Member 3 (SLC2A3)
small interfering RNA (siRNA) was purchased
from Santa Cruz Biotechnology (Dallas, TX,
USA). Human  mature miR-103a  (5-
CTGAGCAGCATTGTACAGGGC-3), 2-O-
methyl-modified anti-miR-103a (5-
UCAUAGCCCUGUACAAUGCUGCU-3"), and
negative control oligonucleotides (NCOs; 5'-
CAGUACUUUUGUGUAGUACAA-3)  were
purchased from GenePharma Co., Ltd. (Shang-
hai, China). Recombinant SLC2A3 plasmid over-
expression was performed by inserting the open
reading frame region of human SLC2A3 gene
into the pcDNA3.1 eukaryotic expression vector
(Invitrogen). For transfection, cells were seeded
into six-well plates overnight. Subsequently, the
cells were transfected using Lipofectamine 2000
(Invitrogen) with 50 pmol/ml oligonucleotides
and 2 pg/ml plasmid in OptiMEM (Gibco, Wal-
tham, MA, USA) according to the manufacturer’s
protocol.

Flow cytometry analysis

The apoptosis rates were assessed by flow cy-
tometry via an Annexin V/PI kit (BD Bioscienc-
es, USA). Briefly, stably transfected cells were
seeded in 6-well plates (10° cells per well). After
washed by PBS several times, cells were resus-
pended in binding buffer, incubated with 5 uL
FITC-Annexin V and 5 pLL PI for 15 min in the
dark at room temperature. Cells were then ana-
lyzed by the FACScan flow cytometry system
(Becton Dickinson, San Diego, CA, USA).

Luciferase Reporter Assay

All luciferase reporter plasmids (pmiR-SLC2A3-
3-UTR-WT, pmiR-SLC2A3-3-UTR-WT and
their corresponding MUT) were constructed by
Synthgene Biotech (Nanjing, China). AEC IIs
were seeded in 24 well plates with 60% conflu-
ence. AEC IIs were co-transfected with luciferase
reporter plasmids and miR-20b mimics using Hi-
Trans™ LipoPlus Reagent (Synthgene Biotech,
Nanjing, China) according to the manufacturer's
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protocol. Dual-luciferase activity was detected by
Dual-Luciferase  Reporter Assay  (Promega,
Shanghai, China).

Western Blot Analysis

Total proteins in tissues and cells were lysed us-
ing RIPA lysate buffer with protease inhibitor
cocktail (Roche Applied Science). SDS-PAGE
was conducted to isolate 20 pg/lane of protein
and transfer it to PVDF membranes (EMD Mil-
lipore). After blocking with 5% skimmed milk
solution, membranes were incubated overnight
with primary antibodies at 4°C and then incubat-
ed with HRP-conjugated secondary antibody
(1:5,000; Sigma-Aldrich; Merck KGaA). Western
blotting analysis were preformed according to
previously description7. The used specific anti-
bodies as follows: SLC2A3, caspased-9, caspased-
3, GAPDH. All of the antibodies were purchased
from Abcam, Shanghai, China.

Colony Formation Assay

SW480 and HCT116 cells (5x102) in different
groups were seeded into 6-well plates and cul-
tured for 10 days. Subsequently, the cells were
washed with PBS at least three times, fixed with
methyl alcohol for 15 min and stained with 0.1%
crystal violet for 15 min. After washing with PBS,
the colonies in each group were imaged and
counted.

Statistical Analysis

All statistical data were showed as the mean *
standard deviation (SD) at least three independ-
ent experiments. The Student’s #test was used to
analyze significant differences. Asterisks indicated
significant  differences (*P<0.05; ** P<0.01;
##%P<0.001) compared with the control.

Results
SLC2A3 protein is Upregulated in colon can-
cer

To investigate the role of SLC2A3 on colon can-
cer, 14 pairs of colon cancer tissues and adjacent
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tissues were used to measure the expression lev-
els of SLC2A3. As shown in Fig. 1A and B, when
compared with the normal tissues, the protein
expression levels of SLC2A3 in colon cancer tis-
sues were significantly up regulated. We also used
these samples to measure the mRNA levels of

SLC2A3. Intriguingly, there were no strikingly
differences between cancer and adjacent tissues
in SLC2A3 mRNA levels (Fig. 1C). These results
suggested that SLC2A3 may play a role in colon
cancer pathogenesis, and SLLC2A3 was regulated
post-transcriptionally in colon cancer.
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Fig. 1: SLC2A3 is upregulated in colon cancer tissues. A, The expression levels of SLC2A3 in tumor tissues and ad-
just normal tissues. B, The expression level of SLC2A3 protein in colon cancer cell lines. C, Relative expression level
of SLC2A3 mRNA in colon cancer cell lines. GAPDH was used as the internal control. * P<0.05, **P<(.01, *¥*

P<0.001

SLC2A3 promotes cells proliferation in vitro

First, we tested the protein expression level of
SLC2A3 in cisplatin-resistant cell lines, and the
results showed that compared with normal cell
lines, the protein expression level of SLC2A3 in
drug-resistant cell lines was significantly increased
(Fig. 2A). Then we transfected the two groups of
drug-resistant cell lines with control siRNA, con-
trol plasma, SLC2A3 siRNA, and SLC2A3 plas-
ma. After successful transfection, the drug-

Available at:  http://ijph.tums.ac.ir

resistant cells were treated with a large dose (10
wg/ml) of cisplatin solution. The results of the
clone formation experiment showed Compared
with the normal group and the blank control
group, the cell density of the SLC2A3 plasma
group was significantly higher than that of the
other groups, while the cell density of the
SLC2A3 siRNA group was significantly reduced,
indicating that the cell resistance was reduced
(Fig. 2B).
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Fig. 2: Increasing the expression of SLC2A3 can enhance the drug resistance of colon cancer cells. A, The protein
level of SLC2A3 is upregulated in both SW480 and HCT116 resistance cell lines. B, Compared with the blank group
and the negative control group, the cells in the SLC2A3 plasma transfected group showed increased resistance to
drugs, and the cell proliferation ability did not decrease significantly. * P<0.05, ** P<(.01, *** P<(.001

MiR-103a targets SLC2A3 in CRC

To investigate the relation between SLC2A3 and
miR-103a, we performed bioinformatics analysis
with TargetScan (www.targetscan.org). SLC2A3
was a potential target of miR-103a (Fig. 3A). To
verify whether SLC2A3 is the target gene of miR-
103a, the luciferase reporter assay was performed.
The luciferase activity significantly decreased fol-
lowing co-transfection with pmiR-
SLC2A3-3'-UTR-WT and miR-1032 mimic,
compared with co-transfection with pmiR-
SLC2A3-3'-UTR-Mut and miR-103a mimic, indi-
cating that miR-103a specifically binds to the
3'-UTR of SLC2A3, and regulated the SLC2A3
expression negatively (Fig. 3B).
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MiR-103a suppresses cell proliferation via
regulating SLC2A3 in vitro

In order to determine whether SLC2A3 KD has
beneficial effects on CRC through the miR-103a
pathway, SW480 cells were treated with cisplatin
(10 pg/ml) followed by SLC2A3 KD or SLC2A3
KD plus miR-103a inhibitor and SLC2A3 KD
plus miR-103a mimic for 24 h. Colon formation
data showed the inhibitory effects of SLLC2A3
KD plus miR-103a mimic on cell viability were
stronger than SLC2A3 KD alone (Fig. 4A). Simi-
larly, western blot data found SLC2A3 KD could
improve the expression of caspasel, caspase9,
which could be covered by miR-103a inhibitor
(Fig. 4B), Flow cytometry data also
showed similar results (Fig. 4C). In a word, these
data suggested that miR-103a can participate in
the positive effects of SLC2A3 on cell pyro-
ptosis.
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Fig. 3: SLC2A3 is a target gene of miR-103a. A, 3'-UTR bases pairing diagram of miR-103a and SLC2A3. Replace-
ment of Guanine base with Cytosine (G to C) or replacement of Cytosine bases with Guanine (C to G) can also be

used for the construction of mutant reporter. B, Prediction results were confirmed with Luciferase assay. GAPDH
was used as the internal control. * P<0.05, ** P<(.01, *** P<0.001
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Fig. 4: MiR-103a affects the drug resistance of colon cancer cells by affecting the expression of SLC2A3. A, Clone
formation assay was used to analyze the effects of the expression level of SLC2A3 and miR-103a on cell prolifera-
tion. B, Effects of SLC2A3 and MIR-103 expression on apoptosis-related proteins CAS1 and CAS9, detected by
WB. C, Flow cytometry was used to detect the influence on cell apoptosis after transfection. GAPDH was used as
the internal control. * P <0.05, ** P <0.01, *** P <0.001

Available at:  http://ijph.tums.ac.ir 2581



http://ijph.tums.ac.ir/

Iran J Public Health, Vol. 50, No.12, Dec 2021, pp.2576-2583

Discussion

Cisplatin is one of the most effective drugs with
broad-spectrum anti-tumor effects and is used in
the treatment of colorectal cancer. It relies on the
formation of DNA adducts between platinum
atoms and the N7 site of DNA purine bases to
trigger the inhibition of DNA replication and
transcription. In the past 40 yr, more and more
evidence (18,19) has shown that the sensitivity of
cancer cells to cisplatin is decreasing, and cell re-
sistance 1s widespread. At the same time, high
doses of cisplatin can bring patients including
nephrotoxicity, peripheral neurotoxicity, and oto-
toxicity, with many side effects. How to improve
the curative effect of cisplatin chemotherapy and
reduce its toxic and side effects is an urgent clini-
cal problem.

This study took human colon cancer drug-
resistant cells SW620 and HCT116 as the re-
search objects. By regulating the expression of
SLC2A3 on SW620 and HCT116 cells and treat-
ed with cisplatin, we observed the changes in the
apoptosis and proliferation of colon cancer cells
and studied the effects of both whether the com-
bination has a cooperative function. First, we
used bioinformatics methods to find miRNAs
targeting the SLC2A3 gene, used the luciferase
gene reporter system to verify the function of
miRNAs targeting the SLC2A3 gene, and then
used clone formation experiments to verify the
function of miRNAs on colon cancer cells. The
proliferation ability of colon cancer cells treated
with miRNA decreased significantly, indicating
that miRNA targeting SLC2A3 can inhibit the
expression of SLC2A3, thereby inhibiting the
proliferation and migration of colon cancer cells.
Western blotting results showed that the expres-
sion of SLC2A3 in the miRNA-treated cell line
was significantly decreased.

MiRNA103a is involved in regulating the expres-
sion of SLC2A3 protein, and SLC2A3 overex-
pression can promote the invasion of colon can-
cer cells and enhance the ability of tumor cells to
metastasize.
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Conclusion

MiRNA-103a can inhibit the expression of
SLC2A3 in colon cancer cell lines and thereby
inhibit the proliferation and migration of tumor
cells. This may provide new ideas for cisplatin
chemotherapy for colon cancer.
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