
Cell Physiol Biochem 2018;51:2160-2171
DOI: 10.1159/000495835
Published online: 6 December 2018 2160

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2018 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cpb

Sun et al.: miR-202 Enhances Cisplatin on NSCLC

Original Paper

Accepted: 28 November 2018

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution 
for commercial purposes as well as any distribution of modified material requires written permission.

DOI: 10.1159/000495835

Published online: 6 December 2018
© 2018 The Author(s) 
Published by S. Karger AG, Basel
www.karger.com/cpb

miR-202 Enhances the Anti-Tumor Effect of 
Cisplatin on Non-Small Cell Lung Cancer by 
Targeting the Ras/MAPK Pathway

Wei Sun    Wei Ping    Yitao Tian    Wenbin Zou    Jiawei Liu    Yukun Zu

Department of Thoracic Surgery, Tongji Hospital, Tongji Medical College, Huazhong University of 

Science and Technology, Wuhan, China

Key Words
miR-202 • KRas • MAPK • Cisplatin • NSCLC

Abstract
Background/Aims: KRas is usually mutated in non-small cell lung cancer (NSCLC). The 
mutated KRas gene is a negative prognostic indicator that promotes tumor proliferation, 
metastasis, and drug resistance in NSCLC, and thus has become a target for cancer therapy. 
This study is focused on the effects of the microRNA (miR)-202/KRas axis in regulating 
chemosensitivity in NSCLC. Methods: Quantitative reverse transcriptase real-time PCR analysis 
was performed to examine the expression of miR-202. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assays were performed to evaluate the sensitivity of cisplatin 
against NSCLC cells. The miR-202/KRas axis was confirmed by western blot and luciferase 
reporter assays. Cell apoptosis was measured by flow cytometry. KRas expression, MEK1/2 
and ERK1/2 phosphorylation, and activation of caspase-9 and caspase-3 were detected by 
western blot. Results: A significant decrease in miR-202 expression was observed in NSCLC 
cells both in vivo and in vitro. In addition, miR-202 expression was associated with drug 
resistance. Recovery of miR-202 expression levels was found to increase the sensitivity of both 
NCI-H441 and A549 NSCLC cells to cisplatin treatment. Mechanically, as the Ras/mitogen-
activated protein kinase (MAPK) pathway was aberrantly activated in NCI-H441 and A549 
NSCLC cells, the overexpression of miR-202 was found to inhibit the Ras/MAPK pathway 
by targeting the KRas gene. As a result, increased miR-202 expression expanded apoptosis 
signaling induced by cisplatin in NSCLC cells. Conclusion: The miR-202/KRas axis controlled 
the chemosensitivity of NSCLC by mediating the Ras/MAPK pathway. Thus, the combination 
of platinum-based drugs with miR-202 may represent a novel strategy to enhance the anti-
tumor effect against NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) is a type of cancer that is one of the most common 
and lethal malignant tumors worldwide [1, 2]. For patients diagnosed with early-stage NSCLC, 
surgery is the most effective treatment strategy. Unfortunately, a large proportion of NSCLC 
patients are diagnosed at an advanced stage with unresectable tumors. For these patients, 
systemic chemotherapy is an irreplaceable treatment [3, 4]. One challenge, however, is that 
many NSCLC cases exhibit poor response to chemotherapy [5, 6]. New strategies to increase 
the response of NSCLC cells to chemotherapy are urgently needed.

Ras protein family members are GTPase proteins that initiate the mitogen-activated 
protein kinase (MAPK) and phosphatydilinositol-3-kinase (PI3K) signaling pathways to 
regulate cell proliferation, survival, and chemosensitivity [7, 8]. In human cells, the Ras family 
includes the HRas, NRas, and KRas proteins, which are highly homologous. In NSCLC, there 
is a high incidence of KRas mutations. It has been reported that oncogenic KRas mutations 
are present in approximately 15-30% of all NSCLC cases. Furthermore, KRas mutations are 
a negative prognostic indicator because they promote tumor proliferation, metastasis, and 
drug resistance in NSCLC [9-12]. Thus, KRas has become a target for cancer therapy.

MicroRNAs (miRNAs) are a class of small, non-coding, and evolutionarily conserved RNAs. miRNAs bind to the 3′ untranslated region (3′-UTR) of targeted mRNAs, thereby 
inducing translational repression. Because miRNAs regulate approximately 60% of all 
human mRNAs, nearly every cellular process is modulated by miRNAs [13-15]. Due to the 
importance of miRNAs in regulating cellular processes, miRNA dysregulation is a frequent 
occurrence in cancers. It has been reported that cancer cells, including NSCLC cells, change their miRNA expression profile to promote cell survival, proliferation, and metastasis, and 
to develop drug resistance [16-19]. Studies have demonstrated that correcting the altered miRNA profile is a potential strategy for cancer therapy. In the present study, we investigated 
the effects of miR-202, which is a potential tumor suppressor for cisplatin treatment in 
NSCLC.

Materials and Methods

NSCLC cells and tissues

The NSCLC cell lines NCI-H441 and A549 were both purchased from the American Type Culture Collection (Manassas, VA). They were maintained in Dulbecco’s modified Eagle’s medium (Gibco, Gaithersburg, MD) supplemented with 10% fetal bovine serum (Gibco) at 37°C in a humidified 5% CO
2
 

incubator. For the detection of miR-202 in vivo, a total of 25 primary NSCLC tumor tissues and their 

corresponding paracancerous, non-tumor tissues were obtained from NSCLC patients who underwent tumor 

resection at Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology from 

October 2014 to January 2017. The use of specimens in this study was approved by the ethics committee 

of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, and all of the 

patients provided informed consent.

Quantitative reverse transcriptase real time PCR (qRT-PCR)

Total RNA was extracted from the NSCLC cell lines and patients’ tissues using TRIzol® (Thermo 

Fisher Scientific, Inc., Waltham, MA). For analysis of miR-202 expression, total RNA was reverse transcribed 

using stem-loop RT primers from the PrimeScript RT reagent kit according to the manufacturer’s 

protocol (Takara Bio, Inc., Otsu, Japan). The miR-202 RT primer (Ribobio, Guangzhou, China) had the following sequence: 5′-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCAAAGAAG-3′. qRT-PCR was performed in triplicate using SYBR Premix Ex Taq II (Takara Bio, Inc.) on an ABI PRISM 7900 Sequence Detection system (Applied Biosystems, Foster City, CA). The forward amplification primer was 5′-ACACTCCAGCTGGGTTCCTATGCATATACT-3′, and the reverse primer was 5′-TGGTGTCGTGGAGTCG-3′. The 
relative expression of miR-202 was determined using the 2-△△Cq analysis method [20], whereby U6 snRNA 

was used as an internal reference.
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Transfection

For the direct knockdown of KRas, KRas small interfering RNA (siRNA) was purchased 

from Santa Cruz Biotechnology (Santa Cruz, CA). For enforced expression of miR-202, the miR-202 mimic (5′-UUCCUAUGCAUAUACUUCUUUG-3′) and its negative control oligonucleotide (NCO; 5′-UGUAUUCACAUUGUCAUUCUCU-3′) were purchased from GenePharma Company (Shanghai, China). For 
transfection, 50 pmol/ml of miR-202 mimics, NCO, and KRas siRNA were transfected into either NCI-H441 or 

A549 cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the manufacturer’s protocols.

Cell viability assay

A total of 5 × 103 transfected NSCLC cells were seeded in 96-well plates overnight. Then, the cells 

were treated with different concentrations of cisplatin, oxaliplatin, or carboplatin for 48 h. Cell viability 

was evaluated by the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay [21]. The 

absorbance in each well was measured at 570 nm using a microplate reader (Sunrise Microplate Reader, TECAN, Männedorf, Switzerland). In addition, the half maximal inhibitory concentrations (IC
50

) of cisplatin, 

oxaliplatin, and carboplatin against both NCI-H441 and A549 cells were all calculated according to the 

viability curves.

Western blot analysis

Cells were lysed in RIPA lysis buffer (Cell Signaling Technology, Danvers, MA). The total proteins 

extracted from the lysed cells were separated by 12.5% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to a polyvinylidene fluoride membrane (Millipore, Burlington, MA). The 
membranes were then probed overnight with primary antibodies (including anti-human KRas, GAPDH, MEK1/2, phosphorylated MEK1/2, ERK, phosphorylated ERK1/2, cytochrome c, apoptosis inducing factor 
[AIF], Smac/DIABLO, caspase-9, and caspase-3) purchased from Cell Signaling Technology. Subsequently, the 

membranes were incubated with the appropriate horseradish peroxidase-conjugated secondary antibodies 

for 2 h followed by detection with an enhanced chemiluminescence detection kit (Pierce, Rockford, IL). 

In addition, before the detection of cytochrome c, AIF, and Smac/DIABLO in the cytoplasm of NSCLC cells, 

cellular mitochondria was removed using a Mitochondria/Cytosol Fraction Kit (BioVision, Milpitas, CA) 

according to the manufacturer’s instructions.

Apoptosis analysis

After treatment with miR-202 (50 pmol/ml) and cisplatin (2 mM) for 48 h, cells were stained with 

annexin V/propidium iodide (Sigma-Aldrich, St. Louis, MO) for 15 min at room temperature according to the manufacturer’s instructions. Cell apoptosis was analyzed using flow cytometry (Becton Dickinson, Franklin 
Lakes, NJ).

Luciferase reporter assay

The KRas 3′-UTR was cloned downstream of the firefly luciferase gene using the pGL3 Luciferase 
Reporter Vector Selector (Promega, Madison, WI) according to the manufacturer’s instructions. To perform 

the luciferase reporter assay, NSCLC cells were incubated in 48-well plates overnight. The cells were then co-

transfected with the pGL3 vectors carrying the KRas 3′-UTR, Renilla luciferase pRL-TK vectors (Promega), 
and the miR-202 mimics using Lipofectamine 2000. Forty-eight hours after transfection, the cells were 

collected and lysed. Luciferase activity was then measured using the Dual Luciferase Reporter Assay System (Promega). The relative firefly luciferase activity was normalized to Renilla luciferase activity.
Tumor growth in nude mice

A stable A549 cell line overexpressing miR-202 (LV-miR-202-A549) was generated using a lentiviral-

based system (Genechem Co., Ltd., Shanghai, China) for use in tumorigenesis assays. Xenograft tumors were 

generated via the subcutaneous injection of LV-miR-202-A549 or LV-control-A549 (5 × 106 cells) into nude mice (BALB/c, nu/nu; 17-22 g in weight). After the xenografts reached 0.5 cm in diameter, animals were treated with cisplatin i.p. twice a week (2 mg/kg) until the mice were sacrificed 28 days post-injection. 
The animal care and experimental protocols were both approved by the Animal Care Committee of Tongji 

Hospital, Tongji Medical College, Huazhong University of Science and Technology.
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Statistical analysis

Data are represented as the mean ± standard deviation and were obtained from three independent 

experiments. For the comparison analysis, one-way analysis of variance was used to determine the 

differences between groups. Statistical analysis was performed using SPSS 15.0 software (SPSS Inc., Chicago, 

IL). P < 0.05 was considered to indicate a statistically significant difference.
Results

miR-202 is downregulated in KRas-mutant NSCLC in vivo and in vitroTo investigate the expression profile of miR-202 in NSCLC, we analyzed the miR-202 
expression levels in NSCLC patients’ tumor and paracancerous tissues. The in vivo results showed a significant decrease in miR-202 expression in NSCLC tissues compared with non-cancerous tissues (Fig. 1A). Next, to evaluate the expression profile of miR-202 in vitro, we 
chose two NSCLC cell lines, NCI-H441 and A549, that each harbor the KRas mutation [22]. 
Similar to the NSCLC in vivo results, the two NSCLC cell lines exhibited significant decreases 
in miR-202 expression compared with non-tumor cells (Fig. 1B). Together, the in vivo and in 
vitro results indicated that miR-202 is downregulated in NSCLC.

Recovery of miR-202 expression increases the sensitivity of KRas-mutant NSCLC cells to 
cisplatin treatment
To investigate the association between miR-202 and chemosensitivity in NSCLC, we 

transfected both NCI-H441 and A549 cells with a miR-202 mimic in order to recover the 
downregulated cellular levels of miR-202. As shown in Fig. 2A, enforced expression of miR-
202 increased the cellular levels of miR-202 in both NCI-H441 and A549 cells. Interestingly, we observed that enforced expression of miR-202 significantly increased the sensitivity of 
NSCLC cells to cisplatin-induced cytotoxicity in vitro (Fig. 2B). These results indicated that 
the combination of miR-202 and cisplatin may represent a potential strategy for enhancing 
the effectiveness of chemotherapy in NSCLC.

miR-202 targets 
KRas in NSCLC
To understand 

how miR-202 enhanced 
c i s p l a t i n - i n d u c e d 
cytotoxicity against 
NSCLC, we searched 
for potential targets by 
using the public miRNA 
prediction databases 
TargetScan, miRanda, and PicTar. Each of these 
databases showed that 
the KRas gene contained 
a highly conserved 
sequence paired with 
miR-202 located in the 3′-UTR of its mRNA 
(Fig. 3A). As miR-202 
sensitized KRas-mutant 
NSCLC cells (NCI-H441 
and A549), we predicted 
that miR-202 targets 
KRas in NSCLC. To 

Fig. 1. Expression of miR-202 in NSCLC. A: Patients’ cancerous and paracancerous tissues (n = 25) were collected. Expression of miR-202 
in tumor tissues and the corresponding paracancerous tissues were 

detected by qRT-PCR analysis. *P<0.05 vs. paracancerous tissues. B: miR-

202 expression was downregulated in the NSCLC cell lines NCI-H441 and 

A549. *P<0.05 vs. paracancerous tissues.

Figure 1
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confirm this speculation, we detected the KRas protein in both NCI-H441 and A549 cells 
after they were transfected with the miR-202 mimic. The results of western blot analysis 
showed that the overexpression of miR-202 dramatically decreased the expression levels 
of KRas in NCI-H441 and in A549 cells (Fig. 3B). Next, we performed luciferase reporter 
assays after co-transfection with miR-202 and a pGL3 plasmid containing KRas 3′-UTR or an 
empty pGL3 plasmid. The results showed that co-transfection with miR-202 decreased the 
luciferase activities of pGL3-KRas reporters but did not decrease the activity of the empty 
pGL3 reporters (Fig. 3C). Taken together, we demonstrated that miR-202 targeted KRas in 
NSCLC.

miR-202 increases the sensitivity of NSCLC cells to cisplatin through suppression of the 
KRas/MAPK pathway
Next, we studied the role of the miR-202/KRas/MAPK pathway in increasing cisplatin 

sensitivity in NSCLC cells. As shown in Fig. 4A, miR-202 decreased KRas expression 
in cisplatin-treated NCI-H441 and A549 NSCLC cells. Furthermore, we found that the overexpression of miR-202 inhibited the phosphorylation of MEK and ERK because the 
oncogenic KRas is upstream of the MAPK pathway [7, 8]. To emphasize the importance 
of KRas inhibition in miR-202-promoted cell death in cisplatin-treated NSCLC cells, we 
performed a KRas loss-of-function assay by transfection with KRas-specific siRNA. We found 

Fig. 3. KRas was the target of miR-202 in NSCLC. A: Sequence of KRas 3′-UTR seed regions paired with 
miR-202 as was predicted by the public miRNA databases TargetScan, miRanda, and PicTar. B: Western blot 

analysis was performed to evaluate the inhibitory effect of miR-202 on KRas expression in NCI-H441 and 

A549 NSCLC cells. C: NCI-H441 and A549 cells were both co-transfected with miR-202 and a pGL3 plasmid contained KRas 3′-UTR or an empty pGL3 plasmid. At 48 h post-transfection, luciferase activities were 
measured using the Dual-Luciferase Reporter Assay System according to the manufacturer’s instructions. 

*P<0.05 vs. the NCO group.

Figure 3

Fig. 2. miR-202 increases the sensitivity of NSCLC cells to cisplatin treatment. A: Transfection efficiency 
of the miR-202 mimic (50 pmol/ml) in NCI-H441 and A549 NSCLC cell lines *P<0.05 vs. the NCO group. B: Effects of miR-202 (50 pmol/ml) on cisplatin sensitivity toward NCI-H441 and A549 NSCLC cells.Figure 2
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that the direct knockdown of KRas by using its specific siRNA also enhanced the anti-tumor 
effect of cisplatin on NSCLC, similar to the combinatory effect with miR-202 (Fig. 4B). Taken 
together, these results suggested that the miR-202/KRas axis determined the sensitivity of 
KRas-mutant NSCLC cells to cisplatin treatment. The combination of miR-202 and cisplatin 
was able to enhance cytotoxicity against NSCLC by suppressing the KRas/MAPK pathway.

miR-202 increases the sensitivity of NSCLC cells to cisplatin-induced apoptosis
Previous studies have demonstrated that the aberrant activation of MAPK pathway 

induces resistance to apoptosis in cancer cells [23, 24]. Because miR-202 regulates the 
KRas/MAPK pathway, we decided to investigate the effect of miR-202 on cisplatin-induced apoptosis in NSCLC cells. As shown in Fig. 5A, miR-202 treatment did not induce a significant 
release of cytochrome c, AIF, or the second mitochondria derived activator of caspase/direct 
IAP binding protein with low pI (Smac/DIABLO) from the mitochondria into cytoplasm. miR-202 treatment did, however, significantly enhance the effect of cisplatin on the release 
of these apoptotic inducers. As a result, we found that the combination of cisplatin and miR-202 induced significant cleavage of caspase-9 and caspase-3, which were the main apoptotic 
markers (Fig. 5B). Overexpression of miR-202 was also shown to enhance cisplatin-induced 
apoptosis. In fact, the apoptotic rate of NSCLC cells in the cisplatin plus miR-202 treatment group was significantly higher than the cisplatin-only treatment group (Fig. 5C). Taken 
together, we demonstrated that miR-202 increased the sensitivity of NSCLC cells to cisplatin-
induced apoptosis by suppressing the KRas/MAPK pathway.

Fig. 4. miR-202 increased the sensitivity of NSCLC cells to cisplatin treatment through suppression of the 

KRas/MAPK pathway. A: After combination treatment of cisplatin (2 mM) and miR-202 (50 pmol/ml), the expression of KRas and phosphorylation of MEK and ERK were evaluated by western blot analysis. B: After 
treatment with cisplatin (2 mM), miR-202 (50 pmol/ml), and KRas siRNA (50 pmol/ml), cell viability of 

NCI-H441 and A549 NSCLC cells was detected by MTT assays. *P<0.05 vs. the cisplatin + NCO group.

Figure 4
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Enforced expression of miR-202 enhances the anti-tumor effect of cisplatin on NSCLC in 
vivo
Next, to investigate the effect of exogenous miR-202 on cisplatin treatment in vivo, 

we inoculated nude mice with A549 cells transfected with lentivirus carrying miR-202 
precursor (LV-miR-202-A549) or with the empty lentivirus. After treating both groups with 
equal doses of cisplatin, we found that the growth speed of miR-202-overexpressed NSCLC 
tumors was much slower than that of the tumors transfected with empty lentivirus (Fig. 6A). After sacrificing the mice, tumor tissues were collected and weighed. Tumor tissues from the cisplatin and miR-202 co-treatment group were significantly smaller than those from the 
cisplatin only group (Fig. 6B). In addition, as miR-202 expression was increased in LV-miR-
202-transfected tumor tissues (Fig. 6C), the expression level of KRas and phosphorylation of MEK and EKR were inhibited in miR-202-overexpressed NSCLC tumors (Fig. 6D). These 
results together showed that the recovery of miR-202 inhibited the KRas/MAPK pathway, 
and thus enhanced the anti-tumor effect of cisplatin on NSCLC in vivo.

Fig. 5. miR-202 enhanced cisplatin-induced apoptosis by suppressing the KRas/MAPK pathway. A: After 

treatment with cisplatin (2 mM) and miR-202 (50 pmol/ml), western blot analysis was performed to evaluate 

the release of cytochrome c, AIF, and Smac/DIABLO from mitochondria into the cytoplasm in NCI-H441 and 

A549 cells. B: Cleavage of caspase-9 and caspase-3 in NCI-H441 and A549 cells treated with cisplatin (2 

mM) and miR-202 (50 pmol/ml). C: Flow cytometry analysis was performed to detect the apoptotic rate of 

NCI-H441 and A549 cells treated with cisplatin (2 mM) and miR-202 (50 pmol/ml). *P<0.05 vs. the cisplatin 

+ NCO group.

Figure 5
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Recovery of miR-202 expression increases the sensitivity of NSCLC cells to other platinum-
based chemotherapeutic drugs
As described in this study, our results demonstrated that the recovery of miR-202 

expression increased the sensitivity of KRas-mutant NSCLC cells to cisplatin treatment. Fig. 
7A shows that combination treatment with miR-202 decreased the IC

50
 value for cisplatin 

on both NCI-H441 and A549 cell lines. To explore whether miR-202 had a broad-spectrum 
effect on other platinum-based chemotherapeutic drugs or if it was limited to combination 
with cisplatin, we next investigated the effect of miR-202 on oxaliplatin and carboplatin-
induced cytotoxicity against NCI-H441 and A549 cells. As shown in Fig. 7B and 7C, enforced 
expression of miR-202 was found to decrease the IC

50
 for both oxaliplatin and carboplatin-

treated NCI-H441 and A549 NSCLC cells. These results indicated that the combination of 
other platinum-based chemotherapeutic drugs with miR-202 was also a potential strategy 
to enhance the anti-tumor effect against KRas-mutant NSCLC.

Fig. 6. Overexpression of miR-202 enhanced the anti-tumor effect of cisplatin on NSCLC in vivo. A: After 

inoculation with LV-miR-202-A549 or LV-control-A549, nude mice were treated with 2 mg/kg cisplatin twice 

a week. Tumor volumes were measured every three days until the experimental endpoint was reached (28 days post-injection). B: After sacrificing the mice, tumors were collected and weighed. *P<0.05 vs. the LV-
control-A549 group. #P<0.05 vs. the LV-control-A549 + cisplatin group. C: Expression levels of miR-202 by 
tumor tissue group were detected using qRT-PCR analysis. *P<0.05 vs. the LV-control-A549 group. #P<0.05 vs. the LV-control-A549 + cisplatin group. D: Expression levels of KRas and phosphorylation of MEK and EKR 
in tumor tissue groups were evaluated by western blot analysis.

Figure 6
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Discussion

Platinum-based chemotherapy is an important and effective strategy for treatment of 
NSCLC. Among the platinum-based chemotherapeutic drugs, cisplatin is the most commonly 
used anti-tumor drug for treating advanced NSCLC [25-27]. Usually, in cancer cells, cisplatin 
induces DNA damage by forming cross-links with DNA, and thus activating the apoptosis 
signaling pathways [28, 29]. NSCLC cells, on the other hand, develop drug resistance 
to cisplatin in many cases [30, 31]. Our research goal in this study was to enhance the 
effectiveness of cisplatin treatment on NSCLC cells.Previous studies have shown that the miRNA expression profile in cancer cells is 
correlated with cell survival, proliferation, metastasis, and drug resistance. Among these 
cancer-related miRNAs, miR-202 is reported to function as a tumor suppressor as well as 
to suppress cell proliferation, tumor progression, and drug resistance in several cancers. 
Cancers in which miR-202 is reported to have these effects include cervical cancer, 
hepatocellular carcinoma, colorectal carcinoma, multiple myeloma, and NSCLC [32-36]. 
Therefore, increasing the expression level of miR-202 in cancer cells may be considered as a 
novel strategy for cancer treatment.In this study, we found that the expression profile of miR-202 was changed in NSCLC. 
We observed that miR-202 was downregulated in both NSCLC tissues and cell lines. These results suggested a potential anti-tumor effect of miR-202 on NSCLC. Next, we artificially 
increased the cellular level of miR-202 in KRas-mutant NSCLC cells by transfection with a 
miR-202 mimic. By doing so, we found that the increased expression of miR-202 sensitized 
these KRas-mutant NSCLC cells to cisplatin-induced cytotoxicity in vitro and in vivo. Thus, we 
reported that the combination of cisplatin with miR-202 was a novel approach to enhance 
the treatment effectiveness of KRas-mutant NSCLC cells.

In NSCLC, KRas mutations occur with a high frequency. The oncogenic mutant KRas is 
responsible for resistance to anti-cancer drug treatments through the constitutive activation 
of RAS signaling pathways [37, 38]. Downstream of the Ras signaling pathways, the MAPK 
pathway has been shown to be important for promoting cell proliferation and inhibiting 
apoptosis in cancer cells. Furthermore, evidence shows that aberrant activation of the MAPK 
pathway is responsible for cisplatin resistance in NSCLC cells [39-41]. Thus, the KRas/MAPK pathway has been identified as a target for cancer therapy.

Fig. 7. miR-202 had broad-spectrum effect on multiple platinum-based chemotherapeutic drugs. A: miR-202 (50 pmol/ml) significantly decreased the IC
50

 of cisplatin in NCI-H441 and A549 cell lines. *P<0.05. B: miR-202 (50 pmol/ml) significantly decreased the IC
50

 of oxaliplatin in NCI-H441 and A549 cell lines. *P<0.05. C: miR-202 (50 pmol/ml) significantly decreased the IC
50

 of carboplatin in NCI-H441 and A549 cell 

lines. *P<0.05.

Figure 7

http://dx.doi.org/10.1159%2F000495835


Cell Physiol Biochem 2018;51:2160-2171
DOI: 10.1159/000495835
Published online: 6 December 2018 2169

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2018 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cpb

Sun et al.: miR-202 Enhances Cisplatin on NSCLC

In this study, we found that the KRas gene was targeted by miR-202. We also demonstrated 
that the recovery of miR-202’s expression level decreased the mutant KRas in NSCLC cells. 
Furthermore, our results indicated that overexpression of miR-202 suppressed the aberrant 
activation of the MAPK pathway through the miR-202/KRas axis. As a result, we found that 
the sensitivity of KRas-mutant NSCLC cells to cisplatin-induced apoptosis can be increased 
by overexpressing miR-202.

Conclusion

These data provide several pieces of evidence to demonstrate that the recovery of 
miR-202 expression enhances the effectiveness of platinum-based chemotherapy against 
KRas-mutant NSCLC by inhibiting the KRas/MAPK pathway. Considering these results, the 
combination of miR-202 with platinum-based chemotherapeutic drugs may represent an 
attractive treatment for patients with KRas-mutant NSCLC.

Disclosure StatementThe authors have no conflicts of interest.
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