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Abstract: The aim of this study is to explore the influence of miR-146a on cisplatin resistance in non-small cell lung
cancer (NSCLC) cells and the related molecular mechanism. The expression of miR-146a in NSCLC tumor samples
and cell lines was measured by qRT-PCR. The DDP (cisplatin) cytotoxicity was detected by CCK-8 assay. The protein
expressions of TRAF6, IRAK1, p50, p-p65, p65 in normal DDP-resistant cells were determined by western blot
analysis. Luciferase reporter assay was used to investigate the relationship between miR-146a and NF-κB pathway
activity. The expression of miR-146a in DDP-resistant NSCLC tumor samples was significantly lower than that in
DDP-sensitive ones. Its expression in DDP-resistant cell lines was much lower as well. The protein levels of TRAF6,
IRAK1 and p50 were up-regulated in A549/DDP and Calu-1/DDP cells compared to parental cells, and phosphorylation of p65 was also increased, indicating the activation of NF-κB signaling pathway. Furthermore, NF-κB activity was
conversely related with miR-146a level in NSCLC. It was revealed that miR-146a expression in NSCLC was negatively
correlated with activation of of NF-κB pathway. In conclusion, the study indicates that miR-146a regulates the DDP
sensitivity by inhibiting NF-κB signaling pathway in NSCLC cells.
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Introduction
Lung cancer is a leading cause of cancer-related deaths in the world, despite improvement in detection methods and treatment. And
non-small cell lung cancer accounts for nearly
80% of all lung cancers [1]. Non-small cell lung
cancer (NSCLC) are the leading cause of cancer mortality, and the overall 5-year survival
rate of NSCLC patients is not more than 15%
[2]. Although surgical resection and adjuvant
therapy can effectively treat NSCLC, patients
with tumor metastasis are mostly incurable
because of its systemic nature and the resistance of disseminated tumor cells to existing
therapeutic agents, including chemotherapy
[3]. And chemotherapy is in the first line treatment of lung cancer. Due to the multi-drug
resistance, it has become a major obstacle in
the present tumor treatment. Cisplatin (DDP),
which is one of the most broadly used chemo-

therapeutic agents in the treatment of cancer, especially in NSCLC. The cytotoxic effects
of cisplatin are mediated by its interaction with
DNA, resulting in the formation of DNA adducts which activates several signal transduction pathways and culminate in the activation of
apoptosis.
Despite the well-defined clinical manifestation
of NSCLC, a given stage is often associated
with wide-ranging survival rates and outcomes, even the same histological type of NSCLC
might have different treatments. This inconsistency has resulted in an increased demand
for the underlying mechanism and identifying novel clinical biomarkers. Somatic cell produced reprogramming requires reconfiguration
of cellular signaling pathways and gene expression profiles, including microRNAs. MiRNAs
(microRNAs) are small non-coding RNAs that
play important roles in posttranscriptional ge-
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ne transcription. Mis-regulations of miRNA expression often result in abnormal tissue homeostasis and cancers [4]. MiRNAs are short
noncoding RNA molecules with 18~25 nucleotides in length which regulate specific messenger RNA (mRNA) translation post-transcriptionally in many cellular processes. Increasing reports indicate that miRNAs play important roles in regulating the drug sensitivity of tumor
cells. MiRNAs have also been reported to be
crucial factors in regulation of inflammation
[5]. Recent studies show that microRNAs might regulate chemotherapy resistance. Hence,
finding a novel biomarker with increasing the
sensitivity of cancer cells to chemotherapy is
necessary. MiR-146 and miR-155 were the
most relevant microRNAs involving in the inflammation. Studies have indicated that miR146a regulates inflammation through TLR4mediated pathway [5-7]. For example, expression of miR-146a was positively associated
with those of IRAK, TRAF and TLR4 [8]. The
induction of miR-146a was indicated to be
NF-Κb-dependent, and besides, miR-146a is
directly to down-regulate TNF receptor-associated factor 6 (TRAF6) and IL-1 receptor-associated kinase 1 (IRAK1), two of the signal transducers in the NF-κB activation pathway [9].
In vitro experiments demonstrated that miR146a suppressed NF-κB pathway and shifted
the balance of cytokines in the cord blood
toward a repertoire of pro-inflammatory outcomes by downregulating IRAK1 and TRAF6
[10].
However, little is known about the role of miR146a and its mechanism of action. It has been
reported that restoration of miR-146a expression inhibited NF-κB by targeting NF-κB pathway [11]. Furthermore, NF-κB pathway was recently suggested to be targeted by miR-146a
as a part of an NF-κB induced negative feedback loop [9, 12]. In this study, we found that
miR-146a expression was down-regulated in
cisplatin-resistant non-small cell lung cancer
cells, and tested the hypothesis that miR-146a
are important modulators of cisplatin resistance by targeting NF-κB-mediated signaling.
Materials and methods
Samples and cell culture
A total of 28 NSCLC and adjacent non-tumor
tissues were collected from patients at Second Hospital of Lanzhou University (Lanzhou,
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China) between February 2016 and January
2017. Informed consent was acquired from all
subjects and this study was approval by the
Clinical Research Ethics Committee of Second Hospital of Lanzhou University. NSCLC
cell lines A549 (adenocarcinoma), Calu-1 and
DDP-resistant cell strain A549/DDP, Calu-1/
DDP were also purchased from ATCC. For all
cell lines, media was supplemented with 10%
fetal bovine serum (FBS). MiR-146a mimics
and negative control mimics (NC) were purchased from Genepharma. Total RNA and protein were prepared 72 h after transfection and
were used for qRT-PCR or Western blot analysis.
Cell viability assay
Cells were seeded into 96-well plates at a
density of 5×103 cells per well. 24 h later, cells
were added serially diluted cisplatin at 1.6100 μM. After 48 h incubation, 10 μl CCK-8
solution was added to each well after treatment, followed by another 2 h incubation, cell
viability was assessed by absorbance at 450
nm.
Quantitative real-time PCR of miRNA
It was verified the expression of selected miRNAs in A549/DDP, Calu-1/DDP and parental
cells by qRT-PCR. Total RNA of each cell line
was extracted by Trizol reagent. 1 μg of total
extracted RNA sample was reverse transcribed
into cDNA using PrimeScriptTM RT reagent Kit
following the manufacturer’s protocol (Takara,
Otsu, Japan). Real-time qRT-PCR was applied
in a volume of 20 μl reaction on the ABI Stepone plus instrument. The primers used for
miRNA qPCR are shown as follow, RT primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACCCA, Forward primer TGAGAACTGAATTCCA and Reverse primer GTGCAGGGTCCGAGGT for miR-146a, RT primer AACGCTTCACGAATTTGCGT, Forward primer CTCGCTTCGGCAGCACA and Reverse primer AACGCTTCACGAATTTGCGT for U6. The cycling conditions
were as follow: initial denaturation at 95°C for
30 s, 95°C for 60 s, 57°C for 30 s, 35 cycles.
Relative miRNA expression was evaluated by
the 2-ΔΔCt method. All qRT-PCRs were performed
in triplicates.
Western blot assay
About 1×106 A549 and Calu-1 cells transfected for 72 h and total protein was collected. An
Int J Clin Exp Pathol 2017;10(12):11545-11553
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Annexin V-fluorescein isothiocyanate (FITC)/
propidium Iodide (PI) apoptosis assay
An Annexin V-FITC Apoptosis Detection kit
(Beyotime Institute of Biotechnology, Haimen,
China) was used to detect apoptosis strictly
according to the manufacturer’s protocol. Cell
apoptosis analysis was applied a FACS can
instrument (Becton Dickinson, Mountain view,
CA, US) equipped with Cell Quest software.
Statistical analysis
Figure 1. The expression of miR-146a in NSCLC samples. Relative expression levels of miR-136a were
detected in cisplatin-sensitive and resistance NSCLC
tissue samples via qRT-PCR.

equal quantity of proteins extraction was separated in 12% SDS-PAGE and transferred onto a PVDF membrane. The membrane was
block with 5% non-fat milk for 1 hour, incubated with primary antibodies overnight at 4°C,
followed by incubation of horse radi shper oxidase conjugated goat anti-rabbit IgG antibody (Abcam, Cat no. ab6721; 1:2000 dilution).
Signals intensity were measured by the ECLPLUS/Kit (Amersham, Cat no. RPN2132) following the manufacturer’s protocol. The blots
were quantified by densitometry using Quantity
One software (Bio-Rad, CA, USA).
Actin antibody was used as an internal control.
The primary antibodies were as follow: rabbit
anti-TRAF6 (Cat. no. ab33915, 1:2000 dilution), IRAK1 (Cat. no. ab19234, 1:1000 dilution), p50 (Cat. no. ab194729, 1:500 dilution),
mouse anti-p-p65 (Cat. no. ab6503, 1:16000
dilution), P65 (Cat. no. ab32536, 1:50000 dilution), Actin (Cat. no. ab2302, 1:200 dilution)
were provided by Abcam (MA, USA).
Luciferase reporter assay
DDP-sensitive and -resistant cells were transfected with PGL3-NFκB luciferase reporter plasmid and PRL-TK reference plasmid (SA Biosciences, Frederick, MD) for 48 hours. Cells
were washed with PBS and lysed with reporter
lysis buffer. After centrifugation for 10 min,
supernatant was harvested. Relative NF-κB
luciferase activity was measured by the DualLuciferase Reporter Assay System (Promega,
Madison, WI).
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The experimental data are presented as the
mean ± standard deviation (SD). All statistical
analyses were performed using SPSS 13.0
(Chicago, IL, USA). P < 0.05 was considered to
be statistically significant. Data were analyzed
by two-tailed-unpaired t-test or one-way ANOVA
where appropriate.
Results
Quantitative analysis of miR-146a expression
in DDP-resistant NSCLC tumor samples
To investigate the association between miR146a and DDP sensitivity, 28 clinical tumor
tissue samples were obtained from patients
with advanced lung adenocarcinoma. As illustrated in Figure 1, miR-146a expression was
significantly decreased in DDP-resistant group
compared to DDP-sensitive group. It was divided into “sensitive” and “resistance” groups
according to the patient’s response to cisplatin-based chemotherapy. A one-way ANOVA assay was used to detect the miRNA-146a expression in 28 lung cancer tissue samples.
Expression of miR-146a was decreased in
DDP-resistant NSCLS cell lines
To investigate the relationship between mir146a and DDP resistance, two NSCLC cell lines
A549, Calu-1 and their DDP-resistant strains
were used. Cell sensitivities to DDP were certified by CCK-8 assay (Figure 2). Expression of
miR-146a was significantly decreased in DDPresistant A549 (Figure 2A) and Calu-1 (Figure
2B) compared to parental cells, which is consistent to the result from clinical samples.
MiR-146a restored cisplatin activity in DDPresistant cells
To better understand the roles of miR-146a in
the DDP resistance NSCLC cells, we transfect-
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Figure 2. Different expression level of miR-146a in DDP-sensitive or -resistant NSCLC cell lines. The cell viability was
evaluated by CCK-8 assay, A549/DDP transfected with NC treated with serially diluted DDP (A). The cell viability was
evaluated by CCK-8 assay, Calu-1/DDP cells transfected with NC treated with serially diluted DDP (B).

ed the cells with miR-146a mimic or negative
control. As shown in Figure 3, the expression of
miR-146a significantly (P < 0.05) increased and
sensitized A549/DDP (Figure 3A) and Calu-1/
DDP (Figure 3B) cells to cisplatin induced inhibition of cell viability, which was determined by
CCK-8 assay. In Figure 3C and 3D, expression
of miR-146a significantly increased DDP induced apoptosis. A549/DDP and Calu-1/DDP
cells were transfected with 50 nM mimic miR146a or mimic NC for 48 hours and followed
by 24-hours treatment of 10 μM DDP. Cell apoptosis was detected using FITC-Annexin V/
PI staining. Annexin V-FITC/PI apoptosis detection by flow cytometry revealed that, miR-146a
could significantly (P < 0.05) increase apoptosis rate of A549/DDP (20.6 vs 8.1%) or Calu-1/
DDP (17.6 vs 5.3%) cells compared with control group.
MiR-146a directly targeted at NFκB1
TRAF6, IRAK1 and NFκB1 were chosen as preferred candidates target gene of miR-146a pre11548

dicted by open access online tools miRTar
Base and microRNA.org (Figure 4A).
To further determine whether miR-146a regulate DDP by targeting at the NF-κB activity, we
conducted luciferase reporter assay. As shown in Figure 4B, NF-κB activity was increased in DDP-resistant cells and could be eliminated by miR-146a. DDP-sensitive and -resistant cells were transfected with PGL3-NFκB
luciferase reporter plasmid and PRL-TK reference plasmid, relative NF-κB luciferase activity was measured. NF-κB activity was dramatically increased in DDP-resistant cells than in
DDP-sensitive cells. Transfection of miR-146a
in DDP-resistant cells could downregulate NFgB activity (Figure 4B).
Many researchers have reported TRAF6 and
IRAK1 as targets of miR-146a in various cell
types, including monocytes and macrophages
[13]. Also TRAF6 and IRAK1 are upstream signal transducers of NF-κB activation [14], therefore, we investigated TRAF6, IRAK1 and NFInt J Clin Exp Pathol 2017;10(12):11545-11553
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Figure 3. Transfection with mimic miR-146a restored miR-192 expression level compared with the negative control groups. Expression of miR-146a significantly
increased and sensitized A549/DDP (A) and Calu-1/DDP (B) cells to cisplatin induced inhibition of proliferation. In (C) and (D), expression of miR-146a significantly
increased DDP induced apoptosis. Cell apoptosis was detected by FITC-Annexin V/PI staining using flow cytometry.
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Figure 4. miR-146a directly targeted at NF-κB. The predicted target genes of miR-146a (A). DDP-sensitive and -resistant cells were transfected with PGL3-NFκB
luciferase reporter plasmid and PRL-TK reference plasmid, relative NF-κB luciferase activity was mesured by luciferase reporter assay (B).
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Figure 5. The protein levels of TRAF6, IRAK1, p50, p-p65, p65 and Actin were analyzed in A549/DDP and Calu1/DDP cells stably transfected with mimic miR-146a or mimic NC by western blotting (A) and qPCR (B). All data
presented as mean value ± SD from 3 independent experiments. N.S. = not significant, **P < 0.01, ***P < 0.05.

κB1, of which NF-κB1 was proven to be a direct
target gene of miR-146a.
MiR-146a inhibits NF-κB signaling pathway
by down-regulating TRFA6, IRAK1 and NFκB1
(P105/p50)
As shown in Figure 5, the protein level of TRAF6, IRAK1 and p50 were upregulated in A549/
DDP and Calu-1/DDP cells compared with parental cells, and phosphorylation of p65 was
also increased indicating the activation of
NF-κB signaling pathway. Transfection of miR146a mimic recovered TRAF6, IRAK1 and p50
to normal level and the eliminated phosphorylation of p65.
Taken together (Figures 4 and 5), the miR146a inhibits NF-κB signaling pathway by luciferase assay and western blotting. These results suggest that miR-146a directly targets
NF-κB in NSCLC cells, and miR-146a may negatively regulate the activation of F-κB pathway.
Discussion
The expression of miRNAs varies with the development of lung cancer, and most of these
miRNA variations emerge during tumorigenesis [15].
MiRNAs are more stable than mRNAs, which
enables them to be readily detected in forma11551

lin-fixed paraffin-embedded tissue. miR-146a
is located at the chromosome 11 and has been shown to regulate inflammation through
TLR4-mediated pathway [16-18]. In additional,
increasing evidences suggested the involvement of miR-146a in the pathogenesis of multiples diseases, including atherosclerosis, bacterial infection and cancer [19]. Although a
great number of studies reported the induction of miR-146a expression by pro-inflammatory mediators [20, 21], there is still little
information about its role and mechanism.
Herein, we further verified the expression of
miR-146a in lung cancer tissue. Consistent
with our expectations, miR-146a is highly expressed in NSCLC and can specifically detect
the high expression of miR-146a in DDP-resistant lung cancer tissues compared to DDPsensitive ones. In the present study, we demonstrated that miR-146a is a critical cisplatin resistance regulator in non-small cell lung
cancer via NF-κB pathway. Furthermore, downupregulation of miR-146a is correlated with
cisplatin resistance and poor prognosis of NSCLC patients. Moreover, miR-146a seems to
play an important role in mediating drug resistance as shown in this study. MiR-146a modulated cisplatin-resistance via NF-κB pathway.
These findings provide novel insights into the
molecular functions of miR-146a and the role
of NF-κB in cisplatin-resistance.
Int J Clin Exp Pathol 2017;10(12):11545-11553
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Chemo-resistance is a major issue occurred
during the treatment in the majority of human
tumors, including lung cancer. And chemotherapy is the most common method to treat
against the tumor. Therefore, exploring biomarkers to increase chemotherapy sensitivity
and screening for novel targets to regulate
multi-drug resistance for cancer treatment are
urgent. A particular miRNA can affect the expression of proteins involved in many cellular
pathways, and possibly serving as novel therapeutic target or biomarker for clinical outcome
than single proteins [22]. Several miRNAs have shown used as predictors of chemo-resistance in cancers [23].
Therefore, our study illustrated that miR-146a
regulates the DDP sensitivity by inhibiting
NF-κB signaling pathway. Our results demonstrated that miR-146 could modulate cisplatin
resistance, which offer novel mechanistic insights into the role of miR-146a/NF-κB pathway in the cisplatin resistance of NSCLC cells.
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