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miR-20a enhances cisplatin resistance of human gastric cancer
cell line by targeting NFKBIB
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Abstract Drug resistance of cancer cells can be regulated by
the dysregulated miRNAs, and sustained NFκB activation
also plays an important role in tumor resistance to chemother-
apy. Here, we sought to investigate whether there was a cor-
relation between miR-20a and the NFκB pathway to clarify
the effects that miR-20a exerted on gastric cancer (GC)
chemoresistance. We found that miR-20a was significantly
upregulated in GC plasma and tissue samples. In addition, it
was upregulated in GC plasma and tissues from patients with
cisplatin-resistant gastric cancer cell line SGC7901/cisplatin
(DDP). And the upregulation of miR-20a was concurrent with
the downregulation of NFKBIB (also known as IκBβ) as well
as upregulation of p65, livin, and survivin. The luciferase

activity suggested that NFKBIB was the direct target gene of
miR-20a. Transfection of miR-20a inhibitor could increase
NFKBIB level; downregulate the expression of p65, livin,
and survivin; and lead to a higher proportion of apoptotic cells
in SGC7901/DDP cells. Conversely, ectopic expression of
miR-20a dramatically decreased the expression of NFKBIB;
increased the expression of p65, livin, and survivin; and re-
sulted in a decrease in the apoptosis induced by DDP in
SGC7901 cells. Taken together, our findings suggested that
miR-20a could promote activation of the NFκB pathway and
downstream targets livin and survivin by targeting NFKBIB,
which potentially contributed to GC chemoresistance.
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Introduction

Gastric cancer (GC) is one of the most common malignancies
globally [1]. Currently, chemotherapy is still one of the major
treatment methods for GC because of low early detection and
diagnosis rate. However, the effectiveness of chemotherapy is
limited by drug resistance. Earlier studies have revealed that
multiple cytological mechanisms including DNA repair, cell
cycle, apoptosis, and proliferation may play an important role
in chemoresistance. Moreover, molecular mechanisms includ-
ing increased rates of drug efflux, alterations in drug metabo-
lism, and mutation of drug targets might also contribute to it
[2, 3]. Further studies have found that the activation of some
signaling pathways was also involved in drug resistance, such
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as PTEN/PI3K/AKT, NFκB/IκB, Ras/Raf/MEK, and P53/
MDM2 [4–7].

MicroRNAs (miRNA) are a class of short noncoding
RNAs with a length of 19–22 nucleotides and function as
posttranscriptional regulators by directly cleaving target mes-
senger RNA (mRNA) or translational repression [8]. Aberrant
miRNAs has been found to be related to drug resistance in
different types of tumors [9–12]. Increasing evidence has
shown that miRNA regulates NFκB signaling [13], and
NFκB activation plays an important role in tumor resistance
to chemotherapy [14]. Therefore, we hypothesized that
miRNA might contribute to chemoresistance through the ac-
tivation of NFκB pathway.

In our study, we found that miR-20a was significantly up-
regulated in GC samples especially in those with
chemoresistance. Moreover, it was upregulated in cisplatin-
resistant GC cell line SGC7901/DDP and induced cisplatin
resistance when overexpressed in GC cell line SGC7901.
Furthermore, we demonstrated that miR-20a might activate
the NFκB pathway and upregulate the downstream targets
survivin and livin by repressing NFKBIB expression.

Materials and methods

Clinical samples collection

A total of 130 histopathologically confirmed GC patients and
60 healthy donors were obtained from the First Affiliated
Hospital of Nanjing Medical University between 2012 and
2014. Thirty GC plasma samples and additional 30
formalin-fixed paraffin-embedded (FFPE) sections of GC
were from preoperative patients who did not receive chemo-
therapy. Thirty GC plasma samples and additional 40 FFPE
sections of GC were from advanced patients who underwent
2 cycles of platinum-based chemotherapy. All the procedures
were approved by Institutional Review Boards of the First
Affiliated Hospital of Nanjing Medical University, and the
written informed consent was obtained from each participant.

Cell culture and transfection

The human gastric cancer cell line SGC7901 was obtained
from the National Institute of Cells (Shanghai, China).
Cisplatin-resistant variant SGC7901/DDP was purchased
from KeyGEN Biotechnology Company (Nanjing, China).
All the cells were cultured in RPMI-1640 medium supple-
mented with 10 % fetal calf serum (Gibco-BRL, Grand
Island, NY) in a humidified atmosphere with 5 % CO2 at
37 °C as previously described [15, 16]. To maintain the
cisplatin-resistant phenotype, cisplatin (DDP, with final con-
centration of 1 μg/mL) was added to the culture media for
SGC7901/DDP cells.

MiRNA mimics and their appropriate negative control
(NC) were purchased from Guangzhou RiboBio (RiboBio,
Guangzhou, China). Transfection was performed using
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol.

RNA isolation and quantitative real-time PCR analysis

Total RNA was isolated from cells using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) from FFPE tissues using
the High Pure FFPE RNA Micro Kit (Ambion, Austin,
TX, USA) and from plasma using mirVana PARIS Kit
(Ambion, Austin, TX, USA) following the manufacturer’s
protocol. The quantification of miRNA was performed
using the specific primers of reverse transcription (RT)
and polymerase chain reaction (PCR) from Bulge-
Loop™ miRNA qRT-PCR Primer Set (RiboBio, China)
as previously described [17]. RT and PCR were performed
according to the manufacturer’s protocol. PCR product
amplification was determined by the level of fluorescence
in emitted by SYBR Green (SYBR® Premix Ex Taq™ II,
TaKaRa). U6 snRNA was used for normalizing cells and
FFPE samples. The relative expression levels of target
miRNAs were calculated using the comparative 2−ΔΔCt

method as previously described [15, 16]. The amount of
miRNA in plasma samples was determined based on a
standard curve constructed with the use of synthetic
miRNAs (micrON miRNA mimic, RiboBio, Guangzhou,
China) as previously described [17].

In vitro drug sensitivity assay

SGC7901 cells and SGC7901/DDP cells were plated in 6-
well plates (6×105 cells/well). The miR-20a mimic
(100 nM) or mimic control (100 nM) were transfected in
SGC7901 cells, while miR-20a inhibitor (100 nM) or in-
hibitor control (100 nM) were transfected in SGC7901/
DDP cells. The miR-20a mimic, inhibitor, and relative
controls were obtained from GenePharma Company
(Shanghai, China) (sequence of each provided in
Supplementary data 1).

Twenty-four hours after transfection, the cells were
seeded in 96-well plates (5×103 cells/well). After cellular
adhesion, freshly prepared DDP was added with the final
concentrations of 10, 1, 0.1, and 0.01 times of the human
peak plasma concentration for DDP (2.0 μg/mL). Forty-
eight hours after drug addition, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl-tetrazolium bromide (MTT) was added to
each well to assess the viability of the cells, and the plate
was incubated for 2 h in a humidified incubator. The ab-
sorbance at 490 nm of each well was measured on a spec-
trophotometer. The concentration of cisplatin that caused

1262 Tumor Biol. (2016) 37:1261–1269



50 % inhibition of growth (IC50) was calculated by the
relative survival curve.

Dual-luciferase activity assay

The 3 -untranslated regions (3 UTR) sequences of
NFKBIB that contain the predicted target site of miR-
20a were chemically synthesized by Guangzhou RiboBio
Co., Ltd (sequence shown in Supplementary data 2).
Human embryonic kidney cell line HEK293T cells were
seeded in 24-well plates (1.5×105 cells/well) and 24 h
later, 200 ng of pGL3-NFKBIB-3′-UTR, 60 pmol of the
miR-20a mimic or miRNA mimic control, and 80 ngpRL-
TK (Promega) were co-transfected. The Dual-Luciferase
Reporter Assay System (Promega, Madison, WI, USA)
was used to measure luciferase activity consecutively.
The firefly luciferase activity was normalized to the
renilla luciferase expression.

Immunohistochemistry

Thirty tissue samples were formalin-fixed and paraffin-
embedded, cut to 4-μm thick, and stained using the
avidin-biotin complex method. Tissue slides were subject-
ed to antigen retrieval using microwave irradiation in
10 mM citrate buffer (pH 6.0), followed by incubation
with primary antibodies at 4 °C overnight. The antibody
for NFKBIB was purchased from Cell Signaling
Technology (Danvers, MA, USA). Staining was repeated
if the result was uncertain. The slides were scored inde-
pendently by two observers blinded to clinicopathological
characteristics. They evaluated the immunostaining of the
slides under an optical microscope at a magnification of
×400. Discordant scores were reevaluated to reach con-
sensus. Both staining intensity of NFKBIB expression
(scores 0–3 for negative, weak, moderate, and strong ex-
pression, respectively) and percentage of positive cancer
cells (0–100 %) were assessed. We multiplied the staining
intensity by the proportion score of the percentage of pos-
itive cancer cells.

Western blot

Total protein was extracted from the cells using RIPA
buffer in the presence of proteinase inhibitor. Nuclear pro-
teins were prepared from the cells using a Nuclear
Cytoplasmic Extraction Kit (Beyotime, China). Western
blot was carried out as previously described [15, 16].
The primary antibodies for NFKBIB, P65, livin, and
surv iv in were purchased f rom Cel l S igna l ing
Technology (Danvers, MA, USA). Total protein level
was normalized to GAPDH and nuclear protein to H3.
Fold changes were calculated.

Apoptosis assay

Cells transfected with miR-20a mimic or inhibitor were treat-
ed with DDP at a final concentration of 10 μg/mL. Forty-eight
hours later, apoptosis was evaluated by counting annexin V-
fluorescein isothiocyanate-positive and propidium iodide-
negative cells using the flow cytometry, as described previ-
ously [15, 16].

Statistical analysis

Data are expressed as the mean±SD from at least three sepa-
rate experiments. And two-tailed Student’s t tests were used
for comparisons. SPSS (version 15.0, SPSS Inc., Chicago, IL,
USA) software was used to perform all statistical analysis. A p
value <0.05 was considered as statistically significant.

Results

MiR-20a was upregulated in GC plasma samples and GC
tissue

To reveal the expression of miR-20a in GC, we first de-
tected the plasma levels of miR-20 in 30 cases of preop-
erative GC patients and 30 cases of healthy subjects by
qRT-PCR. The expression of miR-20a was significantly
increased in GC group compared with normal group
(Fig. 1a). We further found that the expression of miR-
20a was significantly higher in 30 cases of GC FFPE
tissues compared with 30 cases of normal gastric tissue
(Fig. 1b).

MiR-20a was upregulated in GC patients
with chemotherapeutic resistance

To further investigate the potential role of miR-20a in
chemoresistance, 30 plasma samples and 40 FFPE sec-
tions from advanced GC who underwent 2 cycles of
platinum-based chemotherapy were collected. Response
to chemotherapy was evaluated by standard WHO criteria,
defined as complete remission (CR), partial remission
(PR), stable disease (SD), and progressive disease (PD).
According to the criteria, 11 patients acquired PR, 9 pa-
tients acquired SD, 10 patients acquired PD, and no pa-
tients acquired CR in plasma samples. In tissue samples,
13 had PR, 12 had SD, 15 had PD, and none achieved
CR. The expression of plasma miR-20a in the PD plus SD
group was significantly higher than in the PR group
(Fig. 2a). At the same time, upregulation of miR-20a in
FFPE tissues was also found in the PD plus SD group
compared with the PR group (Fig. 2b). QRT-PCR re-
vealed that the expression of miR-20a was also
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significantly upregulated in SGC7901/DDP cells com-
pared with the parental cell line SGC7901 (Fig. 2c),
which was similar with the results of clinical GC samples.
These results indicated that miR-20a was associated with
sensitivity to chemotherapy in GC.

MiR-20a modulated cisplatin resistance of SGC7901/DDP
cell line

Before the miRNA transfection, the significant resistance
of SGC7901/DDP cells to cisplatin compared with the
parental SGC7901 was verified (Supplementary data 3a).
The levels of miR-20a were detected using qRT-PCR after
the miRNA transfection (Supplementary data 3b, c). MTT
assay revealed that sensitivity of SGC7901 cells
transfected with miR-20a mimic to cisplatin was de-
creased compared with that treated with mimic control

(Fig. 3a); however, miR-20a inhibitor significantly in-
creased the sensitivity to cisplatin of SGC7901/DDP cells
(Fig. 3b). These results suggested that miR-20a could reg-
ulate cisplatin resistance of SGC7901/DDP cells.

NFKBIB was a direct target of miR-20a

TargetScan predicted that NFKBIB is a potential direct
target gene of miR-20a (Supplementary data 4). To assess
the relevance of miR-20a/NFKBIB, we detected NFKBIB
express ion in 30 cases of GC t i s sues by IHC
(Supplementary data 5). MiR-20a expression was also an-
alyzed by qRT-PCR in the same samples. Among these 30
samples, using the median expression value of miR-20a as
a cutoff point, the cohort was divided into miR-20a-high
or miR-20a-low tumors. NFKBIB expression was signifi-
cantly lower in the miR-20a-high group than in the miR-

Fig. 2 Expression of miR-20a
was associated with
chemoresistance in gastric cancer.
a Plasma level of miR-20a is sig-
nificantly higher in PD plus SD
samples than in PR samples. b
The expression of miR-20a in
FFPE tissues was also upregulat-
ed in the PD plus SD group com-
pared with the PR group. c The
expression of miR-20a was also
significantly upregulated in
SGC7901/DDP cells compared
with the parental cell line
SGC7901. *p<0.01

Fig. 1 MiR-20a was upregulated in GC plasma samples and GC tissue. a
Expression of miR-20a was detected in 30 normal plasma samples, 30
preoperative GC plasma samples by qRT-PCR. Expression levels of miR-
20a in tumor group were higher than those in normal group. Y axis was

presented as log10 (concentration; fmol/L). N normal, T tumor. b The
expression levels ofmiR-20a were also upregulated in GCFFPE samples.
Yaxiswas presented as relative expression (normalized to U6; 2−ΔΔCt).N
normal, T tumor
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20a-low group (Fig. 4a). An inverse correlation (R2=0.4033,
p<0.001) was observed between miR-20a and NFKBIB using
Spearman’s correlation analysis (Fig. 4b). Moreover, we ob-
served that NFKBIB was significantly decreased at protein
level in SGC7901/DDP cells compared with the parental cell
line SGC7901 (Fig. 4c).

To further verify whether NFKBIB is a target for miR-
20a, luciferase reporter assays were performed in human
embryonic kidney cell line HEK293T. We found that lu-
ciferase activity was significantly decreased in cells
transfected with miR-20a when the construct contained
the 3 UTR of NFKBIB (Fig. 4d). These results showed

Fig. 3 miR-20a modulated cisplatin resistance of SGC7901/DDP cell
line. a MTT assay revealed that sensitivity of SGC7901 cells transfected
with miR-20a mimic to cisplatin was decreased compared with that

treated with mimic control. b In SGC7901/DDP cells, miR-20a inhibitor
significantly increased the sensitivity to cisplatin. *p<0.01

Fig. 4 miR-20a directly
regulated NFKBIB expression. a
NFKBIB and miR-20a expres-
sion levels were inversely corre-
lated in GC tissues (n=30). Yaxis
was presented as IHC scores. b A
plot of the relative expression of
miR-20a vs. NFKBIB showed an
inverse correlation between the
two. The correlation index R2 was
calculated using the Spearman’s
rank test (R2=0.4033, p<0.001).
Y axis was presented as IHC
scores. X axis was presented as
relative expression (normalized to
U6; −ΔCt). c NFKBIB expres-
sion at protein level in SGC7901/
DDP cells and the parental cell
line SGC7901. d Luciferase assay
showed that co-transfection of
NFKBIB 3 UTR and miR-20a
decreased relative luciferase ac-
tivity in 293T cells. *p<0.01
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that miR-20a might negatively regulate NFKBIB expres-
sion by directly targeting its 3 UTR.

MiR-20a could activate the NFκB pathway
and upregulate the downstream targets survivin and livin
by repressing NFKBIB expression

In our study, the increased expression of miR-20a in
SGC7901/DDP cells was accompanied by the downregu-
lation of the NFKBIB, compared with the parental
SGC7901 cells. Interestingly, NFκB pathway-related

proteins, p65, livin, and survivin were significantly higher
in SGC7901/DDP cells than in the control group
(Fig. 5a). Our study showed that NFKBIB is a direct
target of miR-20a, and NFKBIB is a negative regulator
of the NFκB pathway. Therefore, we hypothesized that
miR-20a might activate the NFκB pathway by downreg-
ulating the expression of NFKBIB. To determine this, we
transfected SGC7901/DDP cells and SGC7901 cells with
the inhibitor or mimic of miR-20a, respectively, and
Western blot was performed to detect the expression of
these proteins. In SGC7901/DDP cells, at 72 h after

Fig. 5 miR-20a could activate
the NFκB pathway and
upregulate the downstream
targets livin and survivin by
repressing NFKBIB expression. a
AWestern blot analysis showed
that p65, livin, and survivin was
upregulated in SGC7901/DDP
cells. The level of p65 in the nu-
cleus was normalized to H3. b In
SGC7901/DDP cells transfected
with miR-20a inhibitor, at 72 h
after transfection, the results re-
vealed that low levels of miR-20a
increased the expression of
NFKBIB, while it decreased the
expression of p65, livin, and
survivin. c The expression of
NFKBIB in SGC7901 transfected
with miR-20a mimic was down-
regulated; however, the expres-
sion levels of p65, livin, and
survivin were upregulated. NC
mimic control, IC inhibitor con-
trol. *p<0.01
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transfection, the results revealed that a low level of miR-
20a increased the expression of NFKBIB, while it de-
creased the expression of p65, survivin, and livin
(Fig. 5b). In addition, the expression of NFKBIB in
SGC7901 transfected with miR-20a mimic was downreg-
ulated; however, the expression levels of p65, survivin,
and livin were upregulated (Fig. 5c). These results indi-
cated that miR-20a repressed the expression of NFKBIB,
thus leading to the activation of the NFκB pathway and
the upregulation of the downstream targets livin and
survivin.

Reduced miR-20a expression sensitized SGC7901/DDP
cells to DDP-induced apoptosis

It was reported that defective drug-induced apoptosis
caused by the overexpression of anti-apoptotic proteins
such as livin, survivin, and inhibitors of apoptosis could
be related to the development of drug resistance in numer-
ous cancers [15, 16, 18]. Because miR-20a might enhance
cisplatin resistance of GC cells at least in part through
activating the NFκB pathway and its downstream targets
livin and survivin. We hypothesized that miR-20a might
also be involved in the development of cisplatin resistance
by regulating the apoptosis of gastric cancer cells. To
further verify this hypothesis, SGC7901/DDP and
SGC7901 cells were transfected with the inhibitor or
mimic of miR-20a, respectively, followed by analysis of
DDP-induced apoptosis. The results showed that there
was a higher proportion of apoptotic cells in SGC7901/
DDP cells transfected with miR-20a inhibitor after DDP
treatment compared with those transfected with inhibitor
control (Fig. 6a). On the contrary, increased expression of

miR-20a led to a decrease in the apoptosis induced by
DDP in SGC7901 cells (Fig. 6b).

Discussion

miR-20a, a member of miR-17∼92 cluster, functions as an
oncogene. miR-20a was upregulated and could promote can-
cer progression in diverse cancer subtypes, including cervical
cancer [19], ovarian cancer [20], osteosarcoma [21], anaplas-
tic thyroid cancer [22], and nasopharyngeal carcinoma [23]. Li
et al. reported that miR-20a was dramatically increased in GC
tissues and cell lines and that ectopic expression of miR-20a
promoted proliferation, migration, and invasion of GC cells
[24]. Chai et al. revealed that miR-20a targeted BNIP2 and
contributed to chemotherapeutic resistance in colorectal ade-
nocarcinoma cell lines [25]. Our study confirmed that miR-
20a showed pronounced upregulation in SGC7901/DDP cells
and chemoresistance samples and modulated cisplatin resis-
tance of SGC7901/DDP cell line.

The NFκB complex is a heterodimer (p65/p50 subunits)
localized in cytoplasm with a family of inhibitory proteins
called IκB proteins. Upon degradation of the IκB proteins,
the NFκB complex translocate to the nucleus to activate target
genes. NFKBIB is one of the NFκB inhibitor family [26].
Here, we found that miR-20a could directly target NFKBIB.
Recent studies have shown that sustained NFκB activation
and upregulation of drug resistance-related proteins (BCL-2,
MCL-1, MDR1, and XIAP, etc.) play important roles in me-
diating resistance in various cancers [7, 27, 28]. Moreover, a
previous study suggested that inhibition of the NFκB pathway
enhanced cisplatin sensitivity in GC [29]. In this study, we
sought to investigate whether there was a correlation between

Fig. 6 Reduced miR-20a ex-
pression sensitized SGC7901/
DDP cells to DDP-induced apo-
ptosis. a SGC7901/DDP was
transfected with miR-20a inhibi-
tor or control after DDP treat-
ment. There were more cells un-
dergoing apoptosis in the miR-
20a downregulation group. b
SGC7901 was transfected with
miR-20a mimic or control. There
were fewer cells undergoing apo-
ptosis in the miR-20a overex-
pression group. Representative
flow cytometry report was next to
the graphs. *p<0.01
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miR-20a and the NFκB pathway to clarify the effects that
miR-20a exerted on GC chemoresistance. We found that in-
creased expression of miR-20a in SGC7901/DDP cells was
accompanied by the downregulation of the NFKBIB and the
upregulation of p65. Moreover, the expression level of
NFKBIB was upregulated with the downregulation of p65
when miR-20a was knocked down in SGC7901/DDP. In
SGC7901, miR-20a overexpression decreased the expression
of NFKBIB and increased the expression of p65. The afore-
mentioned results indicated that miR-20a was essential at least
in part for activating the NFκB pathway in GC.

Livin and survivin are members of the IAP family that
function as anti-apoptotic factors and play important roles in
inhibiting apoptosis [30]. The overexpression of IAPs is high-
ly related to cancer chemoresistance. Our results showed that
miR-20a could modulate the expression of livin and surviving
through the NFκB pathway. Knockdown of miR-20a could
sensitize SGC7901/DDP cells to DDP-induced apoptosis. We
considered that miR-20a might also be associated with devel-
opment of cisplatin resistance by regulating the apoptosis of
GC cells.

However, the mechanism of the upregulation of miR-20a
was still unknown. By using the UCSC database, we found
that there are NFκB binding sites in the promoter regions of
miR-20a, which indicated that NFκB might directly regulate
miR-20a expression. The study of Zhou et al. supported our
conjecture [31]. We hypothesized that the positive feedback
loop, miR-20a/NFKBIB/NFκB/miR-20a, might play impor-
tant roles in GC drug resistance. However, more research was
required to clarify the mechanism.

In conclusion, the results presented here provided the first
evidence that miR-20a could contribute to the development of
cisplatin resistance in human GC cells, by targeting NFKBIB,
leading to the activation of NFκB and upregulation of the
downstream targets survivin and livin. However, it should be
noted that our results were obtained from cell lines and did not
necessarily reflect the actual surrogates for clinical tumors.
Therefore, more research was needed to elucidate the function
of miR-20a both in vivo and in clinical practice.
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