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Abstract: Objectives: The efficacy of gemcitabine-based chemotherapy remains limited due to drug resistance in ad-
vanced pancreatic cancer. This study aims to identify microRNAs (miRNA) that are associated with such resistance. 
This may provide important clues for further exploring the underlying mechanisms of gemcitabine resistance in 
pancreatic cancer. Methods: Gemcitabine-resistant strains were established by exploring BxPC-3 pancreatic cancer 
cell lines in intermittently increasing concentrations of gemcitabine. MiRNA that were differentially expressed in 
gemcitabine-resistant BxPC-3 pancreatic cancer cells and normal BxPC-3 cell control were identified by MiRNA mi-
croarray. Real-time PCR and Western Bolt were performed to validate these results. Results: Gemcitabine-resistant 
cell lines of BxPC-3 were successfully established. MiRNA microarray identified 34 miRNAs that were aberrantly 
expressed in gemcitabine-resistant BxPC-3 pancreatic cancer cells, among which 11 miRNAs were upregulated and 
23 miRNAs were down-regulated. Network-control analysis showed that the highest degree hub in miRNAs was hsa-
miR-20a (degree 8) and the most connected hub of its target gene was ABCG2 (degree 4). Results from Real-time 
PCR showed that the expression of has-mir-20a was reduced and ABCG2 was increased in gemcitabine-resistant 
BxPC-3 cells. Results from Western Blot analysis also confirmed that the ABCG2 protein was up-regulated in gem-
citabine-resistant cells, comparing with the control. Conclusion: Down-regulation Has-mir-20a and up-regulation 
of downstream ABCG2 may play important roles in the formation of gemcitabine-resistance in pancreatic cancer. 
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Introduction

Pancreatic cancer is a relatively uncommon 
type of cancer worldwide. It is estimated to be 
the 12nd most common cancer in men and 
11st in women [1]. However, it is one of the 
most deadly type of cancer. It has been report-
ed that 71% of pancreatic cancer patients 
would die within the first year of diagnosis and 
93% would die within five years of diagnosis  
[2]. The average life expectancy after diagnosis 
in patients with metastatic disease ranges 
from three to six months. The low survival rate 
is mainly due to a lack of reliable method to 
detect the tumor in its early stage, by which 
time surgical removal is still possible. However, 
less than 25% patients can survive more than 5 
years even if the visible tumor is totally removed 
[3]. Compared to surgery, chemotherapy plays 
a more important role in pancreatic cancer 

therapy [4]. Combination therapy with gem-
citabine is currently the leading therapeutic 
approach in treating pancreatic cancer. How- 
ever, the treatment efficacy and patient sur- 
vival rate remain limited due to the high drug 
resistance in the carcinoma. Identifying ways  
to minimize or prevent the drug resistance may 
increase the anticancer efficacy of gemcitabine 
and prolong the life span of patients, and has 
remained a hot topic for research in the recent 
years.

MicroRNAs (miRNAs) are a group of small non-
coding and single-stranded RNAs with the 
length of 19~25 nt. MiRNAs can act as a nega-
tive regulation factor in gene expression by 
binding to specific sites within the 3’-UTR 
region, resulting in the degradation of target 
mRNAs or suppression of protein translation. 
Currently, plenty of studies indicated that miR-
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concentration of Gemcitabine 0, 0.5, 1, 2, 4, 8, 
16, 32, 64, 128, 256 ng/ml) at 37°C for 48 h. 
Afterwards, 20 μl of MTT reagent was added 
into each well. Four hours later, the culture 
medium was discarded and 150 μl of dimethyl 
sulfoxide (DMSO, Sigma, USA) was added. The 
half maximal inhibitory concentration (IC50) was 
defined as the concentration at which gem-
citabine induced 50% inhibition on BxPC-3 cell 
survival. C50 was estimated from the cell sur-
vival curve with the formula: LgIC50 = Xm-I (P-(3-
Pm-Pn)/4), where Xm = Lg (maximum concen-
tration), 1 = Lg (maximum concentration/
adjacent concentration), P = positive inhibition 
rate sum, Pm = maximum inhibition rate, Pn = 
minimum inhibitory rate. The absorbance was 
measured at a wavelength of 490 nm with a 
spectrophotometer. All experiments were per-
formed in quadruplicate. 

Establishment of the gemcitabine-resistance 
BxPC-3 (BxPC-3/Gem) cell lines

BxPC-3/Gem cells were established by expos-
ing the cells in 2 ng/ml, 10 ng/ml, 20 ng/ml 
and 30 ng/ml gemcitabine. The cells in 
Logarithmic growth phase cells were trans-
ferred to culture wells containing gemcitabine 
solution mentioned above, which were 
increased through four concentration gradients 
over a 25-week period. During the selective cul-
ture, dead cells were removed by changing cul-
ture medium.

MiRNAs microarrays

Total RNAs were extracted using Trizol reagent 
(Takara Biotechnology, Dalian, China). Micro- 
array analysis was performed according to the 
manufacturer’s protocol. 5 μg of total RNA from 
BxPC-3 and BxPC-3/Gem cells were used for 
hybridization on miRNA microarray chips. The 
microarrays were hybridized in hybridization 
solution consisting of 21.5 μl RNA sample 
labelled with biotin, 50 μl 2× Hybridization, 15 
μl 27.5% Formamide, 10 μl DMSO, 5 μl 20× 
Eukaryotic Hybridization controls and 1.7 μl 
Control Oligonucleotide B2. They were incubat-
ed at 99°C and 45°C for 5 minutes each, and 
were then kept at 4°C. 100 μl hybridization 
solution was added to the microarray chip after 
the solution was centrifugated for 5 seconds. 
The microarrays were hybridized at 48°C for 16 
hours. Afterwards, the solution was removed 
and 100 μl of array holding buffer was added. 
After thorough washing, the microarrays were 
scanned by a Scanner with the laser at 633 nm 

NAs can function either as oncogenes or tumor 
suppressors during tumorigenesis [5, 6], and 
they play vital roles in cancer cell metabolism, 
including cell proliferation, cell cycle regulation, 
invasion as well as metastasis [7, 9]. MiRNAs 
are also found to be involved in the develop-
ment and progression of pancreatic cancer [10-
12]. Circulating miRNAs can potentially be 
applied as biomarkers for early diagnosis of 
pancreatic cancer [13-16]. Moreover, miRNAs 
are found to be associated with cancer drug 
resistance [17-19]. 

Their roles in gemcitabine resistance in pan- 
creatic cancer have been reported in previous 
studies [20-22]. However, the specific miRNAs 
associated with gemcitabine resistance re- 
mains uncertain. MiRNA microarray is a tech-
nology that enables large scale analysis of 
miRNA profiles. This study aims to identify the 
specific miRNAs that correlate with gemcitabine 
resistance in pancreatic cancer via a MiRNA 
microarray system. These findings may provide 
important clues for early diagnosis and target-
ed therapy in pancreatic cancer. 

Materials and methods

Cell line and cell culture 

The human pancreatic cell line (BxPC-3) was 
purchased from Shanghai Institutes for Bio- 
logical Sciences, Chinese Academy of Scien- 
ces. BxPC-3 cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM, Sigma) sup-
plemented with 10% fetal bovine serum (FBS, 
GIBCO) in a humidified incubator at 37°C with 
5% CO2. Logarithmic (Log)-phase cells were 
selected and transfected in 24-well plates at 
85% confluence using Lipofectamine 2000 
(Invitrogen, California, USA). The cells were dis-
sociated with 0.25% trypsin-EDTA.

The efficacy of gemcitabine on survival of 
pancreatic cancer cell lines via cell prolifera-
tion assay

The proliferation of BxPC-3 cells under differ- 
ent doses of Gemcitabine (Gene Operation 
Company, USA, Michigan) was quantified by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay. The BxPC-3 cells 
were seeded in 96-well plates at a density of 
5×103 to 1×104 cells per well and incubated 
under the same condition of 37°C for 3 to 5 
days. The cells were exposed to a gradient  
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were normalized to beta-actin and U6 expres-
sion levels and were calculated by the compar-
ative 2-ΔCT method. qRT-PCR analysis was per-
formed in triplicate.

Western blot assay

Total protein extracts were separated by 10% 
SDS-polyacrylamide gels (SDS-PAGE) and 
transferred onto nitrocellulose membranes. 
The membranes were blocked and incubated 
with the primary antibody specific for ABCG2 
(1:1000, Abcam, USA) and glyceralde-hyde 
3-phosphate dehydrogenase (GADPH, 1:1000, 
Abcam, USA) at 4°C overnight. The blots were 
visualized with the SuperSignal enhanced che-
miluminescence kit (Pierce, Rockford, IL). The 
Quantity One software version 4.6.2 was used 
to quantify the band intensities. The experi-
ment was repeated for three times. 

Statistical analysis

All statistical analysis were performed using 
the SPSS 17.0 software (SPSS, Inc, Chicago, IL, 
USA). Data were expressed as the mean ± stan-
dard error of the mean (SEM). Student’s t test 

(PerkinElmer, Boston, MA), at a settled PMT 
setting, and a scan resolution of 10 mm. 
Microarray images were analyzed by using 
Affymetrix GeneChip Command Console (AGCC) 
software (Affymetrix, Santa Clara, CA, USA). 

Quantitative real-time PCR (qRT-PCR) assay

Total RNAs were extracted using Trizol reagent 
(Takara Biotechnology, Dalian, China) as men-
tioned above. The cDNA was reverse-tran-
scribed with PrimeScript RT Master Mix kit 
(Takara Biotechnology, Dalian, China). The 
primers for beta-actin, ABCG2, miRNA-20a  
and U6 were as follows: for beta-actin, 5’-CCCA- 
TCTATGAGGGTTACGC-3’ (forward) and 5’-TTTA- 
ATGTCACGCACGATTTC-3’ (reverse); for ABC- 
G2, 5’-CAGGTGGAGGCAAATCTTCGT-3’ (forward) 
and 5’-ACCCTGTTAATCCGTTCGTTTT-3’ (rever- 
se); for miRNA-20a, 5’-GGCCTAAAGTGCTTAT- 
AGTG-3’ (forward) and 5’-GTGCAGGGTCCGAG- 
GT-3’ (reverse); for U6-F, 5’-CTCGCTTCGGCAG- 
CACA-3’ (forward) and 5’-AACGCTTCACGAAT- 
TTGCGT-3’ (reverse). qRT-PCR was conducted 
in 95°C for 2 minutes, followed by 40 cycles of 
95°C for 10 seconds and 60°C for 60 seconds. 
The relative expressions of miRNA-20a, ABCG2 

Figure 1. The growth curve of BxPC-3 cells treated with a gradient concentration of gemcitabine and the establish-
ment of gemcitabine-resistance BxPC-3 (BxPC-3/Gem) cell lines. A. The growth curve of BxPC-3 cells treated with 
a gradient concentration of gemcitabine; B-I. The process of establishing BxPC-3/Gem cell strain; B. The negative 
control BxPC-3 cells; C. The survival of BxPC-3 cells treated with gemcitabine at a concentration 2 ng/ml; D, E. The 
survival of BxPC-3 cells treated with gemcitabine at a concentration 10 ng/ml (Pre-treatment (left) and post-treat-
ment (right)); F, G. The survival of BxPC-3 cells treated with gemcitabine at a concentration 20 ng/ml (Pre-treatment 
(left) and post-treatment (right)); H, I. The survival of BxPC-3 cells treated with gemcitabine at a concentration 30 
ng/ml (Pre-treatment (left) and post-treatment (right)). 
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ased. The IC50 was calculated to be 13.8 ng/ml 
via the formula mentioned in the methods sec-
tion. Gemcitabine-resistance BxPC-3 cells were 
established via exposing the cells to an inter-
mittently increasing concentrations of gem-
citabine (2, 10, 20 and 30 ng/ml) (Figure 1B-I).

Gene ontology enrichment analysis (GOEA) 
and Kyoto encyclopedia of genes and ge-
nomes (KEGG) analysis of miRNA expression 
profiles in BxPC-3 and BxPC-3/Gem cells

As shown in Figure 2A and 2B, the miRNAs that 
were downregulated in BxPC-3/Gem cells were 

were applied to compare results for the two 
groups. P-value of less than 0.05 was consid-
ered statistically significant.

Results

The IC50 of gemcitabine in BxPC-3 cells and the 
establishment of the gemcitabine-resistance 
BxPC-3 cell lines

The effect of gemcitabine on the proliferation 
of BxPC-3 cells was shown in Figure 1A. With 
increasing gemcitabine concentration, the pro-
liferation of BxPC-3 cells was gradually decre- 

Figure 2. Bioinformatical analysis of the miRNA expression profiles in BxPC-3 and BxPC-3/Gem cells. A. Results of 
Gene Ontology Enrichment Analysis (GOEA) for up-regulated miRNAs; B. Results of GOEA for down-regulated miR-
NAs; C. Results of Kyoto encyclopedia of genes and genomes (KEGG) analysis for up-regulated miRNAs targeted 
genes; D. Results of KEGG analysis for down-regulated miRNAs targeted genes; E. MiRNA-target network; F. The 
general summary of miRNA-target network.
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Differentially expressed miRNA-20a and its 
target gene ABCG2 in normal BxPC-3 and 
BxPC-3/Gem cells 

The expression level of miRNA-20a and ABCG2 
in BxPC-3/Gem cells relative to controls was 
shown in Figure 3. MiRNA-20a was significantly 
down-regulated (Figure 3A) whereas ABCG2 
was significantly up-regulated (Figure 3B) in 
BxPC-3/Gem cells compared with normal BxPC-

mainly involved in the process of cell differen-
tiation, adhesion and interaction, while the 
upregulated miRNAs in those cells mainly play 
roles in protein amino acid phosphorylation, 
chromatin modification as well as cell adhe-
sion. Since the drug resistance induced by 
gemcitabine in BxPC-3 cells mainly affected 
the proliferation of BxPC-3, we have focused on 
the miRNAs which were associated with cell dif-
ferentiation and adhesion. 

Table 1. The list of up-regulated (in yellow) and down-regulated (in 
green) miRNAs in BxPC-3/Gem cells compared with normal BxPC-3 
cells

Name
Normalized Intensity CV Fold 

changeBX-pc3 BxPC-3/Gem BX-pc3 BxPC-3/Gem
hsa-miR-3131 2649.39 770.68 0.03 0.05 0.29
hsa-miR-4521 695.82 246.32 0.05 0.10 0.35
hsa-miR-4430 850.21 301.62 0.03 0.03 0.35
hsa-miR-4299 488.49 188.95 0.05 0.04 0.39
hsa-miR-4475 234.97 90.89 0.01 0.06 0.39
hsa-miR-1247-3p 194.95 77.86 0.08 0.07 0.40
hsa-miR-4689 1159.76 471.55 0.04 0.02 0.41
hsa-miR-4271 1581.65 658.77 0.04 0.02 0.42
hsa-miR-3907 713.49 300.98 0.05 0.04 0.42
hsa-miR-20a-5p 1561.65 661.88 0.04 0.09 0.42
hsa-miR-373-5p 359.04 154.04 0.01 0.02 0.43
hsa-miR-3714 187.72 81.55 0.07 0.03 0.43
hsa-miR-1275 2990.05 1313.14 0.02 0.03 0.44
hsa-miR-3529-3p 181.42 80.97 0.10 0.03 0.45
hsa-miR-4488 2264.52 1022.04 0.02 0.03 0.45
hsa-miR-4672 196.74 90.82 0.07 0.06 0.46
hsa-miR-376c 160.62 74.19 0.06 0.07 0.46
hsa-miR-221 2190.04 1031.89 0.09 0.21 0.47
hsa-miR-20b 1157.76 555.16 0.04 0.02 0.48
hsa-miR-3654 150.67 72.47 0.06 0.01 0.48
hsa-miR-513b 276.32 133.93 0.05 0.06 0.48
hsa-miR-921 269.43 130.64 0.09 0.01 0.48
hsa-miR-4530 2088.41 1033.90 0.03 0.03 0.50
hsa-let-7b 2868.36 5742.20 0.12 0.17 2.00
hsa-miR-1248 322.58 662.38 0.06 0.05 2.05
hsa-let-7f 4385.33 9140.53 0.16 0.06 2.08
hsa-let-7c 5236.22 11282.73 0.12 0.05 2.15
hsa-miR-4419b 2391.12 5673.41 0.06 0.02 2.37
hsa-miR-4498 599.47 1422.67 0.05 0.04 2.37
hsa-miR-668 234.61 574.65 0.09 0.01 2.45
hsa-miR-5096 162.98 411.00 0.02 0.04 2.52
hsa-miR-363 6319.10 17676.12 0.03 0.03 2.80
hsa-miR-3919 97.13 374.38 0.02 0.08 3.85
hsa-miR-4638-5p 1475.59 6718.44 0.15 0.07 4.55

The results of KEGG path-
ways enrichment analysis 
were shown in Figure 2C 
and 2D. The three most 
upregulated biological pa- 
thways in gemcitab-ine-re- 
sistance BxPC-3 cells were 
Wnt signaling pathway, 
Calcium signaling pathway 
while the down-regulated 
signaling pathways mainly 
includes Erb signaling path-
way, Wnt signaling path-
ways and MAPK signaling 
pathway. 

For miRNA expression pro-
file analysis, microarray da- 
ta revealed that the expres-
sion of a total of 34 miRNAs 
in gemcitabine-resistance 
BxPC-3 cells were signifi-
cantly altered (≥2 folds), 23 
of which was upregulated 
(highlighted in yellow) and 
11 of which was downregu-
lated (highlighted in green) 
(Table 1). The miRNA-target 
gene network showing the 
correlations between diff- 
erently expressed miRNAs 
and their target genes were 
shown in Figure 2E and 2F. 
From the network, we found 
that the highest degree hub 
in miRNAs was hsa-miR-
20a (degree 8) and the 
most connected hub of its 
target gene was ABCG2 
(degree 4), indicating that 
miRNA-20a and ABCG2 
might be the key factors 
involved in gemcitabine-re- 
sistance. 
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established by exposing the BxPC-3 cells in 
intermittently increasing concentrations of 
gemcitabine. With miRNA microarray, we identi-
fied a total of 34 miRNAs that were abnormally 
expressed in BxPC-3/Gem cells. From the net-
work of miRNA target genes, we identified that 
has-mir-20a, which has a highest-degree node, 
as the target miRNA that may be involved in the 
process of gemcitabine resistance. The miRNA-
20a was found to play important roles in many 
physiological and pathological process such as 
hematopoiesis, inflammation and tumor devel-
opment [29-31]. Plenty of evidence showed 
that miRNA-20a was expressed differently in 
breast cancer [32], pancreatic cancer [2], lung 
cancer [33], as well as nasopharyngeal carci-
noma [34]. In this study, we focused on its 
effect on gemcitabine resistance in pancreatic 
cancer and found that miRNA-20a was signifi-
cantly down-regulated in BxPC-3/Gem cells.

Among the downstream genes of mir-20a, 
ABCG2 was selected for further study since it 
was cooperatively targeted by four (the most) 

3 cells. With Western Blot analysis, it was con-
firmed that the expression of ABCG2 in BxPC-3/
Gem cells was upregulated (Figure 3C and 3D). 

Discussion

Gemcitabine has been used as a standard first-
line chemotherapy in advanced pancreatic  
cancer [23, 24]. However, the therapeutic effi-
cacy and patient survival rate remains low due 
to the high drug resistance of the carcinoma. 
Therefore, plenty of studies have focused on 
the underlying mechanism of gemcitabine 
resistance in pancreatic cancer. It has been 
reported that the miRNAs play key roles in con-
trolling drug-resistance in the tumor progres-
sion [25-28].

To identify the miRNAs associated with the for-
mation of gemcitabine resistance in pancreatic 
cancer, we have chosen a primary human pan-
creatic tumor line (BxPC-3), which shared simi-
lar features in invasion, migration and patho-
logical manifestations with the human cancer. 
The drug resistant cells were cultured and 

Figure 3. Expression levels of miRNA-20a and ABCG2 in 
BxPC-3 and BxPC-3/Gem cells. (A) Relative expression 
level of miRNA-20a in normal BxPC-3 (0.986±0.231) 
and BxPC-3/Gem cells (0.213±0.151), P<0.001; (B) 
Relative expression level of ABCG2 in normal BxPC-3 
(0.803±0.354) and BxPC-3/Gem cells (3.674±1.037), 
P<0.001; (C, D) Differentially expression of ABCG2 pro-
tein in normal BxPC-3 (0.125±0.081) and BxPC-3/Gem 
cells (0.268±0.098). (Data in A, B, D was expressed 
in mean ± SEM. Experiments were repeated in three 
independent experiments).
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[3] Alexakis N, Halloran C, Raraty M, Ghaneh P, 
Sutton R, Neoptolemos JP. Current standards 
of surgery for pancreatic cancer. Br J Surg 
2004; 91: 1410-27.

[4] Stathis A, Moore MJ. Advanced pancreatic car-
cinoma: current treatment and future chal-
lenges. Nat Rev Clin Oncol 2010; 7: 163-72.

[5] Griffiths-Jones S. miRBase: microRNA se-
quences and annotation. Curr Protoc Bioinfor-
matics 2010; Chapter 12: Unit 12.9.1-10.

[6] Lewis BP, Burge CB, Bartel DP. Conserved  
seed pairing, often flanked by adenosines, in-
dicates that thousands of human genes are 
microRNA targets. Cell 2005; 120: 15-20.

[7] Betel D, Wilson M, Gabow A, Marks DS, Sander 
C. The microRNA.org resource: targets and ex-
pression. Nucleic Acids Res 2008; 36: D149-
53.

[8] John B, Enright AJ, Aravin A, Tuschl T, Sander C, 
Marks DS. Human MicroRNA targets. PLoS Biol 
2004; 2: e363.

[9] Griffiths-Jones S, Saini HK, van Dongen S, En-
right AJ. miRBase: tools for microRNA genom-
ics. Nucleic Acids Res 2008; 36: D154-8.

[10] Chang W, Liu M, Xu J, Fu H, Zhou B, Yuan T, 
Chen P. MiR-377 inhibits the proliferation of 
pancreatic cancer by targeting Pim-3. Tumour 
Biol 2016; 37: 14813-14824.

[11] Nwaeburu CC, Bauer N, Zhao Z, Abukiwan A, 
Gladkich J, Benner A, Herr I. Up-regulation of 
microRNA Let-7c by quercetin inhibits pancre-
atic cancer progression by activation of Numbl. 
Oncotarget 2016; 7: 58367-58380.

[12] Feng H, Wang Y, Su J, Liang H, Zhang CY, Chen 
X, Yao W. MicroRNA-148a suppresses the pro-
liferation and migration of pancreatic cancer 
cells by down-regulating ErbB3. Pancreas 
2016; 45: 1263-71.

[13] Deng T, Yuan Y, Zhang C, Zhang C, Yao W, Wang 
C, Liu R, Ba Y. Identification of circulating miR-
25 as a potential biomarker for pancreatic can-
cer diagnosis. Cell Physiol Biochem 2016; 39: 
1716-1722.

[14] Ebrahimi S, Ghasemi F, Hassanian SM, Sha-
hidsales S, Mardani R, Akbarzade H, Parizadeh 
SM, Gholamin S, Soleimani A, Ghayour-Mobar-
han M, Avan A. Circulating microRNAs as novel 
potential diagnostic and prognosis biomarkers 
in pancreatic cancer. Curr Pharm Des 2016; 
[Epub ahead of print].

[15] Yu X, Koenig MR, Zhu Y. Plasma miRNA, an 
emerging biomarker for pancreatic cancer. 
Ann Transl Med 2015; 3: 297.

[16] Le Large TY, Meijer LL, Prado MM, Kazemier G, 
Frampton AE, Giovannetti E. Circulating mi-
croRNAs as diagnostic biomarkers for pancre-
atic cancer. Expert Rev Mol Diagn 2015; 15: 
1525-9.

miRNAs. From the results of qRT-PCR and 
Western Blot assay, we found that ABCG2 was 
upregulated in BxPC-3/Gem cells. In human, 
ABCG2 protein encoded by the ABCG2 gene is 
a membrane-associated protein in the super-
family of ATP-binding cassette (ABC) transport-
ers. ABC proteins function as transporters that 
deliver various molecules across extra- and 
intra-cellular membranes. ABCG2 was found to 
be overexpressed in hematopoietic malignan-
cies, such as lymphoma, and solid tumors, 
such as lung cancer, colorectal cancer and 
endometrial cancer [35-46]. ABCG2 was also 
suggested to be differently expressed in drug-
resistance tumor cell lines and stem cells [35, 
47-50]. In breast cancer, ABCG2 protein, acting 
as a xenobiotic transporter, was associated 
with multi-drug resistance to chemotherapeu-
tic agents [51]. In pancreatic cancer, Lee et al. 
reported that the overexpression of ABCG2 was 
correlated with cancer recurrence after surgery 
and decreased survival [52]. 

In conclusion, our study demonstrated that 
miRNA-20a was down-regulated in BxPC-3/
Gem cells, resulting in the overexpression of its 
downstream protein ABCG2. This finding may 
serve as a basis for further studies on the 
underlying mechanism of Gemcitabine-resis- 
tance in pancreatic cancer. However, whether 
miRNA-20a and its target ABCG2 play roles in 
Gemcitabine-resistance in vivo and the under-
lying mechanism of how they work needed fur-
ther research.
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