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Introduction

Currently, malignant tumors are a part of major diseases 
that are harmful to human health. Pancreatic cancer is a 
type of gastrointestinal tract malignancy that typically has a 
poor prognosis (1). In China, pancreatic cancer is one of the 
three leading causes of gastrointestinal tract cancer-related 
deaths, and the mortality rate of pancreatic cancer continues 

to show an upward trend year by year (2-4). Surgical 
resection is the only hope for improving the survival rate 
of patients with pancreatic cancer. However, 85% of these 
patients suffer from advanced-stage pancreatic cancer at the 
time of seeking treatment. Surgical treatment is possible 
in only 10-15% of pancreatic cancer patients, and the 
average 5-year survival rate after surgery for these patients 
is less than 5% (1,5). In addition to surgery, chemotherapy 
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remains one of the important means of treating advanced-
stage pancreatic cancer, preventing postoperative recurrence, 
prolonging patient survival time, and improving the quality 
of life for the patients (6,7).

2',2'-Difluorodeoxycytidine (dFdC; also known as 
gemcitabine, GEM) is a structural analogue of a DNA 
nucleotide. Under the action of nucleotide kinase, GEM 
is converted to active gemcitabine diphosphate (dFdCDP) 
and gemcitabine triphosphate (dFdCTP) (8,9). The 
metabolite of GEM not only blocks cellular DNA synthesis 
through competing with deoxycytidine but also inhibits the 
production of deoxycytidine (10). GEM pairs with multiple 
nucleotides (NT) and exhibits a different terminal structure. 
DNA exonuclease is incapable of recognizing the terminal 
structure of GEM. As the result, DNA exonuclease-
mediated DNA repair is inhibited, which induces apoptosis 
in the S phase of the cell cycle (DNA synthesis phase) via 
the caspase cascade amplification system (11,12). Phase m 
clinical trials have shown that compared with 5-fluorouracil, 
GEM significantly improves the symptoms in patients and 
prolongs the median survival time of patients. Therefore, 
GEM has become the preferred chemotherapy drug for 
advanced pancreatic cancer (13-16). However, it has been 
found during long-term clinical practice that the efficacy 
of GEM in treatment of pancreatic cancer is far from ideal, 
with the overall efficacy of GEM being less than 20%. The 
main reason lies in the acquired or intrinsic drug resistance 
of pancreatic cancer cells, which leaves many GEM-treated 
patients to suffer the side effects of chemotherapy without 
obtaining satisfactory therapeutic effects (17-19). Therefore, 
we are facing great clinical and experimental challenges, 
which include reducing the resistance of pancreatic cancer 
to GEM, exploring the mechanism responsible for reversal 
of GEM resistance in pancreatic cancer, and enhancing the 
efficacy of GEM (20).

MicroRNAs (miRNAs) are a class of endogenous, non-
coding, single-stranded small RNA molecules approximately 
22 NT in length. miRNAs regulate mRNA expression at 
the posttranscriptional level through complementary pairing 
with the 3’ untranslated region (3' UTR) of the target gene 
mRNA, thus participating in physiological processes, such 
as cell proliferation, apoptosis, differentiation, metabolism 
and development, as well as pathological processes, such 
as cardiovascular diseases, neurological diseases and cancer 
(21-23). It is predicted that more than one-third of the 
human genes are target genes for conserved miRNAs. The 
role of miRNAs in human diseases, especially tumors, has 
received increasing attention (24,25).

Studies on the relationship between miRNAs and tumor 
chemosensitivity have attracted increasing attention from 
scholars in the field of cancer research and have become 
a research hotspot in recent years. Previous studies have 
reported that microRNA-218 (miR-218) is a tumor-
suppressing microRNA. A study conducted by Li et al. 
has shown that miR-218 inhibits the growth of cervical 
cancer and enhances the sensitivity of cervical cancer to 
cisplatin-based chemotherapy (26). Our previous study 
has shown that miR-218 expression is downregulated in 
human pancreatic cancer tissues and cell lines. miR-218 
negatively regulates the expression of high mobility group 
box 1 (HMGB1) protein and inhibits the proliferation 
and invasion of pancreatic cancer cells. However, the 
relationship between miR-218 and the sensitivity of 
pancreatic cancer cells to GEM-based chemotherapy 
has not been reported. This study mainly investigated 
the relationship between miR-218 and the sensitivity of 
pancreatic cancer cells to GEM and explored the signaling 
pathways involved, thus providing novel approaches and 
strategies for treatment of pancreatic cancer.

Materials and methods

Main reagents

The TaqMan miRNA Isolation Kit, TaqMan microRNA 
Assay Kit, TaqMan microRNA Assay and TaqMan 
Universal PCR Master Mix were purchased from Applied 
Biosystems—Life technologies, Inc (Waltham, MA, 
USA). The miR-218 RT primers, miR-218 mimic and 
non-specific control (mimic ctrl) were synthesized by 
Shanghai GenePharma Co., Ltd. HMGB1 siRNA and 
siRNA control (scramble) (siRNA ctrl) were synthesized 
by Shanghai GenePharma Co., Ltd. The primers required 
for construction of the recombinant HMGB1 expression 
vector were synthesized and provided by Shanghai 
Invitrogen Biotechnology Co., Ltd., which included the 
following primers: the upstream primer, 5'-CG GAA TTC 
ATG GGC AAA GGA GAT CCT AA-3' (containing the 
EcoR I restriction site); and the downstream primer, 5'-
CG GGA TCC TTC ATC ATC ATC ATC TTC TT-3'  
(containing the BamH I restriction site). The EcoR I and 
BamH I restriction endonucleases were purchased from 
TaKaRa Biotechnology (Dalian) Co., Ltd. Taq DNA 
polymerase was purchased from Fermentas, Inc. (Glen 
Burnie, MD, USA).

The GEM-sensitive pancreatic cancer cell line, BxPC-3, 
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and the GEM-resistant pancreatic cancer cell line, PANC-1,  
were purchased from American Type Culture Collection 
(ATCC, MD, USA). Fetal bovine serum (FBS), Dulbecco's 
Modified Eagle’s medium (DMEM), Roswell Park 
Memorial Institute (RPMI) 1640 medium, L-glutamine, 
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES), Lipofectamine 2000, and Trizol reagent were 
purchased from Invitrogen (USA). Cell culture plates or 
dishes were purchased from Corning Inc. The Reverse 
Transcription Kit was purchased from Qiagen. The 
pGEM-T and pcDNA3.1 vectors were purchased from 
Invitrogen (USA).

The Cell Counting Kit-8 (CCK-8) was purchased 
from Beyotime Institute of Biotechnology (Shanghai, 
China). Trypsin and phosphate buffered saline (PBS) were 
purchased from Sigma-Aldrich (USA). Annexin V and 
propidium iodide (PI) were purchased from Hoffmann-La 
Roche Ltd. The primary antibodies, including the rabbit 
anti-human HMGB1 monoclonal antibody and the mouse 
anti-human β-actin monoclonal antibody, were purchased 
from Abcam (UK). The secondary antibodies, including 
horseradish peroxidase (HRP)-conjugated affinity-purified 
goat anti-mouse IgG and HRP-conjugated affinity-purified 
goat anti-rabbit IgG, were purchased from Sigma-Aldrich. 
Protein Extraction and Quantitation Kits were purchased 
from Bio-Rad Laboratories, Inc. GEM was purchased from 
Eli Lilly and Company (USA and Canada).

Construction of the recombinant HMGB1 expression vector

The human HMGB1 mRNA sequence was acquired from 
GenBank (NM_002128.4 in GenBank). Primer design using 
the flank of the HMGB1 ORF and the restriction enzyme 
analysis were performed by Primer Premier five software.

Total RNA was extracted from PANC-1 cells and then 
quantified according to the manufacturer’s instructions 
of the Trizol reagent. The first strand of cDNA was 
synthesized from the mRNA template from the PANC-1 cells, 
and the PCR was conducted with the HMGB1 primers. The 
PCR products were cloned into the pGEM-T vector. After 
cleavage and identification with restriction endonucleases, 
the correct recombinant plasmid was sequenced. The 
pcDNA3.1 vector and the pGEM-HMGB1 recombinant 
plasmid were simultaneously cleaved with the BamH I and 
EcoR I restriction endonucleases, and the target fragments 
were joined by T4 DNA ligase. Finally, the pcDNA3.1-
HMGB1 recombinant plasmid was transformed into DH5α 
competent cells.

Cell treatment

BxPC-3 cells were cultured in RPMI 1640 medium 
containing 10% FBS, 10 mM HEPES, 1.5 g/L NaHCO3 
and 2 mM L-glutamine. PANC-1 cells were cultured in 
DMEM supplemented with 10% FBS, 1.5 g/L NaHCO3 
and 4 mM L-glutamine. Both BxPC-3 and PANC-1 cells 
were cultured under standard conditions (37 ℃, 5% CO2 
and saturated humidity). The growth state of the cells was 
observed under an inverted microscope. Once the cells were 
at 70% to 80% confluency, cells were digested with 0.25% 
trypsin and passaged. The cells were passaged every 3 to 
4 days, and the culture medium was changed every other 
day. Cells in logarithmic growth phase were harvested for 
future assays.

Cultured PANC-1 cells were seeded uniformly into 
six-well culture plates at a density of 3×105 cells/mL. 
The volume of cells in each well was 1,000 μL. After the 
cells adhered to the culture surface, the miR-218 mimic, 
non-specific control (mimic ctrl), recombinant HMGB1 
expression vector (pcDNA3.1-HMGB1) and empty 
pcDNA3.1 vector (vector ctrl) were transfected into the 
cells using the Lipofectamine 2000 transfection reagent in 
accordance with the manufacturer’s instructions. The normal 
control group (normal ctrl) was established at the same time. 
The ciR-218 mimic, mimic ctrl, pcDNA3.1-HMGB1 and 
vector ctrl were diluted in serum-free Minimum Essential 
Media (MEM). Subsequently, the Lipofectamine 2000 
liposome was mixed gently with MEM and incubated at 
room temperature (RT) for 5 min. The MEM-diluted 
Lipofectamine 2000 was then mixed with each of the 
miR-218 mimic, mimic ctrl, pcDNA3.1-HMGB1 and vector 
ctrl. The mixtures were incubated at RT for 20 min to allow 
formation of complexes. The complexes were added to the 
culture plates containing PANC-1 cells and mixed gently. 
The cells were then placed into a 37 ℃ and 5% CO2 (volume 
fraction) incubator. After 5 h of incubation, the complex-
containing medium was replaced with either fresh MEM 
supplemented with 10% FBS or MEM containing 10% 
FBS and 5 μM GEM (final concentration). The cells were 
cultured for an additional 48 h.

Examination of the effect of GEM on miR-218 expression 
in human pancreatic cancer cell lines

We first examined the differences in miR-218 expression 
between GEM-sensitive BxPC-3 pancreatic cancer cells and 
GEM-resistant PANC-1 cells using quantitative reverse 
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transcription polymerase chain reaction (qRT-PCR). In 
vitro cultured BxPC-3 and PANC-1 pancreatic cancer cells 
were harvested. RNA was extracted from the cells using the 
TaqMan miRNA Isolation Kit. The expression of mature 
miR-218 was examined using the TaqMan microRNA 
Assay and TaqMan Universal PCR Master Mix. The U6 
small nuclear RNA (snRNA) gene was used as an internal 
reference gene. Three replica wells were set up for each 
reaction. The threshold cycle (CT) value of the sample in 
each reaction tube was recorded, and the qRT-PCR results 
were analyzed using the relative quantification method.

The effect of GEM on miR-218 expression in human 
pancreatic cancer cell lines was examined by qRT-PCR. 
PANC-1 cells were seeded uniformly into six-well culture 
plates at a density of 3×105 cells/mL. One group of PANC-1 
cells was treated with GEM at a final concentration of 5 μM 
for 48 h. The normal ctrl group was set up at the same time. 
These two groups of cells were collected, and the RNA 
was extracted to measure the expression levels of mature 
miR-218. Three replica wells were set up for each reaction. 
The CT values of the samples in all reaction tubes were 
recorded, and the qRT-PCR results were analyzed using the 
relative quantification method.

Examination of the effect of miR-218 on the viability of 
GEM-induced pancreatic cancer cells using the CCK-8 assay

To investigate the effect of miR-218 on the viability of 
GEM-induced pancreatic cancer cells, miR-218 was 
overexpressed in PANC-1 cells by transfection of a miR-
218 mimic, and the mimic ctrl and normal ctrl groups were 
set up at the same time. At 48 h after transfection, RNA 
was extracted from all groups using the TaqMan miRNA 
Isolation Kit, and changes in miR-218 expression among 
the groups were analyzed using qRT-PCR.

Cell viability was examined using the CCK-8 Assay 
Kit according to the manufacturer’s instructions. PANC-1 
cells were transfected with the miR-218 mimic or mimic 
ctrl. Subsequently, GEM was added to each well at a final 
concentration of 5 μM. After treatment of the cells with 
GEM for 48 h, the CCK-8 solution was added to the cells, 
and the cells were incubated at 37 ℃ in a 5% CO2 incubator 
for 2 h. The normal ctrl group was set up at the same time. 
The optical density (OD) of the cells was measured 
at 450 nm (reference wavelength of 630 nm) using a 
microplate reader (Bio-Tek, USA). Ten replica wells were 
set up for each experimental group, and each experiment 
was repeated three times.

Examination of the effect of miR-218 on the apoptosis of 
GEM-induced cells by flow cytometric analysis

To verify the effect of miR-218 on the drug sensitivity of 
GEM-induced pancreatic cancer cells, flow cytometric 
analysis was performed to examine the effect of miR-218 on 
GEM-induced apoptosis. PANC-1 pancreatic cancer cells 
were seeded uniformly into six-well culture plates at a density 
of 3×105 cells/mL. After PANC-1 cells were transfected with 
the miR-218 mimic or mimic ctrl, GEM was added to each 
well at a final concentration of 5 μM for 48 h. The normal 
ctrl group was established at the same time. Subsequently, 
the cells were washed 1-2 times with PBS and labeled with 
Annexin V-Fluorescein isothiocyanate (FITC) and PI for 
15 min at room temperature (RT) in the dark. The cells 
were then filtered through cell sieves and examined by flow 
cytometric analysis (BD Biosciences, USA). The number of 
cells was counted using FCM CellQuest software, and the 
data were analyzed using Macquit software.

Examination of the effect of GEM on HMGB1 expression 
in pancreatic cancer cells by western blot analysis

Previous studies have demonstrated that HMGB1 is related 
to the sensitivity of tumors to chemotherapy drugs (27,28). 
In addition, our preliminary results showed that HMGB1 
is a target gene of miR-218. miR-218 affects the biological 
characteristics of pancreatic cancer cells through regulating 
the expression of HMGB1. We postulated that miR-218 
affects the sensitivity of pancreatic cancer cells to GEM 
through regulating HMGB1. Therefore, we conducted 
western blot analysis to examine whether GEM affects the 
expression of HMGB1 in pancreatic cancer cells.

PANC-1 pancreatic cancer cells were seeded uniformly 
into six-well culture plates at a density of 3×105 cells/mL. 
One group of PANC-1 cells was treated with GEM (final 
concentration of 5 μM) for 48 h. Subsequently, 1 mL of 
radioimmunoprecipitation assay (RIPA) lysis buffer [150 mM 
NaCl, 1% NP40, 0.5% sodium deoxycholate, 0.1% SDS, 
50 mM Tris (pH 7.9), 10 mM NaF, 10 mM PMSF and 1× 
protease inhibitors (Complete cocktail tablets, Roche)] 
was added to each well. The cell lysates were transferred 
to 1.5 mL centrifuge tubes and centrifuged at 16,000 g 
for 30 min, and the supernatants were then collected. 
The protein concentrations were measured using the 
bicinchoninic acid (BCA) assay, and 50 μg of total protein 
was loaded in each lane of a gel composed of a 5% stacking 
gel and 15% separating gel. The proteins were separated 
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by electrophoresis and transferred to a polyvinylidene 
difluoride (PVDF) membrane using a wet transfer system 
(Bio-Rad Laboratories, Inc., USA). The membrane was 
blocked at RT in Tris-Buffered Saline-Tween 20 (TBST) 
solution (10 mM Tris-HCl, pH 7.5; 150 mM NaCl; and 
0.1% Tween-20) containing 5% nonfat dry milk for 1 h 
and then incubated with the rabbit anti-human HMGB1 
monoclonal antibody (1:500 dilution) and mouse anti-
human β-actin monoclonal antibody (1:1,000 dilution) at  
4 ℃ overnight. The membrane was washed three times 
(5 min each wash) with TBST and incubated with HRP-
labeled goat anti-rabbit IgG or HRP-labeled goat anti-
mouse IgG secondary antibody at 37 ℃ for 1 h. The 
membrane was washed three times (5 min each wash) 
with TBST, incubated with enhanced chemiluminescence 
(ECL) reagent and autoradiographed. The relative 
content of HMGB1 is expressed as the grayscale ratio of 
HMGB1/β-actin, and the changes in the relative HMGB1 
expression were analyzed using PDQuest software (Bio-Rad 
Laboratories, Inc., Richmond, CA).

Investigation of the effects of miR-218 on the sensitivity of  
pancreatic cancer cells to GEM through regulation of HMGB1

To further verify the mechanism by which miR-218 affects 
the drug sensitivity of GEM-induced pancreatic cancer 
cells, HMGB1 was ectopically expressed in PANC-1  
pancreatic cancer cells to investigate whether HMGB1 
expression alters the effect of miR-218 on the sensitivity 
of the cells to GEM. To achieve the ectopic expression 
of HMGB1, an HMGB1 recombinant expression vector 
was constructed. Subsequently, HMGB1 siRNA or the 
recombinant HMGB1 expression vector (pcDNA3.1-
HMGB1) was transfected into PANC-1 pancreatic cancer 
cells, and the normal ctrl group was set up at the same time. 
At 48 h after transfection, proteins were extracted from each 
group, and western blot analysis was performed to examine 
the expression of HMGB1.

To investigate whether miR-218 affects the sensitivity 
of pancreatic cancer cells to GEM through regulation of 
HMGB1, flow cytometric analysis was performed. The 
cells were divided into the following three groups: the 
pcDNA3.1-HMGB1 transfected group; the miR-218 mimic 
and pcDNA3.1-HMGB1 cotransfected group (miR-218 
mimic + pcDNA3.1-HMGB1); and the miR-218 mimic 
and HMGB1 siRNA cotransfected group (miR-218 mimic 
+ HMGB1 siRNA). All three groups were treated with 
GEM (final concentration of 5 μM) for 48 h. The cells 

were then washed one to two times with PBS and labeled 
with Annexin V-FITC and PI dye for 15 min at RT in the 
dark. After sieve filtration, the cells were subjected to flow 
cytometric analysis (BD Biosciences, USA). The number of 
cells was counted using FCM CellQuest software, and the 
data were analyzed using Macquit software.

Statistical analysis

Experimental data were statistically analyzed using SPSS17.0 
statistical analysis software. Comparison between two 
groups was conducted using the t-test, while comparisons 
between multiple groups of data were performed using 
analysis of variance (ANOVA). P values less than 0.05 were 
considered statistically significant.

Results

The effect of GEM on miR-218 expression in human 
pancreatic cancer cell lines

qRT-PCR was performed to examine the difference in miR-218 
expression between GEM-sensitive BxPC-3 pancreatic 
cancer cells and GEM-resistance PANC-1 cells. The 
qRT-PCR results showed that the expression of miR-218 
was significantly lower in GEM-resistant PANC-1 cells 
than in GEM-sensitive BxPC-3 cells (P<0.05) (Figure 1A).

In addition, qRT-PCR was performed to investigate 
the effect of GEM on miR-218 expression in the PANC-1  
human pancreatic cancer cell line. Compared with the 
normal ctrl group, the miR-218 expression was markedly 
reduced in PANC-1 cells after treatment with 5 μM GEM 
for 48 h (P<0.01) (Figure 1B).

The effect of miR-218 on the viability of GEM-induced 
pancreatic cancer cells by the CCK-8 assay

miR-218 was overexpressed via transfection of the miR-218  
mimic in PANC-1 cells, and the effect of miR-218 overexpression 
on miR-218 expression was examined using qRT-PCR. The 
qRT-PCR results showed that the miR-218 expression was 
significantly increased in the miR-218 mimic-transfected 
group compared to the normal ctrl group (P<0.01) and the 
negative control (mimic ctrl) group (P<0.01) (Figure 2A).

The effect of miR-218 overexpression on the viability of 
GEM-induced pancreatic cancer cells was analyzed using 
CCK-8. PANC-1 cells were transfected with the miR-218 
mimic or mimic control (mimic ctrl), treated with 5 μM 
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GEM for 48 h, and subjected to the CCK-8 assay. Figure 2B  
shows that cell viability was significantly lower in the 
miR-218 mimic-transfected group or in the mimic ctrl 
group in comparison with the normal ctrl group (P<0.01). 
In addition, cell viability was markedly decreased in the 
miR-218 mimic-transfected group compared to the negative 
control (mimic ctrl) group (P<0.01) (Figure 2B). These 
results indicated that treatment of PANC-1 cells with 5 μM 
GEM significantly reduced cell viability and that miR-218 
enhanced the sensitivity of PANC-1 cells to GEM.

The effect of miR-218 on the apoptosis of GEM-induced 
cells by a flow cytometric assay

PANC-1 cells were transfected with the miR-218 mimic 
or mimic ctrl, treated with 5 μM GEM for 48 h, and then 

subjected to flow cytometric analysis. The results showed 
that the percentage of apoptotic cells was significantly higher 
in the miR-218 mimic-transfected group and the mimic 
ctrl group in comparison to the normal ctrl group (P<0.01) 
(Figure 3). Moreover, the percentage of apoptotic cells was 
significantly increased in the miR-218 mimic-transfected 
group compared with the negative control (mimic ctrl) 
group (P<0.01). The above results indicated that treatment 
of PANC-1 cells with 5 μM GEM significantly increased the 
proportion of apoptotic cells and that miR-218 promoted the 
apoptosis of GEM-induced pancreatic cancer cells.

The effect of GEM on HMGB1 expression in pancreatic 
cancer cells by western blot analysis

The results of western blot analysis showed that the expression 

Figure 1 Examination of the effect of GEM on miR-218 expression in human pancreatic cancer cell lines by qRT-PCR. (A) Examination 
of miR-218 expression in the GEM-sensitive BxPC-3 pancreatic cancer cells and in GEM-resistant PANC-1 cells by qRT-PCR; (B) 
examination of the effect of GEM on miR-218 expression in the PANC-1 human pancreatic cancer cell line by qRT-PCR. *, P<0.05 and **, 
P<0.01. GEM, gemcitabine; miR-218, microRNA-218.

Figure 2 Examination of the effect of miR-218 on the viability of GEM-induced pancreatic cancer cells. (A) The effect of miR-218 mimic 
or mimic ctrl overexpression in PANC-1 cells on miR-218 expression; (B) analysis of the effect of miR-218 overexpression on the viability 
of GEM-induced pancreatic cancer cells by the CCK-8 assay. ##, P<0.01 versus normal control group (normal ctrl); **, P<0.01. GEM, 
gemcitabine; miR-218, microRNA-218.
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Figure 3 Examination of the effect of miR-218 on the apoptosis of GEM-induced cells by flow a cytometric assay. ##, P<0.01 versus normal 
control group (normal ctrl); **, P<0.01. GEM, gemcitabine; miR-218, microRNA-218.
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HMGB1 siRNA or the recombinant HMGB1 expression 
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potent effects in PANC-1 cells.
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Flow cytometric analysis was performed to examine 
whether miR-218 affects the sensitivity of pancreatic cancer 
cells to GEM through the regulation of HMGB1. The 
results showed that approximately 21.98% PANC-1 cells 
underwent apoptosis after the cells were transfected with 
pcDNA3.1-HMGB1 and treated with 5 μM GEM (Figure 6),  
and the results also showed that the percentage of apoptotic 
PANC-1 cells was approximately 25.61% when the cells 
were treated with 5 μM GEM alone (Figure 3). These 
results demonstrated that HMGB1 inhibited the apoptosis 
of GEM-induced PANC-1 cells. The percentage of 
apoptotic PANC-1 cells was approximately 27.35% when 
the cells were cotransfected with the miR-218 mimic and 
pcDNA3.1-HMGB1 followed by treatment with 5 μM  
GEM (the miR-218 mimic + pcDNA3.1-HMGB1 + 
GEM group) (Figure 6), which was significantly lower in 
comparison to the cells transfected with the miR-218 mimic 
and treated with 5 μM GEM (the miR-218 mimic + GEM 
group). These results indicated that HMGB1 reversed the 
effect of miR-218 on the drug sensitivity of GEM-induced 
PANC-1 cells. In contrast, the percentage of apoptotic cells 
in the miR-218 mimic and HMGB1 siRNA cotransfected 
group (the miR-218 mimic + HMGB1 siRNA group) 
reached 62.67% (Figure 6). These results indicated that the 
reduction of HMGB1 levels enhanced the effect of miR-218 
on the drug sensitivity of GEM-induced PANC-1 cells.

Discussion

Pancreatic cancer is one of the most common gastrointestinal 
tract malignancies. Pancreatic cancer exhibits an extremely 

high degree of malignancy. Due to its deep anatomical 
location within the abdomen and insidious onset, early 
diagnosis of pancreatic cancer is rather difficult. Most cases 
of pancreatic cancer are discovered at advanced stages. 
Moreover, pancreatic cancer exhibits limited sensitivity to 
radiochemotherapy, and surgical resection is difficult to 
achieve. Therefore, pancreatic cancer typically shows poor 
prognosis and has become one of the cancer types that pose 
the greatest threat to human health (29,30). Chemotherapy 
is an important adjunctive treatment for pancreatic cancer 
and plays a role in improving the quality of life of patients 
and prolonging patient survival (31,32). Currently, GEM 
is a first-line drug used in chemotherapeutic treatment 
of pancreatic cancer. However, the overall efficacy of 
GEM is less than 20% (33,34). The main problem of 
GEM treatment is that the majority of pancreatic cancer 
patients will develop resistance to GEM (35). Therefore, 
identification of genes related to GEM resistance in 
pancreatic cancer and enhancement of GEM efficacy are 
the issues that urgently need solutions in clinical practices.

Studies have shown that the failure of chemotherapy 
in the treatment of pancreatic cancer is attributed 
mainly to chemoresistance. Factors capable of inducing 
chemoresistance in tumors are multifaceted, including 
intracellular drug sequestration, drug efflux, metabolic 
detoxification, alteration of the molecular targets of the 
drugs, enhancement of DNA repair capacity and regulation 
of apoptosis (36,37). Currently, extensive research is being 
conducted at the gene and protein levels to investigate the 
mechanism underlying the development of chemoresistance 
in tumors. A number of chemoresistance-related genes have 

Figure 5 Examination of HMGB1 expression in various groups of PANC-1 pancreatic cancer cells by western blot analysis. ##, P<0.01 versus 
normal control group (normal ctrl); **, P<0.01. GEM, gemcitabine; HMGB1, high mobility group box 1.
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been identified, including P-glycoprotein (P-gp), multidrug 
resistance protein (MRP), glutathione S-transferase π 
(GST-π) and topoisomerase II (TopoII) (38). However, 
no significant reduction in tumor chemoresistance has 
been observed clinically after intervention, specifically 
with the above genes and their upstream/downstream  
targets (39). Therefore, in-depth studies of a wider range of 
chemoresistance-related factors are of great significance.

Studies on the relationship between miRNAs and the 
chemosensitivity of tumors have received increasing 
attention from scholars in the field of oncology and have 
become a research hotspot in recent years. Our previous 
study has shown that miR-218 expression is downregulated 
in human pancreatic cancer tissues and cell lines. miR-218 
negatively regulates the expression of HMGB1 protein and 
inhibits the proliferation and invasion of pancreatic cancer 
cells. Previous studies have confirmed that miR-218 is a 
tumor suppressing microRNA. A study conducted by Li 
et al. has shown that miR-218 inhibits the growth of cervical 
cancer and promotes the sensitivity of cervical cancer to 
cisplatin (26). However, the relationship between miR-218 

and the sensitivity of pancreatic cancer cells to GEM-based 
chemotherapy has not been reported. In the present study, 
we performed qRT-PCR to examine the differences in  
miR-218 expression between GEM-sensitive BxPC-3 
pancreatic cancer cells and GEM-resistant PANC-1 cells. 
The results showed that miR-218 expression was significantly 
lower in GEM-resistant PANC-1 cells compared to GEM 
sensitive BxPC-3 cells (P<0.05), thus indicating that the 
resistance of PANC-1 cells to GEM might be related to  
miR-218. To further explore the correlation between  
miR-218 and the resistance of PANC-1 cells to GEM, the 
CCK-8 assay and flow cytometric analysis were conducted 
to examine the effects of miR-218 on the viability and 
apoptosis of GEM-induced pancreatic cancer cells. The 
results demonstrated that treatment of PANC-1 cells with 5 
μM GEM significantly reduced cell viability and promoted 
apoptosis. The results also demonstrated that miR-218 
enhanced the sensitivity of PANC-1 cells to GEM.

HMGBl is member of the high mobility group (HMG) 
protein family. HMGB1 is abundantly expressed in the 
nuclei of eukaryotic cells (40,41). Long-term studies 

Figure 6 Investigation of miR-218 effects the sensitivity of pancreatic cancer cells to GEM through the regulation of HMGB1 by flow 
cytometric analysis. **, P<0.01. HMGB1, high mobility group box 1; GEM, gemcitabine; miR-218, microRNA-218.
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have suggested that HMGB1 is a typical non-histone 
chromosomal protein. Through binding to DNA, HMGB1 
participates in the construction and maintenance of 
nucleosomes and plays various roles in the processes of 
transcription, replication, recombination, DNA repair and 
genomic stability maintenance (42,43). To date, studies 
have found that HMGB1 can be actively secreted by 
inflammatory cells and (or) tumor cells as well as passively 
released into the extracellular environment from necrotic 
cells. As an inflammatory factor, HMGB1 binds to multiple 
cell surface receptors, primarily to the receptor for advanced 
glycation end products (RAGE), which activates a series of 
downstream signaling pathways. Therefore, HMGB1 plays 
a crucial role in inflammation, cancer, sepsis, autoimmune 
diseases and vascular lesions (44,45). Previous studies have 
reported that HMGB1 is related to the chemosensitivity of 
tumor cells (46,47). Angelova et al. further confirmed that 
HMGB1 is related to the sensitivity of pancreatic cancer 
cells to GEM-based chemotherapy (48).

Our previous study confirmed that HMGB1  is a 
target gene of miR-218. miR-218 affects the biological 
characteristics of pancreatic cancer cells through regulating 
the expression of HMGB1. To further verify the mechanism 
by which miR-218 affects the drug sensitivity of GEM-
induced pancreatic cancer cells, HMGB1 was ectopically 
expressed in PANC-1 pancreatic cancer cells to examine 
whether HMGB1 expression modulates the effect of miR-218 
on the sensitivity of PANC-1 cells to GEM. The results 
of flow cytometric analysis showed that overexpression of 
HMGB1 in PANC-1 pancreatic cancer cells reversed the 
effect of miR-218 on the drug sensitivity in GEM-induced 
PANC-1 cells. These results indicated that miR-218 
affected the sensitivity of pancreatic cancer cells to GEM 
through regulating the expression of HMGB1.

Currently, the mechanisms underlying GEM resistance 
have become a hotspot in the field of pancreatic cancer 
research worldwide. Understanding the mechanisms 
of GEM resistance in pancreatic cancer is conducive to 
predicting the resistance of pancreatic cancer to GEM and 
to providing better treatment for pancreatic cancer (33,49). 
Various studies on the mechanisms underlying GEM 
resistance in pancreatic cancer have provided different 
discoveries and insights (5,50). In short, the resistance 
of pancreatic cancer cells to GEM results from the joint 
effect of multiple elements, multiple factors and multiple 
pathways. Any single mechanism is unable to fully explain 
the phenomenon of GEM resistance. Therefore, the 
mechanism by which miR-218 affects the drug sensitivity 

in GEM-induced PANC-1 cells is still unclear and needs 
further investigation.

In summary, miR-218 expression is downregulated in 
the GEM-resistant cell line, PANC-1. Overexpression of 
miR-218 enhances the sensitivity of PANC-1 cells to GEM. 
The mechanism of the miR-218 effect may be through the 
regulation of HMGB1 expression.
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