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Introduction 

Ductal adenocarcinoma of the pancreas is one of the lethal 
primary gastrointestinal cancer. In the United States, 
pancreatic cancer has become the most common cause 
of cancer-related deaths, and most patients die within 12 
months of diagnosis (1). Pancreatic cancer is also the third 
leading cause of cancer-related deaths in the European 
Union (2) and by 2030 will be the second leading cause of 

cancer-related deaths in both genders in the United States (3).  
A major reason for the poor overall survival is that most 
patients present with advanced, inoperable disease. For 
patients with locally advanced pancreatic cancer, the current 
standard therapeutic protocol consists of gemcitabine-based 
chemoradiotherapy (4). Unfortunately, pancreatic cancer is 
often chemo-radioresistant, so this therapy often fails (5). 
Additional effort is needed to identify biomarkers that could 
predict the therapeutic response.
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MicroRNAs (miRNAs) are small, approximately 18–25 
nucleotides (nt) long, non-protein-coding single-stranded 
RNAs. miRNAs regulate multiple cellular processes, either 
physiological or pathological, through their target genes, 
such as apoptosis, proliferation, cell cycle, angiogenesis, and 
differentiation (6,7). A number of miRNAs have also been 
shown to be regulated in various cancers and some have 
been associated with clinical outcomes and radioresistance 
(8,9). However, involvement of miRNAs in the molecular 
processes of the cell response to ionizing radiation (IR) in 
pancreatic cancer remains poorly understood. Therefore, 
we established a radioresistant pancreatic cancer cell line 
and examined the miRNA expression differences between 
the parent pancreatic and the radioresistant cell lines 
using deep sequencing to identify miRNAs associated with 
resistance to IR in pancreatic cancer. 

Methods 

Cells 

Pancreatic cancer parental cell lines (SW1990 and PANC-1),  
as well as the radioresistant equivalent cell lines (SW1990-R 
and PANC-1-R), were cultured in RPMI-1640 media 
supplemented with 10% fetal bovine serum (FBS). Cells were 
cultured in a humidified atmosphere of 5% CO2 at 37 ℃. 

Irradiation

Parental cells were first grown to approximately 60% 
confluence and irradiated with 2 Gy (6MV X-radiation, 
200 cGy/min). When cells reached approximately 90% 
confluence, they were subcultured into new flasks and 
were treated with 2 Gy again when they reached 60% 
confluence. This procedure was repeated until the total 
dose was 30 Gy, at which point the cells were irradiated by 
the same process but with a dose of 5 Gy instead of 2 Gy.  
This procedure was repeated until the total dose of IR 
was 60 Gy. Then, cells were irradiated following the same 
protocol but with a dose of 10 Gy until the total dose of 
IR was 80 Gy. Multiple irradiated cells are referred to as 
radioresistant cells. 

Colony formation assays 

Cells were seeded at a density of 1×106 cells/T25 flask in 
complete medium. After 24 h, the cells were seeded at a 
density of 5,000 cells per well in a six-well plate and treated 

with a single dose of radiation (0, 2, 4, or 8 Gy). The cells 
were then seeded into new six-well tissue culture plates 
and incubated for 10 days without changing the culture 
medium. The cultures were fixed with methanol and 
stained with crystal violet. The number of colonies with 
>50 cells was counted under a dissecting microscope. The 
survival fractions (SFs) were calculated using the following 
equation: SF = colonies counted/cells seeded × (plating 
efficiency/100), which takes the individual plating efficiency 
into consideration. A survival curve was derived using the 
following multi-target single-hit model: SF =1– (1– e−D/D0)N. 

Cell cycle analysis

To synchronize the cell cultures, parental cells and 
radioresistant cells were separately seeded in a six-well plate in 
growth medium with 10% FBS and grown overnight. Then, 
the cultures were rinsed with phosphate-buffered saline (PBS) 
and transferred to serum free medium. Following serum 
starvation for 24 h, the cells were passaged and released 
into the cell cycle with the addition of serum. Parental 
cells and radioresistant cells were separately irradiated with 
0 or 5 Gy and fixed at 0, 2, and 24 h post-radiation, cells 
were harvested, washed in cold PBS fixed in cold 70% 
ethanol, and stored overnight at 4 ℃. Cells were washed 
twice with PBS and centrifuged at 850× g. Then, samples 
were incubated with 100 µg/mL RNase and 50 µg/mL  
propidium iodide for 30 min in the dark. Cells were then 
analyzed by flow cytometry.

Small RNA deep sequencing 

RNA segments of different sizes were separated by 
polyacrylamide gel electrophoresis (PAGE) into segments 
of 18–30 nt stripe and recycled. Adaptor ligation: The 
connection system was prepared, blended, centrifuged, 
and connected warmly for a period of time. The reverse 
transcription-polymerase chain reaction (RT-PCR) system 
was prepared, and PCR amplification was performed. The 
purified PCR constructs were recovered by PAGE and the 
recycled products were dissolved in EB solution. Finally, 
to complete construction of the library, label was added 
and the Agilent 2100 Bioanalyzer and ABI StepOnePlus 
Real-Time PCR System were used to test the quality and 
production of the prepared library. The prepared libraries 
were loaded into the patterned nanoarrays and single-end 
reads of 50 bp were read on the BGISEQ-500 platform 
(BGI, China; http://www.seq500.com/en/).
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Analysis of differentially expressed miRNAs

To identify miRNAs differentially expressed between 
SW1990 and SW1990-R cells, we applied transcripts per 
million (TPM) to normalize the expression of miRNAs in 
the two groups. We calculated the fold change (FC) and 
P value via t-test, and corrected the P value into a false 
discovery rate (FDR) using the Benjamin and Hochberg 
method (10). FDR ≤0.05 and |log2FC| ≥2 were set as the 
cutoffs to screen differentially expressed miRNAs. 

Confirmation of miRNA expression levels 

To detect the sequencing results, qRT-PCR was performed 
as the protocol of All-in-One qPCR Mix (GeneCopoeia, 
Inc.) described. Total RNA from SW1990 and SW1990-R 
cells was extracted using TRIzol Reagent (Invitrogen, 
Carlsbad, CA, USA). All assays were carried out in 
triplicate. Each sample was normalized based on expression 
of the housekeeping gene (RNU6B). The specificity of 
amplification was confirmed by melting curve analysis 
and also by running PCR products on agarose gel (3%) 
electrophoresis. Relative quantification of target miRNA 
expression was evaluated using the comparative cycle 
threshold (CT) method (11).

Bioinformatics analysis 

The 49 nt sequence tags from the BGISEQ-500 sequencing 
were first subjected to data cleaning analysis, which removes 
low quality tags and the 5' adaptor contaminants from 
the 50 nt tags, to obtain credible, clean tags. The length 
distribution of the clean tags and common and specific 
sequences between samples was then summarized. Standard 
analysis annotates the clean tags into different categories 
and uses those which cannot be annotated to any category 
to predict novel miRNAs and seed edit of potential known 
miRNAs. After obtaining the miRNA results, target 
prediction for miRNAs and GO enrichment and KEGG 
pathway analyses of the target genes were performed.

Transfection

Radioresistant cells were suspended in RPMI-1640 medium 
supplemented with 10% FBS, seeded in six-well plates 
(1×106 cells/well), and transfected with miR-216a mimic 
or miR-Ctrl (20 µM; GenePharma, Shanghai, China) with 
Lipofectamine™ RNAiMAX (Invitrogen) according to the 

manufacturer’s instruction. After 24 h of transfection, cells 
were treated with 5 Gy of radiation. Then, following 24 h of 
radiation (48 h of transfection), samples were harvested for 
Western blotting. For colony formation assays, following 
48 h of radiation (72 h of transfection), complexes were 
removed and change medium, cells were grown for 10 days.

Western blotting

Equal amounts of protein were resolved using sodium 
dodecyl sulfate PAGE, transferred onto a polyvinylidene 
fluoride membrane, and blocked with a 5% dry milk at 
room temperature for 2 h. The membranes were incubated 
with primary antibodies at 4 ℃ overnight. After being 
blotted for 1 hour at room temperature with an appropriate 
secondary antibody, the membranes were exposed to 
enhanced chemiluminescence detection reagents (Beyotime, 
Shanghai, China). Primary antibodies against JAK2 and 
GAPDH were obtained from Wanleibio (Wanleibio 
Shenyang, China), anti-STAT3 was obtained from Abcam 
(Abcam, Cambridge, UK), and anti-pSTAT3 was obtained 
from Cell Signaling Technology (Beverly, MA, USA).

Statistical analysis 

All numerical statistical analyses were performed using 
SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). The data 
are presented as mean values ± standard deviation from at 
least three independent experiments. Statistical analysis was 
performed by two-tailed Student’s t-test. P values <0.05 
were considered statistically significant.

Results

Establishment and determination of pancreatic cancer 
radioresistant cells

We established radioresistant cell lines derived from 
the human pancreatic cancer parental cell lines through 
multiple increasing intensity fractions of IR. A schematic 
describing the establishment of the radioresistant pancreatic 
cancer sublines is shown in Figure 1A. Multiply irradiated 
cells (80 Gy in total) were named SW1990-R AND PANC-
1-R. To determine the radiosensitivity of radioresistant cells, 
a clonogenic survival assay was performed and the fraction 
of surviving cells was calculated. Figure 1B,C,D,E shows that 
radioresistant cells demonstrated a significant increase in 
resistance to IR compared with the parental cell lines. The 
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cell cycle distributions of the parental cells were similar at 
each time point (0, 2, and 24 h); however, in radioresistant 
cells, cell cycle analysis revealed the accumulation of cells 
in G0/G1 or G2/M phase at 24 h post-radiation compared 
with the earlier time points (Figure 2; P<0.05). The cells 
that survived multiple fractions of IR were more resistant to 
IR than the parental cells. 

Differentially expressed miRNAs in SW1990 and 
SW1990-R cells

We performed global miRNA expression analysis of 
radioresistant and parental SW1990 cell lines. In total, 242 
significantly differentially expressed miRNAs were identified 
between the two groups (log2 ratio >1 S/SR). Figure 3A and 
3B show that 97 miRNAs were upregulated and 145 were 

downregulated in radioresistant cells. The ten miRNAs 
with the greatest relative upregulation or downregulation 
are shown in Table 1. To confirm the high throughput 
sequencing results, we performed qRT-PCR to assess the 
expression of ten miRNAs and the relative expression level 
of each miRNA is shown in Figure 3C. Expression levels of 
these ten miRNAs were dramatically different between the 
radioresistant SW1990-R and parental SW1990 cell lines, 
consistent with the sequencing data. 

GO and KEGG pathway analyses

The differentially expressed genes were analyzed by GO 
enrichment and KEGG pathway analysis. GO enrichment 
analysis groups genes into three categories: molecular 
function (MF), cellular component (CC), and biological 

Figure 1 Establishment and determination of pancreatic cancer radioresistant cells. (A) Schemes for the establishment of pancreatic cancer 
radioresistant sublines; (B,C) The surviving fraction of parental and radioresistant cells following irradiation with 0, 2, 4, and 8 Gy (various 
numbers of cells were plated into six-well plates at 100, 200, 500, and 2,000 cells/well were plated into six-well plates). The number of 
colonies with >50 cells was counted under a dissecting microscope, and cell survival (%) was calculated. Statistical significance (P<0.05) is 
indicated (*); (D,E) The surviving fraction of established parental and radioresistant cell lines following irradiation with 0, 2, 4, and 8 Gy. 
The cells were seeded at a density of 5,000 cells per well in a six-well plate. After 10 days of culture, cells were fixed in methanol and stained 
with crystal violet. 
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Figure 2 Effects of ionizing radiation (IR) on the cell cycle of radioresistant and parental pancreatic cells. (A,B) SW1990; (C,D) SW1990-R; 
(E,F) PANC-1; and (G,H) PANC-1-R. Parental cells and radioresistant cells were seeded separately in a six-well plate in growth medium 
with 10% FBS overnight. Then the cultures were rinsed by PBS and transferred to serum-free medium. Following serum starvation for 
24 h, the cells were passaged and released into the cell cycle by the addition of serum. Parental cells and radioresistant cells were irradiated 
with 5 Gy, and cell cycle analyses were performed at 2 h post-IR and 24 h post-IR. Control cells were transported to the accelerator but 
not exposed to IR (Con). There was no significant difference in the cell cycle distribution of parental cells at either time point. The number 
of SW1990-R cells in G0/G1 phase at 24 h post-IR was increased, and the number of PANC-1-R cells in G2/M phase at 24 h post-IR 
was increased. Statistical significance (P<0.05) is indicated (*). The results are presented as the means ± standard deviation (SD) of three 
independent experiments. 
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Figure 3 Differentially expressed microRNAs (miRNAs) between SW1990 and SW1990-R cells. (A) Differentially expressed miRNAs. The 
X-axis represents pairwise and the Y-axis represents the number of screened differently expressed sRNA (DESs). Blue and orange represent 
the downregulated and upregulated miRNAs, respectively; (B) Volcano graph of all expressed miRNAs in each pairwise. The X-axis and Y-axis 
represent threshold values in log transform. Each dot represents a differentially expressed miRNA. Red dots represent significant differentially 
expressed miRNAs, which passed the screening threshold, and black dots represent non-significant DESs; (C) ten miRNAs differentially 
expressed in radioresistant SW1990-R cells compared with parental SW1990 cells validated by quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR). The column heights represent the mean FC of expression. The FC was positive when expression was upregulated 
(SW19990 vs. SW1900-R cells) and negative when expression was downregulated. Data are presented as the mean ± SD. FC, fold change.
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Table 1 Differentially expressed miRNAs 

miRNA Average TPM in S Average TPM in SR Log2 (FC) FDR

hsa-miR-497-5p 0.09 14.06 7.2875 1.06E−86

hsa-miR-146b-3p 0.47 29.20 5.9571 3.03E−170

hsa-miR-181a-3p 66.18 1982.28 4.9046 0.000000

hsa-miR-33a-3p 26.96 790.46 4.8738 0.000000

hsa-miR-32-5p 4.32 110.37 4.6752 0.000000

hsa-miR-7-5p 1164.38 20.07 −5.8584 0.000000

hsa-miR-30b-5p 866.02 20.43 −5.4056 0.000000

hsa-miR-181a-5p 1669 59.89 −4.8005 0.000000

hsa-miR-296-5p 270.6 12.02 −4.4927 0.000000

hsa-miR-216a-5p 133.02 7.37 −4.1738 0.000000

TPM, transcripts per million; FC, fold change; FDR, false discovery rate; S, SW1990; SR, SW1990-R.
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process (BP). The microarray data obtained in the present 
study revealed that the differentially expressed miRNAs 
were enriched for GO terms related to the binding and 
catalytic activity in the cytosol (MF); cell, cell part, and 
organelle (CC); and cellular process, single-organism 
process, metabolic process, and biological regulation 
(BP). The GO terms with more than 3,000 genes in 
each of the three categories are shown in Figure 4A,B,C. 
In other words, the function of the target genes of the 
differentially expressed miRNAs might be involved in cell 
proliferation, cell cycle, and immunology associated with 
the radioresistance of pancreatic cancer.

We conducted pathway analysis of the differentially 
expressed miRNAs using the latest KEGG database. We 
identified 62 pathways corresponding to differentially 
expressed miRNAs, and the predominant pathways are 
shown in Figure 4D. The top ten pathways were signal 
transduction, cancer: overview, global and overview maps, 
immune system, folding sorting and degradation, endocrine 
system, transport and catabolism, infectious disease: viral, 
cellular community, and signaling molecules and interaction. 

Thus, the various pathways might affect the radioresistance 
of pancreatic cancer by targeting differentially expressed 
these genes.

miR-216a decreased the radioresistance of radioresistant 
cells by targeting JAK2

To validate whether the differentially expressed miRNAs 
could affect the cell sensitivity towards radiotherapy, 
radioresistant cells were treated with radiation following 
miR-216a NC/mimic transfection. As shown in Figure 5A 
and 5B, cell growth and proliferation were significantly 
inhibited following upregulation of miR-216a. To further 
test whether miR-216a is able to regulate radioresistance 
by targeting JAK2, miR-216a NC or mimic was transfected 
into radioresistant cells with or without radiation. Our 
results showed that radiation dramatically upregulated 
JAK2 expression in all these groups compared with parallel 
samples without radiation, whereas the overexpression 
of miR-216a with miR-216a mimics led to a notable 
decrease in JAK2/STAT3 signaling pathway protein levels 

Figure 4 Analysis of significant Gene Ontology (GO) and Kyoto Encyclopedia of Gene and Genome (KEGG) pathways. (A,B,C) GO 
functional classification. The X-axis represents the number of differently expressed genes (DEGs). The number is presented by its square 
root value. The Y-axis represents the GO terms. All GO terms are grouped into three ontologies: (A) biological process; (B) cellular 
component; (C) molecular function (number of genes >3,000); (D) KEGG pathways analyses. The histograms show the top ten significant 
KEGG pathways of the DEGs. The X-axis represents the number of DEGs and the Y-axis represents the second KEGG pathway terms. 
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compared with the negative control in radioresistant cells  
(Figure 5C,D,E,F,G,H,I,J).  

Discussion

Radiotherapy is one of the main treatment choices for 
pancreatic cancer patients. In the present study, we compared 
differences in miRNA expression in radioresistant and 
parental stable pancreatic cell lines with RNA sequencing 
technology. Our aim was to screen and identify miRNAs that 
might be closely associated with radioresistance of PC cells, 
as identified miRNAs could be potential therapeutic targets 
to promote radiosensitivity in PC. 

First, we generated radioresistant cell sublines by 
treating parental cells with a total dose of 80 Gy IR and 
characterized their radioresistant phenotypes. Radioresistant 

cells demonstrated a higher potential to form colonies after 
irradiation when compared with parental cells. Similar 
results were published by Wang et al. who established 
radioresistant cell lines derived from the human pancreatic 
cancer cell lines BxPC3 and PANC-1 by fractionated 
IR exposure with a total dose of 80 Gy (12). When the 
cell cycle was analyzed, no difference was apparent in 
control parental cells (0 Gy) grown for 2 and 24 h after 
IR treatment. However, the G0/G1 or G2/M phases were 
found to be longer in radioresistant cells (P<0.05). 

To the best of our knowledge, our study was the first to 
use high-quality sequencing to analyze miRNA expression. 
Accordingly, high-quality sequence data were obtained for 
242 miRNAs with significantly different levels of expression, 
with 97 upregulated and 145 downregulated miRNAs in 
radioresistant cells. We confirmed the upregulated and 

Figure 5 miR-216a decreased the pancreatic cancer radioresistant cells by targeting JAK2. (A,B) Radioresistant cells were untreated or 
treated with radiation (5 Gy) following miR-216a NC/mimic transfection for 10 days and cell viability was analyzed by colony formation 
assay, cells were fixed in methanol and stained with crystal violet; (C,D) radioresistant cells were transfected miR-216a NC/mimic with or 
not with IR (5 Gy) for 24 h. JAK2, STAT3, and pSTAT3 were analyzed by western blotting, and quantified using the ImageJ software for 
calculating the expression (E,F,G,H,I,J). Statistical significance (P<0.05) is indicated (*). NC, negative control.
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downregulated miRNAs with qRT-PCR, which included 
miR-497-5p, miR-146b-3p, miR-181a-3p, miR-33a-3p, 
and miR-32-5p (upregulated); and miR-7-5p, miR-30b-5p,  
m i R - 1 8 1 a - 5 p ,  m i R - 2 9 6 - 5 p ,  a n d  m i R - 2 1 6 a - 5 p 
(downregulated). Several previous studies have observed that 
these miRNAs are involved in tumor processes. Zhu et al.  
observed that the expression of miR-497 was markedly 
upregulated in temozolomide (TMZ)-resistant glioma cells; 
high miR-497 expression was associated with the TMZ-
resistant phenotype of glioma cells (13). Jafarzadeh et al. 
demonstrated that, similar to our study, overexpression of 
hsa-miR-497-5p in HEK293t cells resulted in cell cycle 
arrest in G0/G1 phase, and the targeting of SMAd3 may 
regulate the transforming growth factor (TGF) β signaling 
pathway (14). Riesco-Eizaguirre et al. showed that miR-
146b-3p might be a therapeutic target to modulate thyroid 
cell differentiation and improve the treatment of advanced 
thyroid cancer (15). In addition, miR-32-5p is associated 
with cancer-specific survival of patients with high grade, 
non-muscle-invasive bladder tumors (16). Many studies 
have observed that miR-7 is downregulated in digestive 
system malignancies compared with normal tissue (17), 
which is consistent with our observation that miR-7 is 
significantly downregulated in radioresistant cells. There 
are many reports that miR-7 is related to drug resistance 
in tumors. Kabir et al. demonstrated that miR-7 effectively 
silenced TYRO3 expression in sorafenib-sensitive cells 
in human hepatocellular carcinoma (18). miR-7 was also 
shown to sensitize gastric cancer cells to cisplatin by 
targeting mammalian target of rapamycin (mTOR) (19).  
Collectively, our results demonstrate that miR-7 is a 
potential therapeutic target for the treatment of human 
pancreatic cancer. In addition, miR-30b-5p has been shown 
to be downregulated in renal cancer tissues and cell lines, 
and to regulate the epithelial-mesenchymal transition 
(EMT) in renal cancer cells (20). Studies have shown that 
miR-216a enhances the radiosensitivity of pancreatic cancer 
cells (21). Finally, miR-296-5p was shown to be involved in 
resistance to radiotherapy and tumor recurrence in early-
stage laryngeal carcinoma (22). Consistent with our study, 
downregulation of miR-296-5p levels was detected in both 
non-small cell lung cancer tissues and cell lines (23). In 
addition, miR-296-5p has been linked with glioblastoma 
invasiveness (24). More promisingly, miR-296-5p inhibited 
transcriptional mechanisms that support glioblastomas stem 
cells (25).

It is known that miRNAs function not through one 
single gene, but through a large network that includes many 

genes. The biological functions and signaling pathways were 
associated with the miRNAs identified in the present study, 
including GO and KEGG pathway enrichment analysis. 
The GO enrichment analysis found that the target genes of 
these dysregulated miRNAs were associated with binding 
(MF), cell (CCs), and cellular process (BPs). In addition, 
many of the GO terms identified in our results have been 
reported in other cancer radioresistance studies. Su et al. 
observed that the cellular response is of great importance 
during the development of radioresistant esophageal cancer 
cells (26). Positive regulation of transcription, intracellular 
protein transport, proteolysis, and cell cycle arrest have 
been reported to be involved in the radioresistance of non-
small cell lung cancer (27). This suggests that the miRNAs 
identified in this study may regulate radioresistance of 
pancreatic cancer cells by influencing the expression of 
these GO database genes. Pathway analysis revealed a total 
of 42 pathways corresponding to the differentially expressed 
miRNAs identified. Some of the top ten pathways identified 
have previously been associated with radioresistance. The 
PAK4/PPARγ/Nox1 signaling pathway has been reported as 
a key mediator of tumor cell responsiveness to radiation (28).  
This PAK4/PPARγ pathway accelerates the EMT in 
glioma, and consequently, its activation leads to therapy 
resistance (28). Ciccarelli et al. found that the MEK/ERK 
pathway plays a prominent role in maintaining the stem-like 
phenotype of rhabdomyosarcoma cells as well as their innate 
radioresistance (29). Phosphatidylinositol signaling has been 
reported to be a key mediator of tumor cell responsiveness 
to radiation. The phosphatidylinositol 3-kinase (PI3K)/Akt 
pathway accelerates the repair of DNA following exposure 
to IR, and consequently, its activation combines with 
radiotherapy resistance (30). Agliano et al. also reported 
that PI3K/mTOR inhibitors were useful in radiotherapy 
resistance in glioblastoma patients (31). Maachani et al. 
found that FOXM1, which is associated with cell cycle 
progression and DNA repair, regulated the STAT3 pathway, 
which contributes to radioresistance in glioblastoma (32). 
The differentially expressed miRNAs identified in this study 
may regulate radioresistance in pancreatic adenocarcinoma 
through these classical pathways.

This study found that radioresistant pancreatic cancer 
cells could increase the radiosensitivity through upregulated 
expression of miRNA-216a, furthermore, miRNA-216a 
may be increase the radiosensitivity of pancreatic cancer 
cells by inhibiting the JAK2/STAT3 signaling pathway. Our 
previous study showed that miR-216a negatively regulated 
the development of pancreatic cancer cells by targeting 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Agliano A%5BAuthor%5D&cauthor=true&cauthor_uid=28624789
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JAK2 (33). Zhang et al. also confirmed that miRNA-216a 
may be increase the radiosensitivity of pancreatic cancer 
cells differently, inhibiting irradiation-induced autophagy 
by regulating Beclin-1 (21). However, further studies are 
required to determine whether miR-216a could serve as a 
potential diagnostic and therapeutic target in pancreatic 
cancer.

Conclusions

However, this study had some limitations. One limitation 
is the small sample size; accordingly, it will be necessary 
to validate the experiments with a larger sample size. 
Additionally, sequencing was performed on a single 
microarray platform. Based on the evidence presented 
above, we have reached the general conclusion that 
numerous differentially expressed miRNAs may play an 
important role in radioresistance, and our data suggests 
that various miRNAs may be predictive biomarkers or 
therapeutic targets in pancreatic cancer.
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