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Abstract
Background: Pancreatic cancer is an aggressive type of cancer with poor prognosis, short survival rate, and high mortality. Drug
resistance is a major cause of treatment failure in the disease. MiR-331-3p has been reported to play an important role in several
cancers. We previously showed that miR-331-3p is upregulated in pancreatic cancer and promotes pancreatic cancer cell pro-
liferation and epithelial-to-mesenchymal transition–mediated metastasis by targeting ST7L. However, it is uncertain whether
miR-331-3p is involved in drug resistance. Methods: We investigated the relationship between miR-331-3p and pancreatic
cancer drug resistance. As part of this, microRNA mimics or inhibitors were transfected into pancreatic cancer cells. Quantitative
polymerase chain reaction was used to detect miR-331-3p expression, and flow cytometry was used to detect cell apoptosis. The
Cell Counting Kit-8 assay was used to measure the IC50 values of gemcitabine in pancreatic cancer cells. The expression of
multidrug resistance protein 1, multidrug resistance-related protein 1, breast cancer resistance protein, b-Catenin, c-Myc, Cyclin
D1, Bcl-2, and Caspase-3 was evaluated by Western blotting. Results: We confirmed that miR-331-3p is upregulated in
gemcitabine-treated pancreatic cancer cells and plasma from chemotherapy patients. We also confirmed that miR-331-3p inhi-
bition decreased drug resistance by regulating cell apoptosis and multidrug resistance protein 1, multidrug resistance-related
protein 1, and breast cancer resistance protein expression in pancreatic cancer cells, whereas miR-331-3p overexpression had the
opposite effect. We further demonstrated that miR-331-3p effects in drug resistance were partially reversed by ST7L over-
expression. In addition, overexpression of miR-331-3p activated Wnt/b-catenin signaling in pancreatic cancer cells, and ST7L
overexpression restored activation of Wnt/b-catenin signaling. Conclusions: Taken together, our data demonstrate that
miR-331-3p contributes to drug resistance by activating Wnt/b-catenin signaling via ST7L in pancreatic cancer cells. These data
provide a theoretical basis for new targeted therapies in the future.
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Introduction

Morbidity and mortality associated with pancreatic cancer (PC)

has increased in recent years, making it one of the most malig-

nant and fatal cancers worldwide.1 Because of atypical early

symptoms, and a lack of effective early-stage diagnostic tech-

niques, most patients with PC progress rapidly to advanced

stages, with the number of potentially operable patients being

10% to 15%.2 In addition to surgery, PC treatment includes

radiotherapy, immunotherapy, chemotherapy, and so on. The

main chemotherapeutic drug for PC is gemcitabine (GEM), and

some clinical trials have found it improves survival rates in

patients with PC to some extent. But, unfortunately, drug resis-

tance has also significantly reduced GEM efficacy.3,4 There-

fore, drug resistance reversal in PC has become a major

therapeutic research focus in recent years.

MicroRNAs (miRNAs) are small noncoding RNA mole-

cules that generally influence gene expression by binding to

messenger RNA (mRNA) subsets, with which they share par-

tial complementarity and suppress the stability and/or transla-

tion of such mRNAs.5 Through interactions with a wide spectra

of mRNAs encoding proteins with diverse functions, miRNAs

have emerged as potent posttranscriptional regulators of sev-

eral cellular processes, including cell survival, death, division,

differentiation, and senescence.6 Recently, several miRNAs

have been found to play important roles in tumor drug resis-

tance via the regulation of oncogenes or tumor suppressor

genes.7 It has been shown that miR-331-3p plays an important

role in many tumors, such as colorectal cancer,8 liver cancer,9

lung cancer,10 and gastric cancer.11 Studies have also shown

that miR-331-3p is involved in tumor proliferation, apoptosis,

metastasis, and epithelial-to-mesenchymal transition

(EMT).8-10,12 As cell apoptosis and EMT are closely associ-

ated with drug resistance, we inferred that miR-331-3p may

also participate in drug resistance. Our previous studies have

demonstrated that miR-331-3p is upregulated in PC and pro-

motes PC cell proliferation and EMT-mediated metastasis by

targeting ST7L.13 ST7L (ST7-like), also as known as ST7R, is

a paralog of the tumor suppressor gene, ST7.14 ST7L is down-

regulated in some cancers and acts as a tumor suppressor in

gastric cancer,15 glioma,16 ovarian cancer,17 and hepatocellu-

lar carcinoma.18 However, the significance of ST7L in PC and

whether miR-331-3p is involved in drug resistance through

ST7L remain to be explored.

b-Catenin-dependent Wnt signaling, also known as canoni-

cal Wnt signaling, is a highly conserved signaling pathway

closely associated with cell proliferation and differentiation.19

The Wnt/b-catenin pathway is a family of proteins implicated

in many vital cellular functions, such as stem cell regeneration

and organogenesis. Several intracellular signal transduction

pathways are induced by Wnt, notably the Wnt/b-catenin-

dependent pathway or canonical pathway and the noncanonical

or b-catenin-independent pathway. b-catenin, the major effec-

tor of Wnt/b-catenin signaling, translocates to the cell nucleus

to form complexes with coregulators of transcription factors,

thus promoting the transcription of oncogenes such as Cyclin D

and C-myc.20 It is reported that Wnt/b-catenin signaling acti-

vation promotes chemoradiotherapy resistance.21 Li et al

observed that miR-378 functions as an onco-miRNA by target-

ing the ST7L/Wnt/b-catenin pathway in cervical cancer cells.22

Some studies have shown that ST7L downregulation inhibits

the activation of b-catenin.16,18 However, the role of ST7L/

Wnt/b-catenin signaling in PC remains unknown. This study

aimed to verify that miR-331-3p was involved in drug resis-

tance and activated Wnt/b-catenin signaling via ST7L in PC.

Materials and Methods

Clinical Specimens

Admission plasma of 15 patients with PC who had received

chemotherapy and control plasma samples from 15 patients

with PC who had not received chemotherapy were recruited

from the Tongren Hospital of Wuhan University and Renmin

Hospital of Wuhan University. All peripheral plasma samples

were collected in EDTA tubes, centrifuged at 1000g for

15 minutes at 4 �C, and processed within 4 hours. The plasma

was then gently transferred to a fresh, RNase/DNase-free,

1.5 mL EP tube (Axygen) and stored at �80 �C. This study

was approved by the Ethics and Science Committee of Wuhan

University Tongren Hospital (KY2019-004). All human body

research was conducted in accordance with the requirements of

Helsinki institutions, the state, and the declaration.

Cell Lines and Cell Culture

The human PC cell lines PANC1 and MIAPaCa2 were pro-

vided by the Cell Bank of Type Culture Collection of Chinese

Academy of Sciences. Drug-resistant cells PANC1/Gem and

MIAPaCa2/Gem were donated by the teacher of the Central

Laboratory of Renmin Hospital of Wuhan University. They

continue to treat PC cells with increasing concentrations of

GEM, which makes them resistant to GEM. All cells were

cultured in Dulbecco’s modified Eagle medium (Gibco) sup-

plemented with 10% fetal bovine serum (NQBB), 100 mg/mL

streptomycin, and 100 IU/mL penicillin (Thermo Fisher Scien-

tific). Cells were incubated in a humidified incubator at 37 �C
with 5% CO2.

RNA Extraction and Quantitative Reverse Transcription
Polymerase Chain Reaction

Total RNA from cell lines was isolated using the TRIzol

reagent (Invitrogen). Plasma miRNA from patients with PC

was extracted from a mirVana PARIS kit (Ambion), according

to the manufacturer’s instructions. The plasma miRNA and

total RNA reverse transcription were performed using the

reverse transcription kit (TOYOBO). For quantitative reverse

transcription polymerase chain reaction (qRT-PCR), 2 mg total

RNA was reverse transcribed with miR-331-3p, U6 RT pri-

mers, or oligo-dT with M-MLV reverse transcriptase. The

qRT-PCR was performed with kits and produced the following

reaction: 2 mL RT products, 5 pmol forward primer, 5 pmol

2 Technology in Cancer Research & Treatment



reverse primer, 7.5 mL 2X SYBR-Green buffer, and nuclease-

free water to 15 mL. The reverse transcription products were

subsequently analyzed using UltraSYBR Mixture (ComWin

Biotech) on an ABI StepOne Plus qPCR system (Applied Bio-

systems). Primers of miR-331-3p and U6 were obtained from

RiboBio Corporation. MicroRNA expression levels were

normalized with U6 snRNA as a reference and expressed as

2�[CT (miRNA) � CT (U6)], with CT denoting the threshold cycle.

Cell Transfection

Hsa-miR-331-3p mimic (sense: 50-GCCCCUGGG CCUAUCC

UAGAA-30; antisense: 50-CUAGGAUAGGCCCAGGGG

CUU-30), hsa-miR-331-3p inhibitor (50-UUCUAG GAU AGG

CCCAGG GGC-30), hsa-miR mimic negative control (sense:

50-UUC UCCGAACGUGUCACGUTT-30; antisense: 50-ACG

UGACACGUUCGGAGAATT-30), and hsa-miR inhibitor neg-

ative control (50-CAGUACUUUUGUGUAGUA CAA-30)
were synthesized by GenePharma. PANC-1 and MIA paCa-2

cells were transfected with miR-331-3p mimics (40 nM), miR-

331-3p inhibitors (80 nM), or their negative control using Lipo-

fectamine 2000 (Invitrogen), according to the manufacturer’s

instructions. The ST7L expression plasmid was constructed by

inserting the ST7L open reading frame sequence into the

pCMV6 vector (OriGene). The plasmid was transfected

according to the manufacturer’s instructions.

Analysis of Cell Apoptosis

Pancreatic cancer cells were transfected in 6-well plates and

20 mM GEM (Sigma) was added to each well the next day.

After incubating for 24 hours, cells were washed by phosphate-

buffered saline (PBS) and stained using the Annexin V-PE

Detection kit (BD Biosciences), according to the manufactur-

er’s protocols. All of the samples were analyzed using the

FACS Caliber II Sorter and Cell Quest FACS System (BD

Biosciences).

Western Blot Analysis

Cells were cleaned with 1� PBS buffer and then lysed in radio-

immunoprecipitation assay buffer containing protease inhibi-

tors (Beyotime), and the protein concentration was measured

using Pierce BCA Protein Assay Kit (Thermo Fisher Scien-

tific), according to the manufacturer’s protocols. Mix the solu-

ble lysate with sample buffer and boil for 10 minutes. Equal

amounts of proteins were separated by 10% sodiumdodecylsul-

fate polyacrylamide gel electrophoresis (SDS-PAGE) and sub-

sequently transferred to polyvinylidene difluoride membranes

(Millipore). The membranes were then blocked with 5% non-

fat milk in Tris-buffered saline with Tween-20 (TBST) for 2

hours, then followed by incubation with the primary antibodies

against multidrug resistance protein 1 (MDR1; 1:1000; BD

Biosciences), multidrug resistance-related protein 1 (MRP1;

1:1000; BD), breast cancer resistance protein (BCRP; 1:1000;

BD), b-catenin (1:1000; Abcam), c-myc (1:1000; Abcam),

cyclin D1 (1:1000; Abcam), Bcl-2 (1:1000; Abcam),

Caspase-3 (1:500; Abcam), and b-actin (1:1000; Santa Cruz)

overnight at 4 �C. After washing with TBST, the blots were

incubated with horseradish peroxidase conjugated secondary

antibody (1:5000; A0216; Beyotime Institute of Biotechnol-

ogy) at 37 �C for 1 hour. Thereafter, the protein level was

detected by the enhanced chemiluminescence Western blot

analysis system.

Analysis of IC50

Cell Counting Kit-8 (CCK-8) analysis kit (Dojindo) deter-

mined the drug resistance. Cells were seeded into a 96-well

plate at a density of 2 � 103 cells per well, and 0, 0.2, 1, 5,

25, and 125 mM GEM was added to the 96-well plate the next

day. After 72 hours of incubation, 10 mL CCK-8 solution was

added to each pore. The cells were incubated at 37 �C for

2 hours, and the absorbance at 450 nm was measured by

enzyme-linked immunosorbent assay (Dasit).

Statistical Analysis

All the statistical analysis was carried out by SPSS software,

while the illustration data were carried out by graphic flat

prism. Student t test or 1-way analysis of variance was used

to evaluate statistical significance, which was expressed as

mean + SD (P < .05).

Results

MiR-331-3p Is Upregulated in GEM-Treated PC Cells
and Plasma From Chemotherapy Patients

Gemcitabine is now recognized as a drug for the treatment of

PC. It is reported that GEM stops DNA strand synthesis, breaks

DNA strands, induces apoptosis, and induces apoptosis of cancer

cells,3 so we use GEM to study drug resistance in PC cells. To

investigate whether miR-331-3p was involved in PC drug resis-

tance, we used qPCR to detect the expression of miR-331-3p in

these cells. We observed that miR-331-3p was upregulated in

PANC1 and MIAPaCa2 cells treated with GEM (0, 10, and

20 mM) for 6 hours (Figure 1A and B). We then detected the

expression of miR-331-3p in the drug-resistant cells, PANC1/

Gem, and MIAPaCa2/Gem. Our results showed that mir-331

expression in PANC1/GEM cells was upregulated when com-

pared with PANC1 cells alone and that Mir-331 expression in

MIAPaCa2/Gem cells was also upregulated when compared

with MIAPaCa2 cells alone (Figure 1C and D). In addition,

miR-331-3p was upregulated in plasma fractions from 15

patients with PC receiving chemotherapy, when compared with

control plasma fractions from 15 patients with PC who had not

received chemotherapy (Figure 1E). These results indicated that

miR-331-3p is closely related to the drug resistance of PC.
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MiR-331-3p Promotes Drug Resistance in PC Cells

In considering PC apoptosis induced by GEM, we treated

PC cells with 10 mM GEM, which were transfected with

miR-331-3p mimics or miR-331-3p inhibitors. After incuba-

tion for 24 hours, we analyzed apoptosis by flow cytometry and

found that miR-331-3p overexpression reduced the numbers of

apoptotic cells in PANC1 and MIAPaCa2 cells, while

miR-331-3p inhibition increased these numbers (Figure 2A

and B). To further explore the effects of miR-331-3p on apop-

tosis in PC cells treated with 10 mM GEM, we investigated the

expression of the apoptosis-related genes, Bcl-2, and Caspase-3

by Western blotting. The results showed that miR-331-3p over-

expression decreased Bcl-2 expression and increased Caspase-

3 expression, whereas inhibition of miR-331-3p had the

opposite effect (Figure 2C and D). Next, we used the CCK-8

kit to measure the IC50 to reflect PC cell sensitivity to GEM.

Our results showed that the IC50 of PANC1 and MIAPaCa2

cells transfected with miR-331-3p mimics was significantly

increased, while the IC50 of cells transfected with miR-331-

3p inhibitors was significantly decreased (Figure 2E and F).

Multidrug resistance protein 1, MRP1, and BCRP are believed

to be related to drug resistance23-25; therefore, we performed

Western blotting to detect the expression of these drug resis-

tance markers in PANC1 and MIAPaCa2 cells. Our results

showed that miR-331-3p overexpression increased the expres-

sion of MDR1, MRP1, and BCRP. Conversely, miR-331-3p

inhibition decreased the expression of MDR1, MRP1, and

BCRP (Figure 2G and H). These results supported the hypoth-

esis that miR-331-3p promoted drug resistance in PC cells.

MiR-331-3p Promotes Drug Resistance by Targeting
ST7L in PC Cells

Our previous study confirmed that ST7L was a new down-

stream target of miR-331-3p,13 but whether miR-331-3p

Figure 1. MiR-331-3p is upregulated in drug-treated pancreatic cancer (PC) cells and plasma of chemotherapy patients. A and B, Quantitative

polymerase chain reaction (qPCR) analysis of relative expression levels of miR-331p in PANC1 and MIAPaCa2 cells treated with gemcitabine

(GEM; 0, 10, 20 mM). C and D, The qPCR analysis of relative expression levels of miR-331p in PANC1/Gem and MIAPaCa2/Gem. E, The

qPCR analysis of relative expression levels of miR-331-3p in plasma of 15 patients with PC who had received chemotherapy and control plasma

samples from 15 patients with PC who had not received chemotherapy. All data are presented as the mean + SD. *P < .05. **P < .01.

***P < .001.
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promoted drug resistance by targeting ST7L was still not clear.

We transfected miR-331-3p mimics or miR-331-3p mimics

plus ST7L expression plasmids into PANC-1 and MIAPaCa2

cells. The results from flow cytometry showed that ST7L over-

expression promoted apoptotic effects in PC cells mediated by

miR-331-3p (Figure 3A and B). The results from Western blot-

ting further confirmed that ST7L overexpression promoted

apoptotic effects in PC cells, mediated by miR-331-3p

(Figure 3C and D). In addition, we confirmed that overexpres-

sion of miR-331-3p increased the GEM IC50 in PC cells, while

ST7L overexpression reversed the promotion of miR-331-3p

(Figure 3E and F). Additionally, our Western blotting assays

demonstrated that miR-331-3p overexpression upregulated

the expression of MDR1, MRP1, and BCRP, but the effects

were partially offset by ST7L reintroduction (Figure 3G and

H). Collectively, these data demonstrated that ST7L reintro-

duction partially reversed miR-331-3p-mediated drug resis-

tance in PC cells.

MiR-331-3p Activates WNT/b-Catenin Signaling
via ST7L

The Wnt/b-catenin signaling pathway is involved in the devel-

opment and progression of several human cancers.20 b-catenin

is the major effector of Wnt/b-catenin signaling, and Cyclin D

and C-myc are key downstream genes of this Wnt/b-catenin

signaling pathway. When the Wnt signal is activated, the inhi-

bition of b-catenin phosphorylation leads to increased b-cate-

nin in cells, allowing increased b-catenin to enter the nucleus to

activate its targets.20 To determine whether miR-331-3p parti-

cipated in drug resistance by activating Wnt/b-catenin signal-

ing in PC cells, b-catenin, Cyclin D, and C-myc expression

were analyzed in PC cells transfected with miR-331-3p mimics

or miR-331-3p mimics plus ST7L expression plasmids. West-

ern blotting assays showed that miR-331-3p overexpression

increased activated b-catenin, C-myc, and cyclin D1 protein

levels, which were rescued by increasing ST7L expression, and

there was no significant difference in the expression of total

b-catenin between miR-331-3p mimics and miR-331-3p

mimics plus ST7L (Figure 4). These results demonstrated that

miR-331-3p promoted drug resistance by targeting ST7L and

activating the Wnt/b-catenin signaling pathway in PC cells.

Discussion

At present, the treatment of PC requires comprehensive treat-

ments with radical surgical resection as the core approach.26

However, because of its rapid progress and insidious onset,

many patients lose the opportunity for surgical resection. With

the wide use of chemotherapy drugs, the sensitivity of PC to

Figure 2. MiR-331-3p increases gemcitabine (GEM) resistance in

pancreatic cancer cell lines. A and B, Flow cytometry assessment of

apoptosis in PANC1and MIAPaCa2 cells transfected with miR-331-

3p mimics or inhibitors and treated with 20 mM GEM for 24 hours.

The total events shown in the lower right-hand and upper right-hand

quadrants are apoptotic cells. C and D, Western blot analysis of Bcl-2

and Caspase-3 in PANC1 and MIAPaCa2 cells transfected with miR-

331-3p mimic or inhibitors. E and F, The IC50 values of GEM in

PANC1 and MIAPaCa2 cells transfected with miR-331-3p mimics or

inhibitors for 72 hours using Cell Counting Kit-8 (CCK-8) assay. G

and H, Western blot analysis of multidrug resistance protein 1

Figure 2. (Continued). (MDR1), multidrug resistance-related protein

1 (MRP1), and breast cancer resistance protein (BCRP) in PANC1 and

MIAPaCa2 cells transfected with miR-331-3p mimic or inhibitors. b-

actin is used as loading control. All data are presented as the mean +
SD. *P < .05. **P < .01. ***P < .001.
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GEM and other chemotherapy drugs has decreased signifi-

cantly, which makes PC treatment more difficult.3,4 Therefore,

the investigation of drug resistance mechanisms in PC is

crucial.

MicroRNAs are short RNA molecules of 19 to 25 nucleo-

tides in size that regulate posttranscriptional silencing of target

genes.27 A single miRNA can target hundreds of mRNAs and

influence the expression of many genes involved in functional

interacting pathways.28 Recently, the role of miRNAs in PC

drug resistance has been recognized. Several reports have

shown that some miRNAs, such as mir-455-3p, miR-141,

mir-184, miR-199a, and mir-421, contribute to drug resistance

in different tumors.29-33 Mir-331-3p is generally upregulated in

several human cancers, including PC.13 Recent studies have

shown that mir-331 is involved in the occurrence and develop-

ment of tumors.8-12 However, whether mir-331-3p is related to

drug resistance in PC cells has not been explored.

In this study, we demonstrated that miR-331-3p contributed

to drug resistance in PC cells and that miR-331-3p expression

in plasma fractions from 15 patients with PC who had received

chemotherapy was upregulated when compared with control

plasma fractions from 15 patients with PC who had not

received chemotherapy. We then explored the possible

mechanisms of miR-331-3p-induced GEM resistance in PC

cells. We used flow cytometry to identify cell apoptotic effects

in PC cells treated with GEM. Our results showed that miR-

331-3p inhibited apoptosis in both PANC1 and MIAPaCa2

cells. Furthermore, Western blot analysis demonstrated that

miR-331-3p promoted apoptosis in PC cells by regulating the

apoptosis-related proteins, Bcl-2, and Caspase-3. IC50 values

of GEM in PANC1 and MIAPaCa2 cells indicated that miR-

331-3p overexpression significantly increased these IC50

values, whereas miR-331-3p inhibition decreased them.

Furthermore, Western blotting demonstrated that miR-331-3p

promoted drug resistance in PC cells by regulating the drug

resistance-related proteins MDR1, MRP1, and BCRP.

ST7L was confirmed by its similarity to the ST7 tumor

suppressor gene in the chromosome 7q31 region and clustering

with the WNT2B gene in a tail-to-tail manner in a chromosomal

region. WNT2 and the WNT2B isoform 2 (WNT2B2) are pos-

itive regulators of the WNT-b-catenin signaling pathway,

which plays important roles in carcinogenesis.34 In this study,

by transfecting PC cells with miR-331-3p mimics, or miR-331-

3p mimics plus ST7L expression plasmids, we confirmed that

miR-331-3p participated in drug resistance via ST7L in PC

cells. The Wnt/b-catenin pathway has long been associated
Figure 3. MiR-331-3p participates in drug resistance of pancreatic

cancer cells via targeting ST7L. A and B, Flow cytometry assessment

of apoptosis in PANC1and MIAPaCa2 cells transfected with miR-

331-3p mimics or miR-331-3p mimics plus ST7L expression plasmids

and treated with 20 mM gemcitabine (GEM) for 24 hours. The total

events shown in the lower right-hand and upper right-hand quadrants

are apoptotic cells. C and D, Western blot analysis of Bcl-2 and

Caspase-3 in PANC1 and MIAPaCa2 cells transfected with miR-331-

3p mimics or miR-331-3p mimics plus ST7L expression plasmids and

treated with 20 mM GEM. E and F, The IC50 values of GEM in

PANC1 and MIAPaCa2 cells transfected with miR-331-3p mimics or

Figure 3. (Continued). miR-331-3p mimics plus ST7L expression

plasmids for 72 hours using Cell Counting Kit-8 (CCK-8) assay. G and

H, Western blot analysis of multidrug resistance protein 1 (MDR1),

multidrug resistance-related protein 1 (MRP1), and breast cancer

resistance protein (BCRP) in PANC1 and MIAPaCa2 cells transfected

with miR-331-3p mimic or miR-331-3p mimics plus ST7L expression

plasmids. b-actin is used as loading control. All data are presented as

the mean + SD. *P < .05, **P < .01. ***P < .001. b-actin is used as

loading control.
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with tumorigenesis, tumor plasticity, and cancer stem cells, and

high expression levels of the Wnt pathway have been associ-

ated with poor cancer survival.35 ST7L was reported to inhibit

the Wnt/b-catenin signaling pathway and act as a tumor sup-

pressor gene in several cancers.16,18,22 b-catenin is a primary

component of Wnt/b-catenin signaling, and Cyclin D and C-

myc are major downstream effectors of Wnt/b-catenin signal-

ing.20 When Wnt signal is activated, the inhibition of b-catenin

phosphorylation leads to increased b catenin in cells, and

increased b-catenin enters the nucleus to activate its targets;

therefore, we examined the expression of activated b-catenin,

total b-catenin, Cyclin D1, and C-myc in our PC cells. We

observed that miR-331-3p overexpression increased activated

b-catenin, Cyclin D1, and C-myc expression in PC cells and

that ST7L appeared to reverse the promotion of miR-331-3p on

the Wnt/b-catenin pathway. These findings suggested that

miR-331-3p was linked to drug resistance in PC cells by acti-

vating Wnt/b-catenin signaling via ST7L.

In summary, we provided strong evidence that miR-331-3p

directly targeted ST7L to promote drug resistance in PC cells.

Additionally, our studies elucidated a novel mechanism

whereby miR-331-3p was involved in drug resistance by acti-

vating the Wnt/b-catenin signaling pathway via ST7L. Our

data suggested that miR-331-3p may be a promising target in

the treatment of PC.
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