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Abstract: Micro(mi)RNAs play a critical regulatory role in the progression and metastasis of pancreatic cancer (PC).
In this study, we aimed to reveal the mechanisms of miR-374b-5p in regulating epithelial-mesenchymal transition
(EMT) in PC. Gene Expression Omnibus datasets (GSE24279 and GSE71533) and the pancreatic ductal adeno-
carcinoma (PDAC) cohort of The Cancer Genome Atlas were employed to screen for potential prognostic miRNAs.
The expression of miR-374b-5p was measured by quantitative real-time polymerase chain reaction (QRT-PCR)
in 78 paired PDAC tissue samples. The biological effects of miR-374b-5p were investigated using in vitro and in
vivo assays. Luciferase reporter assays and immunohistochemical tests were conducted to verify the interaction
between miR-374b-5p and its predicted direct target, KDM5B. MiR-374b-5p was downregulated in PC tissues,
and a low level of miR-374b-5p was associated with poor overall survival, greater tumor size, and more lymph
node metastasis in PC. In vitro assays indicated that overexpression of miR-374b-5p suppressed the proliferation,
migration, and invasion of PC cells. Mechanistically, miR-374b-5p suppressed the expression of KDM5B, which
inhibited E-cadherin expression but promoted N-cadherin and vimentin expression. Finally, in vivo assays demon-
strated that miR-374b-5p overexpression suppressed tumor growth and lung metastasis in PANC-1 cells. Thus, our
findings indicate that miR-374b-5p could be a potential prognostic biomarker and therapeutic target for KDM5B-
induced EMT in PC.
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Introduction such as N-cadherin and vimentin, are activated,

facilitating cell metastasis [8]. Therefore, under-

Pancreatic cancer (PC), a lethal cancer, has a
dismal five-year overall survival (0S), with a
range of 5-9% [1-4]. Its most common patho-
logical type is pancreatic ductal adenocarcino-
ma (PDAC), which accounts for over 90% of all
PC cases [5]. PDAC is not sensitive to most che-
motherapeutic and molecular targeted agents.
Consequently, radical resection remains the
most effective treatment for achieving long-
term survival in PC [6]. However, because of
aggressive invasion and metastasis, most
patients are not diagnosed with PC until it has
reached an advanced stage and thus miss the
opportunity to undergo curative surgery [7].

Epithelial-mesenchymal transition (EMT) is a
critical event that occurs during cancer devel-
opment. During EMT, mesenchymal markers,

standing the molecular modulation mecha-
nisms underlying EMT is vital to identify poten-
tial biomarkers and therapeutic targets for PC.

Micro(mi)RNA, a noncoding small molecule
RNA, generally degrades the target mRNAs by
binding to the 3’-untranslated region (3’-UTR)
[9]. Evidence indicates that miRNAs play a criti-
cal regulatory role in PC progression. For exam-
ple, miR-21 and miR-203 are overexpressed in
tumor tissues and negatively correlated with
the OS of patients with PC [10, 11]. Additionally,
miR-145 and miR-122-5p, which inhibit EMT by
targeting TGF-B and CCNG1, were downregulat-
ed in PC tissues [12, 13]. Furthermore, many
studies have demonstrated that miRNAs regu-
late tumorigenesis by interacting with other
noncoding RNAs [14]. For instance, by sponging
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miR-217, circular RNA ADAM9 increases PRSS3
expression and thus activates the ERK/VEGF
signaling pathway in PC [15]. Long noncoding
RNA HCP5 can sponge miR-214-3p and repress
its suppressive function on HDGF, leading to
gemcitabine resistance in PC [16]. In such
interactions, termed competing endogenous
RNA networks, the miRNAs act as a bridge
between the noncoding RNAs and the mRNAs
to regulate tumor progression. Thus, identify-
ing EMT-associated miRNAs can improve the
search for novel therapeutic PC targets.

In this study, we used public miRNA expression
profiles to identify miR-374b-5p as a prognostic
biomarker for PC. We further investigated its
effects on EMT in PC and the underlying
mechanisms.

Materials and methods

Screening overall survival-associated and dif-
ferentially expressed (DE) microRNAs in pan-
creatic cancer

Two miRNA expression profiles, GSE24279 and
GSE71533, were downloaded from the Gene
Expression Omnibus (GEO) database (https://
www.ncbhi.nlm.nih.gov/geo/). We performed
differential expression analyses with the
“limma” R package and set the selection crite-
rion as P < 0.05 to identify the intersected DE
miRNAs. Next, the miRNA expression dataset
and clinical data of the PDAC cohort were
extracted from The Cancer Genome Atlas
(TCGA) database (https://gdac.broadinstitute.
org/). In this cohort, we excluded cases
wherein the patients died within three months
of operation, since these deaths were mainly
attributed to surgical complications, and
this factor could have interfered with the evalu-
ation of long-term survival. Based on the medi-
an expression value of the DE miRNAs, the
patients with PC were then classified into high-
and low-expression level groups to perform
Kaplan-Meier (K-M) survival analyses. Finally,
we identified potential DE miRNAs associated
with the OS of the PDAC cohort.

Functional analyses and target prediction for
miR-374b-5p

We applied the DIANA-mirPath web tool to dis-
cover the underlying pathways associated with
miR-374b-5p. Using the miRWalk 2.0 web tool,
a putative target gene set of miR-374b-5p was
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predicted. Then, we performed Pearson’s cor-
relation analyses to screen out a negatively
associated gene set corresponding to miR-
374b-5p, using the mRNA and miRNA expres-
sion profiles of the PDAC cohort of TCGA. These
two gene sets were then intersected to
obtain the target genes of miR-374b-5p. Next,
Gene Ontology (GO) annotation and Kyoto
Encyclopedia of Gene and Genomes (KEGQG)
pathway enrichment analysis were conducted
to uncover the potential functions of the target
genes of miR-374b-5p, using the “clusterProfil-
er” R package.

Patients and samples in the validation cohort

From January 2019 to May 2020, 78 patients
with PC in Beijing Chao-Yang Hospital were
enrolled in the validation cohort. The patients
were diagnosed with PDAC based on histopath-
ological evidence. Adjuvant radiotherapy and
chemotherapy were not performed preopera-
tively. Paired tumor and adjacent healthy tis-
sues were immediately frozen in liquid nitrogen
for 2 h and stored at -80°C. Quantitative real-
time polymerase chain reaction (QRT-PCR) was
performed to determine the miR-374b-5p level.
We plotted a receiver operating characteristic
(ROC) curve and calculated the area under the
curve (AUC) to evaluate the significance of miR-
374b-5p in distinguishing tumor tissues from
normal tissues. The patients were classified
into high- and low-level groups according to the
median expression value of miR-374b-5p.
Then, we compared the clinicopathological vari-
ables between the two groups. This study was
permitted by the research ethics committee of
Chao-Yang hospital, and all patients signed an
informed consent form (No. 2019-S-243).

Quantitative real-time polymerase chain reac-
tion

Total RNA from cell and tissue samples was
extracted using TRIzol reagent (Invitrogen, CA,
USA) and transcribed into the first-strand
cDNA using rtStar™ First-Strand cDNA
Synthesis Kit (Arraystar Inc., Rockville, MD,
USA) following the manufacturer's protocol.
The primers were designed and synthesized by
Yingjun Biotechnology Co., Ltd. (Shanghai,
China). The sequences of the forward and
reverse primers for miR-374b-5p were 5-AC-
ACTCCAGCTGGGATATAATACAACCTGC-3’ and 5~
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGT-
TGAGCACTTAGC-3’, respectively. Following the

Am J Cancer Res 2021;11(8):3907-3920



MiR-374b-5p inhibits EMT in pancreatic cancer

manufacturer’s instructions, qRT-PCR was per-
formed with Arraystar SYBR® Green Real-time
gPCR Master Mix (Arraystar Inc.). Relative RNA
expression was calculated using the 224¢T
method and normalized to the expression level
of B-actin.

Cell culture and transfection

Human pancreatic cancer cells (PANC-1,
AsPC-1, MIA PaCa-2, and SW1990) and normal
pancreatic ductal cells (HPDEG-C7) were pur-
chased from the American Type Culture
Collection (Manassas, VA, USA) and cultured
with Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine
serum (TransGen Biotech, Beijing, China). The
cells were grown as monolayers in a humidified
CO, incubator at 37°C.

Human miR-374b-5p negative control (NC),
mimics, and inhibitor were purchased from
RiboBio Co., Ltd. (Guangzhou, China). Short
hairpin (sh)-RNA vector for Lysine Demethylase
5B (KDM5B) and KDM5B pcDNA3.1 expres-
sion vector were purchased from GenePharma
Co., Ltd. (Suzhou, China) to change the expres-
sion level of KDM5B in PC cells. PANC-1 and
SW1990 cells were seeded into 6-well plates,
and transfection was performed using Lipo-
fectamine 3000 (Invitrogen) according to the
manufacturer’s instructions. GV248 lentiviral
vectors carrying miR-374b-5p mimics and NC
were constructed by GeneChem Co., Ltd.
(Shanghai, China) in HEK 293T cells. PANC-1
cells were transfected with lentiviral vectors,
and stable miR-374b-5p-overexpressing cells
were selected with puromycin for 14 days.

Cell counting kit-8 (CCK-8) assay

PANC-1 and SW1990 cells were transfected for
24 h and seeded into 96-well plates at a den-
sity of 3 x 10° cells/well with 100 uL of com-
plete medium at 37°C. Cells were incubated for
0, 24, 48, 72, and 96 h, and a CCK-8 assay
(Yuanyuan Biotech Inc., Guangzhou, China) was
performed following the manufacture’s proto-
col to measure cell proliferation. Optical densi-
ties were examined at 450 nm. All experiments
were performed in triplicate.

Cell migration assay

Transwell chambers (Corning 3422, NY, USA)
were used to detect the migration abilities of
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PANC-1 and SW1990 cells. The lower chamber
was filled with 100 yL DMEM with high glucose.
Then, 24 h after transfection, 5 x 10* cells in
100 pL of serum-free DMEM were seeded into
the upper chamber. After 24 h of incubation,
the migrated cells were fixed with 4% parafor-
maldehyde for 15 min and stained with 0.1%
crystal violet (Beyotime, Shanghai, China) for
15 min. The stained cells were then photo-
graphed at 200 x maghnification and counted in
five fields using a light microscope (Olympus,
Tokyo, Japan).

Cell scratch wound assay

After 24 h of transfection, 5 x 107 PC cells/well
were seeded into a 12-well plate. Again, after
24 h of incubation, wounds were created using
a 200 L pipette tip, and the cells were washed
twice with phosphate-buffered saline (PBS).
Images were captured after 0, 24, and 48 h,
and wound width was subsequently measured
in triplicate for each group.

Western blot (WB) analysis

Antibodies for KDM5B, E-cadherin, N-cadherin,
vimentin, and GAPDH were purchased from
Abcam (Shanghai, China). Briefly, PANC-1 and
SW1990 cells were seeded into 6-well plates
at a concentration of 5 x 105 cells/mL. After 24
h of transfection, PC cells were collected using
a scraper and lysed using RIPA lysis buffer
(Beyotime). Total protein concentration was
measured using the BCA Protein Assay Kit
(Beyotime) following the manufacturer’s in-
structions. NUPAGE™ LDS Sample Buffer 1 x
(Thermo Scientific, CA, USA) was added to the
protein samples and boiled for 10 min. Next,
the proteins were separated on precast
NuPAGE™ 4-12% Bis-Tris Midi Protein Gels
(Thermo Scientific) and electrotransferred onto
polyvinylidene fluoride membranes. The bound
antibodies were visualized using BeyoECL Plus
(Beyotime) and WB detection instruments
(Clinx Science, Shanghai, China).

Luciferase reporter assay

The wild-type (WT) and mutant (MUT) 3’-UTR
fragments of KDM5B containing miR-374b-5p
binding sites were cloned and inserted into
the primiR-RB-Report™ vector (RiboBio). HEK
293T cells were co-transfected with 50 nM
mMiR-374b-5p mimics and 500 ng/mL plasmid.
After 48 h, the luciferase activity of each group

Am J Cancer Res 2021;11(8):3907-3920



miR-374b-5p inhibits EMT in pancreatic cancer

was measured using the Dual-Luciferase
Reporter Assay System (Promega, Madison,
WI, USA), following the manufacturer’s instruc-
tions. All assays were performed in triplicate.

Xenograft tumor model and metastasis assays

miR-374b-5p-overexpressing and NC lentivirus-
es were constructed and purchased from
GenePharma Co., Ltd. Ten male BALB/c nude
mice (6 weeks old) were purchased from
SLAC Laboratory Animal Center, Shanghai,
China, and were randomly categorized into two
groups of five. Briefly, 4 x 10% PANC-1 cells,
transfected with miR-374b-5p lentivirus or
NC lentivirus (200 uyL DMEM), were subcutane-
ously injected into the right posterior back
region of the mice. Tumor volume was calculat-
ed using the following formula: tumor volume =
0.5 x length x width2. After 18 days, the tumors
were excised and weighed. For the in vivo
metastasis assays, ten male BALB/c nude
mice (6 weeks old) were randomly assigned to
two groups. In each group, 1 x 10° PANC-1
cells (100 yL DMEM) stably expressing miR-
374b-5p or NC were injected into the tail vein of
the nude mice. Four weeks later, the mice were
sacrificed, and their lungs were harvested for
hematoxylin-eosin (HE) staining and metastatic
foci counting. All animal experiments were
approved by the Animal Care and Use
Committee of Beijing Chao-Yang Hospital, and
all possible measures were undertaken to mini-
mize animal suffering.

Immunohistochemistry analyses

To evaluate the protein expression level of
KDM5B, we chose ten paired PDAC samples
and performed immunohistochemistry (IHC)
assays. Briefly, paraffin-embedded tissue
specimens were sectioned and incubated with
anti-KDM5B primary antibody (1:200; ZSGB-
BIO, Beijing, China) overnight at 4°C. After
washing with PBS, HRP-conjugated secondary
antibody (goat anti-rabbit IgG; BOSTER,
Hangzhou, China) was added to the slides for
1 h of incubation. 3,3'Diaminobenzidine (DAB)
substrate solution was the chromogen used for
KDM5B visualization. The intensity of KDM5B
cytoplasmic staining was graded as O (nega-
tive), 1+ (weak), 2+ (moderate), or 3+ (strong).
The H-score (1 x [% cells 1+] + 2 x [% cells 2+]
+ 3 x [% cells 3+]) was used to reflect KDM5B
staining.
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Statistical analysis

R software version 3.6.0 was used to integrate
and analyze the data. Raw miRNA and mRNA
expression data were normalized and log -
transformed. We determined the significant
differences between groups and produced fig-
ures using GraphPad Prism 8 (v8.0.2.263,
GraphPad, Inc., CA, USA). Pearson’s correlation
analysis was used to identify the relationship
between miR-374b-5p level and mRNA expres-
sion values. A paired-sample t-test or two-sam-
ple variance was used to compare the continu-
ous variables. The Wilcoxon signed-rank test
was utilized to analyze the correlation between
the miR-374b-5p level and clinicopathological
parameters. Fisher's exact test was used to
compare the categorical variables among the
groups. P < 0.05 was considered significant.

Results

The low miR-374b-5p level was associated
with the poor prognosis of pancreatic cancer

In the GSE24279 and GSE71533 datasets,
we found 126 DE miRNAs, of which 18 were
significantly associated with the clinical out-
comes of the PDAC cohort from TCGA (Figure
1A). Of these 18 miRNAs, 12 showed consis-
tent variation in the PC tumor tissues of the
two GEO datasets. The expression levels of six
DE miRNAs were reasonably associated with
the OS of PC patients, thereby implying that
upregulated miRNAs in PC tumors were related
to poor 0S, and downregulated miRNAs were
correlated with favorable prognosis (Figure
1B). Among the six miRNAs, miR-374b-5p
exhibited a decreased level in the PC tumors
and was significantly associated with a good
prognosis in patients with PC (Figure 1C-E).
Therefore, we selected miR-374b-5p to analyze
potential functions and target genes affecting
PC progression.

We assessed the expression of miR-374b-5p in
78 patients with PDAC using gRT-PCR and
observed that its expression was significantly
downregulated in the tumor samples compar-
ed to that in the normal samples (Figure 1F).
ROC curve analysis showed that miR-374b-5p
was a significant factor in distinguishing tumor
samples from normal samples (AUC = 0.846,
Figure 1G). Next, we categorized all 78 patients
into high- and low-level groups according to the
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Figure 1. MiR-374b-5p was downregulated in PC. A. Venn diagram identifying 18 clinically significant miRNAs that were differentially expressed in the GSE71533 and
GSE24279 datasets and were associated with prognosis in the PDAC cohort of TCGA. B. Hazard ratio of six miRNAs based on K-M survival analysis of the TCGA PDAC
cohort. C and D. Expression of miR-374b-5p in the GSE24279 and GSE71533 datasets. E. K-M survival analysis of miR-374b-5p in the TCGA PDAC cohort. F. Expres-
sion of miR-374b-5p in 78 paired PC tissues measured by gRT-PCR. G. Receiver operating characteristic curve analysis revealed that miR-374b-5p could be used to
distinguish PC samples from normal samples. H. Expression of miR-374b-5p in PC cells and normal pancreatic ductal cells. *P < 0.05; **P < 0.01. PC, pancreatic
cancer; PDAC, pancreatic ductal adenocarcinoma; TCGA, The Cancer Genome Atlas; K-M, Kaplan-Meier; gRT-PCR, quantitative real-time polymerase chain reaction.
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Table 1. Association between miR-374b-5p level and clinico-
pathological parameters of patients with pancreatic ductal

adenocarcinoma in the study cohort

miR-374b-5p inhibited the pro-
liferation and migration ability
of pancreatic cancer cells

miR-374b-5p

Clinical parameters

Low (n = 39) High (n = 39)

P value To investigate the role of miR-

Age (years)

Gender

Male 22 18

Female 17 21
Pathological differentiation

Moderate and high 26 30

Poor 13 9
Tumor size (cm) 4.4+25 3.0+1.7
Resection

RO 29 33

R1 and R2 10 6
Numbers of positive lymph node 4.1+4.4 24+28
Vascular invasion

Negative 27 26

Positive 12 13
TNM stage

I 9 12

IV-VI 30 27
Primary tumor

Tl and T2 23 33

T3 and T4 16 6
Reginal lymph nodes

NO 10 13

N1 and N2 29 26
Distant metastases

Negative 34 36

Positive 5 3

62.2+109 60.8+11.3

374b-5p in regulating the pro-
gression of PC cells, we altered
miR-374b-5p expression using
mimics and inhibitors. In PANC-1
and SW1990 cells, the CCK-8
assays showed that miR-374b-
5p overexpression and inhibi-
tion significantly suppressed
and promoted cell proliferation,
respectively (Figure 2A). In the
transwell migration assays, miR-
374b-5p expression significantly
reduced the migration abilities
of PANC-1 and SW1990 cells
(Figure 2B). The scratch wound
assays also indicated that miR-
374b-5p served as an inhibitor
of PC cell migration (Figure 2C).
Collectively, these assays dem-
onstrated that miR-374b-5p sup-
pressed the proliferation and
migration abilities of PC cells.

0.281

0.497

0.451

<0.001

0.400

0.026

1.000

0.610

0.022

miR-374b-5p may be involved in

0.620 cancer-associated pathways

To further understand the rela-
tionship between miR-374b-5p
and PC progression, we per-
formed pathway enrichment an-

0.711

Tumor-node-metastasis (TNM) stage was based on the 8th edition of the Ameri-

can Joint Committee on Cancer.

median value of the miR-374b-5p expression.
The univariate analysis results indicated that
the tumor size, the number of positive lymph
nodes, and ratio of T3 and T4 were significantly
increased in the low-level group compared to
those in the high-level group (Table 1).

We also examined the expression level of miR-
374b-5p in several pancreatic cell lines and
observed that the level was relatively more
upregulated in normal pancreatic ductal cells
(HPDE®B-C7) than in PC cells (PANC-1, AsPC-1,
SW1990, and MIA PaCa-2; Figure 1H). These
results indicated that the downregulation of
miR-374b-5p was associated with the malig-
nant phenotype of PC.
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alyses with DIANA-mirPath. MiR-
374b-5p was enriched in multi-
ple cancer-associated pathways,
including p53 signaling, FoxO
signaling, and proteoglycans of cancer (Figure
3A). Using miRWalk 2.0, we predicted 2292
genes with a miRNA response element in their
3-UTRs by mapping them to miR-374b-5p. In
this gene set, 135 genes showed a negative
correlation with miR-374b-5p, according to the
PDAC cohort of TCGA. Thus, we chose these
135 genes as the target genes of miR-374b-5p
to perform further functional analyses (Figure
3B).

GO annotation of miR-374b-5p target genes
suggested that “positive regulation of cellular
protein localization” was the most enriched
term in the biological process category (Figure
3C). “Coated membrane” and “adherens junc-
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way enrichment analysis of the miR-374b-5p target genes.
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tion” were the most enriched terms in the cel-
lular component category (Figure 3D), and
most genes of the molecular function category
were enriched in “cell adhesion molecule bind-
ing” and “cadherin binding” (Figure 3E). In the
KEGG pathway analyses, six genes were
associated with virus infections such as hepati-
tis C and herpesvirus (Figure 3F). Collectively,
the results of the bioinformatics analyses indi-
cated that miR-374b-5p function was asso-
ciated with tumor progression. Notably, the
miR-374b-5p level was negatively associated
with the increase in the number of metastatic
lymph nodes (Table 1), and its target genes
were associated with adherens junction, cell-
substrate junction, actin cytoskeleton, focal
adhesion, and cadherin binding in the GO
analyses. These findings suggest that miR-
374b-5p probably regulates the EMT process,
which is a prominent phenotype of tumor inva-
sion and is characterized by dysfunctions of the
cell junction.

miR-374b-5p targets Lysine Demethylase 5B
(KDM5B) in pancreatic cancer

Based on the TargetScan database, two bind-
ing sites of mMiR-374b-5p matched with the
3-UTR of KDMb5B (Figure 4A). In the PDAC
cohort of TCGA, the expression of KDM5B was
negatively correlated with the level of miR-
374b-5p (Figure 4B). Luciferase reporter as-
says showed that miR-374b-5p mimics mark-
edly decreased the relative luciferase activity
of KDM5B-WT in HEK 293T cells. However, the
luciferase activity of KDM5B-MUT was not
affected by the miR-374b-5p mimics (Figure
4C). In the WB analyses, KDM5B expression
was significantly suppressed in the PANC-1
and SW1990 cells transfected with miR-374b-
5p mimics. In contrast, the KDM5B level was
increased in the PC cells transfected with the
miR-374b-5p inhibitor (Figure 4D). These
observations indicated that KDM5B could be a
direct target of miR-374b-5p.

KDM5B promoted the epithelial-mesenchymal
transition process in pancreatic cancer cells

To investigate the effect of KDM5B on EMT,
we transfected lentiviral vectors encoding
KDM5B (overexpression group, OE) and sh-
KDM5B (knockdown group, KD) into PANC-1
and SW1990 cells. As shown in Figure 4E,
KDM5B-OE promoted the expression of
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N-cadherin and vimentin; however, it inhibited
the expression of E-cadherin. In contrast,
KDM5B-KD increased the expression of
E-cadherin but decreased that of N-cadherin
and vimentin. These results suggested that
KDMB5B facilitated the EMT process in PC cells.

Overexpression of miR-374b-5p inhibited the
growth and metastasis of PANC-1 cells in vivo

To further evaluate the influence of miR-374b-
5p on tumor growth, a tumor xenograft model
of nude mice was established by transfecting
PANC-1 cells with miR-374b-5p lentivirus. The
subcutaneous tumor volume in the miR-
374b-5p group was significantly smaller than
that in the NC group (Figure 5A). In the lung
metastasis model, HE staining showed that
the number of metastasized tumors in nude
mice lungs was significantly greater in the miR-
374b-5p group than in the NC group (Figure
5B). IHC analysis revealed that KDM5B was
upregulated in PC tissues compared with adja-
cent healthy tissues; however, miR-374b-5p
expression was significantly lower in the PC tis-
sues than in the normal tissues (Figure 5C).
Taken together, these results indicated that
miR-374b-5p inhibited PC proliferation and
metastasis via KDM5B.

Discussion

Recent studies have revealed that miR-374b-
5p exhibits anticancer effects in multiple can-
cers. For instance, miR-374b-5p suppresses
the migration and invasion abilities of bladder,
ovarian, and hepatocellular cancer cells [17-
19]. MiR-374b-5p expression in peripheral
blood can help in distinguishing prostate can-
cer cases from healthy controls and benign
prostatic hyperplasia cases, with an AUC of
0.85 [20]. In PDAC, miR-374b-5p can amelio-
rate chemotherapeutic resistance by targeting
several anti-apoptotic proteins [21]. However,
the effect of miR-374b-5p on EMT has not yet
been determined.

In the present study, miR-374b-5p was found
to be downregulated in PDAC tissues; this was
validated using 78 paired PDAC samples. In
the PDAC cohort, it was possible to use the
miR-374b-5p expression value to distinguish
tumor tissues from healthy tissues. A low miR-
374b-5p level was associated with more lymph
node metastasis, which indicated tumor
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Figure 4. MiR-374b-5p suppressed KDM5B-mediated epithelial-mesenchymal transition in pancreatic cancer cells.
A. The binding sites for the interaction between miR-374b-5p and KDM5B according to the TargetScan database.
B. The expression of KDM5B was negatively correlated with the miR-374b-5p level in the TCGA PDAC cohort. C.
Luciferase assays showed a significant decrease in reporter activity after transfecting miR-374b-5p with a wild-type
KDM5B 3’-untranslated region. D. Western blot analysis showed that overexpression of miR-374b-5p significantly
reduced the KDM5B level in PC cells. E. Knockdown of KDM5B upregulated E-cadherin; however, it decreased
N-cadherin and vimentin levels in PC cells. In contrast, upregulation of KDM5B inhibited E-cadherin, whereas it
promoted N-cadherin and vimentin expression. ***P < 0.001. PC, pancreatic cancer; TCGA, The Cancer Genome
Atlas; PDAC, pancreatic ductal adenocarcinoma; WT, wild-type; Mut, mutant; OE, overexpression; KD, knockdown;
NC, negative control.

aggression; thus, a low miR-374b-5p level
could be an independent predictive factor for
futile surgery [22] and poor 0OS [23].
Furthermore, downregulation of miR-374b-5p
was associated with poor long-term survival,
according to the PDAC cohort of TCGA. These
results support the potential of miR-374b-5p as
a prognostic biomarker for PDAC.

Notably, we demonstrated that miR-374b-5p
was involved in multiple cancer-associated
pathways, including p53, proteoglycans, and
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FoxO signaling pathways, which play pivotal
roles in cancerous EMT. Moreover, functions
of the putative target genes of miR-374b-5p
were also associated with cell junction regula-
tion, which critically affects tumor migration.
Overexpression of miR-374b-5p inhibited the
proliferation and migration of PC cells, accord-
ing to our in vitro assays, and decreased tumor
growth and lung metastasis as per our in vivo
assays. Mechanistically, it is possible that miR-
374b-5p directly controls the expression of
KDM5B and the downstream EMT process in

Am J Cancer Res 2021;11(8):3907-3920
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Figure 5. Overexpression of miR-374b-5p inhibited the proliferation and metastasis of PANC-1 cells in vivo. A. PANC-
1 cells transfected with miR-374b-5p or NC were injected into nude mice subcutaneously (n = 5). After 18 days,
xenograft tumors were harvested and tumor growth rate and weight were measured. B. PANC-1 cells with over-
expressed miR-374b-5p or NC were injected into the tail vein of nude mice (n = 3). After 28 days, the lungs were
harvested to calculate the number of metastasized tumors (100 x). C. Immunohistochemical staining of KDM5B
(200 x) and miR-374b-5p expression in paired PDAC and adjacent normal tissues. Here are three pairs of typical
photographs. Data are presented as mean + SD. *P < 0.05; **P < 0.01; ***P < 0.001. SD, standard deviation; NC,
negative control; PDAC, pancreatic ductal adenocarcinoma; OE, overexpression.

PC cells. Thus, these findings implied that miR-
374b-5p functioned as a tumor suppressor for
PC.

KDMb5B, a histone demethylase, can remove
the methylated modification at the fourth lysine
of histone 3 [24] and can regulate stem cell dif-
ferentiation, promote cell proliferation, inhibit
gene transcription, and maintain genome sta-
bility [25]. Overexpression of KDM5B has
been reported in several cancers, including
prostate, breast, and gastric cancers [26-
28]. A high KDM5B level is associated with
poor survival and is regarded as an indepen-
dent risk factor for head and neck cancer [15].
Mechanistic studies have also demonstrated
that KDM5B might promote the expression of
MALAT1, which in turn supports breast cancer
progression [29]. In contrast, HEXIM1, a tumor-
suppressive gene, is re-expressed in breast
cancer cells treated with a KDM5B inhibitor
[30]. Several miRNAs, including miR-424-5p
[31], miR-194 [32], and miR-135b-5p [33] can
bind to the 3-UTR of KDM5B and exert anti-
cancer effects. Consequently, KDM5B is a
potential oncogene and a promising drug target
for PC therapy.

In conclusion, We provided evidence indicating
that miR-374b-5p inhibits the proliferation
and migration of PC cells and that its expres-
sion has prognostic implications in PC.
Mechanistically, miR-374b-5p may repress the
KDM5B-mediated EMT process; therefore,
miR-374b-5p and/or KDM5B could be new
therapeutic targets for PC.
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