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miR-25 promotes invasion of human non-small cell lung cancer via CDH1
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ABSTRACT
MicroRNA-25 (miR-25) has been reported to be overexpressed in numerous human tumors and
plays a key role in tumor promotor. However, there are few reports about miR-25 expression and
function in non-small cell lung cancer (NSCLC). In this study, we investigated the biological role of
miR-25 in NSCLC and its underlying molecular mechanisms. We found that the upregulation of
miR-25 was correlated with lymph node metastasis and TNM stage in 113 NSCLC patients.
Moreover, the up-regulation of miR-25 was associated with poor survival of NSCLC patients and
might be used as an independent prognostic factor. Moreover, forced expression of miR-25
enhanced H358 and Calu-1 cell migration and invasion, but not apoptosis and proliferation
in vitro. Elevation of invasion and metastasis by miR-25 directly and significantly correlated with
inactivation of CDH1 expression. Therefore, patients with up-regulated miR-25 are prone to lymph
node metastasis and thus have a poor prognosis.
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Introduction

Lung cancer is the leading cause of tumor-related
mortality worldwide. Non-small cell lung cancer
(NSCLC) accounts for 80–85% of all lung cancer
cases, and its 5-year survival rate is poor, and even
for patients with early-stage disease who undergo
curatively intended surgery, the postoperative recur-
rence rate is high compared to other types of cancer
[1]. Tumor metastasis is primarily responsible for
NSCLC mortality, yet the molecular mechanism of
metastatic dissemination remains unclear.

Recent evidences suggest that miRNAs play an
important role in tumor metastasis [2–5]. miRNAs
are small ncRNAs around 22 nucleotides long and
execute their post-transcriptional regulatory effects by
binding to specific sites known as miRNA response
elements (MREs) on their target transcripts, resulting
in either transcript degradation or translational inhi-
bition [6,7]. Various studies have demonstrated tis-
sue – and cell-type specific expression of miRNAs,
which could exhibit either tumor suppressive or onco-
genic effects in a context-dependent manner [8,9].

CONTACT Xuerong Sun bloodoc@126.com Department of Clinical Lab, Qingdao Women and Children’s Hospital, Qingdao, Shandong, China

BIOENGINEERED
2019, VOL. 10, NO. 1, 271–281
https://doi.org/10.1080/21655979.2019.1632668

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2019.1632668&domain=pdf&date_stamp=2019-07-06


MiR-25 is a member of the miR-106b~25 cluster,
which includes miR-106b, miR-93, and miR-25, that
is located within intron 13 of the minichromosome
maintenance protein7 (MCM7) gene on chromosome
7q22.1 [10]. Previous studies have reported that miR-
25 plays an important role in many biological pro-
cesses. The expression of miR-25-3p was significantly
increased in the plasma of thyroid papillary carci-
noma, as compared with patients with benign tumors
or healthy individuals [11]. miR-25 expression was
higher in ovarian epithelial tissue, gastric cancer, lung
adenocarcinoma, and many other tumors, and miR-
25 expression levels were also closely related to tumor
stage and lymph node metastasis [12–15]. In the pre-
sent study, we investigated whether the relative
expression of miR-25 between tumor and normal
tissues is correlated with lymph node metastasis in
NSCLC patients and the mechanism by which miR-
25 promotes NSCLC metastasis.

Materials and methods

Patients

NSCLC tumor tissues (T) and normal adjacent tissues
(NAT) were retrospectively selected from 113NSCLC
patients who underwent surgery as their first and only
treatment between 2005 and 2013 at the central hos-
pital of Linyi, Shandong, China. All tissue samples
were snap frozen in liquid nitrogen immediately
after surgery and stored at −80°C until the extraction
of miRNA. For all the samples, clinicopathologic
information was available. Corresponding formalin-
fixed and paraffin-embedded (FFPE) tissues were
available from 72 of 113 samples. Of 113 patients, 67
patients underwent surgery from 2005 to 2010 whose
5-year follow-up information was all available: med-
ian age was 56 years (range, 42–73); 88.3% were
males; and median follow-up months were 43 (7–78
months). Approval for this study was obtained from
the Institutional Review Board of the central hospital
of Linyi. Signed informed consent was also obtained.

miRNA and mRNA quantification

Total miRNA was isolated from frozen tissues using
amirVanamiRNA isolation kit (Ambion). Total RNA
was isolated from cultured cells using TRIzol reagent
(Invitrogen). For RT-PCR, reverse transcription of

total RNA was performed by Reverse Transcription
System (Promega) or TaqMan Reverse Transcription
system (Applied Biosystems, UK) according to the
manufacturer’s protocol. The qPCR was carried out
using LightCycler® 480 System (Roche, Mannheim,
Germany)with the universal SYBRGreenPCRmaster
mix (Roche) by using β-actin as an internal control.
The levels of CDH1 transcript were measured by for-
ward primer, 5ʹ-AGAACGCATTGCCACATACA-3ʹ,
and reverse primer, 5ʹ-TGCTTAACCCCTCACC
TTGA-3ʹ. b-Actin was used as internal control and
amplified with forward primer, 5ʹ-CGCGA
GAAGATGACCCAGATC-3ʹ, and reverse primer, 5ʹ-
TGGTACGGCCAGAGGCG-3ʹ. All results from
three independent experiments are presented as
mean ± s.e.m. (n = 3).

Expression of mature miR-25 was analyzed using
the TaqMan® MicroRNA Assays (Applied
Biosystems). Expression of RNU6B (Applied
Biosystems) was used as an endogenous control.
miR-25 expression was measured relative to RNU6b
(internal control) and quantified by the relative Ct
method (2ΔΔCt). All the results are from three inde-
pendent experiments done in duplicate. Two com-
mercially avoidable normal brain cDNA libraries
were used as normal control (Invitrogen, Grand
Island, NY; Biochain, Hayward, CA). The TaqMan
qPCR was carried out using LightCycler® 480 System
(Roche) with the TaqMan universal PCR master mix
(Applied Biosystems). The 75th percentiles of 2ΔΔCt

were used as the cutoff point for patientswith high and
low levels of miR-25. All results from three indepen-
dent experiments were performed in duplicate are
presented as mean ± s.e.m. (n = 3).

Immuno his to chemistry

Tissue sections were dewaxed with xylene and rehy-
drated through gradient ethanol into water. For anti-
gen retrieval, sections were heated in citrate buffer
(pH 6.0) for 10 min at 95°C in a microwave oven.
After cooling to room temperature, the sections were
then digested with 0.05% trypsin for 10 min at 37°C.
Endogenous peroxidase activity was quenched with
0.3% H2O2 in methanol for 30 min at room tem-
perature. After PBS washes, nonspecific antibody
binding was blocked by preincubating slides with
10% normal goat non-immune serum at 37° for 30
min. After blotting off the blocking serum, sections
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were incubated with primary antibody against
CDH1 (1:200 dilution) at 4° overnight. After PBS
washes again, sections were incubated with biotiny-
lated secondary antibody at 1:200 dilution for 30min
at room temperature. After incubating with
Vectastain ABC reagent (Vector Laboratories, Inc.,
Burlingame, CA) for 30 min at room temperature,
the sections were developed with diaminobenzidine
(Sigma-Aldrich). Sections were washed in running
tap water and lightly counterstained with hematox-
ylin, followed by dehydration and coverslip mount-
ing. Negative controls were obtained by omitting the
primary antibody. Expression CDH1 were evaluated
as described previously. The percentage of positive
tumor cells was determined semi-quantitatively by
assessing the entire tumor section. Each sample was
assigned to one of the following categories: 0 (0–4%),
1 (5–24%), 2 (25–49%), 3 (50–74%), or 4 (75–100%).
The intensity of immunostaining was determined as
0 (negative), 1+ (weak), 2+ (moderate), or 3+
(strong). A final immunoreactive score between 0
and 12 was calculated by multiplying the percentage
of positive cells with the staining intensity score. The
two scores were then multiplied to produce
a weighted score for each sample, the expression
was considered positive when the score was >2. All
slides were blindly evaluated for immunostaining
without any knowledge of the clinical outcome of
other clinical or pathological data.

Western blot analysis

Cells were harvested and washed with PBS twice,
disrupted in IP buffer (Thermo) and centrifuged at
12,000 × g for 20 min. Protein (50 μg) from the
supernatant fraction (quantified by the BCA Protein
Assay Kit, Thermo) was subjected to SDS-
PAGE and transferred to a PVDF membrane
(Millipore). Membranes were blocked with 5% non-
fat milk for 1 h at room temperature and then incu-
bated with the anti-CDH1, followed by the corre-
sponding HRP-conjugated anti-mouse or anti-rabbit
secondary antibody. Protein bands were visualized by
the Western lightening plus-ECL kit (Pierce).

Cell culture

All NSCLC lines (H2087, HCC44, Calu-1, H358,
H1993) used in this study were obtained from the

Hamon Cancer Center Collection (University of
Texas Southwestern Medical Center), maintained
in RPMI-1640 (Life Technologies), and supplemen-
ted with 5% FBS, penicillin (100 units/ml), and
streptomycin (100 μg/ml) at 37°C in a humidified
atmosphere containing 5% CO2. All cell lines have
been DNA fingerprinted using the PowerPlex 1.2 kit
(Promega) and are mycoplasma free using the
e-Myco kit (Boca Scientific).

Transfection

The miR-25 precursor (pre-miR-25), miR-25 inhi-
bitor (anti-miR-25), and FAM-labeled pre-miR
and anti-miR negative control (pre-miR-nc, anti-
miR-nc) were purchased from Ambion and trans-
fected at a final concentration of 30 nM with
Lipofectamine 2000 (Invitrogen) following the
manufacturer’s instruction. siRNA against CDH1
and scrambled siRNA negative control were pur-
chased from Invitrogen and transfected at a final
concentration of 40 nM.

Cell proliferation, apoptosis, migration, and
invasion assay

To measure cell proliferation, cells were plated at
a density of 1 × 103 cells per well onto 96-well plates
at day 0 (24 h after pre-miR-25 or anti-miR-25
transfection). At days 1, 3 and 5, cell viability was
measured using MTT as the manufacturer's
instruction.

Apoptosis was tested by using PE annexin
V apoptosis detection kit (BD Pharminge). Forty-
eight hours after transfection, 4 × 105 cells were
incubated with annexin V-PE/7-AAD for 15 min at
room temperature, and then analyzed by Coulter
Epics XL flow cytometry (Beckman).

To measure cell migration and invasion,12 h after
transfection, cells were starved with serum-free med-
ium for 12 h, then planted into the Transwell inserts
in 24-well plate with 8.0-mm pores (Corning).
100 ml (5 × 105 cells/ml) cells were seeded atop
inserts membranes uncoated or coated with
Matrigel (BD Biosciences). Cells were incubated
with serum-free medium and translocated toward
medium with 10% FBS for 24–36 h. Membranes
were stained by 0.5% crystal violet dissolved in
100% methanol. pCMV6-CDH1, which contains
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CDH1 open reading frame was purchased from
OriGene Technologies.

To inhibit miR-25 expression, Calu-1 cells were
plated in 24-well plate and transfected with anti-
miR-25; To increase miR-25 expression, H358 cells
were plated in 24-well plate and transfected with
pre-miR-25; To restore the miR-25-resistant
CDH1 expression, H358 cells were plated in 24-
well plate and transfected with pre-miR-25 and
pCMV6-CDH1. To inhibit the miR-25-dependent
CDH1 expression, Calu-1 cells were plated in 24-
well plate and transfected with siRNA against
CDH1 and scrambled siRNA negative control.
Twenty-four hours after transfection, cells were
digested and subjected to the migration and inva-
sion assay as discussed above. The average number
of invasive/migrative cells was counted in six ran-
dom high-power fields (×400).

Statistical analysis

The unpaired Student’s t test was used with
p < 0.05 considered significant. Results were dis-
played as mean±S.E. from at least triplicate experi-
ments for each group. All statistical analyses were
performed with SPSS 22.0 software. Three times of
each experiment were performed.

Results

Expression of miR-25 is correlated with lymph
node metastasis and TNM stage in NSCLC
patients

The expression of miR-25 in NSCLC tissues was
detected by qRT-PCR, and the relationship between
the relative expression of miR-25 and clinicopatho-
logic information of NSCLC patients was analyzed.
The relative expression of miR-25 significantly
increased in patients with lymph node metastasis
compared with patients without lymph node metas-
tasis (p < 0.001) (Figure 1a and Table 1). The relative
expression of miR-25 in NSCLC samples was also
found to be correlated with the TNM stage of
patients (p = 0.017) (Figure 1a and Table 1).
No significant association was found between miR-
25 expression and other clinical characteristics
(Table 1).

High level of miR-25 is correlated with poor
survival of NSCLC patients

The potential of miR-25 as a prognosis marker was
further investigated in 67 patients. These patients
underwent NSCLC resection from 2005 to 2010,
and their 5-year follow-up information was avail-
able for each patient. This subgroup of patients
had similar clinical characteristics as compared
with a total of 113 patients. Kaplan-Meier survival
estimate showed that the patients with high miR-
25 expression had shorter survival compared with
the patients with low miR-25 expression. The dif-
ference in the prognosis of these two groups was
statistically significant (p = 0.004;log-rank test)
(Figure 1a). Next, univariate Cox analysis was per-
formed to determine whether overall survival is
associated with other prognostic factors, including
differentiation grade, N, and TNM stages. We
found that overall survival was correlated with
miR-25 expression and N and TNM stages, but
not differentiation grade (Table 1). Furthermore,
multivariate Cox proportional hazard regression
analysis was performed using all three variables
and showed that high miR-25 expression was an
unfavorable prognostic factor (p = 0.012; risk ratio
1.84; 95% confidence interval, 0.98–4.14) along
with TNM stage (p = 0.043; risk ratio 3.14; 95%
confidence interval, 1.42–4.94) (Table 2).

miR-25 modulates migration and invasion but
not proliferation in NSCLC cells

To investigate the mechanism by which miR-25
promotes lymph node metastasis, we examined the
role of miR-25 in NSCLC cell migration and inva-
sion. miR-25 expression was detected by qRT-PCR
in H2087, HCC44, Calu-1, H358, H1993 cells,
showing that H358 cells have the lowest miR-25
expression, and Calu-1 has the highest miR-25
expression (Figure 2a). So we used H358 and
Calu-1 cells for further study.

The expression of miR-25 was dramatically
increased by transfection of pre-miR-25 into H358
cells and decreased by transfection of anti-miR-25
into Calu-1 cells (Figure 2b,c). It was found that
overexpression of miR-25 markedly enhanced
migration of H358 cells compared with negative
control (Figure 2d). Conversely, the inhibition of
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miR-25 expression led to a considerable decrease in
the migration of Calu-1 cells compared with the
negative control (Figure2e).

Next, we examined the effect of miR-25 on cell
invasion across an extracellular matrix and showed
that in H358 cells, overexpression of miR-25
markedly enhanced the potential of invasion com-
pared with the control (Figure 2f). And knock-
down of miR-25 in Calu-1 cells inhibited invasion
compared with the control (Figure 2g). However,
overexpression of miR-25 in H358 cells and
knock-down of miR-25 in Calu-1 cells had no
significant effect on cell apoptosis and prolifera-
tion (Figure 2h,i). These results demonstrated that
miR-25 promotes NSCLC cell migration and inva-
sion but has no effect on cell apoptosis and
proliferation.

Expression of CDH1 is inversely regulated by
miR-25 in NSCLC

The activity of miR-25 to promote cell migration and
invasion might be due to its ability to regulate the
expression of genes contributed to metastatic disse-
mination. To determine whether CDH1 was the tar-
get of miR-25, the relationship between miR-25
expression and CDH1 level was analyzed. CDH1
was detected in H2087, HCC44, Calu-1, H358,
H1993 cells, showing that H358 cells have the highest
miR-25 expression, and Calu-1 has the lowest miR-25
expression (Figure 3a), and there was a strong inverse
relationship between miR-25 expression and CDH1
protein level in five NSCLC cell lines (Figure 2a).
Moreover, the overexpression of miR-25 could

Figure 1. Expression of miR-25 is associated with lymph node metastasis and survival of NSCLC patients. (a) relative expression of
miR-25 was compared between lymph node metastasis (N1) and without lymph node metastasis (N0), and between patients in stage
I-II and patients in stage III. Mann–Whitney U test was used. Box and whisker show median value with 10–90% percentile. (b) 67
NSCLC patients with their following information available were classified into high expression group (n= 21) and low expression
group (n= 46) by the 75th percentiles of 2ΔΔCt. Shown is Kaplan-Meier overall survival curves of two group patients, Log-rank test
was used.

Table 1. Association between miR-25 expression and clinico-
pathologic information of NSCLC patients.

Clinical parameters

miR-25
expression

Total (n = 113) Low High p Value

Sex 0.46

Female 24 18 6

Male 89 65 24

Age 0.76

≤60 years 50 14

> 60 years 63 16

Smoking status 0.14

Never 44 12

Previous/current 69 18

Histological type 0.48

Adenocarcinoma 92 22

Squamous carcinoma 21 8

TNM Stage 0.027

I/II 85 14

III 28 16

Lymph node metastasis 0.001

N1 83 12

N0 30 18

Tumor size (cm) 0.126

≤2 37 11

>2 76 19

Differentiation 0.24

well+ moderate 70 20

poor 43 10
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significantly down-regulate the level of CDH1 protein
in H358 cells. Conversely, the level of CDH1 protein
was markedly up-regulated by suppressing the miR-
25 expression in Calu-1 cells transfected with anti-
miR-25 (Figure 3b).

To further determine the relationship between
CDH1 and miR-25 in NSCLC tumor tissues, the
level of CDH1 protein was measured by IHC in 72
NSCLC samples for which the corresponding
NSCLC tumor tissues, and normal adjacent tissues
were available (Figure 3c). It was found that the
level of CDH1 was markedly lower in tumor tis-
sues than that in normal adjacent tissues: 34 of 72
tumor tissues were scored as negative. Moreover,
64% (25 of 39) tumor tissues with high miR-25
levels showed negative CDH1 expression; whereas
only 36.3% (12 of 33) tumor tissues of low miR-25
level were CDH1 negative (Table 3). These results
indicated that CDH1 is a target of miR-25 in
NSCLC cells.

miR-25 mediated invasion and migration in
NSCLC cells by CDH1 regulation

CDH1 has been proven to play a critical role in
cell migration and invasion. We confirmed above
that targeting miR-25 markedly increased migra-
tion and invasion of Calu-1 cells, followed by
increased CDH1 expression. In addition, miR-25
overexpression markedly decreased migration and
invasion of H358 cells, followed by decreased
CDH1 expression.

To demonstrate the contribution of CDH1 to
the biological function of miR-25, we first exam-
ined whether re-expression of CDH1 has an effect

on miR-25-induced cell migration and invasion in
H358 cells. To test this, pre-miR-25 and pCMV6-
CDH1 were co-transfected into H358 cells. The
results showed that co-transfection of pre-miR-25
and pCMV6-CDH1 restored CDH1 expression in
the pre-miR-25 transfected H358 cells (Figure 4a).
Furthermore, constitutive expression or CDH1
abrogated the effect of miR-25 on cell invasion
and migration (Figure 4b). We next determined
whether targeting CDH1 could abrogate the effect
of targeting miR-25 on cell invasion and migra-
tion. To test this, anti-miR-25 and CDH1 siRNA
were co-transfected into Calu-1 cells. The results
showed that co-transfection of anti-miR-25 and
CDH1 siRNA reversed CDH1 expression in the
anti-miR-25 transfected Calu-1 cells (Figure 4a).
Furthermore, targeting CDH1 abrogated the effect
of targeting miR-25 on cell invasion and migration
(Figure 4b).

Discussion

An ethnically diverse multicenter case–control
study recruiting 221 NSCLC patients, 161 controls,
and 56 patients with benign nodules from China
and America reported that serum levels of miR-25
and other four miRNAs (miR-483-5p, miR-193a-
3p, miR-214, and miR-7) were significantly ele-
vated irrespective of ethnicity groups [16].
A clinical study enrolling 100 Chinese female non-
smoking lung adenocarcinoma patients found that
increased plasma miR-25 levels positively corre-
lated with the mortality rate, advanced disease
stage, regional and distant metastasis at diagnosis
[17]. Another study has reported that significantly
elevated serum miR-25 levels were negatively cor-
related with progression-free survival time [18].
Wu et al. have reported that miR-25 expression
was elevated in the plasma of NSCLC patients and
NSCLC cell lines [19]. Ding and Xiang et al. have
reported that miR-25 was overexpressed in 31
NSCLC tissues compared with the corresponding
normal tissues [20,21], which was consistent with
our present findings. But, Wu, and Xiang et al. did
not research the relationship between miR-25
expression and clinical pathology in NSCLC
patients [19,21]. However, our study showed that
the expression of miR-25 is significantly correlated
with lymph node metastasis and TNM stage of

Table 2. Overall survival of NSCLC patients in relation to clin-
icopathologic characteristics and miR-25 expression.

Univariate analysis Multivariate analysis

Variable (n= 67) Hazard ratio
(95% CI)

p Hazard ratio
(95% CI)

p

Differentiation (well+
moderate/poor)

2.35
(1.07–5.14)

0.085

N (N1/N0) 2.75
(1.27–5.546)

0.006

TNM stage (I+ II/III) 2.98
(1.26–4.17)

0.023 3.14
(1.42–4.94)

0.043

miR-25 (low/high) 1.93
(0.98–4.14)

0.004 1.84
(1.07–5.74)

0.012
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Figure 2. miR-25 modulates cell migration and invasion in NSCLC cells. (a) Expression of miR-25 in H2087, HCC44, Calu-1, H358, and
H1993 cells were detected by qRT-PCR, RNU6B served as internal control; (b) H358 cells transfected with pre-miR-25 and pre-miR for
48 h were harvested for detection of miR-25 expression by qRT-PCR, RNU6B served as internal control. (c) Calu-1 cells transfected
with anti-miR-25 and anti-miR for 48 h were harvested for detection of miR-25 expression by qRT-PCR, RNU6B served as internal
control. H358 cells were transfected with 30 nM pre-miR-25 or pre-miR for 24 h, cell invasion (d) and migration (e) was detected.
Calu-1 cells transfected with anti-miR-25 and anti-miR for 24 h, cell invasion (f) and migration (g) were detected. (h) H358 was
transfected with 30 nM pre-miR and pre-miR-25, and Calu-1 was transfected with anti-miR and anti-25. Forty-eight hours after
transfection, cells were collected for apoptosis analysis by annexin V staining and flow cytometry. (i) H358 was transfected with 30
nM pre-miR and pre-miR-25, and Calu-1 was transfected with anti-miR and anti-miR-25. Twenty-four hours after transfection, cell
viability was detected using MTT at days 1, 3, and 5 after seeded; the proliferation curve was generated based on the absorbance
and times. Columns, mean for three experiments, bars, S.E.; * p< 0.01.
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NSCLC patients, which was consistent with Ding’s
[20]. Cell motility and invasion are required for
the dissemination of tumor cells from their pri-
mary location to lymph or blood vessels during
metastasis. Several miRNAs were found to exhibit
pro-metastatic (miR-10b, 21, and 373/520c) or
anti-metastatic (miR-34b/c, 126, 148a, 206, and
335) activity [22–24]. Our data showed that miR-
25 promotes cell migration and invasion, which is
consistent with our tissue correlation study in
which the level of miR-25 is associated with
lymph node metastasis. Our results were also con-
sistent with the previous findings that miR-25
promotes NSCLC cell migration and invasion
in vitro [20,21]. Wu et al. [19] found that transfec-
tion of A549 and 95-D cells with a miR-25 inhi-
bitor resulted in reduced cell proliferation and
enhanced apoptosis. Xiang et al. [21] have also
reported that miR-25 promoted A549 cell

proliferation. These data indicated that targeting
miR-25 inhibited NSCLC cell migration and inva-
sion partly by promoting cell apoptosis. In our
study, overexpression of miR-25 in H358 cells
and targeting miR-25 in Calu-1 cells had no sig-
nificant effect on cell apoptosis and proliferation,
suggesting that targeting miR-25 inhibited NSCLC
cell migration and invasion not via promoting cell
apoptosis. These data indicated that the role of
miR-25 in different NSCLC cells is different.
Although targeting miR-25 inhibited A549 and
Calu1 invasion in vitro in Ding’s study [20], they
did not study whether miR-25 could affect cell
apoptosis and proliferation, which is associated
with cell invasion.

The biological function of miR-25 has been
examined through the identification of miR-25 tar-
gets. Ding et al. demonstrated that miR-25 was
demonstrated to activate the ERK signaling pathway
by directly targeting KLF4, promoting cell migra-
tion and invasion [19]. Savita et al. reported that the
overexpression of the miR-106b-25 cluster could
directly suppress the ubiquitin ligase β-TRCP2
gene expression leading to decreased Snail degrada-
tion in H1299 non-small cell lung cancer cells [25].
Our current finding indicated that miR-25 represses
the expression of CDH1 in NSCLC. It has been

Figure 3. miR-25 regulates the expression of CDH1. (a) The cell lysates of H2087, HCC44, Calu-1, H358, and H1993 cells were
prepared for Western blotting using antibody against CDH1; GAPDH was used as a loading control. (b) Calu-1 cells were transfected
with 30 nM anti-miR and anti-miR-25, cells were collected for Western blotting using antibody against human CDH1 and GAPDH was
used as a loading control. H358 cells were transfected with 30 nM pre-miR and pre-miR-25, cells were collected for Western blotting
using antibody against human CDH1 and GAPDH was used as a loading control. (c) expression of CDH1 in normal tissues, tumor
tissues, and tumor-adjacent tissues was examined by IHC.

Table 3. Relation between miR-25 and CDH1 expression in 72
NSCLC.

CDH1 negative CDH1 positive Total p Value

miR-25 low 12 21 33

miR-25 high 25 14 39

Total 37 35 72 0.014
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Figure 4. CDH1 plays a critical role in miR-25-mediated invasion and migration in NSCLC cells. (a) H358 cells were co-transfected
with pre-miR or pre-miR-25 and pCMV6 or pCMV6-CDH1 for 24 h, Calu-1 cells were co-transfected with anti-miR or anti-miR-25 and
control siRNA or CDH1 siRNA for 24 h, expression of CDH1 was detected by Western blot assay. (b) H358 cells were co-transfected
with pre-miR or pre-miR-25 and pCMV6 or pCMV6-CDH1 for 24 h, cell invasion and cell migration were detected. (c) Calu-1 cells were
co-transfected with anti-miR or anti-miR-25 and control siRNA or CDH1 siRNA for 24 h, cell invasion and cell migration were
detected. Cell lysates were prepared for Western blotting using antibody against CDH1 after transfection. *p < 0.05.
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proven that loss of expression and/or abnormal
function of CDH1 lead to loss of cell polarity and
derangement of normal tissue architecture [26,27].
In most cancers with epithelial origins, CDH1-
mediated cell-cell adhesion is lost concomitantly
with the acquisition of an invasive phenotype, high
tumor grade, and low patient survival [28,29]. Loss
or reduction of CDH1 expression can be caused by
a variety of mechanisms, such as somatic mutations,
chromosomal deletions, proteolytic cleavage, and
silencing of the CDH1 promoter [30]. Recent stu-
dies showed that the miR-200 and miR-205 families
regulate ZEB1/EF1 and B2/SIP1 transcription
repressors, which in turn regulate CDH1 expression
[3]. Moreover, miR-9, which is directly bound and
upregulated by MYC and MYCN in breast cancer
cells, directly targets CDH1, leading to increased cell
motility and invasiveness [31]. Our study revealed
a novel mechanism by which CDH1 is regulated.
We showed that CDH1 is directly targeted by miR-
25 in NSCLC cell lines. In addition, we uncovered
an inverse correlation between miR-25 and CDH1
in NSCLC tumor tissues and cell lines.
Furthermore, restoration of CDH1 expression-
inhibited cell invasion and migration induced by
miR-25 overexpression, indicating that CDH1 func-
tions as a mediator of miR-25 in cell migration and
NSCLC progression. Nevertheless, we would like to
note that the decrease in CDH1 expression was
observed more commonly than the increase in
miR-25 expression in NSCLC tumor tissues, sug-
gesting that CDH1 is regulated by a mechanism in
addition to miR-25 in NSCLC, which merits further
investigation.

Highlights

1. miR-25 is overexpressed in human NSCLC tissues.
2. Overexpression of miR-25 is correlated with lymph node
metastasis and poor prognosis.
3. Targeting miR-25 inhibits migration and invasion in
NSCLC cells via activating CDH1.
4. miR-25 did not affect apoptosis and proliferation in
NSCLC cells in vitro.

Authors’ contributions

LB and SXR designed the study. LB collected the data and LB
and SXR carried out the experiment. SXR performed the

statistical analyses. LB wrote the manuscript. Both of the
authors read and approved the final manuscript.

Disclosure statement

No potential conflict of interest was reported by the authors.

Ethics approval and consent to participate

The research protocol was approved by the Ethics Committee
of the central hospital of Linyi. Written informed consent for
using the tissue samples was obtained from the 113 patients.

References

[1] Molina JR, Yang P, Cassivi SD, et al. Non-small cell lung
cancer: epidemiology, risk factors, treatment, and
survivorship. Mayo Clin Proc. 2008;83:584–594.

[2] Jeon YJ, Kim T, Park D, et al. miRNA-mediated
TUSC3 deficiency enhances UPR and ERAD to pro-
mote metastatic potential of NSCLC. Nat Commun.
2018;9:5110.

[3] Park SM, Gaur AB, Lengyel E, et al. The miR-200
family determines the epithelial phenotype of cancer
cells by targeting the E-cadherin repressors ZEB1 and
ZEB2. Genes Dev. 2008;22:894–907.

[4] Chen L, Gibbons DL, Goswami S, et al. Metastasis is
regulated via microRNA-200/ZEB1 axis control of
tumour cell PD-L1 expression and intratumoral
immunosuppression. Nat Commun. 2014;5:5241.

[5] Valeri N, Braconi C, Gasparini P, et al. MicroRNA-
135b promotes cancer progression by acting as
a downstream effector of oncogenic pathways in
colon cancer. Cancer Cell. 2014;25:469–483.

[6] Bartel DP. MicroRNAs: genomics, biogenesis, mechan-
ism, and function. Cell. 2004;116(2):281–297.

[7] Bartel DP. Metazoan MicroRNAs. Cell. 2018;173:20–51.
[8] Bracken CP, Scott HS, Goodall GJ. A network-biology

perspective of microRNA function and dysfunction in
cancer. Nat Rev Genet. 2016;17:719–732.

[9] Svoronos AA, Engelman DM, Slack FJ. OncomiR or
tumor suppressor? The duplicity of microRNAs in
cancer. Cancer Res. 2016;76:3666–3670.

[10] Petrocca F, Vecchione A, Croce CM. Emerging role of
miR-106b-25/miR-17-92 clusters in the control of
transforming growth factor beta signaling. Cancer
Res. 2008;68:8191–8194.

[11] Li M, Song Q, Li H, et al. Circulating miR-25-3p and
miR-451a may be potential biomarkers for the diagnosis
of papillary thyroid carcinoma. PLoS One. 2015;10:
e0135549.

[12] Nishida N, Nagahara M, Sato T, et al. Microarray analysis
of colorectal cancer stromal tissue reveals upregulation of
two oncogenic miRNA clusters. Clin Cancer Res.
2017;18:3054–3070.

280 B. LIU AND X. SUN



[13] Razumilava N, Bronk SF, Smoot RL, et al. miR-25
targets TNF-related apoptosis inducing ligand
(TRAIL) death receptor-4 and promotes apoptosis
resistance in cholangiocarcinoma. Hepatology.
2018;55:465–475.

[14] Wang X, Meng X, Li H, et al. MicroRNA-25 expression
level is an independent prognostic factor in epithelial
ovarian cancer. Clin Transl Oncol. 2014;16:954–958.

[15] Zhao H, Wang Y, Yang L, et al. MiR-25 promotes
gastric cancer cells growth and motility by targeting
RECK. Mol Cell Biochem. 2014;385:207–213.

[16] Wang C, Ding M, Xia M, et al. A five-miRNA panel
identified from a multicentric case-control study serves
as a novel diagnostic tool for ethnically diverse
non-small-cell lung cancer patients. EBioMedicine.
2015;2:1377–1385.

[17] Xu FX, Su YL, Zhang H, et al. Prognostic implications
for high expression of MiR-25 in lung adenocarcino-
mas of female non-smokers. Asian Pac J Cancer Prev.
2014;15:1197–1203.

[18] Shi SB, Wang M, Tian J, et al. MicroRNA 25,
microRNA 145, and microRNA 210 as biomarkers for
predicting the efficacy of maintenance treatment with
pemetrexed in lung adenocarcinoma patients who are
negative for epidermal growth factor receptor muta-
tions or anaplastic lymphoma kinase translocations.
Transl Res. 2016;170:1–7.

[19] Wu T, Chen W, Kong D, et al. miR-25 targets the
modulator of apoptosis 1 gene in lung cancer.
Carcinogenesis. 2015;36(8):925–935.

[20] Ding X, Zhong T, Jiang L, et al. miR-25 enhances cell
migration and invasion in non-small-cell lung cancer
cells via ERK signaling pathway by inhibiting KLF4.
Mol Med Rep. 2018;17:7005–7016.

[21] Xiang J, Hang JB, Che JM, et al. MiR-25 is up-regulated
in non-small cell lung cancer and promotes cell pro-
liferation and motility by targeting FBXW7. Int J Clin
Exp Pathol. 2015;8(8):9147–9153.

[22] Ma L, Teruya-Feldstein J, Weinberg RA. Tumour inva-
sion and metastasis initiated by microRNA-10b in
breast cancer. Nature. 2007;449:682–688.

[23] Zhu S, Si ML, Wu H, et al. MicroRNA-21 targets the
tumor suppressor gene tropomyosin 1 (TPM1). J Biol
Chem. 2017;282:14328–14336.

[24] Voorhoeve PM, le Sage C, Schrier M, et al. A genetic
screen implicates miRNA-372 and miRNA-373 as
oncogenes in testicular germ cell tumors. Cell.
2006;124:1169–1181.

[25] Savita U, Karunagaran D. MicroRNA-106b-25 cluster
targets ß-TRCP2, increases the expression of Snail and
enhances cell migration and invasion in H1299 (non
small cell lung cancer) cells. Biochem Biophys Res
Commun. 2013;434:841–847.

[26] Larue L, Ohsugi M, Hirchenhain J, et al. E-cadherin
null mutant embryos fail to form a trophectoderm
epithelium. Proc Natl Acad Sci U S A.
1994;91:8263–8267.

[27] Karayiannakis AJ, Syrigos KN, Savva A, et al. Serum
E-cadherin concentrations and their response during
laparoscopic and open cholecystectomy. Surg Endosc.
2012;16:1551–1554.

[28] Cavallaro U, Christofori G. Cell adhesion and signal-
ling by cadherins and Ig-CAMs in cancer. Nat Rev
Cancer. 2004;4:118–132.

[29] Karatzas G, Karayiannakis AJ, Syrigos KN, et al.
E-cadherin expression correlates with tumor differen-
tiation in colorectal cancer. Hepatogastroenterology.
1999;46:232–235.

[30] Maretzky T, Reiss K, Ludwig A, et al. ADAM10 med-
iates E-cadherin shedding and regulates epithelial
cell-cell adhesion, migration, and beta-catenin
translocation. Proc Natl Acad Sci U S A.
2005;102:9182–9187.

[31] Ma L, Young J, Prabhala H, et al. miR-9, a MYC/
MYCN-activated microRNA, regulates E-cadherin
and cancer metastasis. Nat Cell Biol. 2010;12:247–256.

BIOENGINEERED 281


	Abstract
	Introduction
	Materials and methods
	Patients
	miRNA and mRNA quantification
	Immuno his to chemistry
	Western blot analysis
	Cell culture
	Transfection
	Cell proliferation, apoptosis, migration, and invasion assay
	Statistical analysis

	Results
	Expression of miR-25 is correlated with lymph node metastasis and TNM stage in NSCLC patients
	High level of miR-25 is correlated with poor survival of NSCLC patients
	miR-25 modulates migration and invasion but not proliferation in NSCLC cells
	Expression of CDH1 is inversely regulated by miR-25 in NSCLC
	miR-25 mediated invasion and migration in NSCLC cells by CDH1 regulation

	Discussion
	Highlights
	Authors’ contributions
	Disclosure statement
	Ethics approval and consent to participate
	References



