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MiRNA-221-5p promotes breast cancer progression
by regulating E-cadherin expression
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Abstract. - OBJECTIVE: To elucidate the role
of miRNA-221-5p in the development of breast
cancer (BCa) and its underlying mechanism.

PATIENTS AND METHODS: The expression
level of miRNA-221-5p in 52 pairs of BCa tis-
sues and adjacent normal tissues was detect-
ed by quantitative Real Time-Polymerase Chain
Reaction (qRT-PCR). The correlation between
miRNA-221-5p expression and pathological in-
dicators of BCa was analyzed. MiRNA-221-5p
expression in BCa cells was also determined by
qRT-PCR. After transfection of miRNA-221-5p in-
hibitor in MCF-7 and SKBR3 cells, we detected
the regulatory effects of miRNA-221-5p on cellu-
lar behaviors through cell counting kit-8 (CCK-
8), wound healing, and transwell assay. Final-
ly, the relationship between miRNA-221-5p and
E-cadherin in BCa was elucidated.

RESULTS: QRT-PCR results showed that the
expression level of miRNA-221-5p in BCa tis-
sues was markedly higher than that in normal
tissues. Compared with BCa patients with low
expression of miRNA-221-5p, those with high
expression had a higher incidence of lymph
node metastasis and distant metastasis. How-
ever, miRNA-221-5p expression did not correlate
with age and sex of BCa patients. MiRNA-221-5p
was also highly expressed in BCa cells. Trans-
fection of miRNA-221-5p inhibitor suppressed
proliferative, invasive, and migratory potentials
of BCa cells. Subsequently, we verified that
E-cadherin was lowly expressed in BCa cells,
and negatively correlated with miRNA-221-5p.
In addition, rescue experiments confirmed that
transfection of si-E-cadherin reversed the inhib-
itory role of miRNA-221-5p knockdown in migra-
tory and invasive potentials of BCa cells.

CONCLUSIONS: The expression of miRNA-
221-5p remained high in BCa, which was cor-
related with lymph node metastasis, distant me-
tastasis, and poor prognosis of BCa. MiRNA-
221-5p may promote the invasive and migratory
potentials of BCa by regulating E-cadherin ex-
pression.
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Introduction

Malignant tumors are the leading threat to
human life. The mortality of malignant tumor in
China ranks first in the world'?. The incidence
and mortality of malignant tumors in China has
increased by 69% and 29.4% within the past two
decades, respectively. On average, deaths from
malignant tumors account for more than 25%
of all deaths*?. Breast cancer (BCa) is the most
common malignant tumor in women. According
to the National Cancer Statistics Report released
by the American Cancer Society in 2016, BCa
ranked first in the incidence of female malignant
tumors as 29%, while its mortality rate was up to
14%*°. With the improvement of diagnostic and
therapeutic approaches, the mortality rate of BCa
presents a decreasing trend. However, metastatic
BCa is still a challenge in clinical treatment’”.

The seed and soil hypothesis has been exten-
sively studied in tumor researches. Here, tumor
cells are seed and the tumor microenvironment is
soil. The adaptation between seed and soil allows
the growth of tumor cells®’. Tumor cells evolve
during the metastatic process. They experience
various pathological progresses, such as epithe-
lial-mesenchymal transition (EMT), anti-apopto-
sis, and immune escape, etc. An appropriate soil
(tumor microenvironment) provides good condi-
tions for tumor metastasis'®. In the past, changes
of protein expressions in the interactive process
between seed and soil were widely explored. Ac-
tually, tumor metastasis is influenced by regula-
tion at multiple levels. MicroRNAs could regulate
metastatic pathways at the post-transcriptional
level by mediating oncogenes or tumor suppres-
sors originated from seed or soil*'°. Due to the
extensive role of miRNAs, it may be more ef-
fective in regulating or even reversing metastatic
phenotypes of tumor cells''.

MicroRNAs are a class of endogenous, short,
non-coding RNAs that regulate gene expressions
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by complementary pairing with the 3’UTR of
the target gene mRNA, thereafter degrading or
inhibiting translation of target mRNA'". The rela-
tionship between microRNAs and metastatic BCa
has been well concerned nowadays'*!. Tt is of sig-
nificance to clarify the functional microRNAs and
the new functions of already known microRNAs'".
Researches on target therapy and individualized
therapy of tumors have achieved great advance.
Searching for novel diagnostic and therapeutic
targets of BCa is crucial for improving clinical
outcomes of affected patients®’. In this study, we
first analyzed microarrays relative to metastatic
BCa through bioinformatics and found that miR-
NA-221-5p is highly expressed in BCa with strong
metastasis'>'. Studies have shown that miRNA-
221-5p is also highly expressed in other tumors,
showing a tumor-promoting role in pathological
processes'®. Regulation of target genes is the core
function of microRNAs. Hence, target genes and
involved signaling pathways in microRNAs are the
focuses in tumor researches'*'*.

Currently, the regulatory effect of miRNA-
221-5p on E-cadherin has not been reported yet.
Therefore, this study elucidated the potential
roles of miRNA-221-5p and E-cadherin in the
metastatic development of BCa, which brings
new ideas for the diagnosis and treatment of BCa.

Patients and Methods

Patients and BCa Samples

Tumor tissues and paracancerous tissues of
52 BCa patients (aged 45-76 years) undergoing
radical mastectomy were collected. None of
the patients had preoperative radiotherapy or
chemotherapy. Pathological classification and
staging criteria for BCa were based on breast
cancer staging criteria released by the Union
for International Cancer Control (UICC). En-
rolled patients and their families signed the in-
formed consent prior to sample collection. This
study was approved by the Ethics Committee of
Bayannur City Hospital.

Cell Lines

The human BCa cell lines (MCF-7, MDA-
MB-231, and SKBR3) and normal mammary
epithelial cell line (MCF-10A) were purchased
from American Type Culture Collection (ATCC;
Manassas, VA, USA). They were cultured in
high-glucose Dulbecco’s Modified Eagle’s Me-
dium (DMEM; Gibco, Rockville, MD, USA)

containing 10% fetal bovine serum (FBS; Gibco,
Rockville, MD, USA), and maintained in a 37°C,
5% CO, incubator.

Transfection

MDA-MB-231 and SKBR3 cells were seed-
ed into 6-well plates. Until cell density reached
about 50-70%, cells were transfected with mi-
croRNA NC, inhibitor, siRNA NC or siRNA
E-cadherin respectively. Transfected cells were
routinely cultured and harvested at 48 h for func-
tional experiments.

Cell Proliferation Assay

Transfected cells for 48 h were seeded into the
96-well plate with 2000 cells per well. At 24 h,
48 h, 72 h, and 96 h, cell counting kit-8 (CCK-
8) reagent (Dojindo Laboratories, Kumamoto,
Japan) was supplied in each well. After 2 h of
culture, the absorbance of each well at 490 nm
was recorded using a microplate reader.

Cell Wound Healing Assay

Transfected cells for 48 h were digested and
adjusted at 5x10°/mL. They were seeded into
24-well plates with 5x10* cells per well. Until
90% of confluence, an artificial wound was creat-
ed in the confluent cell monolayer using a 200 pL
pipette tip. The images were taken at 0 and 24 h
using an inverted microscope, respectively.

Transwell Migration and Invasion Assays

Transfected cells for 48 h were re-suspended
in serum-free medium at a density of 2x10°/mL.
Transwell chamber pre-coated with or without
Matrigel was placed in a 24-well plate. 200 pL of
the suspension was added to the apical chamber.
500 pL of medium with 10% FBS was added to
the basolateral chamber. After incubating for 24
h, fixation with methanol, trypan blue staining
and phosphate-buffered saline (PBS) wash for
three times were performed. Penetrating cells
were photographed under a microscope.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

Relative expressions of E-cadherin and miR-
NA-221-5p in BCa tissues and cells were deter-
mined by qRT-PCR. Total RNA was extracted by
TRIzol reagent (Invitrogen, Carlsbad, CA, USA),
and reversely transcribed into the cDNA using
Primescript RT Reagent (TaKaRa, Otsu, Shiga,
Japan). Primers were designed using Primer 5.0
software. The qRT-PCR reaction was performed
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using SYBR" Premix Ex TaqTM (TaKaRa, Otsu,
Shiga, Japan) and StepOne Plus Real-time PCR
System (Applied Biosystems, Foster City, CA,
USA). B-actin and U6 genes were used as inter-
nal references. The relative gene expression was
calculated by 2% method. Primer sequences
were listed as follows: miRNA-221-5p: forward:
5-TCCGCGCCCTTGCCCAGACC-3’; reverse:
5’-GTGCCTGGTGCTCTCTTACC-3’; U6: for-
ward: 5’-CTCGCTTCGGCAGCACA-3’; reverse:
5-AACGCTTCACGAATTTGCGT-3’; Cadherin:
forward: 5-TAGGTATTGTCTACTACTCTG-3,
reverse: 5-TATATCACTCTTGCTTCA-3’; B-ac-
tin: forward: 5’-CCTGGCACCCAGCACAAT-3’,
reverse: 5’-GCTGATCCACATCTGCTGGAA-3’.

Western Blot

Total protein was extracted using the cell lysate
for determining the protein expression. The pro-
tein sample was quantified by bicinchoninic acid
(BCA; Pierce, Rockford, IL, USA), separated
by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), and blocked with
5% skim milk. Membranes were then incubated
with the primary antibody and corresponding
secondary antibody. Band exposure was devel-
oped by chemiluminescence.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 software (IBM, Armonk, NY, USA)
was utilized for statistical analysis. The quanti-
tative data were represented as mean =+ standard
deviation (x = 5). Measurement data were ana-

lyzed by the #-test, whereas categorical data were
analyzed by the y’-test or Fisher’s exact test. Sur-
vival analysis was conducted by the Kaplan-Mei-
er method. p<0.05 was considered statistically
significant.

Results

MiRNA-221-5p Was Highly Expressed in
BCa Tissues and Cell Lines

The expression level of miRNA-221-5p in BCa
tissues was remarkably higher than that in adja-
cent non-tumor tissues, and the difference was
statistically significant (Figure 1A). In addition,
miRNA-221-5p was highly expressed in BCa
cells as well, especially in MCF-7 and SKBR3
cells (Figure 1B). We selected these two cell lines
for the following in vitro experiments.

MiRNA-221-5p Expression Was
Correlated With Lymph Node and
Distance Metastasis in BCa

Based on the expression level of miRNA-221-
5p in the 52 pairs of BCa tissues, these tissues
were divided into high level and low level group.
Subsequently, we analyzed the correlation be-
tween miRNA-221-5p expression with age, sex,
clinical stage, lymph node metastasis, and distant
metastasis. It is indicated that high expression
of miRNA-221-5p was positively correlated to
lymph node metastasis and distant metastasis, but
was not correlated to age and sex of BCa patients
(Table I).
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Figure 1. MiRNA-221-5p was highly expressed in BCa tissues and cell lines. 4, QRT-PCR showed higher expression level
of miRNA-221-5p in BCa tissues than that in adjacent non-tumor tissues. B, QRT-PCR showed higher expression level of
miRNA-221-5p in BCa cell lines, especially in MCF-7 and SKBR3 cells. *p<0.05, **p<0.01, ***p<0.001.
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Table I. Association of miRNA-221-5p expression with clinicopathologic characteristics of breast cancer.

miRNA-221-5p expression
Number
Parameters of cases Low (%) High (%) p-value
Age (years) 0.857
<60 20 12 8
>60 32 20 12
Gender 0.430
Male 25 14 11
Female 27 18 9
T stage 0.964
T1-T2 31 19 12
T3-T4 21 13 8
Lymph node metastasis 0.029
No 33 24
Yes 19 8 11
Distance metastasis 0.023
No 42 29 13
Yes 10 3 7

Knockdown of MiRNA-221-5p Inhibited
Proliferative, Migratory and Invasive
Potentials of BCa Cells

To explore the role of miRNA-221-5p in biolog-
ical behaviors of BCa cells, we first constructed
a miRNA-221-5p inhibitor and verified its trans-
fection efficacy (Figure 2A). Subsequently, we
evaluated proliferative, invasive, and migratory
potentials of MCF-7 and SKBR3 cells. As CCK-
8 data indicated, transfection of miRNA-221-
5p inhibitor markedly suppressed proliferative
rate (Figure 2B). Transwell assay confirmed de-
creased migratory and invasive rates in BCa cells
with miRNA-221-5p knockdown (Figure 2C).
Identically, the wound healing assay suggested a
decreased wound closure in MCF-7 and SKBR3
cells transfected with miRNA-221-5p inhibitor
(Figure 2D).

E-Cadherin Was Lowly Expressed in
BCa Tissues and Cell Lines

Through bioinformatics analyses, we found
that E-cadherin may be related to miRNA-221-
5p. Here, E-cadherin was lowly expressed in
BCa tissues than adjacent normal tissues (Figure
3A). Identically, E-cadherin also remained at a
low level in BCa cell lines (Figure 3B). By de-
tecting expression levels of miRNA-221-5p and
E-cadherin in enrolled BCa tissues, their negative
correlation was identified (Figure 3C). Moreover,
MCF-7 and SKBR3 cells transfected with miR-
NA-221-5p inhibitor presented an upregulated
level of E-cadherin, further showing their nega-
tive correlation (Figure 3D).

MIiRNA-221-5p Reqgulated Cellular
Behaviors of BCa Cells by Targeting
E-Cadherin

Rescue experiments were conducted to elu-
cidate how miRNA-221-5p inhibited the malig-
nant progression of BCa. We first verified the
transfection efficacy of si-E-cadherin in MCF-7
and SKBR3 cells at both mRNA and protein
levels (Figure 4A and 4B). Of note, the transwell
assay showed that E-cadherin reversed the reg-
ulatory effects of miRNA-221-5p on migratory
and invasive potentials of BCa cells (Figure 4C
and 4D).

Discussion

MicroRNA was first discovered in 1993. It
contains 19-24 nucleotides in length. Functional-
ly, microRNA inhibits translation and degrades
target mRNA by an incompletely complemen-
tary pair, thus participating in the physiologi-
cal or pathological process'>'*>. One microRNAs
can regulate multiple mRNA expressions in a
one-to-many manner. Bioinformatics software is
usually utilized for predicting the target gene of
microRNAs, whereas these predictive results are
needed to be further verified by functional ex-
periments®!%. Previous studies'*!* have suggested
that dysregulated microRNAs can serve as tu-
mor biomarkers. MicroRNAs are related to many
pathological behaviors of tumors, and of which,
tumor metastasis is mostly concerned. Multiple
microRNAs have been identified to regulate tu-
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Figure 2. Knockdown of miRNA-221-5p inhibited proliferative, migratory and invasive potentials of BCa cells. A,
Transfection efficacy of miRNA-221-5p inhibitor in MCF-7 and SKBR3 cells detected by qRT-PCR. B, CCK-8 assay showed
that transfection of miRNA-221-5p inhibitor markedly suppressed the proliferative rate of MCF-7 and SKBR3 cells. C,
Transwell assay showed that transfection of miRNA-221-5p inhibitor markedly suppressed migratory and invasive rates of
MCF-7 and SKBR3 cells (Magnification: 40x). D, Wound healing assay showed that transfection of miRNA-221-5p inhibitor
markedly reduced wound closure in MCF-7 and SKBR3 cells. *p<0.05 (Magnification: 10x).
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Figure 3. E-cadherin was lowly expressed in BCa tissues and cell lines. 4, QRT-PCR showed lower expression level of
E-cadherin in BCa tissues than that in adjacent non-tumor tissues. B, QRT-PCR showed lower expression level of E-cadherin
in BCa cell lines, especially in MCF-7 and SKBR3 cells. C, A negative correlation between miRNA-221-5p and E-cadherin in
BCa tissues. D, Western blot results showed that MCF-7 and SKBR3 cells transfected with miRNA-221-5p inhibitor presented
an upregulated level of E-cadherin. *p<0.05, **p<0.01, ***p<0.001.

mor metastasis, which promote or inhibit meta-
static tumor cells by influencing several signaling
pathways®°.

BCa is a heterogeneous disease with com-
plex origins. Its occurrence and development
are closely related to various factors, includ-
ing environmental factors and genetic factors*>.
With the development of surgical approaches,
radiotherapy and chemotherapy, diagnostic and
therapeutic approaches of BCa have made con-
siderable progress®®. However, distant metasta-
sis remains one of the difficulties in the treat-
ment of BCa. MicroRNAs could regulate the
metastatic potential of tumor cells as oncogenes
or tumor-suppressor genes® ', Multiple microR-
NAs have been discovered to participate in the
progression of metastatic BCa'*'*. This study
focused on the effects of miRNA-221-5p on bi-
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ological behaviors of BCa cells. As our results
revealed, miRNA-221-5p was highly expressed
in BCa cells, suggesting a potential function in
the development of BCa. QRT-PCR data showed
higher expression of miRNA-221-5p in BCa
tissues than adjacent normal tissues. Moreover,
its expression was positively correlated with
lymph node metastasis and distant metastasis of
BCa. We, therefore, believed that miRNA-221-
Sp served as an oncogene in BCa.

In general, a miRNA can regulate hundreds of
target genes. One gene can be regulated by hun-
dreds of microRNAs, thus forming a complex reg-
ulatory pathway at the post-transcriptional level>”.
MicroRNAs act as regulators by inhibiting gene
translation and participate in cell differentiation,
metastasis, and other behaviors''8. Our results con-
structed a miRNA-221-5p knockdown model by
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Figure 4. MiRNA-221-5p regulated cellular behaviors of BCa cells by targeting E-cadherin. MCF-7 and SKBR3 cells were
transfected with si-NC, si-E-cadherin, si-NC+miRNA-221-5p inhibitor or si-E-cadherin+miRNA-221-5p inhibitor. 4, The
mRNA level of E-cadherin in each group. B, Western blot analysis of E-cadherin in each group. C, Transwell assay revealed
migration and invasion in each group (Magnification: 40%). D, Wound healing assay revealed wound closure in each group.
*p<0.05 (Magnification: 10x).

lentivirus transfection. Subsequent functional ex-
periments proved that miRNA-221-5p knockdown
promoted metastasis of BCa cells. However, the
specific molecular mechanism remained unclear.
Tumor metastasis is the process in which tu-
mor cells are in situ detached to spread to distant
target organs and adapt to the new microenviron-
ment. Tumor cell dissemination and survival are
the two fundamental keys for metastasis'®2!. The

increased mobility of tumor cells is a manifesta-
tion of cell plasticity. Currently, EMT has been
widely explored in tumor researches. EMT in-
volves multiple gene changes, such as the down-
regulation of E-cadherin (epidermal marker), up-
regulation of vimentin (interstitial cell marker),
and other molecules?-*2. MicroRNAs participate
in the regulation of life activities by regulating
target genes®!®. Potential genes and pathways
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involved in the disease regulation by microR-
NAs are the research focuses and difficulties'*".
In the present study, we found that E-cadherin
was lowly expressed in BCa tissues and cell
lines. Furthermore, E-cadherin was negatively
regulated by miRNA-221-5p. To further clarify
the biological function of miRNA-221-5p, rescue
experiments were conducted. It is indicated that
E-cadherin reversed the role of miRNA-221-5p in
the malignant progression of BCa cells.

Conclusions

We detected that the expression of miRNA-221-
5p remained high in BCa, which was correlated
with lymph node metastasis, distant metastasis
and poor prognosis of BCa. MiRNA-221-5p may
promote the invasive and migratory potentials of
BCa by regulating E-cadherin expression.
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