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Downregulation of miR-638 promotes progression
of breast cancer and is associated with prognosis
of breast cancer patients
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Background: Breast cancer is the most common tumor among women. miR-638 has been
demonstrated to play an important role in various cancers.

Purpose: In this study, we aimed to investigate the function and prognostic value of miR-638
in breast cancer.

Methods: Quantitative real-time polymerase chain reaction analysis was used to evaluate the
expression of miR-638 in breast cancer tissues and cell lines. The correlation of miR-638 with
clinicopathological features was analyzed using the chi-squared test. Kaplan—Meier survival
analysis and Cox regression assay were performed to investigate the prognostic value of miR-
638 in breast cancer patients. The effects of miR-638 on the biological behavior of breast cancer
cells were evaluated using functional assays.

Results: The expression of miR-638 was downregulated in breast cancer tissues and cell
lines (all P<<0.05). Decreased expression of miR-638 was significantly correlated with lymph
node metastasis (P=0.015) and TNM stage (P=0.021). Patients with low miR-638 expression
had shorter overall survival compared with those with high levels (Log-rank P=0.025). The
miR-638 could be considered as an independent prognostic factor for the patients (HR =0.321,
95% CI=0.117-0.882, P=0.027). Downregulation of miR-638 was capable of promoting cell
proliferation, migration, and invasion in MDA-MB-231 and MCF-7 cells.

Conclusion: All the results indicate that miR-638 is a tumor suppressor in breast cancer and
is involved in the progression of breast cancer. Thus, it may serve as a prognostic biomarker
for breast cancer.
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Introduction

Breast cancer is a common malignancy and a leading cause of cancer-related mortality
in women.! It is a heterogeneous disease that can be categorized into three major
subtypes, of which triple-negative breast cancer (TNBC), accounting for 10%—-20%
of all breast cancer cases, has the worst prognosis because of high recurrence rates
and early metastasis.>* Although advances in both detection and therapy have led
to the improvement of prognosis, recurrence, and metastasis remain to be major
challenges in breast cancer management that are related to the poor prognosis.>¢ Cur-
rent biological markers used in the management of breast cancer are mainly estrogen
receptor (ER), progesterone receptor (PR), and HER2.7# Rising evidence demonstrated
that the prognosis could be improved by using some molecular biomarkers. Therefore,
identification of novel precise biomarkers is important and needed for the development
of prognosis in breast cancer patients.
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MicroRNAs (miRNAs) are small endogenous noncoding
RNAs, which function in the transcriptional and posttran-
scriptional regulation of gene expression.'? Evidence has
shown that miRNAs play a crucial role in different biological
processes, such as inflammation, cell proliferation, migration,
invasion, and differentiation.’*'¢ Furthermore, a large number
of miRNAs have been identified to function as oncogenes
or tumor suppressor genes in the tumorigenesis process.!”
Recently, dysregulation of miR-638 has been confirmed in
several types of cancer, such as gastric cancer, basal cell
carcinoma, and non-small-cell lung cancer (NSCLC).2*2 A
recent study by Tan et al** showed the expression of miR-638
was decreased in most non-TNBC and played an important
role in TNBC progression via BRCA1 deregulation. However,
the role of miR-638 in breast cancer is still limited.

In this study, we investigated the expression levels of
miR-638 in breast cancer tissues and cell lines. The effects
of miR-638 on biological behaviors of cancer cells were
also assessed. This study aimed to identify the prognostic
significance of miR-638 in breast cancer.

Methods and materials

Patients and tissue samples

Breast cancer tissues and adjacent normal tissues (located >3 cm
away from the tumors) were collected from 125 breast cancer
patients between January 2007 and December 2012 in Yidu
Central Hospital of Weifang (Weifang, People’s Republic
of China). None of the patients had received radiotherapy
or chemotherapy or any other treatment before surgery. The
tissues were verified by experienced pathologists. All the
surgical specimens of the tumor resection were snap-frozen
in liquid nitrogen after surgery until use. Written informed
consent was obtained from all patients that agreed to par-
ticipate in our study. This study was approved by the Ethics
Committee of Yidu Central Hospital of Weifang (Weifang,
People’s Republic of China). Detailed clinical characteristics
of'the patients are summarized in Table 1. A 5-year follow-up
information was collected for the subsequent analysis.

Cell lines and transfection

The breast cancer cell lines (MDA-MB-231, MCF-7) and
normal breast cell line MCF10A were obtained from the
American Type Culture Collection (Manassas, VA, USA).
These breast cell lines were maintained in Roswell Park
Memorial Institute 1640 (RPMI 1640) with 10% fetal
bovine serum and 1% antibiotics (Invitrogen, Carlsbad, CA,
USA). MCF-10A cells were cultured in mammary epithelial
cell growth medium (MEGM) (CC-3150, Lonza, Basel,
Switzerland) containing 100 ng/mL of cholera toxin to make

Table | Relationship between miR-638 expression and clinical
characteristics of breast cancer patients

Characteristics Total miR-638 P-values
number | expression
(N=125) [High | Low
(n=55) [ (n=70)

Age (years) 0.363
<50 58 23 35
=50 67 32 35

Tumor size (cm) 0.315
<2 54 21 33
=2 71 34 37

ER status 0.676
Negative 6l 28 33
Positive 64 27 37

PR status 0.245
Negative 55 21 34
Positive 70 34 36

HER2 status 0.696
Negative 57 24 33
Positive 68 31 37

Lymph node metastasis 0.015
Negative 53 30 23
Positive 72 25 47

TNM stage 0.021
-l 65 35 30
-V 60 20 40

Abbreviations: ER, estrogen receptor; PR, progesterone receptor.

a complete growth culture medium. All cells were cultured
in a humidified incubator at 37°C with 5% CO,. A total of
1x10° cells were seeded into a 6-well plate. Then, the cells
were transfected with the miR-638 mimic or mimic negative
control (mimic NC), miR-638 inhibitor or negative inhibitor
control (inhibitor NC) using the Lipofectamine 2000 regent
(Invitrogen) according to the manufacturer’s instructions.
Cells transfected with only transfection reagent were used as
mock. The transfection efficiency was detected by quantita-
tive real-time PCR (qRT-PCR) analysis.

RNA extraction and gqRT-PCR analysis
Total RNA was isolated from tissues or cell lines using TRIzol
reagent (Invitrogen) in accordance with the manufacturer’s
instructions. Subsequently, purified total RNA was reverse
transcribed to cDNA by using M-MLV reverse transcriptase
(Promega, Madison, WI, USA) following the manufacturer’s
instructions. The qRT-PCR experiment was performed using
SYBR Green (Takara, Kusatsu, Japan) on an ABI 7500 sys-
tem (Applied Biosystems, Foster City, CA, USA). The rela-
tive miR-638 levels were detected from the threshold cycle
with the 24 method using the U6 snRNA as an endogenous
control. All the experiments were performed in triplicate.

MTT assay

The colorimetric MTT analysis was performed to exam-
ine the effects of miR-638 on cell proliferation of breast
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cancer cells. In brief, the cells were grown in 96-well
plates and transfected. After transfection and incubation
for 5 days, to each well was added 10 uL MTT (5 mg/mL,
Sigma-Aldrich, St Louis, MO, USA) and incubated at 37°C.
After 4 hours incubation, the supernatant was removed and
150 uL DMSO (Sigma-Aldrich) was added to each well to
dissolve formazan crystals. The absorbance was measured
at 490 nm using a spectrophotometer (Multiskan MK3,
Thermo Fisher Scientific, Waltham, MA, USA). The experi-
ment was repeated at least three times.

Transwell migration and invasion assay

To measure the effects of miR-638 on breast cancer cell
migration and invasion ability, a transwell kit (Corning,
Tewksbury, MA, USA, 8.0 um pores) was used with a
24-well transwell chamber according to the manufacturer’s
instruction. A total of 5x10* cells transfected with miR-638
mimic or NC, miR-638 inhibitor or NC, or mock were
placed in the upper chamber in RPMI 1640 with no serum.
The bottom chamber contained RPMI 1640 with 10% fetal
bovine serum, using as the chemotactic factor. For the inva-
sion assay, the upper chamber was first coated with Matrigel
(BD Company, Bedford, MA, USA). After incubating for
24 hours, the cells that had migrated or invaded to the bottom
chamber were fixed in 3.7% formaldehyde for 5 minutes and
stained with 0.1% crystal violet for 15 minutes. The number
of cells on the bottom of the chamber was counted under a
microscope (Olympus, Tokyo, Japan). The process of the
transwell migration assay was similar to the transwell inva-
sion assay except for the Matrigel-coated membrane.

Statistical analysis
Statistical analysis of data was performed using the SPSS
21.0 software (IBM Corporation, Armonk, NY, USA), and

>
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the data were expressed as the mean = SD at least three times.
Student’s t-test was performed to analyze the significance of
differences between the two groups. The association between
miR-638 expression and clinicopathological parameters of
patients was analyzed by chi-squared test. Kaplan—Meier
method was used to analyze the association between overall
survival and miR-638 expression in breast cancer patients
according to the log-rank test. Cox regression analysis was
used to assess the prognostic factors. Differences were con-
sidered statistically significant when P<<0.05.

Results
Relative expression of miR-638 in breast

cancer tissues and cell lines

We used qRT-PCR analysis to measure the miR-638
expression levels in breast cancer tissues. As shown in
Figure 1A, the expression level of miR-638 was significantly
lower in breast cancer tissues than in normal breast tissues
(P<<0.001).

The expression of miR-638 was also evaluated in two
breast cancer cell lines, MDA-MB-231 and MCF-7, com-
pared to a normal breast cell line MCF10A. The result
showed that the expression level of miR-638 was decreased
significantly in breast cancer cell lines than in normal cell
line (all P<<0.01, Figure 1B).

Correlation of miR-638 expression and

clinical characteristics

According to the mean value of miR-638 expression levels
in breast cancer tissues, which was used as the cutoff value,
we classified the patients into low miR-638 expression group
(n=70) and high expression group (n=55). As shown in
Table 1, the expression of miR-638 was significantly associ-
ated with lymph node metastasis (P=0.015) and TNM stage
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Figure | Expression of miR-638 in breast cancer tissues and cell lines was measured by qRT-PCR.
Notes: (A) The expression levels of miR-638 were lower in breast cancer tissues than in normal tissues. (B) The level of miR-638 in breast cancer cell lines (MDA-MB-23 |
and MCF-7) was downregulated compared with normal breast cell line MCFI0A. *¥P<<0.01, ***P<0.001.

Abbreviation: qRT-PCR, quantitative real-time polymerase chain reaction.
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Figure 2 The prognosis of miR-638 in breast cancer.
Note: Patients with low miR-638 expression showed shorter overall survival than
those with high expression levels.

(P=0.021). There was no dramatical association between
miR-638 expression and other clinical parameters, such
as age, tumor size, ER status, PR status, and HER2 status
(all P>0.05, Table 1).

Prognostic significance of miR-638 in

breast cancer

We used the Kaplan—Meier analysis to evaluate the associa-
tion of miR-638 expression with overall survival of breast
cancer patients. As shown in Figure 2, the breast cancer
patients with lower miR-638 expression in tumor tissues
suffered from unfavorable overall survival compared with
those with higher miR-638 expression (Log-rank P=0.025,

Figure 2). Furthermore, multivariate Cox regression analysis
results indicated that miR-638 expression (HR =0.321, 95%
CI =0.117-0.882, P=0.027, Table 2) was an independent
prognostic factor for breast cancer patients.

Overexpression of miR-638 can suppress
breast cancer cell proliferation, migration,

and invasion

To investigate the function of miR-638 in breast cancer cell
lines, two breast cancer cell lines, MDA-MB-231 and MCF-7,
were transfected with miR-638 mimic or mimic NC, miR-638
inhibitor or inhibitor NC. The qRT-PCR analysis results
indicated that miR-638 mimic could increase the expres-
sion of miR-638 in MDA-MB-231 and MCF-7 cells, and
miR-638 inhibitor can decrease the expression of miR-638
in MDA-MB-231 and MCF-7 cells, respectively (P<<0.05,
Figure 3A and B). MTT assays were then performed to
investigate the effects of miR-638 on cell growth in vitro.
We observed that the proliferation of cells was inhibited in
miR-638 mimic-transfected cells and promoted in miR-638
inhibitor-transfected cells (P<<0.05, Figure 3C and D).

To further investigate whether miR-638 affects cell
metastasis, transwell assay was used in this study. The
transwell migration assay results showed that cell migration
was inhibited in cells transfected with miR-638 mimic, and
promoted in the cells transfected with miR-638 inhibitor
(P<<0.05, Figure 4A and B). The transwell invasion assay
with Matrigel results demonstrated that miR-638 mimic
could inhibit the cell invasion, and miR-638 inhibitor could
promote the cell invasion (P<<0.05, Figure 4C and D).

Discussion

The incidence of breast cancer has increased rapidly with eco-
nomic development in People’s Republic of China in recent
years.?* Breast cancer patients who are diagnosed and received
treatment at an early stage usually have longer overall sur-
vival, while those at advanced stage usually relapse or recur,

Table 2 Univariate and multivariate Cox analyses for miR-638 in breast cancer patients

Characteristics Univariate analyses Multivariate analysis
HR 95% ClI P-value HR 95% ClI P-value

miR-638 0.325 0.119-0.886 0.028 0.325 0.119-0.886 0.028
Age 1.828 0.857-3.900 0.119 - - -
Tumor size 1.067 0.464-2.454 0.879 - - -

ER status 1.221 0.547-2.728 0.626 - - -

PR status 0.798 0.323-1.970 0.625 - - -
HER-2 status 1.634 0.743-3.592 0.222 - - -
Lymph node metastasis 0.799 0.337-1.894 0.611 - - -

TNM stage 1.521 0.721-3.210 0.271 - - -

Note: —, indicated no related data.
Abbreviations: ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor.
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Figure 3 Expression of miR-638 expression on proliferation of breast cancer cells.

Notes: (A, B) qRT-PCR was used to detect the transfection efficiency of miR-638 mimic or inhibitor in MDA-MB-231 and MCF-7 cells. (C, D) MTT assay was used to

determine the cell proliferation. ¥P<<0.05, ***P<<0.001.
Abbreviation: gqRT-PCR, quantitative real-time polymerase chain reaction.

leading to poor prognosis.”® Nowadays, the incidence of breast
cancer in young women is more aggressive and invasive than
that in older patients, leading to an adverse prognosis.?*?’
Despite the advances of both detection and treatment, the rates
of breast cancer remain high in most countries. Therefore,
more accurate cancer-related biomarkers are needed to help
predict patient prognosis and treatment strategies.

An increasing number of molecular markers, including
miRNAs, have been identified play crucial roles in tumor
pathogenesis and development, acting as biomarkers for
diagnosis, prognosis, or treatment of cancers.?®?* Increasing
miRNAs have been reported as new biological markers in
cancers. For instance, Shidfar et al** found that miR-18a and
miR-210 were significantly highly expressed in breast can-
cer, and could be used as a candidate for breast cancer risk
biomarkers. Marques et al*' evaluated miR-195 and let-7a
expression in invasive breast cancer and showed miR-195
and let-7a could be used as a noninvasive biomarker for
breast cancer detection. The study by He et al*? indicated that

miR-638 might act as a sensitizer in cancer chemotherapy and
accompany chemotherapy drugs to enhance chemotherapeu-
tic efficacy. To better understand the role of miR-638 in breast
cancer, its expression patterns, and prognostic significance,
this study was carried out in breast cancer patients.

The study by Zavala et al* investigated the expression
of miR-638 in TNBC and found that miR-638 was overex-
pressed in most TNBC tumors, consistent with the result in
the TNBC samples of Tan et al.>® In our study, we mainly
measured the expression of miR-638 in the breast cancer
tissues and cell lines. Similar to the non-TNBC result of Tan
et al, expression of miR-638 was significantly downregu-
lated in breast cancer tissues, as well as in cell lines, compared
to normal control. Moreover, the decreased expression of
miR-638 was correlated with lymph node metastasis and
TNM stage. Taken together, we considered that miR-638
might be a suppressor gene in breast cancer and be involved
in the progression of this malignancy. Furthermore, we
investigated the clinical significance of miR-638 in breast
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Figure 4 Expression of miR-638 expression on migration and invasion of breast cancer cells.
Notes: (A, B) Transwell migration assay were performed in breast cancer cell lines (MDA-MB-231 and MCF-7) transfected with miR-638 mimic or mimic NC, inhibitor or
inhibitor NC. (C, D) Transwell invasion assay were performed in breast cancer cell lines (MDA-MB-231 and MCF-7). *P<0.05, **P<<0.01, ***P<<0.001.

Abbreviation: NC, negative control.

cancer prognosis using the Kaplan—Meier analysis and Cox
regression analysis. The Kaplan—Meier result with the data
from follow-up showed that patients with low expression of
miR-638 had a shorter overall survival rate than those with
high miR-638 expression, which suggested that miR-638
expression was related to the prognostic value for patients
with breast cancer. Multivariate Cox regression analysis
results showed that miR-638 was an independent biomarker
for indicating the overall survival of breast cancer patients.

To investigate the function of miR-638 in breast cancer
progression, the effects of miR-638 on biological behaviors
of breast cancer were also analyzed. The analysis results
demonstrated that cell proliferation, migration, and invasion
were suppressed by the overexpression of miR-638, which
showed the potential functional role of miR-638 in breast
cancer progression. Many of the studies have indicated the
effects of miR-638 on biological behaviors during cancer
progression.”?** For instance, the study by Xia et al** showed

that downregulated miR-638 could promote cell invasion and
proliferation in NSCLC, indicating that miR-638 may play
a pivotal role in the development of NSCLC. Zhang et al**
revealed that miR-638 inhibited colorectal carcinoma cell
growth, invasion, and functioned as a tumor suppressor in
human colorectal cancer by inhibiting TSPAN1. The study by
Zhao et al* found that miR-638 was downregulated in gas-
tric cancer, and molecular mechanistic investigation results
demonstrated that MeCP2, a target of miR-638, facilitated
gastric cancer cell proliferation through activation of the
MEK1/2-ERK1/2 signaling pathway by upregulating GIT1.
Besides the cell experiments, the precise molecular mecha-
nistic investigations underlying role of miR-638 in breast
cancer need to be assessed in the further studies. Also, due
to the limitation of sample size in the present study, further
studies are necessary with a larger research cohort.

In conclusion, we identified that expression of miR-638
was downregulated in breast cancer tissue and was correlated

submit your manuscript

6876

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

miR-638, a prognostic biomarker of breast cancer

with the progression of breast cancer. This study results

showed that miR-638 might be an independent prognostic

biomarker for breast cancer.
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