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Abstract: Breast cancer is one of the most common cancers among women. Long non-coding RNAs (IncRNAs) are in-
volved in the initiation and development of breast cancer and IncRNA H19 is a potential oncogenic factor; however,
the underlying mechanisms remain unknown. In the present study, the regulatory functions of H19 in breast cancer
were investigated. We found that H19 was upregulated in breast cancer tissues and cells and associated with poor
prognosis. MiR-138 was downregulated in breast cancer tissues and negatively correlated with the expression of
H19 and SOX4. Furthermore, SOX4 was upregulated in breast cancer tissues and positively correlated with H19.
Downregulated H19 suppressed the proliferation, invasion and migration of breast cancer cells, but promoted cell
cycle arrest and apoptosis. Additionally, miR-138 was identified as a direct target of H19 and SOX4; overexpression
of miR-138 inhibited the proliferation, invasion and migration of MDA-MB-231 and MCF-7 cells, but promoted apop-
tosis, which were abrogated by SOX4 overexpression. Downregulated miR-138 induced cell proliferation, invasion
and migration, but inhibited apoptosis of MDA-MB-231 and MCF-7 cells, which were promoted by SOX4 overexpres-
sion. In addition, miR-138 overexpression reversed the effects of H19 in breast cancer cells; silencing of H19 inhib-
ited tumor growth and downregulate EMT markers in vivo. In summary, H19 was upregulated in breast cancer and
associated with poor prognosis. Silencing of H19 inhibited cell proliferation, invasion and migration, but induced cell
cycle arrest and apoptosis by regulating miR-138 and SOX4 in breast cancer.
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Introduction

Breast cancer is one of the most common types
of cancer and the second prevalent and aggres-
sive cancer, which has become a great threat
against women’s health [1]. High mortality in
patients with breast cancer is caused by tumor
metastasis [2]. The standard first-line treat-
ment of newly diagnosed patients involves a
variety of modalities, including surgery with
adjuvant radiotherapy, hormone therapy, che-
motherapy and targeted biologic therapy [3];
however, these treatments exhibit side effects,
and novel effective therapies could be devel-
oped. Thus, potential molecular targets for
breast cancer should be identified.

Long noncoding RNAs (IncRNAs) are a novel
family of non-coding RNAs which consist ~200

nucleotides and are ~200 kb in length [4].
LncRNAs are involved in various biological pro-
cesses including gene expression and cell mul-
tiplication and differentiation [5]. Furthermore,
INcRNAs regulate gene expression at epigeneti-
cal, transcriptional and post-transcriptional lev-
els [6]. LncRNAs have been demonstrated to
regulate numerous biological and pathological
processes [7]. Previous studies have revealed
aberrant expression levels of IncRNAs in cancer
cells, suggesting the essential roles of INcRNAs
in the initiation and development of a variety of
cancers such as breast cancer [8, 9]. Previous
studies have reported that IncRNA H19 was
upregulated in retinoblastoma, oral squamous
cell carcinoma, lung cancer, hepatic carcino-
genesis, endometrial carcinoma and breast
cancer [10-14]. H19 has been revealed to be
associated with tumorigenesis by regulating
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various mechanisms and pathways [15]. Addi-
tionally, previous studies have demonstrated
that H19 is a putative biomarker and prognos-
tic indicator of breast cancer [16, 17]; however,
the underlying molecular mechanisms have not
been completely elucidated.

MicroRNAs (miRNAs), a class of endogenously
small non-coding RNAs having a length of
21-23 nucleotides, are potential targets of
IncRNAs [18]. Recent studies have revealed
that miRNAs are dysregulated in numerous
types of cancer, and could be involved in tumor-
igenesis and tumor development [19, 20]. MiR-
138 was aberrantly expressed in various can-
cers such as breast cancer [21]. Furthermore,
upregulation of miR-138 could suppress the
proliferation, invasion and migration of breast
cancer cells [21]; however, the underlying
mechanisms require further investigation. In
the present study, the mechanism of H19-
mediated miR-138/S0X4 signaling pathway in
breast cancer cells were investigated, which
may provide novel insight into potential thera-
peutic targets for the treatment of breast
cancer.

Materials and methods
Patient samples

Forty patients diagnosed with breast cancer
between January 2014 and January 2015 were
recruited in the present study, and none of the
patients had received radiotherapy, chemo-
therapy or other treatments prior to surgery.
The patients are in the 23-75 age bracket (57.3
+ 11.7), and there were 27 patients with lymph
node metastasis and 15 patients with I-Il stage.
Three-year follow-up of the 80 patients was car-
ried out. Tumor and adjacent normal tissues
were collected at surgery and snap-frozen in
liquid nitrogen post-surgery. The present study
was approved by the Ethics Committee of The
First People’s Hospital of lJiaozuo City, and
informed consents were obtained from all
patients or their families. The animal experi-
ments were performed with the approval of The
First People’s Hospital of Jiaozuo City.

Cell culture
Four human breast cancer cell lines (LCC9,

LCC2, MCF-7 and MDA-MB-231) and one nor-
mal cell line MCF-10A were obtained from the
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American Type Culture Collection (Rockville,
MD, USA) and cultured in RPMI-1640 medium
(Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco, Thermo Fisher Scientific,
Inc.). Cells were incubated at 37°C in a humidi-
fied atmosphere of 5% CO,,.

Vector construction and transfection

SiRNA targeting H19 (si-H19), miR-138 mimics,
miRNA control (miR-NC), miR-138 inhibitor and
short hairpin RNA (shRNA)/scramble fragments
targeting H19 were synthesized by GenePharma
(Shanghai, China). SOX4 and H19 overexpres-
sion plasmids pcDNA3.1-SOX4 and pcDNA3.1-
H19 lacking 3'-UTR were obtained from IBSbio
(IBS Solutions Co. Ltd, Shanghai, China). All
transfections were performed using Lipofe-
ctamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer’s
protocols.

Luciferase reporter assays

The fragments of H19 and SOX4-3'UTR con-
taining putative miR-138 binding sites were
amplified by PCR and constructed into pmirGLO
Dual-Luciferase miRNA Target Expression Ve-
ctor (Promega Corporation, Madison, WI, USA),
named as H19-WT and SOX4-3’UTR-WT report-
er. QuikChange Multi Site-Directed Mutagenesis
Kit (Stratagene, La Jolla, CA, USA) was used to
generate H19-MUT and SOX4-3'UTR-MUT re-
porter containing mutant miR-138 binding
sites. Then the constructed plasmids were co-
transfected with miR-NC or miR-138 into com-
petent cell DH5a. At 48 h post-transfection,
luciferase assays were performed using the
Firefly Luciferase Reporter Gene Assay Kit
(RGOO5, Beyotime Biotechnology Co., Ltd.,
Shanghai, China) according to the manufactur-
er's protocols. Luminescent signals were quan-
tified with a luminometer (MK3, Thermo Fisher
Scientific Inc., Waltham, MA, USA), and the
value of firefly luciferase was normalized to that
of Renilla luciferase.

Reverse transcription-quantitative polymerase
chain reaction (RT-gPCR)

Total RNA from tissues or cells was extracted
using TRIzol® reagent (Invitrogen; Thermo Fi-
sher Scientific, Inc.) according to the manufac-
turer’s protocols. Reverse transcription was
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performed to generate the first-strand cDNA
using M-MLV Reverse Transcriptase (Promega
Corporation). The expression level of mRNA
was detected using SYBR Premix Ex Taq Il
(TaKaRa, Dalian, China). Total RNA was reverse-
transcribed by a miScript reverse transcription
kit (Qiagen) and then amplified using SYBR
Premix Ex Taq™ (TaKaRa) to quantify the miRs.
Relative gene expression was analyzed using
the 224 method and the expression levels of
mRNAs and miRs were normalized to GAPDH
and U6. Each experiment was repeated in tripli-
cate. Primer sequences were as follows: H19,
5-ATCGGTGCCTCAGCGTTCGG-3’ (forward) and
5-CTGTCCTCGCCGTCACACCG-3’ (reverse); miR-
138, 5-AGCTGGTGTTGTGAATC-3’ (forward) and
5-GTGCAGGGTCCGAGGT-3’ (reverse); SOX4, 5'-
GTGAGCGAGATGATCTCGGG-3’ (forward) and 5'-
CAGGTTGGAGATGCTGGACTC-3' (reverse); U6,
5-CTCGCTTCGGCAGCACA-3’ (forward) and 5'-
AACGCTTCACGAATTTGCGT-3’ (reverse) and GA-
PDH, 5-ACAGTCAGCCGCATCTTCTT-3’ (forward)
and 5’-GACAAGCTTCCCGTTCTCAG-3’ (reverse).

Western blot analysis

Total protein from tissues or cells was isolated
using radioimmunoprecipitation assay buffer
(Beyotime Institute of Biotechnology, Shanghai,
China). Protein concentration was evaluated by
a BCA protein assay kit (Beyotime Institute of
Biotechnology, Shanghai, China). Equal amo-
unts of protein were separated by 10% SDS-
PAGE gel and transferred to nitrocellulose
membrane (Beyotime Institute of Biotech-
nology), followed by incubation with 5% non-fat
milk in Tris-buffered saline (TBS; 20 mM Tris-
HCI, pH 7.5, 150 mM NaCl) containing 0.1%
Tween 20 for 2 h at room temperature. Sub-
sequently, the membranes were incubated at
4°C overnight with primary antibodies against
SOX4 (1:1,000; cat. no. ab80261), N-cad, Vi,
FN and GAPDH (1:1,000; cat. no. ab 18203,
ab92547, ab2413, and ab181603; Abcam,
Cambridge, UK). The membranes were then
rinsed with TBST and incubated with horserad-
ish peroxidase-conjugated secondary antibody
(1:5,000; cat. no. ab6721; Abcam) at room
temperature for additional 2 h. Protein bands
were visualized using an enhanced chemilumi-
nescence kit (Thermo Fisher Scientific) and
detected by an ECL detection system (Thermo
Fisher Scientific). Each experiment was repeat-
ed in triplicate, and GAPDH was used as a load-
ing control.
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Cell proliferation assay

Cell proliferation was examined using a Cell
Counting Kit-8 (CCK8) assay (MedChemEx-
press, Monmouth Junction, NJ, USA), according
to the manufacturer’s protocols. Briefly, MCF-7
and MDA-MB-231 cells (1 x 10° cells/well) were
cultured in 96-well plates and transfected with
indicated vectors at 37°C with 5% COZ, and 10
pL of CCK-8 solution was added into each well
at 0, 24, 48, and 72 h, and incubated for anoth-
er 3 h. The absorbance at 450 nm was mea-
sured by a microplate reader. The cell growth
curves were plotted using the absorbance
value at each time point.

Cell migration and invasion assays

For cell migration assay, cells were diluted in
200 ul serum-free RPMI-1640 medium and
inoculated onto the upper compartments of
Transwell chamber coated with Matrigel (BD
Biosciences, Franklin Lakes, New Jersey, USA),
while the medium containing 10% FBS was
added to the lower chambers. The chambers
were then incubated at 37°C for 48 h. Non-
migratory cells were removed using a cotton
swab following overnight incubation, while the
migratory cells in the lower chamber were fixed
and stained using 100% pre-cold methanol and
0.1% crystal violet. A cell invasion assay was
performed in a similar manner, but 20 ul
Matrigel (BD Biosciences) was added to the
upper chamber. Finally, the number of migrated
and invasive cells were observed and counted
using an inverted light microscope (magnifica-
tion x 100, Olympus Corporation, Tokyo, Japan
Nikon Corporation, Tokyo, Japan). Five visual
fields of each chamber insert were randomly
chosen and the average number was counted.

Flow cytometry

At 48 h post-transfection, cells were centri-
fuged at 403 x g for 10 min and fixed with 70%
pre-cooled ethanol at 4°C overnight. Fixed cells
were rinsed twice with PBS and 1 ml propidium
iodide (Pl) (50 mg/L) containing RNAase was
added into 100 ul cell suspension. Cells were
filtrated using nylon mesh (300 meshes) fol-
lowed by incubation in dark for 30 min. The red
fluorescence of excitation wavelength at 488
nm was measured by flow cytometry to deter-
mine the cell cycle. Annexin V-fluorescein iso-
thiocyanate (FITC)/PI staining was used to eval-
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Figure 1. H19 is upregulated in breast cancer and associated with poor
prognosis. A. RT-qPCR revealed that the expression of H19 was increased in
breast cancer tissues compared with adjacent normal tissues. B. RT-qPCR
demonstrated that the expression level of H19 was increased in patients
with breast cancer and lymphatic metastasis compared with those without
metastasis. C. RT-qPCR revealed that H19 was increased in patients with
grades llI-IV breast cancer compared with those with grades I-1l. D. Kaplan-
Meier survival analysis revealed that upregulation of H19 was associated
with poor prognosis in patients with breast cancer. *P < 0.05, “P < 0.01,
compared with the control group. RT-qPCR, Reverse transcription-quantita-

tive polymerase chain reaction.

uate the apoptosis. Following the incubation at
37°C for 48 h, cells were resuspended with
200 pl binding buffer, and incubated with 10 yL
Annexin V-FITC and 5 pL Pl in dark at room tem-
perature for 15 min, followed by the addition
with 300 pl binding buffer. Data acquisition and
analyses were performed on a Becton Dick-
inson (Franklin Lakes, NJ, USA) FACSCalibur
using CellQuest software (Becton Dickinson).

In vivo nude mouse xenograft assay

Sixteen female BALB/c mice (nu/nu strain),
5-week-old, weighting of 17-22 g were obtained
from Shanghai Experimental Animal Center of
Chinese Academy of Sciences (Shanghai,
China) and routinely housed in humidity- and
temperature-controlled rooms (40-80%; 22 +
2°C) for at least 3 days prior to the experi-
ments. All the animals were provided with food
and water and randomly assigned into two
groups, NC and shRNA-H19 group. Nude mice
of each group were injected subcutaneously on
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Statistical analysis was per-
formed using the Graphpad
Prism v5.0 (Graphpad Soft-
ware Inc., La Jolla, CA, USA).
All data were presented as
mean * standard deviation
(SD). The differences among
groups, in at least three sepa-
rate experiments, were ana-
lyzed using a Student’s t-test
or one-way analysis of vari-
ance. Kaplan-Meier method and log-rank test
were performed to determine patient survival
andthedifferences, as appropriate. Spearman’s
correlation analysis was applied to analyze the
association between miR-138 and H19 or SOX4
mRNA. P < 0.05 was considered to indicate a
statistically significant difference.

Results

H19 is upregulated in breast cancer and asso-
ciated with poor prognosis

The expression level of H19 in tumor and adja-
cent normal tissues were determined by
RT-gPCR. The results revealed that H19 was
significantly upregulated in breast cancer com-
pared with the control (Figure 1A). In addition,
the expression level of H19 in breast cancer
with lymph node metastasis was significantly
increased compared with that without metasta-
sis (Figure 1B). Furthermore, H19 was upregu-
lated in patients with grades Ill-IV breast can-
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Figure 2. H19 is upregulated in breast cancer cells and downregulated H19
suppresses cell proliferation, invasion and migration. A. RT-qPCR revealed
that the expression level of H19 was increased in breast cancer cells. B. RT-
qPCR demonstrated that the expression level of H19 was decreased in MDA-
MB-231 and MCF-7 cells transfected with si-H19. C and D. The proliferation
activities of MDA-MB-231 and MCF-7 cells transfected with si-H19 and si-NC
were determined by Cell Counting Kit-8 assay. E and F. The invasive abilities
of MDA-MB-231 and MCF-7 cells transfected with si-H19 and si-NC were
evaluated using a Transwell assay. G and H. The migratory abilities of MDA-
MB-231 and MCF-7 cells transfected with si-H19 and si-NC were determined
by a Transwell assay. "P < 0.05. RT-qPCR, Reverse transcription-quantitative
polymerase chain reaction.

cer compared with those with grades I-Il (Figure
1C). Kaplan-Meier survival analysis revealed
that upregulation of H19 was associated with
poor prognosis in patients with breast cancer.
In summary, these data indicated that H19 was
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GO/G1 phase)
(decreased cell ratio at S phase) of MDA-
MB-231 and MCF-7 cells (Figure 3Aand 3B). Fur-
thermore, downregulated H19 promoted the
apoptosis of MDA-MB-231 and MCF-7 cells

upregulated in breast cancer
and may be associated with
its development.

H19 is upregulated in breast
cancer cells and downregu-
lated H19 suppresses cell
proliferation, invasion and
migration

RT-gPCR revealed that H19
was upregulated in breast
cancer cells (LCC9, LCC2,
MCF-7 and MDA-MB-231) co-
mpared with normal cell MCF-
10A (Figure 2A). Following the
transfection of MCF-7 and
MDA-MB-231 cells with si-
H19, the expression level of
H19 was significantly reduced
compared with the scrambled
control (Figure 2B). In order to
investigate the regulatory fun-
ctions of H19 in breast cancer,
CCK-8, Transwell migration
and invasion assay were us-
ed to evaluate the effects of
downregulated H19 on cell
proliferation, migration and
invasion. The results indicated
that downregulation of H19
significantly suppressed the
proliferation, invasion and mi-
gration of MCF-7 and MDA-
MB-231 cells (Figure 2C-H).

Downregulated H19 induces
cell cycle arrest and apopto-
sis in breast cancer

In order to determine the
effects of downregulated H19
on breast cancer cell cycle
and apoptosis, Pl staining and
Annexin V/PI dual parameter
test were performed to evalu-
ate the cell cycle and apoptot-
ic rate. The results revealed
that downregulated H19 sig-
nificantly prolonged GO/G1
phase (increased cell ratio at

and shortened S phase

Am J Transl Res 2019;11(5):3213-3225
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Figure 3. Downregulated H19 induces breast cancer cell cycle arrest and apoptosis. A and B. The percentage of
Pl-stained cells at GO/G1, S and G2/M phases in MDA-MB-231 and MCF-7 cells transfected with si-H19 and si-NC
were determined by flow cytometry. C-F. The percentage of apoptotic cells in MDA-MB-231 and MCF-7 cells trans-
fected with si-H19 and si-NC were evaluated by flow cytometry. “P < 0.05.

(Figure 3C-F). These results indicated that
downregulation of H19 may induce the apopto-
sis and disrupt the entry of cell cycle in breast
cancer cells.

H19 suppresses the expression level of miR-
138

Bioinformatic analysis revealed the comple-
mentary sites between H19 and miR-138
(Figure 4A). In order to determine the interac-
tion between H19 and miR-138, Dual-luciferase
reporter assay was performed, and the results
suggested that overexpression of miR-138 sig-
nificantly attenuated the luciferase activity of
H19-WT but not H19-MUT reporter (Figure 4B).
Furthermore, whether H19 could regulate the
expression of miR-138 and SOX4 in breast can-

3218

cer cell were investigated. RT-qPCR revealed
thatthe mRNA levels of miR-138 were increased
in MDA-MB-231 and MCF-7 cells transfected
with si-H19 (Figure 4C). In addition, RT-qPCR
and western blotting demonstrated that the
mRNA and protein levels of SOX4 were de-
creased in si-H19-transfected MDA-MB-231
and MCF-7 cells compared with those trans-
fected with si-NC (Figure 4D-F). The associa-
tion between H19 and miR-138 or SOX4 mRNA
was evaluated using Spearman’s correlation
analysis. The results revealed that the expres-
sion levels of miR-138 and SOX4 were nega-
tively and positively correlated with H19 in
breast cancer tissues, respectively, suggesting
that H19 may promote breast cancer cell
growth, and induce cell cycle arrest by directly
targeting miR-138.

Am J Transl Res 2019;11(5):3213-3225
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Figure 4. H19 suppresses the expression level of miR-138. A. The puta-
tive binding sites of H19 on miR-138. B. Luciferase reporter assays were
performed following the transfection with miR-NC or miR-138. C. RT-qPCR
revealed that the mRNA levels of miR-138 were increased in MDA-MB-231
and MCF-7 cells transfected with si-H19. D. RT-gPCR demonstrated that
the mRNA levels of SOX4 were decreased in MDA-MB-231 and MCF-7 cells
transfected with si-H19. E and F. Western blotting revealed that the protein
levels of SOX4 was decreased in MDA-MB-231 and MCF-7 cells transfected
with si-H19. G and H. The correlation between H19 and miR-138 (r =-0.310,
P = 0.015), H19 and SOX4 (r = 0.617, P = 0.021) was evaluated by Spear-
man’s correlation analysis. "P < 0.05. RT-qPCR, Reverse transcription-quan-
titative polymerase chain reaction.

MiR-138 suppresses the expression level of
SOx4

revealed that SOX4 contains
potential binding sites of miR-
138. The complementary se-
quences between miR-138
and SOX4-3'UTR were identi-
fied (Figure 5A). Subsequent
dual-luciferase reporter assay
demonstrated that overex-
pression of miR-138 signifi-
cantly attenuated the lucifer-
ase activity of SOX4-WT but
not that of SOX4-MUT reporter
(Figure 5B). Furthermore, RT-
gqPCR and western blotting
revealed that the mRNA and
protein levels of SOX4 were
decreased in miR-138-trans-
fected MDA-MB-231 and MCF-
7 cells (Figure 5C-E). Addi-
tionally, spearman’s correla-
tion analysis revealed a signi-
ficantly negative correlation
between miR-138 and SOX4
in breast cancer tissues (Fi-
gure 5F), suggesting that SO-
X4 may be a direct target gene
of miR-138 in breast cancer
cells.

MiR-138 inhibits the prolifera-
tion, invasion and migration
and promotes apoptosis of
breast cancer cells by regulat-
ing SOX4

To investigate whether miR-
138 affects breast cancer de-
velopment by targeting SOX-
4, MDA-MB-231 and MCF-7
cells were co-transfected with
miR-138 mimics and pcDNA-
SOX4, or miR-138 inhibitors
and pcDNA-SOX4, respective-
ly. The results revealed that
overexpression of miR-138 in-
hibited the proliferation (Fi-
gure 6A and 6B), invasion (Fi-
gure 6E) and migration (Figure
6G), but promoted apoptosis
(Figure 6l) of MDA-MB-231
and MCF-7 cells, while these

effects were abolished by SOX4 overexpres-
sion. Downregulated miR-138 induced the pro-

liferation (Figure 6C and 6D), invasion (Figure

Bioinformatics analysis using TargetScan da-
tabase (http://www.targetscan.org/vert_71/)

3219

6F) and migration (Figure 6H), but suppressed
the apoptosis (Figure 6J) of MDA-MB-231 and
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(Figure 7), suggesting that
H19 may promote the prolifer-
ation, invasion and migration
and inhibit the apoptosis of
breast cancer cells by down-
regulating miR-138. In sum-
mary, the present study dem-
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Figure 5. MiR-138 suppresses the expression level of SOX4. A. The puta-
tive binding sites of miR-138 on SOX4. B. Luciferase reporter assays were
performed following the transfection with miR-NC or miR-138. C. RT-gPCR

topic tumor weight of shRNA-
H19 group was decreased
(Figure 8C). Furthermore, RT-
gqPCR and western blotting

revealed that the mRNA levels of SOX4 were decreased in MDA-MB-231 and

MCEF-7 cells transfected with miR-138. D and E. Western blotting demon-
strated that the protein levels of SOX4 were decreased in MDA-MB-231 and
MCEF-7 cells transfected with miR-138. F. The correlation between miR-138
and SOX4 (r = 0.994, P = 0.002) was determined by Spearman’s correlation
analysis. "P < 0.05. RT-qgPCR, Reverse transcription-quantitative polymerase

chain reaction.

MCEF-7 cells, while these effects were strength-
ened by SOX4 overexpression. These data sug-
gested that miR-138 may inhibit the growth of
breast cancer by downregulating SOX4.

H19 promotes the proliferation, invasion and
migration and suppresses apoptosis of breast
cancer cells by regulating miR-138

To investigate whether H19 affects breast can-
cer development by targeting miR-138, MDA-
MB-231 and MCF-7 cells were co-transfected
with H19 and miR-138 mimics, or si-H19 and
miR-138 mimics, respectively. The results re-
vealed that overexpression of miR-138 reversed
the effects caused by downregulated H19

3220

revealed that the expression
levels of EMT markers, includ-
ing SOX4, N-cad, Vi and FN
protein were reduced in shR-
NA-H19 group (Figure 8D and
8E), suggesting that H19 may
induce the growth of breast
cancer and the expression of EMT markers in
vivo.

Discussion

Aberrant expression of IncRNAs and miRNAs
have been reported in numerous types of can-
cer, which may be associated with its initiation
and progression [22]. LncRNAs are potential
tumor oncogenic and suppressive factors in
breast cancer [23]; LncRNA PVT1 regulated cell
proliferation, invasion, colony formation and
orthotopic xenograft tumor growth in breast
cancer via KLF5/beta-catenin signaling path-
way [24]. Furthermore, LncRNA LINC01116
was significantly upregulated in breast cancer,

Am J Transl Res 2019;11(5):3213-3225
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Figure 6. MiR-138 inhibits the proliferation, invasion and migration, but pro-
motes apoptosis in breast cancer cells by regulating SOX4. A and B. The
proliferation activity of MDA-MB-231 and MCF-7 cells transfected with miR-
138 mimics, or together with pcDNA-SOX4 were determined. C and D. The
proliferation activity of MDA-MB-231 and MCF-7 cells after transfected with
miR-138 inhibitors, or together with pcDNA-SOX4 were evaluated. E. The in-
vasive abilities of MDA-MB-231 and MCF-7 cells transfected with miR-138
mimics, or together with pcDNA-SOX4 were determined. F. The invasive abili-
ties of MDA-MB-231 and MCF-7 cells transfected with miR-138 inhibitors,
or together with pcDNA-SOX4 were evaluated. G. The migratory abilities of
MDA-MB-231 and MCF-7 cells transfected with miR-138 mimics, or togeth-
er with pcDNA-SOX4 were determined. H. The migratory abilities of MDA-
MB-231 and MCF-7 cells transfected with miR-138 inhibitors, or together
with pcDNA-SOX4 were evaluated. |. The percentage of apoptotic cells in
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MDA-MB-231 and MCF-7 cells
transfected with miR-138 mim-
ics, or together with pcDNA-SOX4
were determined. J. The percent-
age of apoptotic cells in MDA-
MB-231 and MCF-7 cells trans-
fected with miR-138 inhibitors, or
together with pcDNA-SOX4 were
evaluated. “P < 0.05, compared
with the control group; #P < 0.05,
compared with the miR-138 mim-
ics or miR-138 inhibitors group.

which was associated with the
overall survival and tumor no-
de metastasis in patients with
breast cancer [25]. LncRNA
PIncRNA-1 was downregulat-
ed in breast cancer tissues,
and PIncRNA-1 overexpres-
sion reduced the proliferation
rate, but increased the apop-
tosis rate of breast cancer
cells by targeting TGF-B1 and
PHGDH [26]. In addition, the
carcinogenicity of H19 in br-
east cancer has been demon-
strated [27, 28], but the under-
lying molecular mechanisms
require further investigation.

In the present study, H19 was
upregulated in breast cancer
tissues and cells, which was
associated with lymph node
metastasis, tumor node me-
tastasis stage and overall sur-
vival in the patients. The re-
sults revealed downregulated
H19 significantly suppressed
the proliferation, invasion and
migration, but induced cell
cycle arrest and apoptosis in
breast cancer cells. MiRNAs
function as tumor suppres-
sors or oncogenes and are key
modulators of genes expres-
sion; they could be potential
targets of IncRNAs. Wu et al.
[29] reported that H19 sup-
pressed tension-induced os-
teogenic differentiation by reg-
ulating FAK and miR-138, and
miR-138 was an important
miRNA that participated in the
development of numerous
types of tumor [30, 31].

Am J Transl Res 2019;11(5):3213-3225
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Figure 7. H19 promotes the proliferation, invasion and migration, but in-
hibits apoptosis of breast cancer cells by targeting miR-138. A and B. The
proliferation activity of MDA-MB-231 and MCF-7 cells transfected with H19,
or together with miR-138 mimics were determined. C and D. The prolifera-
tion activity of MDA-MB-231 and MCF-7 cells transfected with si-H19, or
together with miR-138 mimics were evaluated. E. The invasive abilities of
MDA-MB-231 and MCF-7 cells transfected with H19, or together with miR-
138 mimics were determined. F. The invasive abilities of MDA-MB-231 and
MCEF-7 cells transfected with si-H19, or together with miR-138 mimics were
evaluated. G. The migratory abilities of MDA-MB-231 and MCF-7 cells trans-
fected with H19, or together with miR-138 mimics were determined. H. The
migratory abilities of MDA-MB-231 and MCF-7 cells transfected with si-H19,
or together with miR-138 mimics were evaluated. |. The percentage of apop-
totic cells in MDA-MB-231 and MCF-7 cells transfected with H19, or together
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with miR-138 mimics were de-
termined. J. The percentage of
apoptotic cells in MDA-MB-231
and MCF-7 cells transfected with
si-H19, or together with miR-138
mimics were evaluated. P <
0.05, compared with the control
group; #P < 0.05, compared with
the H19 or si-H19 group.

In order to determine the inter-
action between H19 and miR-
138, Dual-luciferase reporter
assay was performed and the
results revealed that overex-
pression of miR-138 signifi-
cantly attenuated the lucifer-
ase activity of H19-WT but not
H19-MUT reporter. Downre-
gulated H19 increased the
MmRNA levels of miR-138. In
addition, the expression levels
of H19 and miR-138 were
inversely correlated in breast
cancer tissues. These results
indicated that H19 downregu-
lated the expression level of
miR-138. Furthermore, func-
tion analysis revealed that
overexpression of miR-138
reversed the effects of H19 on
the proliferation, invasion, mi-
gration and apoptosis of brea-
st cancer cells. In summary,
H19 served oncogenic roles in
breast cancer by downregulat-
ing miR-138. Liang et al. [21]
reported that miR-138 was
downregulated in breast can-
cer, and overexpression of
miR-138 suppressed the gr-
owth of tumor in a CREPT-
dependent manner; however,
the underlying mechanism re-
main unknown.

SOX4 gene is a developmental
transcriptional factor that is
overexpressed in breast can-
cer [32]. Although SOX4 may
act as a tumor suppressor,
previous study suggested that
SOX4 functioned as an onco-
gene in numerous types of
cancer [33]. SOX4 could exert

Am J Transl Res 2019;11(5):3213-3225
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NC

shRNA-H19

were decreased in MDA-MB-
231 and MCF-7 cells trans-
fected with miR-138, suggest-
ing SOX4 may be a direct tar-
get of miR-138 in breast can-
cer cells.

To further investigate whether
miR-138 affect the prolifera-
tion, invasion, migration and
apoptosis of breast cancer
cells by targeting SOX4, MDA-
MB-231 and MCF-7 cells were
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Figure 8. Downregulated H19 induces the growth of breast cancer and the
expression of epithelial-mesenchymal transition markers in vivo. A. Repre-
sentative images of nude mice and xenograft tumors derived from subcu-
taneous injection of MDA-MB-231 cells injection with shRNA-H19 or shRNA-
NC. B. Average tumor volumes were measured following the treatment with
shRNA-H19. C. Orthotopic tumor weights at day 42 post-inoculation were
calculated. D and E. Western blotting revealed that the protein levels of
SOX4, N-cad, Vi and FN were decreased in tumor tissues following the treat-

moted the apoptosis of breast
cancer cells, and these effects
were abolished by SOX4 over-
expression. Furthermore, do-
wnregulation of miR-138 in-
duced the proliferation, inva-
sion and migration, but inhib-
ited the apoptosis of breast
cancer cells, and these effects
were strengthened by silenced
SOX4 expression, suggesting
that silencing of H19 inhibited
tumor growth in breast cancer
via targeting miR-138 and
SOX4.

ment with shRNA-H19. P < 0.05, compared with the control group.

distinct functions depending on tumor origin,
cellular context and even the stages of tumor
development [34]. Furthermore, SOX4 may
induce the metastasis in cancer progression,
by regulating various metastasis-associated
genes [35]; SOX4 also served essential roles in
the progression of breast cancer by affecting
EMT [36, 37]. The present study revealed that
SOX4 expression was positively correlated with
H19, and a significantly negative correlation
was detected between miR-138 and SOX4 in
breast cancer tissues. Additionally, overexpres-
sion of miR-138 significantly attenuated the
luciferase activity of SOX4-WT but not SOX4-
MUT reporter; mRNA and protein levels of SOX4

3223

The nude mouse xenograft

model was used to evaluate
the effects of H19 on tumor growth in vivo. The

results revealed that the tumor volumes and
the weight of orthotopic tumors were signifi-
cantly reduced in shRNA-H19 group. In addi-
tion, the protein levels of SOX4, N-cad, Vi and
FN were decreased in shRNA-H19 group, sug-
gesting that H19 induced the growth of breast
cancer and the expression of EMT markers in
VIVO.

In summary, the present study revealed that
H19 was upregulated in breast cancer and
associated with poor prognosis. Silencing of
H19 inhibited cell proliferation, invasion and
migration, but promoted cell cycle arrest and

Am J Transl Res 2019;11(5):3213-3225
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apoptosis in breast cancer by targeting miR-
138 and SOX4. Thus, the results suggested
that miR-138 may be a promising therapeutic
target for the treatment of breast cancer.
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