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Purpose: The effects of miR-139 on the tumorigenicity of triple negative breast cancer 
(TNBC) and the underlying mechanisms were investigated.
Methods: Normal human breast epithelial (MCF-10A) and TNBC cell lines (HCC1806 and 
BT549) were used for microRNA (miR)-139 overexpression, SOX8 overexpression, and 
knockdown studies as in vitro models of TNBC. The expression of SOX8 and miR-139 was 
detected by reverse transcription-polymerase chain reaction. CCK8 and clone formation 
assays were used to evaluate cell proliferation ability. Transwell assays and flow cytometry 
were used to test cell migration and apoptosis, respectively. Cell tumorigenicity was exam-
ined by tumor sphere formation assays. The interaction between miR-139 and SOX8 was 
examined by dual-luciferase reporter assays. The expression of SOX8, cleaved caspase-3, 
and cleaved caspase-9 was analyzed by Western blotting. The findings were validated in vivo 
using a nude mouse transplanted tumor model.
Results: SOX8 expression was higher (P < 0.05) and miR-139 expression was lower (P < 
0.05) in HCC1806 and BT549 cells than in MCF-10A cells. SOX8 overexpression signifi-
cantly enhanced cell proliferation and migration, reduced the rate of cell apoptosis, and 
increased tumor sphere formation (P < 0.05) compared with the control group, whereas 
SOX8 knockdown had the opposite effect (P < 0.05). Overexpression of miR-139 markedly 
decreased cell proliferation and migration, increased cell apoptosis in vitro, and decreased 
tumor angiogenesis and volume in vivo (P < 0.05).
Conclusion: miR-139 suppressed the tumorigenicity of TNBC cells by targeting SOX8.
Keywords: breast cancer, carcinogenesis, molecular targets, gene regulation

Introduction
Breast cancer is one of the most common cancers in women worldwide and its 
incidence is increasing.1 Triple negative breast cancer (TNBC) is a form of breast 
cancer characterized by negative estrogen receptor (ER), progesterone receptor 
(PR), and human epidermal growth factor 2 (HER2) expression. It accounts for 
approximately 15–20% of all breast cancers, and is the most invasive and aggres-
sive type of breast cancer.2 Because of limited treatment options, poor response to 
systemic therapy, and high aggressiveness and early widespread metastasis, the 
overall prognosis of patients with TNBC remains dismal.3 Moreover, the high 
degree of heterogeneity and the complexity of molecular mechanisms limit the 
development of novel therapeutic strategies.4,5 Currently, adjuvant chemotherapy 
for TNBC is based on standard chemotherapy regimens including anthracyclines, 

Correspondence: Ping Sun  
Department of Oncology, The Affiliated 
Yantai Yuhuangding Hospital of Qingdao 
University, No. 20, Yuhuangding East 
Road, Zhifu District, Yantai 264000, 
People’s Republic of China  
Tel +86-13963896536  
Email sunping20039@hotmail.com

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 9417–9428                                                   9417

http://doi.org/10.2147/CMAR.S268378 

DovePress © 2020 Dong et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

mailto:sunping20039@hotmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


taxol, and cyclophosphamide.6 Investigating how to pre-
vent, delay, or even suppress the rapid growth of TNBC 
has become a hot area of basic and clinical research in 
recent years.

MicroRNAs (miRNAs) are a group of small non-protein- 
coding RNA molecules of 20–22 nucleotides in length that 
can regulate gene expression by binding to specific target 
sites of mRNAs. They have been implicated in various dis-
eases and are regarded as potential biomarkers or key reg-
ulators of numerous cellular processes.7,8 Many miRNAs are 
involved in the biological process of breast cancer.7 The 
dysregulation of miRNA expression is closely related to the 
mechanism of disease development, especially the occur-
rence of invasion and migration in breast cancer.9,10 

Accumulating evidence indicates that miR-139-5p may 
play a significant role in cancer biology, diagnosis, prognosis, 
and therapy.11 A previous study demonstrated that miR-139- 
5p may serve as a novel serum biomarker for colorectal 
cancer recurrence and metastasis.12 Watanabe et al reported 
that silencing miR-139 by histone methylation promotes 
non-small-cell lung cancer cell invasion.13 Pajic et al 
reported that miR-139 suppresses proliferation, migration, 
and invasion of tumor cells in epithelial ovarian cancer and 
in breast cancer.4 However, there have been few studies on 
the effects of miR-139 in TNBC.

In this study, we investigated the role of miR-139 in TNBC 
and the underlying molecular mechanisms in vitro and in vivo.

Materials and Methods
Cell Culture
The normal human breast epithelial cell line MCF-10A 
and the TNBC cell lines HCC1806 and BT549 were pur-
chased from Shanghai Institute of Biochemistry and Cell 
Biology affiliated with the Chinese Academy of Sciences 
(Shanghai, China). Cells were cultured in DMEM/F12 
medium (Gibco, Invitrogen, Grand Island, NY, USA) sup-
plemented with 1% penicillin/streptomycin and 10% fetal 
bovine serum in a constant temperature incubator (DRH- 
A100, Shanghai, China) with 5% CO2 at 37°C. Cells were 
collected at the logarithmic growth phase when reaching 
approximately 80% confluence.

Detection of Sry-Like High-Mobility 
Group Box (SOX8) mRNA Expression in 
Cells
Cells were centrifuged at 4°C (12,000 rpm, 15 min) after 
harvesting and total RNA was extracted and isolated using 

the TRIzol Kit (Takara, Dalian, China). The OD260/ 
OD280 value (between 1.8 and 2.0) was used as an indi-
cator of RNA purity. cDNA was transcribed using 
a reverse transcription kit (Roche, 11939823001, 
Shanghai, China). A Mastercycler® nexus X2 
(Eppendorf, Guangzhou, China) was used to perform 
reverse transcription-PCR (RT-PCR). The reaction condi-
tions were as follows: 15 s at 95°C, 60 s at 60°C, and 40 
s at 72°C (35 cycles). The data were organized and ana-
lyzed using the 2−ΔΔCt method. The relative expression 
level was calculated after normalizing to GAPDH mRNA 
as the internal control. The sequences of the primers 
(Shenggong Bioengineering Technology Service Co., 
Ltd., Shanghai, China) used were the following.

miR-139: 5′-GCCTCTACAGTGCACGTGTCTC-3′ 
(F), 5′-CGCTGTTCTCATCATCTGTCTCGC-3′ (R);

U6: 5′-GACCTCTATGCCAACACAGT-3′(F), 5′-AGT 
ACTTGCGCTCAGGAGGA-3′ (R);

SOX8: 5′-CGAGAGAAGACGCCTGCT-3′ (F),
5′-CGTGTTGGAGAATGAGGG-3′ (R);
GAPDH: 5′-TGACTTCAACAGCGACACCCA-3′ (F), 

5′-CACCCTGTTGCTGTAGCCAAA-3′ (R).

Dual-Luciferase Reporter Assay
Wild-type (wt) and mutant (mut) 3ʹ untranslated regions 
(3ʹ-UTRs) of SOX8 were amplified in the pGL3/luciferase 
vector (Promega, E1751, Madison, WI, USA) and cloned 
downstream of the luciferase gene. The luciferase activ-
ities of HCC1806 and BT549 cells were detected using the 
dual luciferase reporter system following the manufac-
turer’s instructions (Promega) at 48 h after transfection.14

Cell Transfection
Cells were cultured 1 day before transfection and inocu-
lated into 6-well plates for lentivirus transfection.15 Full 
length SOX8 cDNA cloned into pcDNA3.1 mammalian 
expression plasmid (Shanghai GeneChem Co., Ltd, 
China). TNBC cells (HCC1806 and BT549) were divided 
into the following five groups according to treatment: 1) 
blank control group (BC group, no transfection), 2) SOX8 
overexpression group (SOX8 group, cells were transfected 
with SOX8 pcDNA3.1 using Lipofectamine 3000), 3) 
SOX8 overexpression negative control group (NC1 
group, cells transfected with SOX8 negative control), 4) 
SOX8 silencing group (si-S group, stable shSOX8 cells 
were constructed using short hairpin RNA (shRNA) with 
GeneChem), and 5) SOX8 silencing negative control 
group (NC2 group, cells transfected with shSOX8 negative 
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control). RT-PCR and Western blotting were used to detect 
the transfection efficiency.

To investigate the effects of miR-139 on TNBC cells, 
the cells were grouped as follows: 1) blank control group 
(BC, no transfection), 2) miR-139 mimic group (miR-139, 
transfected with miR-139 mimic); and 3) and miR-139 
analogue negative control group (miR-NC, transfected 
with unrelated mimic as negative control). The transfec-
tion efficiency and the expression of SOX8 in cells were 
detected by RT-PCR. miR-139 mimic and its negative 
control (NC), synthesized by Life Technologies 
Corporation, were transfected into cells using 
Lipofectamine 3000 reagent and the transfected cells 
were harvested at 72 h post-transfection.

To further explore the role of miR-139 in targeting 
SOX8, cells were divided into four groups as follows: 1) 
blank control group (BC), 2) miR-139 mimic group (miR- 
139), 3) SOX8 silencing group (si-S), and 4) miR-139 
mimics + SOX8 overexpression group (miR+S), in 
which cells were transfected with miR-139 mimic and 
SOX8 pcDNA3.1. Experiments were performed in tripli-
cate for each group.

Cell Proliferation Assay
Transfected cells in the logarithmic growth stage were 
seeded into 96-well plates at a density of 2 × 104 cells/ 
mL with each well containing 100 μL. Cells were incu-
bated in a 5% CO2 incubator at 37°C for 24, 48, 72, and 
96 h, and CCK-8 solution (10 μL, Tongren Institute of 
Chemistry, Japan) was added to each well. The solution 
was mixed and cultured for 4 h. The absorbance (OD) of 
each well was quantified by adjusting to the blank control 
as zero at 450 nm.

Plate Clone Formation Assay
Cells were grown to the logarithmic growth phase, har-
vested, and digested with 0.25% trypsin to generate single 
cell suspensions. Cell density was adjusted to 250 cells/ 
mL, and 2 mL of suspension was seeded into each well of 
a 6-well plate. The plate was incubated at 37°C under 5% 
CO2 for 2–3 weeks, and the culture media were replaced 
every 3 days. Cells were then fixed with methanol, and 
1 mL Giemsa working fluid (G1015, Solarbio, Beijing, 
China) was added to each well and incubated for 30 min. 
Finally, the plate was washed with ultrapure water and 
photographed using a camera after the water around the 
plate was removed with filter paper.

Cell Migration
Pre-warmed DMEM medium (50 μL per well) was evenly 
spread on the bottom of the upper chambers of a Transwell 
plate (3413, Corning, Beijing, China). Next, 100 μL of cell 
suspension (5 × 104) was added to each well and incubated 
for 4 h at 37°C. In the lower chamber, 600 μL DMEM/F12 
medium was added and cultured for 72 h in the same 
incubator. The chamber was then washed twice with PBS 
and fixed with 5% glutaraldehyde at 4°C. After two 
washes, the plates were stained with 0.1% Crystal Violet 
for 30 min and five fields (400×) of view were randomly 
selected using an inverted microscope (Olympus, Japan) to 
calculate the mean value of migrated cells.

Apoptosis Detection
Cells treated as indicated were incubated for 24 h, col-
lected, resuspended in 1× precooled PBS (4°C), and cen-
trifuged for 5–10 min at 1000 rpm/min. After washing, 
cells were suspended with 1× binding buffer (300 μL), and 
5 μL of Annexin V-APC (CA1020, Solarbio, Beijing, 
China) was added and mixed well. Cells were kept in the 
dark and incubated for 15 min at room temperature. 
Propidium iodide (5 μL) was added 5 min before loading, 
followed by the addition of 1× binding buffer (200 μL). 
Finally, flow cytometry (Beckman Coulter, Brea, CA, 
USA) was used to analyze samples, and the data were 
analyzed using CellQuest software (BD Bioscience, San 
Diego, CA, USA).

Western Blotting Analysis
Protein lysates were obtained from cells using a protein 
extraction kit (W037, Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China). Total proteins (30 μg) were 
subjected to 10% SDS-PAGE electrophoretic separation 
and the resolved proteins were transferred onto 
a polyvinylidene difluoride (PVDF) membrane (W016- 
1-1, Nanjing Jiancheng Bioengineering Institute). 
Following blocking with non-fat milk powder for 2 h, 
membranes were incubated with rabbit anti-human SOX8 
(1:1000, ab226983, Abcam, Bejing, China), rabbit anti- 
human cleaved caspase-3 (1:4000, ab49822, Abcam), rab-
bit anti-human cleaved caspase-9 (1:20,000, ab2324, 
Abcam), rabbit anti-human β-actin (1:20,000, ab2324, 
Abcam) at 4°C for 12 h. Subsequently, membranes were 
incubated with a goat anti-rabbit HRP-conjugated IgG 
H&L (1:20,000, ab205718, Abcam) secondary antibody 
for 50 min. The protein bands were visualized using an 
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ECL chemiluminescence kit (32132, ThermoFisher, 
Shanghai, China) and β-actin was selected as a control to 
calculate the relative expression of the target proteins.

Tumor Sphere Formation Assays
DMEM/F12 serum-free medium (containing 1% penicil-
lin-streptomycin, 20 ng/mL EGF, 20 ng/mL bFGF, and 
2% B27) was used to resuspend the cells, and the con-
centration was adjusted to 1 × 104/mL. Cells were 
inoculated in a low adhesion 6-well plate at a density 
of 5000 cells per well, and the solution was changed 
every other day. After 7 days of culture, tumor spheres 
were collected when they reached a diameter of 50 μm, 
digested, dispersed into single cells, and reinoculated to 
form new tumor spheres. After 1 week, the number of 
tumor spheres with a diameter >50 μm was counted 
under an inverted microscope. The expression of miR- 
139 in cells was detected by RT-PCR following RNA 
extraction of tumor spheres.

In vivo Experiment Using a Murine TNBC 
Model
Specific pathogen-free grade BALB/C female nude mice 
(n=48) (4-weeks-old, 16–18 g body weight) were 
obtained from the Beijing Vital River Laboratory 
Animal Technology Co., Ltd. [SCXK (Jing) 20190006, 
Beijing, China] and maintained in a sterile cage in an air 
laminar flow purifying room. The room was kept under 

constant temperature (26–28°C) and humidity (40–60%), 
and the feed, drinking water, and bedding were 
sterilized.

The 48 mice were randomly divided into a blank con-
trol group (BC), miR-139 mimic group (miR-139), SOX8 
silencing group (si-SOX8), miR-139 mimic and SOX8 
pcDNA3.1 group (miR+S), with 12 mice in each group. 
TNBC HCC1806 and BT549 cells in the logarithmic 
growth stage were digested with 0.25% trypsin, collected, 
and counted. The cell concentration was adjusted to 5 × 
107/mL, and the cell suspension (0.1 mL) was injected into 
the soft part of the skin on the back of the right forelimb of 
nude mice.

The tumor volume was calculated by measuring tumor 
length (L) and short diameter (W) using a Vernier caliper 
every 7 days as follows: (V) = (long diameter × short 
diameter2)/2. After 28 days, mice were intraperitoneally 
anesthetized with 0.6% pentobarbital sodium (40 mg/kg) 
and euthanized. The tumor tissue was extracted and 
tumors were weighed.

Statistical Analyses
Analysis was performed using SPSS, version 19.0 (IBM, 
Chicago, IL, USA), and results are presented as the mean 
± standard deviation (SD). The differences among multiple 
groups were calculated by one-way analysis of variance 
(ANOVA) and Dunnett’s t-test. A value of P < 0.05 was 
considered statistically significant.

Figure 1 SOX8 is a target gene of miR-139 in TNBC cells. (A) The predicted binding sites of miR-139 and the SOX8 3ʹ-UTR region according to TargetScan. (B, C) 
Luciferase activity in cells following co-transfection with miR-139 mimic and luciferase reporters containing wild type (wt)- or mutated (mut)-SOX8 transcript in HCC1806 
cells and BT549 cells. *P < 0.05.
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Results
miR-139 Bound to the 3ʹUTR of SOX8 in 
Dual Luciferase Reporter Assay
SOX8 was predicted as a candidate target of miR-139 using 
TargetScan (http://www.targetscan.org) (Figure 1A). A dual- 
luciferase reporter assay was performed to confirm that miR- 
139 targeted SOX8 in HCC1806 (Figure 1B) and BT549 cell 
lines (Figure 1C). The results showed that when miR-139 
mimic was co-transfected with wild-type SOX8 3ʹ-UTR, the 
luciferase activity decreased (P < 0.05), while a reversal of 
luciferase expression was observed in experiments where 
miR-139 mimic was co-transfected with mut-SOX8.

SOX8 Promoted the Proliferation of 
TNBC Cells
As shown in Figure 2A and B, the expression of SOX8 
mRNA and protein was significantly higher in 
HCC1806 and BT549 cells than in MCF-10A cells (P 
< 0.05). Differences in expression of SOX8 in 
HCC1806 and BT549 cells were observed by RT- 
PCR. In the SOX8 group, the expression of SOX8 
was significantly increased compared with the control 
group (P < 0.05, Figure 2C and D), and the expression 
of SOX8 was clearly decreased in the si-SOX8-treated 
group compared with the control group (P < 0.05, 

Figure 2 Effect of SOX8 on the proliferation of TNBC cells. (A and B) Expression of SOX8 mRNA in cells measured by RT-PCR and Western blotting analysis. (C and D) 
Transfection efficiency of SOX8 evaluated by RT-PCR and Western blotting analysis. (E) Cell viability detected by the CCK8 assay. (F) Cell proliferation was measured by 
plate clone formation. (G) Cell migration ability detected by transwell assay (400×). In each group, triplicate experiments were performed. The differences among groups 
were analyzed by ANOVA followed by the Dunnett’s t-test. Compared with MCF-10A cells, aP < 0.05; compared with the BC group, *P < 0.05; compared with the SOX8 
group, #P < 0.05. 
Abbreviations: BC, blank control group; SOX8, SOX8 overexpression group; NC1, SOX8 overexpression negative control group; si-S, SOX8 silencing group; NC2, SOX8 
silencing negative control group.
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Figure 2C and D). In order to analyze the effects of 
SOX8 on the proliferation of TNBC cells, cell prolif-
eration was measured by CCK-8 expression (Figure 
2E), plate clone formation assays (Figure 2F), and the 
transwell migration assay (Figure 2G). The results 
showed that SOX8 overexpression notably increased 

the TNBC cell viability and migration, and silencing 
SOX8 expression significantly decreased the TNBC 
cell viability and migration, when compared with con-
trol cells (P < 0.05). These data suggested that higher 
expression of SOX8 in TNBC cells promoted cell 
proliferation.

Figure 3 Effects of SOX8 on TNBC cell apoptosis and tumor sphere formation. (A) Apoptosis was detected by flow cytometry. (B) The expression of cleaved caspase-3 
and cleaved caspase-9 was analyzed by Western blotting analysis. (C) Tumorigenicity of cells was determined by in vitro tumor sphere formation assays (100×). In each 
group, experiments were performed in triplicate. The differences among groups were analyzed by ANOVA followed by the Dunnett’s t-test. Compared with the BC group, 
*P < 0.05; compared with the SOX8 group, #P < 0.05. 
Abbreviations: BC, blank control group; SOX8, SOX8 overexpression group; NC1, SOX8 overexpression negative control group; si-S, SOX8 silencing group; NC2, SOX8 
silencing negative control group.
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SOX8 Overexpression Inhibited 
Apoptosis of TNBC Cells and Promoted 
Tumor Sphere Formation
The effects of SOX8 expression on TNBC cell apoptosis were 
analyzed by flow cytometry (Figure 3A). The apoptosis rate 
was markedly decreased in the SOX8 group and increased in 
the si-SOX8-treated group, when compared with the control 
group (P < 0.05). The expression of cleaved caspase-3 and 
cleaved caspase-9 was observed using Western blotting ana-
lysis (Figure 3B). Consistent with the results of the apoptosis 
rate, the levels of cleaved caspase-3 and cleaved caspase-9 
were significantly increased in the si-S group and decreased in 
the SOX8 group, compared with the control group (P < 0.05). 
The formation of tumor spheres of HCC1806 and BT549 cells 
was also observed (Figure 3C). Compared with the control 
group, the number of tumor spheres was significantly higher 

in the SOX8 group overexpressing SOX8, while the number 
of tumor spheres was significantly lower in the si-S group (P < 
0.05). These results indicated that higher expression of SOX8 
in TNBC cells inhibited cell apoptosis and promoted tumor 
sphere formation in vitro.

Overexpression of miR-139 Inhibited the 
Proliferation of TNBC Cells
As shown in Figure 4A, the expression of miR-139 was 
remarkably lower in HCC1806 and BT549 cells than in 
MCF-10A cells (P < 0.05), indicating that miR-139 was 
downregulated in TNBC cells. In order to evaluate the 
effects of miR-139 on the proliferation of TNBC cells, 
the overexpression of miR-139 was induced in HCC1806 
and BT549 cells by transfecting miR-139 mimic (Figure 
4B). We found that the expression of SOX8 was lower in 

Figure 4 Effects of miR-139 on the proliferation of TNBC cells. (A) RT-PCR was used to detect the expression of miR-139 in cells. (B) Transfection efficiency of miR-139 
evaluated by RT-PCR. (C and D) RT-PCR and Western blotting analysis were used to detect the expression of SOX8 in cells. (E) Cell viability detected by CCK8 assay. (F) 
Cell proliferation was measured by plate clone formation. (G) Transwell assays were used to detect cell migration ability (400×). In each group, experiments were performed 
in triplicate. The differences among groups were analyzed by ANOVA with followed by the Dunnett’s t-test. Compared with MCF-10A cells, aP < 0.05; compared with 
the BC group, *P < 0.05; compared with the miR-NC group, ^P < 0.05. 
Abbreviations: BC, blank control group; miR-NC, miR-139 analogue negative control group; miR-139, miR-139 mimics group.
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cells overexpressing miR-139 compared with the control 
group (Figure 4C and D, P < 0.05). The proliferation of 
TNBC cells was tested by measuring CCK-8 (Figure 4E), 
the plate clone formation assay (Figure 4F), and transwell 
migration assay (Figure 4G). High expression of miR-139 
significantly inhibited the viability of TNBC cells and their 
migration when compared with control cells (P < 0.05). 
These data suggested that miR-139 overexpression inhib-
ited the proliferation of TNBC cells.

miR-139 Induced Apoptosis of TNBC 
Cells and Inhibited Tumor Sphere 
Formation
The effects of miR-139 expression on TNBC cell apop-
tosis were analyzed by flow cytometry (Figure 5A). The 
apoptosis rate was markedly higher in the miR-139 group 
compared with the control group (P < 0.05). The expres-
sion of both cleaved caspase-3 and caspase-9 was 
observed by Western blotting (Figure 5B). Consistent 

Figure 5 Effects of miR-139 on TNBC cell apoptosis and tumor sphere formation. (A) Cell apoptosis was detected by flow cytometry. (B) The expression of cleaved 
caspase-3 and cleaved caspase-9 was analyzed by Western blotting analysis. (C) Tumorigenicity of cells was determined by in vitro tumor sphere formation assays (100×). In 
each group, experiments were performed in triplicate. The differences among groups were analyzed by ANOVA followed by the Dunnett’s t-test. Compared with the BC 
group, *P < 0.05; compared with the miR-NC group, ^P < 0.05. 
Abbreviations: BC, blank control group; miR-NC, miR-139 negative control group; miR-139, miR-139 mimics group.
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with the results of the apoptosis rate, the levels of 
cleaved caspases were significantly increased in the 
miR-139 group, compared with the control group (P < 
0.05). The tumor sphere formation of HCC1806 and 
BT549 cells was also observed (Figure 5C). Compared 
with the control group, the number of tumor spheres was 
significantly lower in cells overexpressing miR-139 (P < 
0.05). These results revealed that higher expression of 
miR-139 in TNBC cells promoted cell apoptosis and 
restrained tumor sphere formation in vitro.

miR-139 Inhibited the Proliferation of 
TNBC Cells by Targeting SOX8
We further investigated whether miR-139 regulated the pro-
liferation of TNBC cells via targeting SOX8 expression. 
Overexpression of miR-139 and SOX8 was established in 
TNBC cells. The proliferation of TNBC cells was analyzed 
by measuring CCK-8 (Figure 6A), the plate clone formation 
assay (Figure 6B), and by transwell migration assay (Figure 
6C). The results showed that high expression of miR-139 
inhibited the proliferation of TNBC cells, and high expres-
sion of SOX8 countered the effect of miR-139 overexpres-
sion (P < 0.05). These data revealed that miR-139 
suppressed proliferation of TNBC cells via regulating SOX8.

miR-139 Induced Apoptosis of TNBC 
Cells and Inhibited Tumor Formation by 
Targeting SOX8
The apoptosis rate of TNBC cells was observed to 
determine whether miR-139 induced apoptosis via reg-
ulating SOX8. As shown in Figure 7A, the apoptosis 
rate was higher in the miR+S group compared with the 
miR-139 group (P < 0.05). Similarly, the levels of 
cleaved caspase-3 and cleaved caspase-9 were clearly 
decreased in the miR+S group compared with the miR- 
139 group (P < 0.05, Figure 7B). Further, the tumor 
sphere formation of TNBC cells was significantly higher 
in the miR+S group than in the miR-139 group (P < 
0.05, Figure 7C). In vivo, tumor formation was consis-
tent with the results observed in vitro (Figure 7D). The 
tumor volume and weight were significantly higher in 
the miR+S group than those in the miR-139 group (P < 
0.05). Overall, these data suggested that miR-139 sup-
pressed the tumorigenicity of TNBC cells by targeting 
SOX8.

Discussion
In previous studies, miR-139 has been found to be 
associated with aggressive tumor behavior and disease 
progression in breast cancer. MiR-139 expression was 
thus identified as a surrogate marker for tumor aggres-
siveness in breast cancer and was found to be down-
regulated in tumor tissues compared with controls.16–18 

Figure 6 Effects of miR-139 on the proliferation of TNBC cells by targeting SOX8. 
(A) CCK8 was used to detect cell viability. (B) Plate clone formation experiment 
was used to detect cell proliferation. (C) Transwell assay was used to detect cell 
migration (400×). In each group, experiments were performed in triplicate. The 
differences among groups were analyzed by ANOVA followed by the Dunnett’s 
t-test. Compared with the BC group, *P < 0.05; compared with the miR-139 group, 
&P < 0.05. 
Abbreviations: BC, blank control group; miR-139, miR-139 mimics group; si-S, 
SOX8 silencing group; miR+S, miR-139 mimics + SOX8 overexpression group.
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SOX8 as a functional oncogene that is involved in the 
maintenance of stem-like capacities in TNBC cells, and 
its high expression has been significantly associated 
with poor prognosis in TNBC patients.19,20 However, 

whether miR-139 modulates TNBC cells and the under-
lying molecular mechanisms remain unclear. In this 
study, the dual-luciferase reporter assay was performed 
to confirm that miR-139 targets SOX8 in HCC1806 and 

Figure 7 Effects of miR-139 targeting SOX8 on TNBC cell apoptosis and tumor formation. (A) Apoptosis of HCC1806 and BT549 cells measured by flow cytometry. (B) 
The expression of cleaved caspase-3 and cleaved caspase-9 was analyzed by Western blotting analysis. (C) In vitro, tumor sphere formation assays were used to detect the 
tumorigenicity of HCC1806 and BT549 cells (100×). (D) In vivo, tumor volume and tumor weight of TNBC cells. In each group, there were six mice. The differences among 
groups were analyzed by ANOVA followed by Dunnett’s t-test. Compared with the BC group, *P < 0.05; compared with the mir-139 group, &P < 0.05. 
Abbreviations: BC, blank control group; miR-139, miR-139 mimics group; si-S, SOX8 silencing group; miR+S, miR-139 mimics + SOX8 overexpression group.
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BT549 cells. Further, we observed higher expression of 
SOX8 and lower expression of miR-139 in HCC1806 
and BT549 cells, when compared with the normal 
human breast epithelial cell line MCF-10A. These find-
ings support that miR-139 is a potential anti-metastatic 
miRNA and SOX8 is a potential pro-metastatic gene.

SOX genes have been well studied in many cancers, 
and have been described as oncogenes or tumor suppres-
sors involved in tumor formation and progression.21 As 
a member of the SOXE subfamily, SOX8 is an important 
functional oncogene that promotes tumor growth in tongue 
squamous cell carcinoma, with poor prognosis.21,22 In the 
present study, SOX8 overexpression enhanced the prolif-
eration of TNBC and decreased TNBC cell apoptosis. The 
expression levels of cleaved caspase-3 and cleaved cas-
pase-9 were also evaluated, which were decreased after 
SOX8 overexpression. When the expression of SOX8 was 
inhibited, the proliferation of TNBC was suppressed and 
apoptosis of TNBC increased.

A number of studies have reported that miR-139 plays an 
important role in the tumor aggressiveness of breast cancer, 
and is poorly expressed in such tumors.16,23 In breast cancer, 
cells treated with a miR-139-5p mimic strongly synergized 
with radiation exposure, resulting in significantly increased 
oxidative stress, accumulation of unrepaired DNA damage, 
and induction of apoptosis.4 The present results indicated 
that miR-139 may be a novel target for the treatment of 
breast cancer. Consistent with previous studies, our study 
found that miR-139 was down-regulated in TNBC cells. In 
addition, overexpression of miR-139 suppressed cell prolif-
eration and promoted apoptosis of TNBC. In order to mod-
ify miR-139-inhibited tumor formation via targeting SOX8 
in TNBC, cancer cells were transfected with miR-139 mimic 
and SOX8 pcDNA3.1, simultaneously. The results indicated 
that the effects of miR-139 were weakened by overexpres-
sion of SOX8.

Nonetheless, the mechanisms involved in miR-139 
regulation of SOX8 in TNBC are not completely under-
stood. For example, the downstream genes of SOX8 need 
to be explored in TNBC and effective targeted drugs need 
to be identified in future studies.

Conclusions
In summary, this study demonstrated that miR-139 inhib-
ited the tumorigenicity of TNBC cells by targeting SOX8, 
providing a rationale for the clinical diagnosis and devel-
opment of targeted therapeutic drugs in TNBC.

Abbreviations
TNBC, triple negative breast cancer; ER, estrogen recep-
tor; PR, progesterone receptor; HER2, human epidermal 
growth factor 2; PVDF, polyvinylidene difluoride; SOX8, 
Sry-like high-mobility group box.
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