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Abstract. Breast cancer is the second leading cause 
of cancer-associated mortality in females in the USA. 
Hsa-miR-599 was demonstrated to function as a tumour 
suppressor during cancer progression. However, the function 
and mechanism of the hsa-miR-599 in human breast cancer 
remain elusive. Thus, the aim of the present study was to 
investigate the potential role of hsa-miR-599 in breast cancer 
biology. The expression levels of hsa-miR-599 in 40 pairs of 
surgical specimens and human breast cancer cell lines were 
detected using quantitative polymerase chain reaction analysis. 
The overexpression of hsa-miR-599 was established by trans-
fecting mimics into the MCF-7 and MDA-MB-231 cell lines. 
Cell counting kit-8, colony formation and transwell assays 
were used to investigate the potential function of hsa-miR-599 
in MCF-7 and MDA-MB-231 cell lines. Luciferase assays 
combined with western blot analysis was performed to vali-
date the regulation of a putative target of hsa-miR-599. The 
results demonstrated that hsa-miR-599 was downregulated 
in the breast cancer tissues and breast cancer cell lines. 
Overexpression of hsa-miR-599 was revealed to inhibit the 
viability and proliferation of cell in vitro and tumour growth 
in vivo. The results of the luciferase assay indicate that bromo-
domain containing 4 (BRD4) is a direct target of hsa-miR-599. 
Furthermore, the xenograft mouse model demonstrated that 
overexpressed hsa-miR-599 reduced BRD4 expression. These 
results suggest that hsa-miR-599 serves as an oncosuppres-
sive microRNA that impairs breast cancer tumorigenesis 
and progression by directly targeting BRD4. Furthermore, 
increased BRD4 expression partially reversed the suppressive 
effect of hsa-miR-599. In conclusion, the results of the present 
study demonstrated that hsa-miR-599 suppressed breast cancer 
progression by downregulating BRD4. The overexpression of 

hsa-miR-599 may be considered as a novel therapeutic target 
for the treatment of patients with breast cancer.

Introduction

Breast cancer is the second leading cause of cancer-associated 
mortality in females in the USA, and it had an estimated 
annual diagnosis rate of 246,660 people and annual mortality 
rate of 40,450 cases in 2016 (1). Currently, the primary 
therapeutic strategy for breast cancer patients is surgery, while 
chemotherapy, radiotherapy and hormonal therapy are also 
used. Despite the impressive advances in breast cancer treat-
ment, relapse and metastasis remain inevitable in breast cancer 
patients (2). Therefore, determining the molecular mechanisms 
underlying breast cancer migration and invasion may facilitate 
the identification of novel therapeutic targets and consequently 
lead to the improvement of prognosis in the future.

MicroRNAs (MiRNAs) are noncoding RNAs with 20-22 
nucleotides. They post-transcriptionally modulate gene 
expression by binding to the 3'-untranslated region (3'-UTR) 
of the target mRNAs (3). As is well known, miRNAs are 
involved in tumour cell proliferation, migration and inva-
sion (4). Moreover, altered miRNA expression is involved 
in breast cancer pathogenesis via the modulation of onco-
genes and tumour suppressors that subsequently affect the 
downstream signalling pathway (5-7). For instance, miR-411, 
miR‑490‑3p and miR‑145 were significantly down‑regulated 
in breast cancer cases and played a critical role in the suppres-
sion of tumour metastasis (8-10). Although the pathogenesis 
of breast cancer metastasis was already investigated, the 
mechanism was not completely illustrated. Crucial miRNAs 
that might play significant roles in breast cancerogenesis must 
be identified. The newly discovered miRNA hsa‑miR‑599 
plays an important role in the development of hepatocel-
lular carcinoma (11). However, the mechanism underlying 
the development and progression of breast cancer remains 
unknown.

In this study, we firstly detected the expression level of 
hsa-miR-599 in breast cancer tissues and metastatic cell lines. 
Secondly, we investigated the role of hsa-miR-599 in breast 
cancer proliferation, migration and invasion in vitro and in vivo. 
Finally, bromodomain containing 4 (BRD4) was identified 
as a direct target of hsa-miR-599. The results revealed that 
hsa-miR-599 functioned as a tumour suppressor in breast cancer.
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Materials and methods

Cell culture. Breast cancer cell lines MCF-7 (TCHu74), 
MDA-MB-231 (TCHu104) were purchased from the 
Shanghai Cell Bank, Chinese Academy of Sciences. BT474 
(HTB-20™), and T-47D (HTB-133) and normal mammary 
epithelial cell line MCF 10A (CRL-10317) were obtained 
from the American Type Culture Collection (Manassas, VA, 
USA). The cell identity was confirmed by STR analysis. The 
MCF-7, BT474, MDA-MB-231 and T-47D cells were cultured 
in Dulbecco's modified Eagle's medium (DMEM; HyClone; 
GE Healthcare Life Sciences, Logan, UT, USA) supple-
mented with 10% fetal bovine serum (FBS) (HyClone; GE 
Healthcare Life Sciences). The MCF-10A cells were cultured 
in DMEM/F12 medium (HyClone; GE Healthcare Life 
Sciences) containing 5% horse serum (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 1% penicillin/strepto-
mycin (HyClone; GE Healthcare Life Sciences), 20 ng/ml 
of EGF (Gibco; Thermo Fisher Scientific, Inc.), 0.5 µg/ml 
of hydrocortisone (Sigma, St. Louis, MO, USA). All cells 
were incubated in a humidified atmosphere with 5% CO2 and 
humidified sphere of 95% at 37˚C.

Cell transfection. An hsa-miR-599 mimic (sense 5'-CUGUCC 
ACAGUGUGUUUGAUAAG-3') were chemically synthesised 
by Shanghai GenePharma Co., Ltd. (Shanghai, China). RNA 
with no homology to any human genomic sequence was used 
as negative control (NC) (sense 5'-ACUACUGAGUGACAG 
UAGA-3'). For convenience, the hsa-miR-599 mimic and the 
NC were designated as miR-599 and NC, respectively. A 
BRD4 overexpression plasmid (sc-425356-ACT) and control 
vector (sc-437275) were obtained from Santa Cruz 
Biotechnology, Inc. (Dallas, TX, USA). During cell transfec-
tion, the cells were seeded in six-well plates and then cultured 
until 50 to 70% confluency was reached in 1 day. Transfection 
was performed using a Lipofectamine® 2000 Reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) according to the manufacturer's protocols. The transfec-
tion mixture was replaced in a medium containing 10% FBS 
after 6 to 8 h.

Cell viability assay. Cell viability was measured using a 
Cell Counting Kit-8 (CCK-8) assay (Beyotime Institute of 
Biotechnology, Haimen, China). The cells were transfected 
with miR-599 and control and then cultured overnight. 
Subsequently, the cells were trypsinised and seeded at 
3,000 cells/well in a 96-well plate. After culturing at indicated 
time periods (0, 24, 48 and 72 h), 10 µl of the CCK‑8 solu-
tion was added into each well. The resulting mixtures were 
incubated at 37˚C. After 3 h, the absorbance of each well was 
measured using a Multiskan MK3 spectrophotometer set at a 
wavelength of 450 nm.

Colony formation assay. The cells transfected with the 
miR-599 mimic and control were seeded at 200 cells/well 
in the 6-well plates. After 1 week of culture, the colonies 
were stained with 0.5% crystal violet (Beyotime Institute of 
Biotechnology), and the images of the stained colonies were 
captured using a CKX41 light microscope. The number of the 
colonies was counted using the images.

Cell migration and invasion assay. Cell migration and inva-
sion were assessed by performing a Boyden chamber assay. 
For the invasion assay, the upper sides of the filters were coated 
with 50 µl of Matrigel (BD Biosciences, Bedford, MA, USA). 
Cells were harvested at 48 h post-transfection. Approximately 
5x104 cells with 200 µl of serum‑free medium were seeded in 
the upper chamber. The lower chamber was filled with medium 
supplemented with 5% FBS. After incubation at 37˚C with 5% 
CO2 for 8 h (migration) or 12 h (invasion), the cells on the lower 
filter were fixed with methanol and stained with crystal violet. 
The stained cells were then counted under a light microscope 
(CKX41; Olympus Corporation, Tokyo, Japan).

Luciferase assay. BRD4 3'-UTR-luciferase reporter vectors 
were created by ligating the BRD4 3'-UTR polymerase chain 
reaction (PCR) products into the XhoI and NotI restriction 
sites of the psiCHECK-2™ Vector (Promega Corporation, 
Madison, WI, USA). The mutant 3'-UTR regions were chemi-
cally synthesised and ligated into the psiCHECK-2™ vector. 
The cells were cultured in 24-well plates, and each well was 
transfected with 250 ng of vectors with 50 nM Hsa-miR-599 
mimic or control. After 48 h of co-transfection, the luciferase 
activity was measured using a dual-luciferase reporter assay 
system (Promega Corporation) according to the manufac-
turer's instructions.

Western blot analysis. Equal amounts of proteins (30 µg) 
from the lysates of the cells were subjected to elec-
trophoresis through a 10% SDS-PAGE (Beyotime Institute of 
Biotechnology) at 80 V for 30 min and at 100 V for 1.5 h. 
The proteins were then transferred onto polyvinylidene 
difluoride membranes. After blocking in 5% skimmed milk, 
the membranes were then incubated with the following 
diluted primary antibodies: Rabbit polyclonal BRD4 (Abcam, 
Cambridge, MA, USA), mouse monoclonal β-actin (Beyotime 
Institute of Biotechnology) overnight at 4˚C and horseradish 
peroxidase-conjugated goat anti-rabbit antibody (Santa Cruz 
Biotechnology, Inc.) at room temperature for 2 h. Specific 
bands were visualised on an autoradiographic film using 
an enhanced chemiluminescence reagent (Nanjing KeyGen 
Biotech Co., Ltd., Nanjing, China).

Quantitative PCR (qPCR). The total RNA from cells was 
isolated using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) and then reverse-transcribed using a 
PrimeScript RT Reagent kit with gDNA Eraser (Takara 
Biotechnology Co., Ltd., Dalian, China) according to the 
manufacturer's instructions. qPCR was performed using a 
SYBR Premix Ex Taq. The specificity of the amplification was 
verified using a melting curve and electrophoresis in agarose 
gel. The following PCR conditions were used for the detection 
of the mRNAs: 95˚C for 30 sec, followed by 40 cycles of 95˚C 
for 30 sec, 60˚C for 30 sec and 72˚C for 30 sec. The β-actin and 
U6 small nuclear RNA were used as internal controls for the 
detection. The relative expression levels of miR-599 and BRD4 
were calculated as the inverse log of ΔΔCq and normalised to 
the reference. The primers used for amplification were the 
following: miR-599 forward 5'-GUU GUG UCA GUU UAU 
CAA AC-3' and reverse 5'-GUU GUG UCA GUU UAU CAA 
AC-3'. U6 forward 5'-TGC GGG TGC TCG CTT CGC AGC-3' 
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and reverse 5'-CCA GTG CAG GGT CCG AGG T-3'. BRD4 
forward 5'-CAT GGA CAT GAG CAC AAT CA-3' and reverse 
5'-TCA TGG TCA GGA GGG TTG TA-3'. β-actin forward 
5'-GAT CAT TGC TCC TCC TGA GC-3' and reverse 5'-ACT 
CCT GCT TGC TGA TCC AC-3'.

Clinical sample collection. Forty cases of surgically resected 
breast cancer samples (tumour and adjacent nontumour tissue) 
were obtained from Weifang People's Hospital. These samples 
were frozen in liquid nitrogen immediately and stored at ‑80˚C. 
None of the patients received chemotherapy or radiotherapy 
before the surgery. All the patients gave their written informed 
consents, and the study was approved by the Ethics Committee 
of Weifang People's Hospital.

Animal studies. All animal studies were approved by the 
Animal Care and Welfare Committee of WeiFang Medical 
University and conducted in strict accordance with the 
guidelines of the National Animal Welfare Law of China. 
Four‑week‑old female BALB⁄c nude mice were purchased 
from the Laboratory Animal Center of Yangzhou University 
(Yangzhou, China) and maintained in a specific pathogen‑free 
environment. Subcutaneous tumour xenografting was 
performed by subcutaneously injecting the mice with 200 µl 
PBS containing 1x106 MCF-7 cells transfected with miR-599 
mimic or miR-NC. Tumour volume (mm3) was calculated 
every 5 days using the formula: V=0.5 x length x width2. After 
25 days, the mice were euthanised, and the tumours were 
isolated, weighed, photographed and processed for immuno-
histochemistry.

Statistical analysis. All experiments were performed in tripli-
cate. Unless otherwise indicated, the experimental values were 
expressed as mean ± SEM. Statistical significance was deter-
mined by unpaired Student's t-test using SPSS 13.0 (SPSS, 
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Hsa‑miR‑599 was downregulated in breast cancer tissues and 
cell lines. The expression level of hsa-miR-599 was measured 
in breast cancer specimens, and the adjacent normal tissues 
by qPCR. As shown in Fig. 1A, the hsa-miR-599 expression 
levels in the breast cancer tissues was significantly down-
regulated compared with those of the adjacent non-neoplastic 
tissues (P<0.05). In the breast cancer cell lines, hsa-miR-599 
expression levels were downregulated in the low-invasive 
cell lines (MCF-7 and BT474) and high-invasive cell lines 
(MDA-MB-231 and T-47D) compared with those in the 
normal mammary epithelial cell line MCF-10A (Fig. 1B). 
Furthermore, in the low-invasive and high-invasive cell 
lines, the expression of hsa-miR-599 was low in the MCF-7 
and MDA-MB-231, respectively. Therefore, MCF-7 and 
MDA-MB-231 were selected for further studies.

Hsa‑miR‑599 suppressed the viability and proliferation of 
breast cancer cells in vitro. We examined the expression level 
of hsa-miR-599 in cells after the transfection of hsa-miR-599 
mimics or control into MCF-7 and MDA-MB-231 through 

qPCR. The expression of hsa-miR-599 in the mimic group 
was higher than that in the control group (Fig. 2A and≈B). 
The viability of MCF-7 and MDA-MB-231 cells was investi-
gated using CCK-8 assay after 24, 48, and 72 h of incubation. 
Hsa-miR-599 mimic evidently inhibited the viability of both 
cell lines (Fig. 2C and D). Furthermore, the results of the colony 
formation assay showed that the proliferation of hsa-miR-599 
mimic cells was severely inhibited (Fig. 2E-H). These results 
suggested that hsa-miR-599 inhibited the growth of breast 
cancer cells.

Hsa‑miR‑59 inhibited the breast cancer progression in vivo. To 
study the relevance of hsa-miR-599 to breast cancer progres-
sion in vivo, we subcutaneously transplanted hsa-miR-599 
mimics or miR-NC MCF-7 cells into nude mice (n=6/group). 
Twenty five days after cell implantation, the tumours were 
removed and photographed (Fig. 3A). The tumour volumes 
in the hsa-miR-599 mimic of the tumour xenograft mice 
were smaller than those of the mock tumour xenograft mice. 
Furthermore, the periodic measurements of the tumour volume 
and the final weight of the excised tumours demonstrated that 
the hsa-miR-599 mimics disrupted tumour growth at termina-
tion compared with the control group (Fig. 3B and C).

Hsa‑miR‑599 suppressed the migration and invasion 
potential of breast cancer cells. Cell migration and invasion 
are critical events in tumour metastasis. Thus, the effects of 
hsa-miR-599 on the migration and invasion of breast cancer 
cells were explored in vitro. The cell migration and invasion of 
MCF-7 and MDA-MB-231 were investigated through a tran-
swell assay. The results showed that the hsa-miR-599 mimics 
significantly inhibited cell migration and invasion (P<0.05; 
Fig. 4A-E).

BRD4 is a direct target gene of hsa‑miR‑599 in vitro. 
TargetScan was used to identify the target of hsa-miR-599. As 
BRD4 was predicted to be a target of hsa-miR-599 (Fig. 5A), 
Western blot analysis was performed to determine whether 
BRD4 was downregulated at the protein level in breast cancer 
cells after it was transfected with hsa-miR-599. As shown in 
Fig. 5B and C, the expression levels of BRD4 was significantly 
reduced in the MCF-7 and MDA-MB-231 cells after BRD4 
was transfected with hsa-miR-599 (P<0.05). Luciferase assays 
were then performed to determine whether hsa-miR-599 
directly target BRD4. As shown in Fig. 5D and E, hsa-miR-599 
significantly inhibited the luciferase activity of BRD4 WT, but 
not of BRD4 MUT, in the MCF-7 and MDA-MB-231 cells. 
Overall, these results indicated that BRD4 was a direct target 
gene of hsa-miR-599 in vitro.

Forced BRD4 expression partially rescued the migration 
and invasion capability of hsa‑miR‑599‑transfected breast 
cancer cells. To further investigate whether the effects of 
hsa-miR-599 on cell migration and invasion are mediated 
by BRD4, we performed transwell assays in MCF-7 and 
MDA-MB-231 cells co-transfected with hsa-miR-599 and 
BRD4 overexpressed plasmid. BRD4 protein expression was 
confirmed by Western blot analysis (Fig. 4F-G). The results 
showed that forced BRD4 expression increased the migra-
tion and invasion of breast cancer cells (Fig. 4A-E). More 
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Figure 1. Expression levels of hsa‑miR‑599 in breast cancer tissues and cell lines. (A) Levels of hsa‑miR‑599 in the breast cancer tissues were significantly 
lower than in their corresponding adjacent non-neoplastic tissues (*P<0.05). (B) Levels of hsa-miR-599 were also lower in the MCF-7, BT474, MDA-MB-231 
and T-47D cell lines, compared with the MCF-10A cell line (*P<0.05). Expression levels of hsa-miR-599 were determined by qPCR and normalized to U6.

Figure 2. Overexpression of hsa‑miR‑599 inhibited the growth of breast cancer cells. qPCR analysis demonstrating the efficiency of hsa‑miR‑599 overexpression 
with hsa-miR-599 mimics in the (A) MCF-7 and (B) MDA-MB-231 cell line. Effect of hsa-miR-599 mimics induction on (C) MCF-7 and (D) MDA-MB-231 
cell viability over 72 h using the Cell Counting Kit-8 assay (*P<0.05). Overexpression of hsa-miR-599 inhibited cell colony formation ability of (E) MCF-7 and 
(F) MDA-MB-231 cell line. Graphical representation of the clone number for (G) MCF-7 and (H) MDA-MB-231 cell line (*P<0.05).
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importantly, the partial but significant restoration of BRD4 
rescued the migration and invasion of the hsa-miR-599 cells 
(Fig. 4A-E). Overall, these results illustrated that the effects 
of hsa-miR-599 on cell migration and invasion were partly 
mediated by BRD4.

Hsa‑miR‑599 downregulates BRD4 expression in vivo. 
Immunohistochemistry showed that the BRD4 expression 
levels in the hsa-miR-599 mimic tumour xenografts were 
lower than those in the control xenografts (Fig. 6A-C).

Discussion

Increasing evidence has shown that miRNAs are abnormally 
expressed in breast cancers, and changes in miRNA expres-
sion affect the onset, development and metastasis of breast 
cancers (6,12). However, miRNAs affecting breast cancer 
progression require further exploration. Recent study has 
identified that hsa-miR-599 served as tumour suppressor 
in hepatocellular carcinoma. However, the function of 
hsa-miR-599 in breast cancer has yet to be elucidated, and 
the mechanism through which hsa-miR-599 inhibits tumour 
migration and invasion remains unclear.

In the present study, we found that hsa-miR-599 is down-
regulated in breast cancer tissues and breast cancer cell lines. 
The colony formation assay showed that cells transfected with 
hsa-miR-599 grew markedly slower, and the results of the tran-
swell assays revealed that hsa-miR-599 transfection inhibited 
cell migration and invasion. Tumour xenografting revealed 
that hsa-miR-599 transfection inhibited tumour volume and 

growth speed. These results illustrated that hsa-miR-599 
functioned as a tumour suppressor during the proliferation and 
metastasis of breast cancer.

Identifying hsa-miR-599 target genes is essential for under-
standing their functions in the carcinogenesis and progression 
of breast cancer. It is also important for the investigation of 
novel targeted therapies for breast cancer. In the present 
study, a molecular link between hsa-miR-599 and BRD4 
was identified. BRD4 is an epigenome reader and a member 
of the bromodomain and extra-terminal (BET) family of 
proteins, which consist of two bromodomains in tandem and 
an extra terminal domain. Recent studies showed that BRD4 
promotes cell cycle progression and regulates cell growth 
and transcription (13). Subsequent studies demonstrated that 
BRD4 played an important role in tumour proliferation and 
growth in pancreatic cancer (14), melanoma (15), neuroblas-
toma (16), glioblastoma (17), hepatocellular carcinoma (18), 
lung adenocarcinoma (19), malignant peripheral nerve sheath 
tumours (20) and breast cancer (21). However, the relation 
between miRNA and BRD4 were not illustrated in these 
studies. In the present study, BRD4 was confirmed as a direct 
target gene of hsa-miR-599, as indicated by the results of 
luciferase assay and Western blot analysis. Moreover, rescue 
experiments indicated that the most important effect exerted 
by hsa-miR-599 on breast cancer cells invasion and migration, 
which was partially reversed when co-transfected with BRD4. 
These results demonstrated that BRD4 was a functional target 
gene of hsa-miR-599 in breast cancer. Notably, each miRNA 
can regulate numerous genes, and multiple miRNAs may 
regulate the same gene, and these characteristics affect the 

Figure 3. Hsa-miR-599 inhibited breast cancer growth in vivo. (A) The hsa-miR-599 mimic tumor xenografts were smaller than the control tumor xenografts 
(*P<0.05). (B) Hsa-miR-599 tumor growth was obviously slower than that in the mock tumor xenografts after 25 days (*P<0.05). (C) The average weight of the 
resected tumors (*P<0.05).



WANG et al:  Hsa-miR-599 SUPPRESSES THE MIGRATION AND INVASION BY TARGETING BRD4 IN BREAST CANCER3460

activities of pathways (22). In fact, hsa-miR-599 regulates 
biological functions of different diseases by targeting various 
genes, such as TGFB2 (23) and MYC (11). In our study, 
although increased expression of hsa-miR-599 inhibited the 
migration and invasion of breast cancer cells, these capabilities 
were partially rescued by BRD4 overexpression. Thus, other 

target genes were possibly involved in the suppressive effects 
of hsa-miR-599.

In conclusion, hsa-miR-599 inhibited breast cancer cell 
progression and metastasis by targeting BRD4. Hsa-miR-599 
restoration may provide new therapeutic methods for breast 
cancer treatment.

Figure 4. Hsa-miR-599 mimics inhibited the migration and invasion of breast cancer cells, while forced expression of bromodomain containing 4 (BRD4) 
reversed the migration and invasion of breast cancer cells reduced by hsa-miR-599 mimics. (A) MCF-7 and MDA-MB-231 cells were co-transfected with 
either hsa‑miR‑599 mimics or mock and BRD4 plasmid or control plasmid. Transwell assays were conducted and quantified. Migrant and invasion cells were 
fixed, stained and counted and images were captured (magnification, x100). (B) Quantification of migration MCF‑7 cells in the lower chamber (*P<0.05). 
(C) Quantification of invasion MCF‑7 cells in the lower chamber (*P<0.05). (D) Quantification of migration MDA‑MB‑231 cells in the lower chamber (*P<0.05). 
(E) Quantification of invasion MDA‑MB‑231 cells in the lower chamber (*P<0.05). Western blot analysis was performed to confirm the re‑expression of BRD4 
in (F) MCF-7 and (G) MDA-MB-231 cells.



ONCOLOGY LETTERS  14:  3455-3462,  2017 3461

Figure 6. Hsa-miR-599 downregulated BRD4 expression in tumor xenografts. (A) qPCR analysis of Hsa-miR-599 expression levels in the hsa-miR-599 
mimics tumor xenograft mice and control tumor xenograft mice. (B) Representative images (x200 magnification) of breast tumor sections of the control and 
hsa‑miR‑599 mimics MCF‑7 tumors stained for BRD4. (C) Quantification of the percentage of bromodomain containing 4 (+) cells in the breast tumor sections 
(*P<0.05).

Figure 5. Bromodomain containing 4 (BRD4) was a direct target of hsa-miR-599. (A) Sequence alignment of human hsa-miR-599 with 3'-untranslated region 
(3'-UTR) of BRD4 predicted by TargetScan. (B and C) BRD4 protein expression in breast cancer cell lines was determined through western blot analysis at 
72 h post-transfection. β-actin was used as a control (*P<0.05). Luciferase assay results for (D) MCF-7 and (E) MDA-MB-231 cells showed that hsa-miR-599 
upregulation decreased luciferase activity.
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