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Abstract. MicroRNAs (miRNAs) are associated with the 
formation and progression of many types of cancers. In the 
present study, the aim was to elucidate the involvement of 
miR‑146a‑5p in the regulation of human breast cancer (BC) 
cell growth and invasion, as well as the mechanisms under-
lying its effects. Reverse transcription‑quantitative polymerase 
chain reaction results revealed that miR‑146a‑5p was mark-
edly downregulated in BC tissues relative to those of adjacent 
normal tissues. miR‑146a‑5p expression was also markedly 
downregulated in BC cells. Overexpression of miR‑146a‑5p 
significantly suppressed the proliferation, invasion and migra-
tion of BC MDA‑MB‑453 and MCF7 cells. Furthermore, the 
results indicated that miR‑146a‑5p downregulated the expres-
sion of interleukin‑1 receptor‑associated kinase 1 (IRAK1) 
by directly binding to its 3'‑untranslated region in BC cells. 
Furthermore, IRAK1 expression was observed to be markedly 
upregulated and inversely correlated with miR‑146a‑5p expres-
sion in BC tissues. Mechanical studies indicated that restoring 
IRAK1 expression reversed the miR‑146a‑5p‑induced 
inhibitory effects on proliferation and invasion of BC cells. 
In conclusion, miR‑146a‑5p may act as a tumor suppressor in 
BC by directly targeting IRAK1. These results highlighted the 
potential of miR‑146a‑5p as a novel therapeutic target for the 
treatment of BC.

Introduction

MicroRNAs (miRNAs) are a class of ~22‑bp non‑coding 
RNAs that are expressed in many organisms (1,2). Mature 
miRNAs arise from one arm of endogenous hairpin tran-
scripts, the primary miRNAs (pri‑miRNAs), by sequential 
processing in the nucleus and cytoplasm. Mature miRNAs 

regulate the expression of target genes post‑transcriptionally. 
In particular, miRNAs inhibit translation through imperfect 
base‑pairing interactions with the 3'‑UTRs of their respective 
target genes or degrade their target mRNAs through perfect 
or near‑perfect base paring (3,4). An individual miRNA is 
capable of regulating dozens of distinct mRNAs. More than 
650 human miRNAs are believed to modulate about one‑third 
of the mRNA species encoded in the genome.

MicroRNAs are associated with the development and 
progression of various types of cancers, including breast cancer 
(BC), brain cancer, chronic lymphocytic leukemia, colorectal 
neoplasia, hepatocellular carcinoma, and lung cancer (5‑8). BC 
is one of the most common cancers affecting adult females, 
and studies have shown that BC is also associated with the 
deregulation of several miRNAs. Previous studies reported 
that various miRNAs, such as miR‑139‑5p (9), miR‑17‑5p (10), 
and miR‑219a‑5p (11), function as tumor suppressors to regu-
late BC development and progression. In the present study, our 
findings revealed that miR‑146a‑5p is downregulated in BC 
cells. Interleukin‑1 receptor‑associated kinase 1 (IRAK1) was 
predicted as a direct target of miR‑146a‑5p. Elevated expres-
sion of IRAK1 in BC tissues promotes the growth, migration, 
and invasion of BC cells.

Therefore, we aimed to explore the biological function of 
miR‑146a‑5p in BC and to verify the potential mechanisms 
involved. Results revealed that strong miR‑146a‑5p expression 
in BC patients significantly repressed cell proliferation, migra-
tion, and invasion. Furthermore, IRAK1 as a direct target 
of miR‑146a‑5p can reverse the tumor suppressive effects of 
miR‑146a‑5p.

Materials and methods

Patient and tissue samples. A total of 20 paired BC tissues 
were collected from patients who underwent surgical treatment 
between October 2015 and December 2017 at the Women's 
Hospital, Zhejiang University School of Medicine (Zhejiang, 
China). Tissue samples were snap frozen in liquid nitrogen 
immediately after surgical resection and stored at ‑80˚C. Sample 
collection was performed after obtaining written informed 
consent from all patients. The present study was approved by 
the Institutional Review Board of Women's Hospital, Zhejiang 
University School of Medicine. Patients who received radio-
therapy and/or immunotherapy before or after surgical treatment 
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were not included in the present study. The study protocol 
conformed to the ethical guidelines of the 1975 Declaration of 
Helsinki and was approved by the Women's Hospital, Zhejiang 
University School of Medicine. All patients enrolled in the 
present study provided written informed consents.

Cell lines and culture. BC cell lines, including the noncan-
cerous breast cell line MCF10A and the BC cell lines 
MDA‑MB‑453 and MCF7 were purchased from the Chinese 
Academy of Sciences Cell Bank (Shanghai, China). All cells 
were cultured in RPMI‑1640 (Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS) (Invitrogen; Thermo Fisher Scientific, Inc.) and 
grown in humidified 5% CO2 at 37˚C. miR‑146a‑5p mimics 
and controls were obtained from Shanghai GenePharma Co., 
Ltd. (Shanghai, China). Transfection was performed using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) as previously described.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA was extracted from BC 
and noncancerous breast cells using the TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's instructions. For microRNA analysis, 
RT‑qPCR was performed using the TaqMan MicroRNA 
Reverse Transcription Kit, TaqMan Universal PCR Master 
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) and 
the target‑specific primers. For mRNA analysis, RT‑qPCR 
was performed using the TaqMan High‑Capacity cDNA 
Reverse Transcription Kit, TaqMan Fast PCR Master Mix 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) and 
the corresponding primers. GAPDH was used as an internal 
control for normalizing IRAK1 expression levels. RT‑qPCR 
was performed in triplicate on a RealPlex4 real‑time PCR 
detection system from Eppendorf (Hamburg, Germany). The 
thermocycling conditions for RT‑qPCR were as follows: Initial 
denaturation at 95˚C for 5 min, followed by 40 cycles of 95˚C 
for 10 sec, 60˚C for 20 sec and 72˚C for 10 sec. The relative 
expression levels were calculated using the 2‑∆∆Cq method (12).

Immunohistochemistry (IHC). Tissue specimens were fixed 
in 10% neutral buffered formalin, dehydrated, and embedded 
in paraffin. Afterwards, sections were deparaffinized and 
rehydrated. Sections were treated with hydrogen peroxide for 
10 min to block endogenous peroxide activity. After antigen 
retrieval using a microwave, the sections were treated with 
1% bovine serum albumin to block non‑specific binding. 
Sections were then incubated with rabbit anti‑IRAK1 (Abcam, 
Cambridge, MA, USA) in a humidified chamber overnight 
at 4˚C. After washing thrice with phosphate‑buffered saline 
(PBS) for 5 min each wash, tissue sections were treated with 
biotinylated anti‑rabbit secondary antibody (Abcam), followed 
by further incubation with streptavidin‑horseradish peroxidase 
complex. After rinsing, sections were treated with diamino-
benzidine (DAB; Abcam) as chromogen, and counterstained 
with hematoxylin. Samples incubated with PBS instead of the 
primary antibody served as negative controls.

Cell proliferation assay. 3‑[4,5‑Dimethylthiazol‑2‑yl]‑ 
2,5‑diphenyltetrazolium bromide (MTT) (Amresco, LLC, 

Solon, OH, USA) assays were performed to evaluate cell prolif-
eration. Briefly, 5x103 cells were separately seeded in 96‑well 
microtiter plates (Corning Incorporated, Corning, NY, USA) 
and transfected with miR‑146a‑5p, control or miR‑146a‑5p 
mimics + IRAK1 plasmid, and then routinely cultured for 
3 days. Medium supplemented with 0.5 mg/ml MTT was added 
to each well. The cells were incubated at 37˚C for 4 h, after 
which 100 µl of dimethyl sulfoxide (DMSO) was added to each 
well to dissolve the formazan. Absorption at the wavelength of 
490 nm was measured using a SpectraMax M5 microplate 
reader (Molecular Devices, LLC, Sunnyvale, CA, USA).

Cell migration and invasion assay. Cell migration was evalu-
ated by performing a wound healing assay. Briefly, transfected 
cells were cultured in 6‑well plates (5x104 cells/well). Upon 
reaching 90-95% confluence, the cell monolayer was scratched 
using a sterile plastic micropipette tip, after which cells were 
cultured under standard conditions for 24 h. Following several 
washes, wound recovery was observed and photographed 
using an X71 inverted microscope (Olympus, Tokyo, Japan).

The Transwell invasion assay was performed to determine 
cell invasion. First, 1x105 transfected cells were seeded into 
the upper chamber of Matrigel‑coated inserts containing 
serum‑free medium. Medium containing 10% FBS was added 
to the lower chamber as chemoattractant. The cells were 
allowed to invade the chamber for 48 h at 37˚C with 5% CO2. 
Cells that invaded the lower surface of the filter were fixed in 
70% ethanol for 30 min and stained with 0.1% crystal violet 
for 10 min. The number of cells that migrated to the lower 
side was counted in five randomly selected fields under an X71 
inverted microscope (Olympus).

Luciferase activity assay. The 3'‑UTR of wild‑type IRAK1 
was amplified from a human cDNA library. Mutations in the 
miR‑146a‑5p binding site were introduced by site‑directed 
mutagenesis using a fast mutation kit (NEB, Beverly, MA, 
USA). The PCR fragment was cloned into the psiCHECK‑2 
vector downstream of the firefly luciferase coding region 
within XhoI and NotI (Takara Bio, Inc., Otsu, Japan). The 
psiCHECK‑2‑control was used as internal control.

Western blot analysis. Total protein lysates were resolved by 
10% SDS‑PAGE and transferred onto polyvinyl difluoride 
membranes (EMD  Millipore, Bedford, MA, USA). After 
blocking in Tris-buffered saline containing 0.1% Tween‑20 
(TBS‑T) with 5% non‑fat dry milk for 30 min, membranes were 
washed four times in TBS‑T and incubated with primary anti-
bodies overnight at 4˚C. All primary antibodies were obtained 
from Abcam and used at the following dilutions: IRAK1 
(1/500), Twist (1/500), MMP‑2 (1/500), MMP‑9 (1/500), and 
anti‑GAPDH (1/1,000). After thorough washing, membranes 
were incubated with horseradish peroxidase‑linked goat 
polyclonal anti rabbit IgG secondary antibodies at a dilution 
of 1:2,000 for 1 h at room temperature. Immunoreactivity was 
detected by enhanced chemiluminescence (ECL Kit; Pierce; 
Thermo Fisher Scientific, Inc.) and exposure to radiography 
film. GAPDH served as the loading control.

Statistical analysis. Data were presented as mean ± standard devi-
ation (SD). Statistical analysis was performed using SPSS 16.0 
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software (SPSS, Inc., Chicago, IL, USA). Two‑tailed Student's 
t‑test was performed to compare the differences between two 
groups. One‑way analysis of variance followed by Dunnett's 
multiple comparison was employed to compare the differences 
among three independent treatment groups. Correlation between 
miR‑146a‑5p and IRAK1 expression levels in BC tissues was 
determined by conducting Pearson's correlation analysis. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑146a‑5p expression in human BC tissues and cell 
lines. In the initial effort to determine the biological role of 
miR‑146a‑5p in BC, we examined miR‑146a‑5p expression 
levels in 20 BC patient tissue samples and normal tissues by 
RT‑PCR. As shown in Fig. 1A, miR‑146a‑5p expression was 
significantly downregulated in BC tissues relative to that in 
normal tissues (P<0.01). Consistent with the above results, BC 
cell lines (MDA‑MB‑453 and MCF7) showed miR‑146a‑5p 
downregulation relative to those of normal human breast 

tissue MCF10A cells (Fig. 1B). IRAK1 expression is known 
to be significantly upregulated in BC (13). In addition, IRAK1 
expression levels were determined by RT‑PCR and IHC. As 
shown in Fig. 1C and D, IRAK1 levels were significantly 
upregulated in the BC tissues (P<0.01). IRAK1 levels were 
also upregulated in BC cell lines (MDA‑MB‑453 and MCF7) 
relative to those in MCF10A cells (P<0.01, Fig. 1E).

miR‑146a‑5p overexpression inhibits the proliferation of 
BC cells. To explore the potential role of miR‑146a‑5p in 
BC, MDA‑MB‑453 and MCF7 cells were transfected with 
miR‑control or miR‑146a‑5p mimic. The transfection effi-
ciency was assessed by RT‑qPCR (Fig. 2A). The effects of 
miR‑146a‑5p mimic on cell proliferation and colony formation 
were then evaluated. As shown in Fig. 2B, BC cells treated 
with the miR‑146a‑5p mimic showed significant inhibition of 
proliferation at 48 and 72 h compared with those in the NC 
groups  (P<0.01). In addition, colony formation rate in the 
mimic‑treated group was significantly lower at 48 h compared 
with that in the NC group (P<0.01, Fig. 2C).

Figure 1. miR‑146‑5p and IRAK1 expression levels in BC patients and BC cells. (A) miR‑146‑5p expression in BC and normal tissues as assessed by RT‑qPCR 
(n=20). (B) miR‑146‑5p expression in normal breast cells (MCF10A) and BC cells (MDA‑MB‑453 and MCF7) as assessed by RT‑qPCR. (C) Relative mRNA 
expression levels of IRAK1 in BC tissues and normal tissues as assessed by RT‑qPCR (n=20). (D) Relative mRNA expression levels of IRAK1 in normal breast 
cells (MCF10A) and BC cells (MDA‑MB‑453 and MCF7) as assessed by RT‑qPCR. (E) Protein expression of IRAK1 in normal breast tissue and BC tissue as 
evaluated by immunohistochemistry (magnification, x200). Data are presented as mean ± standard deviation. **P<0.01 vs. MCF10A cells/as indicated. RT‑qPCR, 
reverse transcription‑quantitative polymerase chain reaction; miR, microRNA; IRAK1, interleukin‑1 receptor‑associated kinase 1; BC, breast cancer.
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miR‑146a‑5p represses BC cell migration and invasion. To 
determine whether miR‑146a‑5p influences the mobility 
of BC cells, we performed wound healing and Transwell 
assays to evaluate migration and invasion capabilities of 
MDA‑MB‑453 and MCF7 cells after transfection with 
miR‑control or miR‑146a‑5p mimic. The results indicated 
that the migration and invasion capabilities of MDA‑MB‑453 
and MCF7 cells were markedly reduced by transfection with 
miR‑146a‑5p mimic compared with those of the miR‑control 
cells (P<0.01, Fig. 3A and B). In addition, protein expres-
sion levels of Twist, MMP‑2, and MMP‑9 were significantly 
downregulated in MDA‑MB‑453 and MCF7 cells after 
transfection miR‑146a‑5p mimic compared to those in 
cells transfected with miR‑control (P<0.01, Fig. 3C). The 
above‑mentioned findings demonstrated that miR‑146a‑5p 

exerted inhibitory effects on the migration and invasion 
capabilities of BC cells.

IRAK1 is a direct target of miR‑146a‑5p. To verify the 
potential mechanism by which miR‑146a‑5p suppresses 
BC cell proliferation, migration, and invasion, we used 
TargetScan and miRanda algorithms to identify putative 
miR‑146a‑5p targets. IRAK1, which is frequently reported 
to be involved in the occurrence, metastasis, and progres-
sion of human BC, was selected as a candidate miR‑146a‑5p 
target (Fig. 4A). Luciferase reporter assays were performed 
to confirm whether IRAK1 is regulated via direct binding 
of miR‑146a‑5p to its 3'‑UTR. IRAK1 3'‑UTR fragments 
harboring miR‑146a‑5p target sequences and its corre-
sponding mutant fragments were subcloned into firefly 

Figure 2. miR‑146‑5p represses the proliferation and colony formation of breast cancer cells. (A) miR‑146‑5p NC or mimic was transfected into MDA‑MB‑453 
and MCF7 cells. Reverse transcription‑quantitative polymerase chain reaction was performed to determine the corresponding transfection efficiencies. 
(B and C) Cell proliferation was evaluated in MDA‑MB‑453 and MCF7 cells transfected with NC or mimic by (B) MTT and (C) colony formation assays. Data 
are presented as the mean ± standard deviation. **P<0.01 vs. NC group. NC, negative control; miR, microRNA; OD, optical density.
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luciferase vectors. Results demonstrated that luciferase 
activity was markedly lower in the cells co‑transfected 
with miR‑146a‑5p mimic and wild‑type IRAK1 3'‑UTR 

compared to those in the NC cells, whereas co‑transfection 
with miR‑146a‑5p mimic and the mutant IRAK1 3'‑UTR 
failed to repress luciferase activity (Fig. 4B).

Figure 3. miR‑146‑5p suppresses the migration and invasion of breast cancer cells. (A) Migration of MDA‑MB‑453 and MCF7 cells transfected with NC or 
mimic was determined by performing wound healing assay. (B) Invasion ability was determined by performing Transwell invasion assay in MDA‑MB‑453 
and MCF7 cells transfected with NC or mimic (magnification, x200). (C) Expression levels of Twist, MMP‑2 and MMP‑9 were determined by western blot 
analysis. Data are presented as mean ± standard deviation. **P<0.01 vs. NC group. NC, negative control; miR, microRNA; MMP, matrix metalloproteinase.

Figure 4. IRAK1 is a target of miR‑146‑5p. (A) miR‑146‑5p‑targeting sites in the IRAK1‑3'‑UTR and its mutant sequence abrogates the binding of IRAK1 
to target mRNA. (B) Luciferase reporter assays were performed using MCF7 cells co‑transfected with the miR‑146‑5p mimic and IRAK1‑Wt‑3'‑UTR or 
IRAK1‑Mut‑3'‑UTR reporter plasmid. (C) The mRNA and (D) protein levels of IRAK1 in MDA‑MB‑453 and MCF7 cells transfected with the miR‑146‑5p 
mimic or NC were determined by reverse transcription‑quantitative polymerase chain reaction and western blot analysis, respectively. (E) Pearson's correlation 
analysis was performed to determine the correlations between the expression levels of IRAK1 and miR‑146‑5p in human breast cancer samples (n=20). Data 
are presented as mean ± standard deviation. **P<0.01 vs. NC group. IRAK1, interleukin‑1 receptor‑associated kinase 1; miR, microRNA; NC, negative control; 
UTR, untranslated region; Wt, wild‑type; Mut, mutant.
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IRAK1 expression levels in MDA‑MB‑453 and MCF7 
cells were evaluated by RT‑PCR and western blot analysis. 
Results showed that IRAK1 was downregulated in BC cells 
transfected with miR‑146a‑5p mimics relative to that in the 
NC cells (Fig. 4C and D). In addition, results of Pearson's 
correlation analysis revealed that miR‑146a‑5p expression 
was inversely correlated with IRAK1 expression (P<0.01, 
Fig.  4E). The above results indicated that miR‑146a‑5p 
directly binds to the IRAK1 3'‑UTR to suppress its expres-
sion.

IRAK1 overexpression alleviates the inhibitory effects of 
miR‑146a‑5p on the proliferation, migration, and invasion 
capabilities of BC cells. We further evaluated the functional 
correlation between miR‑146a‑5p and IRAK1. IRAK1 expres-
sion was rescued in MDA‑MB‑453 and MCF7 cells transfected 
with the miR‑146a‑5p mimic. The transfection efficiencies 
were determined by RT‑PCR and western blotting (P<0.01, 
Fig. 5A and B). As shown in Fig. 5C and D, IRAK1 overex-
pression in BC cells transfected with miR‑146a‑5p mimic 
group significantly enhanced cell proliferation and promoted 

Figure 5. Restoration of IRAK1 expression reverses miR‑146‑5p mimic‑induced inhibition of the proliferation and invasion of breast cancer cells. 
(A and B) IRAK1 expression in miR‑146‑5p mimic cells was validated by (A) reverse transcription‑quantitative polymerase chain reaction and (B) western 
blot analysis. (C) Proliferation was evaluated using MDA‑MB‑453 and MCF7 cells transfected with NC, miR‑146‑5p mimic, or miR‑146‑5p mimic + IRAK1 
by performing the MTT assay. (D) Invasion ability was evaluated in MDA‑MB‑453 and MCF7 cells transfected with NC, miR‑146‑5p mimic, or miR‑146‑5p 
mimic + IRAK1 by performing a Transwell invasion assay. Data are presented as mean ± standard deviation. **P<0.01 vs. miR‑146‑5p mimic group. IRAK1, 
interleukin‑1 receptor‑associated kinase 1; miR, microRNA; NC, negative control; OD, optical density.
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the invasion capabilities  (P<0.01), which suggested that 
restoring IRAK1 expression alleviates miR‑146a‑5p‑induced 
suppression of proliferation and invasion of MDA‑MB‑453 
and MCF7 cells. The above‑mentioned results indicated that 
miR‑146a‑5p exerts repressive effects on the proliferation and 
invasion behavior of BC cells by targeting IRAK1.

Discussion

Increasing evidence has demonstrated that abnormal miRNA 
expression patterns play crucial roles in BC occurrence and 
metastasis. A better understanding of the biological functions 
of miRNAs is important for the development of effective 
therapeutic strategies for BC treatment and for identifying 
novel diagnostic markers for BC. Multiple studies have shown 
that miR‑146a‑5p downregulation is involved in tumorigen-
esis and metastasis of diverse human cancers. Xu et al (14) 
reported that miR‑146a plays a critical role in the apoptosis of 
androgen‑independent prostate cancer cells apoptosis by regu-
lating ROCK/Caspase‑3 signaling. Yuwen et al (15) suggested 
that the serum exosomal miR‑146a‑5p can be used as a novel 
putative biomarker for predicting the efficacy of cisplatin for 
the treatment of lung cancer and for real‑time monitoring of 
drug resistance. The findings of Min et al (16) revealed that 
miR‑146a‑5p influences cell proliferation and apoptosis in a 
cellular context‑dependent manner and selectively disarms 
the TRAF6‑mediated branch of the TGF‑β signaling in oral 
squamous cell carcinoma cell lines by sparing Smad4 involve-
ment. Nevertheless, the biological role of miR‑146a‑5p in BC 
remains unknown.

In the present study, we first examined the expression of 
miR‑146a‑5p and interleukin‑1 receptor‑associated kinase 1 
(IRAK1). Our results revealed that miR‑146a‑5p was mark-
edly downregulated and IRAK1 was significantly upregulated 
in BC tissues and cell lines. We further conducted functional 
studies to elucidate the role of miR‑146a‑5p in BC. Results 
revealed that miR‑146a‑5p overexpression inhibited BC cell 
proliferation, colony formation, migration, and invasion. The 
above findings suggested the potential role of miR‑216a as a 
tumor suppressor in BC.

To verify the potential molecular mechanisms by which 
miR‑146a‑5p exerts antitumor effects in BC, we performed 
bioinformatics analysis using TargetScan and miRanda algo-
rithms. The analysis predicted IRAK1 as a direct target of 
miR‑146a‑5p. Subsequently, results of dual luciferase reporter 
assays supported the above findings and indicated that IRAK1 
is a direct target of miR‑146a‑5p. IRAK1 is a downstream 
factor in the toll‑like receptor (TLR) signaling, and IRAK1 
expression is known to be significantly upregulated in many 
human cancers, including lung cancer  (17), hepatocellular 
carcinoma (18), endometrial carcinoma (19), papillary thyroid 
carcinoma (20), and BC (21). Abnormal IRAK1 expression 
is known to be closely correlated with tumorigenesis and 
metastasis. A previous study demonstrated that IRAK1 is 
overexpressed in BC and was found to promote aggressive cell 
growth, metastasis, and development of resistance to paclitaxel 
treatment (21). Si et al (22) found that miR‑146a‑5p regulates 
proliferation and metastasis of triple‑negative BC (TNBC) 
cells by regulating SOX5. First, our analysis identified IRAK1 
as a novel miR‑146a‑5p target. Results of RT‑PCR and western 

blot analysis revealed that IRAK1 expression was consider-
ably downregulated in BC cells transfected with miR‑146a‑5p 
mimics when compared to the controls. In addition, IRAK1 
expression was found to be markedly upregulated in BC tissues 
and inversely correlated with miR‑146a‑5p expression. In addi-
tion, we rescued IRAK1 expression in BC cells transfected 
with miR‑146a‑5p mimic. Restoring IRAK1 expression was 
demonstrated to alleviate the inhibitory effects of miR‑146a‑5p 
on the proliferation, migration, and invasion of BC cells. The 
above‑mentioned results indicated that miR‑146a‑5p acts as a 
tumor suppressor partially by directly targeting IRAK1.

In summary, miR‑146a‑5p is downregulated in BC tissues 
and cell lines and plays a tumor suppressor role by directly 
targeting IRAK1. Our current findings provided new insights 
into the molecular mechanism underlying BC occurrence and 
progression. Therefore, miR‑146a‑5p can be considered as a 
novel therapeutic target for the treatment of BC.
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