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MicroRNA-664 Targets Insulin Receptor Substrate 1 to Suppress Cell 
Proliferation and Invasion in Breast Cancer

Liang Wu, Yuefeng Li, Jingye Li, and Deliang Ma

Department of Oncology, Linyi Central Hospital, Linyi, Shandong, P.R. China

A large number of microRNAs (miRNAs) have been previously demonstrated to be dysregulated in breast 
cancer (BC), and alterations in miRNA expression may affect the initiation and progression of BC. This 
study showed that miR-664 expression was obviously reduced in BC tissues and cell lines. Resumption 
of the expression of miR-664 attenuated the proliferation and invasion of BC cells. The molecular mecha-
nisms underlying the inhibitory effects of BC cell proliferation and invasion by miR-664 were also studied. 
Insulin receptor substrate 1 (IRS1) was identified as a novel and direct target of miR-664. In addition, siRNA- 
mediated silencing of IRS1 expression mimicked the suppressive effects of miR-664 overexpression in BC 
cells. Rescue experiments demonstrated that recovered IRS1 expression partially antagonized the inhibition 
of proliferation and invasion of BC cells caused by miR-664 overexpression. Thus, miR-664 may serve as a 
tumor suppressor in BC by directly targeting IRS1. Moreover, miR-664 downregulation in BC may contrib-
ute to the occurrence and development of BC, suggesting that miR-664 may be a novel therapeutic target for  
patients with BC.
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INTRODUCTION

Breast cancer (BC) is the most commonly diagnosed 
cancer and the second leading cause of cancer-related mor-
tality in women globally1. It is characterized by aggressive 
local invasion, early metastasis, and limited sensitivity to 
chemotherapy2. Genetic and epigenetic alterations as well 
as environmental factors have been demonstrated to be 
involved in BC occurrence and development3,4; however, 
the exact mechanisms associated with the pathogenesis of 
BC remain unclear. Currently, the primary treatments for 
patients with BC are surgical operation followed by hor-
monotherapy, chemotherapy, radiotherapy, and/or biologi-
cal therapy5. In the past decade, remarkable improvements 
in diagnosis and therapy have significantly reduced the death 
rate of BC patients by over 30%6,7. Nevertheless, the prog-
nosis of BC patients diagnosed at advanced stage remains 
unsatisfactory. Local recurrence and distant metastasis, 
even after combined treatments, are two primary reasons 
behind the poor prognosis of patients with BC8. Hence, an 
in-depth study of the mechanisms underlying the formation 
and progression of BC and the search for novel therapeutic 
methods for patients with this malignancy are necessary.

MicroRNAs (miRNAs) are a multifunctional group  
of highly conserved 18–23 nucleotide single-stranded 
and noncoding RNA molecules that are generated  
by two RNAse III enzymes: DROSHA and DICER9.  
miRNAs can negatively mediate gene expression through 
interactions at the 3¢-untranslated regions (3¢-UTRs) of 
their target gene in a base pairing manner, and therefore 
result in either mRNA degradation or translation suppres-
sion10. One specific miRNA may regulate the expression 
of numerous target genes because each seed sequence  
may match multiple mRNAs11. Dysregulation of miRNAs,  
which is mainly caused by deletions, amplifications, 
epigenetic silencing, or mutations in miRNA loci12, has 
been previously observed in almost all types of human 
malignancy. Aberrantly expressed miRNAs may play 
either a tumor suppressive or an oncogenic role in tum-
origenesis and tumor development via the regulation of  
a wide range of pathological processes, such as cell pro-
liferation, cycle, survival, migration, invasion, metasta-
sis, and angiogenesis13,14. Therefore, miRNAs may have 
the potential to be developed as promising therapeutic 
targets for the treatment of human cancers.
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miR-664 is aberrantly expressed in several types of 
human cancers, including cervical cancer15, malignant 
melanoma16, osteosarcoma17,18, lung cancer19, and T-cell 
acute lymphoblastic leukemia20. However, no specific 
studies have been performed to detect the expression 
of miR-664 in BC and investigate the biological roles 
of miR-664 in BC. The present study aimed to initially 
determine the expression of miR-664 in BC tissues and 
cell lines. In addition, the effects of miR-664 on cell pro-
liferation and invasion were studied. Furthermore, the 
mechanisms underlying the regulatory roles of miR-664 
in BC cells were examined.

MATERIALS AND METHODS

Clinical Specimens

A total of 34 pairs of human BC tissues and adja-
cent relatively normal tissues were obtained from Linyi 
Central Hospital between June 2015 and February 2017. 
The patients did not undergo hormonotherapy, chemother-
apy, radiotherapy, or biological therapy before surgery. 
All tissue samples were immediately immersed in liquid 
nitrogen and stored at −80°C until further RNA extrac-
tion. This study was approved by the Ethics Committee 
of Linyi Central Hospital, and written informed consent 
was provided by all participants.

Cell Lines and Culture

Four human BC cell lines (MCF-7, MDA-MB-231, 
BT-474, and SKBR3) and a normal mammary epithelial 
cell line (MCF-10A) were acquired from the American 
Type Culture Collection (Manassas, VA, USA). All 
cell lines were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) containing 10% (v/v) fetal bovine 
serum (FBS) and 1% (v/v) penicillin/streptomycin solu-
tion (all from Gibco, Grand Island, NY, USA). Cells 
were grown in a humidified 5% CO2 cell incubator at  
37°C.

miRNA Mimic, Small Interfering RNA (siRNA), 
and Plasmid Transfection

miR-664 mimic and miRNA mimic negative control 
(miR-NC) were obtained from Shanghai GenePharma Co., 
Ltd. (Shanghai, P.R. China). siRNA against the expres-
sion of insulin receptor substrate 1 (IRS1 siRNA) and 
NC siRNA were produced by GeneCopoeia (Guangzhou, 
P.R. China). Empty pcDNA3.1 plasmid and IRS1 over-
expression plasmid pcDNA3.1-IRS1 lacking the respec-
tive 3¢-UTR were chemically synthesized by the Chinese 
Academy of Sciences (Changchun, P.R. China). During 
cell transfection, cells were inoculated into six-well plates 
one night prior to transfection. Cell transfection was car-
ried out using a Lipofectamine® 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) fol-
lowing the manufacturer’s protocols. The transfection 

mixture was replaced with fresh DMEM supplemented 
with 10% FBS at 6–8 h posttransfection.

RNA Extraction and Reverse Transcription Quantitative 
Polymerase Chain Reaction (RT-qPCR)

A TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) was applied to isolate total RNA from tissue speci-
mens or cells. To quantify miRNA expression, total RNA 
was converted into complementary DNA (cDNA) using a 
TaqMan microRNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA, USA). Subsequently, a 
TaqMan MicroRNA Assay Kit (Applied Biosystems) 
was used to carry out qPCR on an Applied Biosystems® 
7500 Real-Time PCR System (Applied Biosystems). 
U6 small nuclear RNA (snRNA) served as an inter-
nal reference for miR-664 expression. For the detec-
tion of mRNA expression, cDNA was prepared using 
PrimeScript 1st Strand cDNA Synthesis Kit (Takara Bio 
Inc., Tokyo, Japan). Quantification of IRS1 mRNA was 
performed using a SYBR Premix Ex Taq Kit (Takara Bio 
Inc.) with GAPDH as an internal control. Relative gene  
expression was analyzed by the 2−DDCq method21.

Cell Counting Kit-8 (CCK-8) Assay

Transfected cells were trypsinized 24 h after transfec-
tion and plated into 96-well plates at a density of 3,000 
cells per well. Cell proliferation was detected using 
the CCK-8 assay at 0, 24, 48, and 72 h after seeding. 
In brief, 10 µl of CCK-8 reagent (Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan) was added into 
each well and incubated at 37°C in 5% CO2 for another 
2 h. The absorbance was determined at a wavelength of 
450 nm using an automatic multiwell spectrophotometer 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). Each 
experiment was performed in triplicate and repeated  
three times.

Transwell Invasion Assay

Transwell invasion assay was used to measure cell 
invasion capacity using Matrigel-coated Transwell inva-
sion chambers (BD Biosciences, Franklin Lakes, NJ, 
USA). Transfected cells were trypsinized at 48 h post-
transfection and suspended in FBS-free DMEM. A cell 
suspension containing 1 ́  105 cells was plated in the 
upper Transwell chambers, while the lower chambers 
were filled with 500 µl of DMEM containing 20% FBS. 
The chambers were then incubated for 24 h at 37°C with 
5% CO2. The noninvasive cells were gently removed by 
scrubbing with a cotton swab, while the invasive cells 
were fixed in 4% formaldehyde, stained with 0.5% crys-
tal violet, washed, and photographed under an inverted 
microscope (Olympus Corp., Tokyo, Japan). Finally, the 
number of invasive cells was counted in five randomly 
selected fields.
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Luciferase Reporter Assay

The wild-type (Wt) or mutant (Mut) 3¢-UTRs of the 
IRS1 gene were designed and synthesized by GenePharma 
Co., Ltd., inserted downstream of the pMIR-GLOTM 
Luciferase vector (Promega Corp., Madison, WI, USA), 
and named as pMIR-Wt-IRS1-3¢-UTR and pMIR- 
Mut-IRS1-3¢-UTR, respectively . Cells were inoculated 
into 24-well plates and cotransfected with miR-664  
mimic or miR-NC, and pMIR-Wt-IRS1-3¢-UTR or 
pMIR-Mut-IRS1-3¢-UTR, using a Lipofectamine® 2000 
reagent in accordance with the manufacturer’s instruc-
tions. After transfection for 48 h, the luciferase activities 
were analyzed using a Dual-Luciferase Reporter Assay 
System (Promega Corp.) according to the manufacturer’s 
instruction. Renilla luciferase activity was used as an 
internal control.

Protein Extraction and Western Blot Analysis

Tissues or cells were solubilized in cold radioimmu-
noprecipitation lysis buffer, and protein concentrations 
were detected using a BCA Protein Assay Kit (both 
from Beyotime Institute of Biotechnology, Haimen, 
P.R. China). Equal quantities of protein were subjected 
to electrophoresis through 10% SDS-PAGE, transferred 
onto PVDF membranes (EMD Millipore, Billerica, MA, 
USA), blocked in 5% nonfat milk dissolved in TBS 
containing 0.1% Tween 20 (TBST), and then incubated 
overnight at 4°C with the following primary antibodies: 
a mouse anti-human monoclonal IRS1 antibody (dilu-
tion, 1:1,000; Cat. No. ab201644) or a mouse anti-human 
monoclonal GADPH antibody (dilution, 1:1,000; Cat. No. 
ab9484; both Abcam, Cambridge, UK). After wash-
ing with TBST three times, the membrane was further 

incubated with goat anti-rabbit secondary antibody (dilu-
tion, 1:5,000; Cat. No. ab205719; Abcam) at room tem-
perature for 2 h. An enhanced chemiluminescence kit 
(Pierce; Thermo Fisher Scientific, Inc.) was utilized to 
visualize the protein signals. GAPDH was used as a load-
ing control for protein level normalization.

Statistical Analysis

Results were expressed as means ± standard deviation 
(SD) and analyzed with SPSS 19.0 software (IBM Corp., 
New York, USA). Differences between groups were 
evaluated using Student’s t-tests or one-way analysis of 
variance followed by SNK multiple comparison test. A  
value of p < 0.05 was considered statistically significant.

RESULTS

miR-664 Is Downregulated in BC Tissues and Cell Lines

To analyze the expression pattern of miR-664 in BC, 
we first measured miR-664 expression in 34 pairs of 
human BC tissues and adjacent relatively normal tissues 
using RT-qPCR. We found that miR-664 expression was 
reduced in BC tissues relative to that in adjacent rela-
tively normal tissues (p < 0.05) (Fig. 1A). The expression 
level of miR-664 was then examined in four human BC 
cell lines (MCF-7, MDA-MB-231, BT-474, and SKBR3) 
and a normal mammary epithelial cell line (MCF-10A). 
The results of the RT-qPCR analysis revealed that the 
expression level of miR-664 was lower in all four BC 
cell lines compared with that in MCF-10A (p < 0.05)  
(Fig. 1B). MCF-7 and MDA-MB-231 cells exhibited 
relatively lower miR-664 expression compared with 
the other BC cell lines and were therefore selected for  
subsequent experiments.

Figure 1. Expression level of microRNA-664 (miR-664) in breast cancer (BC) tissues and cell lines. (A) Relative expression of  
miR-664 was determined by reverse transcription quantitative polymerase chain reaction (RT-qPCR) in 34 pairs of human BC tissues 
and adjacent relatively normal tissues. *p < 0.05 compared with normal tissues. (B) RT-qPCR analysis was performed to detect relative 
miR-664 expression in four human BC cell lines (MCF-7, MDA-MB-231, BT-474, and SKBR3) and a normal mammary epithelial cell 
line (MCF-10A). *p < 0.05 compared with MCF-10A.
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miR-664 Overexpression Inhibits the Proliferation 
and Invasion of BC Cells

Given the downregulation of miR-664 in BC, we 
hypothesized that miR-664 may play tumor-suppressing 
roles in BC progression. To confirm this hypothesis, miR-
664 mimics were transfected into MCF-7 and MDA-MB-
231 cells to increase endogenous miR-664 expression. 
Following transfection, the expression of miR-664 was 
markedly overexpressed in miR-664 mimic-transfected 
MCF-7 and MDA-MB-231 cells compared with that 
in the miR-NC group (p < 0.05) (Fig. 2A). CCK-8 and 
Transwell invasion assays were then performed to deter-
mine whether miR-664 may affect cell proliferation and 
invasion in BC. The results showed that ectopic expres-
sion of miR-664 significantly suppressed proliferation 
(p < 0.05) (Fig. 2B) and invasion (p < 0.05) (Fig. 2C) of 
MCF-7 and MDA-MB-231 cells. These results suggest 
that miR-664 may inhibit the progression of BC.

IRS1 Is a Novel Direct Target Gene of miR-664 in BC

To find the molecular mechanisms underlying the 
suppressive effects of miR-664 in BC, we conducted a 
bioinformatics analysis to predict the potential target of 
miR-664 using miRanda (www.microrna.org/microrna/
home.do) and TargetScan (www.targetscan.org/). Among 
the candidates, IRS1 was selected for further confirmation 
because it plays important roles in BC progression22–25. 

As shown in Figure 3A, the 3¢-UTR of IRS1 contained 
a putative miR-664 binding site. To determine whether 
endogenous IRS1 expression was modulated by miR-664 
in BC, we applied RT-qPCR and Western blot analyses 
to detect IRS1 expression in MCF-7 and MDA-MB-231 
cells after transfection with miR-664 mimic or miR-NC. 
Resumption of the expression of miR-664 obviously 
decreased IRS1 expression in MCF-7 and MDA-MB-
231 cells at both mRNA (p < 0.05) (Fig. 3B) and pro-
tein (p < 0.05) (Fig. 3C) levels. Afterward, the luciferase 
reporter assays were carried out to evaluate whether 
miR-664 can directly bind to the 3¢-UTR of IRS1. As 
illustrated in Figure 3D, upregulation of miR-664 sup-
pressed the luciferase activities of pMIR-Wt-IRS1-
3¢-UTR compared with the miR-NC group (p < 0.05) 
but had no effect on the pMIR-Mut-IRS1-3¢-UTR in 
MCF-7 and MDA-MB-231 cells. These results sug-
gest that miR-664 negatively regulates IRS1 expression  
in BC by directly targeting its 3¢-UTR.

Inhibition of IRS1 Simulates the Suppressive Roles 
of miR-664 in BC Cells

Considering that IRS1 was validated as a direct target 
of miR-664 in BC, we hypothesized that the suppressive 
effects of miR-664 in BC cell proliferation and invasion 
are exhibited by IRS1 knockdown. To verify this specula-
tion, IRS1 siRNA was introduced into MCF-7 and MDA-

Figure 2. miR-664 attenuates proliferation and invasion of MCF-7 and MDA-MB-231 cells. (A) MCF-7 and MDA-MB-231 cells 
were transfected with miR-664 mimic or miRNA mimic negative control (miR-NC). At 48 h after transfection, the transfection effi-
ciency was evaluated by RT-qPCR. *p < 0.05 compared with miR-NC. (B) Cell counting kit-8 (CCK-8) assays were utilized to detect 
proliferation of MCF-7 and MDA-MB-231 cells transfected with miR-664 mimic or miR-NC. *p < 0.05 compared with miR-NC.  
(C) Cell invasion capacities of MCF-7 and MDA-MB-231 cells transfected with miR-664 mimic or miR-NC were analyzed by 
Transwell invasion assays. *p < 0.05 compared with miR-NC.
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MB-231 cells to knock down IRS1 expression. Western 
blot analysis indicated that IRS1 protein was effectively 
downregulated in MCF-7 and MDA-MB-231 cells after 
transfection with IRS1 siRNA compared with those trans-
fected with NC siRNA (p < 0.05) (Fig. 4A). We then per-
formed functional assays and observed that inhibition 
of IRS1 attenuated proliferation (p < 0.05) (Fig. 4B) and 
invasion (p < 0.05) (Fig. 4C) of MCF-7 and MDA-MB-
231 cells, which was similar to those caused by miR-664 
overexpression. These results further suggest that IRS1  
is a functional downstream target of miR-664 in BC.

Restored IRS1 Expression Partially Rescues the 
Inhibitory Effects of miR-664 on the Malignant 
Phenotypes of BC Cells

Rescue experiments were used to further exam-
ine whether the effects of miR-664 overexpression 
on BC cell proliferation and invasion are mediated by 
inhibiting IRS1. To confirm this hypothesis, miR-664- 
overexpressing MCF-7 and MDA-MB-231 cells were 

transfected with empty pcDNA3.1 plasmid or IRS1 over-
expression plasmid pcDNA3.1-IRS1 lacking the respec-
tive 3¢-UTR. The IRS1 protein level was detected by 
Western blot analysis, which confirmed that the reduced 
IRS1 protein level induced by miR-664 overexpression 
was restored in MCF-7 and MDA-MB-231 cells after 
cotransfection with pcDNA3.1-IRS1 (p < 0.05) (Fig. 5A). 
Subsequent MTT and Transwell invasion assays dem-
onstrated that restoration of IRS1 expression partially 
counteracted the suppressive effects of miR-664 over-
expression on the proliferation (p < 0.05) (Fig. 5B) and 
invasion (p < 0.05) (Fig. 5C) of MCF-7 and MDA-MB-
231 cells. Overall, miR-664 may serve tumor suppressive  
roles in BC, partly by downregulating IRS1 expression.

DISCUSSION

A large number of miRNAs have been previously 
demonstrated to be dysregulated in BC, and alterations  
in miRNA expression may affect the initiation and  
progression of BC26,27. Therefore, in-depth understanding 

Figure 3. miR-664 directly targets the 3¢-untranslated region (3¢-UTR) of insulin receptor substrate 1 (IRS1) and reduces IRS1 
expression in BC cells. (A) Schematic of a putative wild-type (Wt) and mutant (Mut) miR-664 binding site in the 3¢-UTR of IRS1. 
miR-664 mimic or miR-NC was transfected into MCF-7 and MDA-MB-231 cells. At 48 h posttransfection, (B) RT-qPCR analysis 
was conducted to measure IRS1 mRNA expression. (C) Western blot was used to determine IRS1 protein level at 72 h posttransfec-
tion. *p < 0.05 compared with miR-NC. (D) MCF-7 and MDA-MB-231 cells were cotransfected with miR-664 mimic or miR-NC 
and pMIR-Wt-IRS1-3¢-UTR or pMIR-Mut-IRS1-3¢-UTR. After 72 h of transfection, luciferase reporter assays were adopted to assess 
luciferase activity. *p < 0.05 compared with miR-NC.
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of the regulatory mechanisms of miRNAs in BC will 
provide new approaches for the identification of novel 
and effective therapeutic targets for patients with this 
disease. In this study, we found that the expression of 
miR-664 was underexpressed in BC tissues and cell 
lines compared with that in adjacent relatively normal 
tissues and in the normal mammary epithelial cell line 
MCF-10A, respectively. Enforced expression of miR-
664 prohibited BC cell proliferation and invasion in 
vitro. In addition, IRS1 was confirmed as a direct target 
gene of miR-664 in BC. Furthermore, downregulation 
of IRS1 can mimic the suppressive roles of miR-664 
in BC cells. Moreover, recovered IRS1 expression par-
tially rescued the inhibitory roles of miR-664 on the 

proliferation and invasion of BC cells. Thus, our current 
study provides evidence that miR-664 restricts prolifera-
tion and invasion of BC cells and reveals the specific  
regulatory mechanism of miR-664 in BC, suggesting  
that miR-664 may serve as a potential therapeutic target 
for the treatment of BC patients.

Dysregulation of miR-664 has been identified in sev-
eral cancer types. For example, miR-664 was downregu-
lated in cervical cancer tissues and cell lines.

Decreased miR-664 expression was correlated with 
lymphatic invasion, distant metastasis, FIGO stage, and 
histological grade. Cervical cancer patients with low miR-
664 exhibited poorer overall survival than those patients 
with high miR-664 expression. Multivariate analysis 

Figure 4. IRS1 knockdown inhibits proliferation and invasion of MCF-7 and MDA-MB-231 cells. (A) MCF-7 and MDA-MB-231 
cells were transfected with IRS1 small interfering RNA (siRNA) or NC siRNA. Western blot analysis was conducted to detect IRS1 
protein expression. *p < 0.05 compared with NC siRNA. (B) Effect of IRS1 knockdown on MCF-7 and MDA-MB-231 cell prolifera-
tion was analyzed by the CCK-8 assay. *p < 0.05 compared with NC siRNA. (C) IRS1 siRNA- or NC siRNA-transfected MCF-7 and 
MDA-MB-231 cells were subjected to Transwell invasion assay, and the number of invasive cells was counted. *p < 0.05 compared 
with NC siRNA.
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identified miR-664 expression as an independent prog-
nostic factor for overall survival in cervical cancer15. 
miR-664 expression was also reduced in cutaneous malig-
nant melanoma tissues and cell lines. Downregulation of 
miR-664 was strongly associated with a shorter over-
all survival time of cutaneous malignant melanoma 
patients16. However, miR-664 was observed to be highly 
expressed in osteosarcoma17,18, lung cancer19, and T-cell 
acute lymphoblastic leukemia20. These conflicting stud-
ies imply that the expression pattern of miR-664 has tis-
sue specificity and suggest that miR-664 may represent 
a diagnosis and prognosis biomarker for these human  
cancer types.

Emerging studies have previously reported that 
miR-664 plays crucial roles in multiple biological and 
pathological processes of human cancers. For instance, 
resumption of miR-664 expression decreased cell migra-
tion and increased chemosensitivity of cervical cancer 
cells to cisplatin28. Ding et al. revealed that miR-664 over-
expression suppressed cell proliferation and anchorage-
independent growth in cutaneous malignant melanoma 
in vitro, induced G1/S transitional cell cycle arrest, and 
decreased tumor growth in vivo16. Nevertheless, miR-664 
was found to serve oncogenic roles in osteosarcoma by 
promoting cell growth and metastasis in vitro as well as 
tumor growth in vivo17,18. Zhu et al. found that miR-664 

Figure 5. IRS1 mediates the suppressive roles of miR-664 in MCF-7 and MDA-MB-231 cells. (A) Western blot analysis was applied 
to examine the IRS1 protein expression in MCF-7 and MDA-MB-231 cells cotransfected with miR-664 mimics and pcDNA3.1 plas-
mid or IRS1 overexpression plasmid pcDNA3.1-IRS1. *p < 0.05 compared with miR-NC, and miR-664 mimics + pcDNA3.1-IRS1.  
(B) CCK-8 and (C) Transwell invasion assays were conducted to determine the proliferation and invasion of MCF-7 and MDA-MB-
231 cells after cotransfection with miR-664 mimic and pcDNA3.1 plasmid or pcDNA3.1-IRS1. *p < 0.05 compared with miR-NC,  
and miR-664 mimic + pcDNA3.1-IRS1.
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reexpression enhanced cell proliferation and motility in 
lung cancer19. A study by Zhu et al. showed that enforced 
expression of miR-664 increased cell proliferation and 
migration in T-cell acute lymphoblastic leukemia20. These 
studies evidentially demonstrate that the biological roles 
of miR-664 exhibit tissue specificity and suggest that 
miR-664 may be investigated as a potential therapeutic 
target for human cancer intervention.

Previously, multiple direct targets of miR-664, includ-
ing PLP216 in cutaneous malignant melanoma and 
SOX717 and FOXO418 in osteosarcoma, have been vali-
dated. In our current study, IRS1 was identified as a 
novel target of miR-664 in BC. IRS1 transmits signals 
from the insulin and insulin-like growth factor-1 recep-
tors to intracellular pathways, such as the PI3K/Akt  
and MAPK pathways29. In BC, IRS1 was overexpressed 
and closely related with poor differentiation and lymph 
node metastasis22. BC patients with high IRS1 expres-
sion had shorter disease-free survival than those with low 
IRS1 expression23. Dysregulated IRS1 contributed to the 
onset and development of BC by affecting various cel-
lular processes, including cell proliferation, cycle, apo-
ptosis, angiogenesis, migration, invasion, metastasis, and 
chemosensitivity24,25. Hence, targeting IRS1 may be an 
effective strategy to delay or stop the progression of BC.

In conclusion, to the best of our knowledge, our cur-
rent study is the first to demonstrate that miR-664 is 
downregulated in BC tissues and cell lines. In addition, 
miR-664 restricts proliferation and migration of BC cells. 
Moreover, IRS1 is validated as a direct target of miR-664 
in BC. These findings suggest that miR-664 may func-
tion as a suppressor in the progression of BC, and the  
miR-664/IRS1 axis may be a potential therapeutic target 
for BC patients.
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