
Am J Transl Res 2016;8(4):1659-1677
www.ajtr.org /ISSN:1943-8141/AJTR0025472

Original Article
miR-3646 promotes cell proliferation, migration,  
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Abstract: MicroRNAs (miRNAs) are small non-coding RNAs that are often located in genomic breakpoint regions and 
play a critical role in regulating a variety of the cellular processes in human cancer. miR-3646 has been reported to 
take part in tumorigenic progression in breast and bladder cancer, but its potential functions and exact mechanistic 
roles in breast cancer are still unclear. The objective of this study was to investigate the role of miR-3646 in breast 
cancer growth and metastasis using both bioinformatic and experimental approaches. Before starting the bench 
work, we conducted a bioinformatic study to predict the target genes regulated by miR-3646 using a panel of dif-
ferent algorithms. The results showed that miR-3646 might regulate a large number of genes that are related to 
cell growth, proliferation, metabolis, transport, and apoptosis and some were cancer-related genes. We found that 
the expression level of miR-3646 was significantly upregulated in breast cancer cells and tissues compared with 
normal breast cells and no tumor tissues. Subsequently, the MTT and colony formation assay results showed that 
up-regulation of miR-3646 promoted the cell viability and proliferation. Our results also showed that down-regula-
tion of miR-3646 arrested the cells in G2/M phase in MCF7 and MDA-MB-231 cells which was accompanied by the 
down-regulation of CDK1/CDC2 and cyclin B1 and upregulation of p21Waf1/Cip1, p27 Kip1, and p53, suggesting 
that down-regulation of miR-3646 induces G2/M arrest through activation of the p53/p21/CDC2/cyclin B1 pathway. 
In addition, overexpression of miR-3646 promoted migration and invasion of MCF7 and MDA-MB-231 cells. Taken 
together, miR-3646 is a potential oncogene in breast cancer and it may represent a new niomarker in the diagnosis 
and prediction of prognosis and therapeutic response. 
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Introduction

Breast cancer is the second most common 
cancer with nearly 1.67 million new cases diag-
nosed in 2012 and the most common cause of 
cancer-related mortality among females with 
over 508,000 deaths due to breast cancer 
worldwide [1, 2]. It represents about 12% of all 
new cancer cases and 25% of all cancers in 
women. In 2015, it was estimated that among 
American women there would be 231,840 new 
cases of invasive breast cancer and 40,290 
breast cancer deaths. Incidence rates of breast 
cancer vary greatly worldwide from 19.3 per 
100,000 women in Eastern Africa to 89.7 per 

100,000 women in Western Europe. In the past 
two decades, China experienced an ever-
increasing incidence of breast cancer, twice as 
fast as global rates [3]. According to the latest 
Chinese Cancer Registry Annual Report, breast 
cancer has become the most common cancer 
among Chinese women and ranked the 5th 
leading cause of cancer-related deaths [4]. 
Breast cancer survival rates vary greatly world-
wide, ranging from 80% or over in North 
America, Sweden and Japan to around 60% in 
middle-income countries and below 40% in low-
income countries. A familial history of breast 
cancer increases the risk by a factor of two or 
three. Some mutations, particularly in BRCA1, 
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BRCA2 and p53 result in a very high risk for 
breast cancer. Reproductive factors associated 
with prolonged exposure to endogenous estro-
gens, such as early menarche, late menopause, 
late age at first childbirth are among the most 
important risk factors for breast cancer. 
Exogenous hormones also exert a higher risk 
for breast cancer. Oral contraceptive and hor-
mone replacement therapy users are at higher 
risk than non-users. Breast cancer can be 
treated by surgery, chemotherapy, radiothera-
py, and immunotherapy. As a result of regular 
mammography screening programs, a shift 
toward the detection of early-stage (<2 cm) 
node-negative breast cancer with better prog-
nosis has occurred. The most common system 
used to describe the stages of breast cancer is 
the American Joint Committee on Cancer (AJCC) 
TNM system, which is used in clinical practice 
to determine prognosis and treatment options 
[5-7]. This system includes tumor size, histo-
logical subtype and grade, lymph node metas-
tases, and lymphovascular invasion, which are 
derived from careful histological analysis of pri-
mary breast cancer samples. However, the 
AJCC stage fails to predict recurrence accurate-
ly in many patients undergoing curative surgery 
for localized breast cancer. Although many bio-
markers for breast cancer have been observed, 
only two biomarkers, estrogen receptor (ER) 
and human epidermal growth factor receptor 2 
(HER2), have been established and are 
assessed routinely in every breast cancer. The 
fact that breast cancer is not a uniform cancer 
entity but consists of several different subtypes 
with different molecular profiles, biological 
behavior, and risk profiles poses a challenge for 
the clinical management and prognosis predic-
tion. This highlights the need for new biomark-
ers for a more precise prediction of high-risk 
patients with breast cancer recurrence and 
consequently improve personalized cancer 
care. Nonetheless, the identification of new 
markers can lead to a more definitive insight 
into breast cancer biology and substantiates 
the importance of the existing biomarkers.

miRNAs are ~22 nucleotide small noncoding 
RNAs that regulate mRNA expression through 
binding to the 3’-untranslated regions (3’-UTR) 
of their target mRNAs [8]. Based on miRBase 
version 21 released in June 2014 (http://www.
mirbase.org/), there are 1,881 miRNA precur-
sors and 2,588 mature miRNAs in humans. 
miRNAs are transcribed as ~70 nucleotide 

stem-loop precursors and subsequently pro-
cessed by the cytoplasmic RNase-III type 
enzyme Dicer to generate ~22 nucleotide 
mature products which can target and modu-
late protein expression by inhibiting translation 
and/or inducing degradation of target mRNAs. 
The mature miRNA is incorporated into a RNA-
induced silencing complex (RISC), which recog-
nizes target mRNAs through imperfect base 
pairing with the miRNA. miRNAs have impor-
tant roles in various physiological and patho-
logical processes, such as development, cell 
proliferation, differentiation, apoptosis, inflam-
mation, stress response, and migration [9-11]. 
Increasing evidence has suggested that miR-
NAs act as either tumor suppressors (e.g. miR-
34, miR-15/16, let-7, miR 200 family) or pro-
moters (e.g. miR-155, miR-222/221, miR-17-5p, 
miR-21) in the development of various cancers 
and play crucial roles in regulating posttran-
scriptional gene expression [12-14]. Aberrant 
expression of miRNAs is involved in the devel-
opment and progression of cancer by regulat-
ing functional proteins and the network of sig-
naling pathways related to cell proliferation, cell 
migration, cell invasion, programmed cell 
death, and cell survival [15-19]. Moreover, miR-
NA-mediated targeted therapy has attracted 
extensive attention in various kinds of cancers, 
including breast cancer [20, 21]. A small num-
ber of miRNAs are related to the initiation, 
growth, metastasis, and resistance to various 
therapies [22-24]. For example, miR-10b, miR-
21, miR-155, miR-373, and miR-520c are 
known oncomirs of breast cancer. These 
oncomirs exert their oncogenic activity by tar-
geting tumor-suppressor genes and activating 
oncogenic transcription factors. In contrast, 
miR-31, miR-125b, miR-126, miR-146b, miR-
200, miR-206, and miR-335 have a tumor-sup-
pressive function in breast cancer. Recently, 
miR-3646 was reported to be frequently upreg-
ulated and acted as a tumor promoter involved 
in a variety of cellular functions [25]. However, 
the relationship between the development and 
progression of breast cancer and the expres-
sion of miR-3646 has not yet been elucidated.

In the present study, we aimed to examine the 
expression profile of miR-3646 in non-tumoral 
and tumoral breast tissue and cell lines and 
identify the role of miR-3646 in the cellular 
functions with a focus on cell proliferation, cell 
cycle distribution, colony formation and mig- 
ration. 
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Materials and methods

The human gene miR-3646

miR-3646 is an RNA gene which was first 
cloned from tumor tissues [26]. It is located at 
chromosome 20q13.12, and contains 84 
bases starting from 44408120 to 44408203 
(plus) in the latest GRCh38 assembly. The 
mature miR-3646 gene has a sequence of 
58-AAAAUGAAAUGAGCCCAGCCCA-79.

Prediction of the targets of miR-3646 using 
various computational algorithms

Before starting the bench work, we conduct- 
ed a bioinformatic study to predict the  
target genes regulated by miR-3646 using a 
panel of different algorithms including miRan-
da-mirSVR (http://www.microrna.org/), DIANA-
microT v5.0 (http://diana.cslab.ece.ntua.gr/mic- 
roT/), miRDB (http://mirdb.org/miRDB/), RNA- 
22 v2 (https://cm.jefferson.edu/rna22v2.0/), 
TargetMiner (http://www.isical.ac.in/~bioinfo_
miu/targetminer20.htm), TargetScan 7.0 (http: 
//www.targetscan.org/), PicTar (http://pictar.
mdc-berlin.de/), miRSearch V3.0 (https://www.
exiqon.com/miRSearch), and miRWALK2.0 (ht- 
tp://www.umm.uni-heidelberg.de/apps/zmf/
mirwalk/index.html). 

miRanda-mirSVR (http://www.microrna.org/) is 
an online tool that can be used to predict tar-
gets and score them [27]. Unlike most miRNA 
target predictors, miRanda considers matching 
along the entire miRNA sequence, it takes the 
seed region into account by weighting matches 
in the seed region more heavily; and free ener-
gy is calculated by predicting the folding of the 
miRNA:mRNA hybrid using the Vienna package. 
DIANA-microT v5.0 currently hosts miRNA tar-
get predictions for Homo sapiens, Mus muscu-
lus, Drosophila melanogaster and Caenor- 
habditis elegans, based on data from Ensembl 
version 69 and miRBase version 18 [28, 29]. 
miRDB, a web-based database and tool, can 
predict miRNAs and their targets [30-32]. All 
the targets are predicted by a bioinformatics 
tool MirTarget2, which has been developed by 
analyzing thousands of genes impacted by miR-
NAs with an SVM learning machine. RNA22 v2 
can be used to predict for the targets of miR-
NAs in human, mouse, roundworm, and fruit fly 
[33]. It allows the users to visualize the predic-
tions within a cDNA map and also find tran-
scripts where multiple miR’s of interest target. 

TargetMiner is a robust tool for microRNA  
target prediction with systematic identification 
of negative examples [34]. In this algorithms, 
~300 tissue-specific negative examples have 
been identified using a novel approach that 
involves expression profiling of both miRNAs 
and mRNAs, miRNA-mRNA structural interac-
tions and seed-site conservation. TargetScan 
7.0 can predict biological targets of miRNAs by 
searching for the presence of conserved 8-, 7-, 
and 6-mer sites matching the seed region of 
each miRNA [35], with nonconserved sites 
being predicted as well. TargetScan is the first 
computational method used for human miRNA 
target prediction using mouse, rat, and fish 
genomes for conservation analysis. In mam-
mals, the prediction is ranked based on the 
predicted efficacy of targeting as calculated 
using the context + scores of the sites [36]. The 
context score for a specific site is the sum of 
the contribution of four features: site-type con-
tribution, 3’-pairing contribution, local AU con-
tribution, and position contribution. The sum of 
the context scores for each miRNA was calcu-
lated, and the most favorable (lowest) was 
shown. Compared to previous releases, Re- 
lease 7 uses an improved method to predict 
targeting efficacy (the context ++ model) [37], 
uses 3’-UTR profiles that indicate the fraction 
of mRNA containing each site [38], and uses 
updated miRNA families. PicTar is an algorithm 
for the identification of miRNA targets [39]. 
miRSearch 3.0 is an online search tool which 
quickly finds and displays microRNAs relevant 
for your research as well as detailed informa-
tion about each microRNA in the most recent 
version of miRBase. Validated targets as well 
as diseases and tissue/sample information is 
supported by references with links to PubMed. 
miRSearch uses an advanced algorithm to 
cross-reference all these annotations so that a 
comprehensive list of microRNA-mRNA interac-
tions can be displayed.

miRWalk2.0 is an improved version of the previ-
ous database miRWalk that provides informa-
tion on miRNAs from the human, mouse and rat 
on their predicted as well as validated binding 
sites on their target genes (http://zmf.umm.uni-
heidelberg.de/apps/zmf/mirwalk2/) [40, 41]. 
miRWalk2.0 not only documents miRNA bind-
ing sites within the complete sequence of a 
gene, but also combines this information with a 
comparison of binding sites resulting from 12 
existing miRNA-target prediction programs 
(DIANA-microTv4.0, DIANA-microT-CDS, miRan-
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da-rel2010, mirBridge, miRDB4.0, miRmap, 
miRNAMap, doRiNA i.e.,PicTar2, PITA, RNA22v2, 
RNAhybrid 2.1 and Targetscan 6.2) to build 
novel comparative platforms of binding sites 
for the promoter (4 prediction datasets), cds (5 
prediction datasets), 5’-(5 prediction datasets) 
and 3’-UTR (13 prediction datasets) regions. It 
also documents experimentally verified miRNA-
target interaction information collected via an 
automated text-mining search and data from 
existing resources (miRTarBase, PhenomiR, 
miR2 Disease and HMDD) offer such informa-
tion. MiRWalk2.0 hosts possible binding site 
interaction information (including “central pair-
ing sites”) between genes (encompassing the 
complete sequence as well as mitochondrial 
genomes) and miRNAs resulting from the miR-
Walk algorithm by walking with a heptamer 
(7nts) seed of miRNA from positions 1 to 6. 
These different starting positions are consid-
ered because it has recently been identified 
that miRNAs also regulate the expression of 
their target genes by annealing from nucleo-
tides 4 to 15. It provides possible interactions 
between miRNAs and genes associated with 
597 KEGG, 456 Panther and 522 Wiki path-
ways and hosts miRNA binding site interactions 
on 18,394 gene ontology terms. In addition, it 
provides predicted miRNA binding sites on 
genes of 2,035 disease ontologies (DO), 6,727 
human phenotype ontologies (HPO) and 4,980 
OMIM disorders. The web-interface of miR-
Walk2.0 is classified into the Predicted Target 
(PTM) and the Validated Target (VTM) mo- 
dules.

Pathway analysis by DAVID

The web-based Database for Annotation, 
Visualization and Integrated Discovery (DAVID 
6.7, http://david.abcc.ncifcrf.gov/) [42, 43] was 
used to provide biological functional interpreta-
tion of the validated targets of miR-3646 based 
on TarBase and miRTarBase. DAVID 6.7 can 
systematically map a large number of interest-
ing genes in a list to associated Gene Ontology 
(GO) terms, and then statistically highlighting 
the most over-represented (enriched) GO terms 
out of a list of hundreds or thousands of terms. 
DAVID Knowledgebase has comprehensively 
integrated more than 20 types of major gene/
protein identifiers and more than 40 well-
known functional annotation categories from 
dozens of public databases to address the 
enriched and redundant relationships among 
many genes to many terms. The Protein IDs of 

the validated targets of miR-3646 from NCBI, 
PIR, and UniProtKB were converted into gene 
lists using the Gene ID Conversion Tool in 
DAVID. By doing so, interesting genes derived 
from one identifier system can be quickly trans-
lated to other gene identifier types preferred by 
a given annotation resource. The DAVID data-
base adds biological function annotation 
including GO terms, protein–protein interac-
tions, protein functional domains, disease 
associations, gene clustering, bio-pathways, 
sequence general features, homologies, gene 
functional summaries, and gene tissue expres-
sions in a network context. The genes of inter-
est were visualized using BioCarta and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
pathway maps. The highest classification strin-
gency was selected for functional annotation 
clustering. Enrichment scores and Fisher’s 
exact test p-values (and corresponding false 
discovery rate, FDR) were then calculated to 
identify which functional-related gene groups 
are significantly enriched in the target list. 

Chemicals and reagents

Three synthetic, chemically modified short RNA 
oligonucleotides, including miR-3646 negative 
control NC, miR-3646 mimic, miR-3646 inhibi-
tor, TRIzol reagent, Lipofectamine 2000, and 
Opti-MEM were bought from Invitrogen 
(Carlsbad, CA, USA). RNase A, propidium iodide 
(PI), thiazolyl blue tetrazolium bromide (MTT), 
Dulbecco’s phosphate buffered saline (D-PBS), 
protease inhibitor, and phosphase inhibitor 
cocktails, 6-diamidino-2-phenylindole (DAPI), 
and fetal bovine serum (FBS) were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). 
DMEM/F12 (1:1) and RPMI 1640 medium were 
obtained from Corning Cellgro Inc. (Herndon, 
VA, USA). The polyvinylidene difluoride (PVDF) 
membrane was bought from Bio-Rad Inc. 
(Hercules, CA, USA). Western blotting substrate 
and Pierce BCA protein assay kit were sourced 
from Thermo Scientific Inc. (Hudson, NH, USA). 
Primary antibodies against human p53, p21 
Wafl/Cipl, p27 Kipl, cyclin B1, and CDC 2 were 
all purchased from Cell Signaling Technology 
Inc. (Beverly, MA, USA). The antibody against 
human β-actin was obtained from Santa Cruz 
Biotechnology Inc. (Santa Cruz, CA, USA). 

Cell culture and transfection

MCF-7, MDA-MB-231, and MCF10A cell lines 
were all obtained from the American Type 
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Culture Collection (Manassas, VA, USA). MCF-7 
and MDA-MB-231 cells are the epithelial breast 
cancer cell lines, and MCF10A is a normal epi-
thelial breast cell line. MCF-7 and MDA-MB-231 
cells were maintained in RPMI 1640 medium 
supplemented with heat-inactivated 10% FBS 
and 1% penicillin/streptomycin. MCF10A cells 
were grown in DMEM/F12 (1:1) medium sup-
plemented with 5% horse serum, 10 μg/mL 
insulin, 100 ng/mL cholera enterotoxin, 0.5 
mg/mL hydrocortisone, and 20 ng/mL epider-
mal growth factor. All cells were maintained in a 
5% CO2/95% air humidified incubator at 37°C. 
Cells were seeded into 6-well plates grown 
overnight and reached 30-50% confluence 
before transfection. MiR-3646 NC (an oligonu-
cleotide not representing any known miRNA), 
miR-3646 mimic, or miR-3646 inhibitor was 
transfected into cells at a concentration of 25 
nM using Lipofectamine 2000 according to the 
manufacturer’s instructions.

RNA extraction and quantitative reverse tran-
scription polymerase chain reaction (qRTPCR) 

For quantification of miR-3646 mRNA level by 
real-time PCR, total miRNA and total RNA were 
extracted from cultured cells or fresh breast 
normal and tumor tissues using TRIzol reagent 
according to the manufacturer’s instructions. 
The expression level of miR3646 was quanti-
fied using the miRNAspecific TaqMan miRNA 
Assay kit (Applied Biosystems Life Technologies, 
Foster City, CA, USA). U6 small nuclear RNA was 
used as an internal control. The qRT-PCR were 
performed on a CFX96 real-time PCR detection 
system (Bio-Rad) according to the manufactur-
er’s instructions and the results were normal-
ized to the expression level of GAPDH. The cycle 
threshold values were evaluated using the 
manufacturer’s software. The expression level 
of miR-3646, relative to U6 snRNA, and GAPDH 
were calculated using the 2-ΔΔCT method. 

Cell viability assay 

The effect of MiR-3646 on cell viability was 
examined using the MTT assay. Briefly, Cells 
were seeded in 96-well culture plates at a den-
sity of 8 × l03/well. After 12, 24, 36, or 48 hr 
incubation, 10 μL MTT (5 g/L) was added into 
each well and cultured for another 4 hr. Then 
the solution was carefully aspirated and 150 μL 
DMSO was added to dissolve the crystal. The 
absorbance was measured at a wavelength of 
490 nm using a Synergy H4 Hybrid microplate 
reader (BioTek Inc., Winooski, VT, USA). 

Cell cycle distribution analysis by flow cytom-
etry

The effect of MiR-3646 on cell cycle distribu-
tion was examined using PI as a DNA stain to 
determine DNA content by flow cytometry as 
described previously [44]. Briefly, MCF-7 and 
MDA-MB-231 cells were transfected with miR-
3646 NC, miR-3646 mimic, and miR-3646 
inhibitor at concentration of 25 nM for 24 hr. 
Following the transfection, cells were detached, 
washed by PBS, centrifuged, and fixed in 70% 
ethanol at -20°C overnight. Then the cells were 
resuspended in 1 mL of PBS containing 1 mg/
mL RNase A and 50 μg/mL PI. Cells were incu-
bated in the dark for 30 minutes at room tem-
perature. A total number of 1 × 104 cells was 
subject to cell cycle analysis using a flow cytom-
eter (Becton Dickinson Immunocytometry 
Systems, San Jose, CA, USA).

Western blotting analysis 

The expression level of cellular proteins of inter-
est were determined using Western blotting 
assays. Visualization was performed using Bio-
Rad system with enhanced-chemilumines-
cence substrate and the blots were analyzed 
using Image Lab 3.0 (Bio-Rad). The matching 
densitometric value of the internal control 
β-Actin was used to normalize the protein 
expression level. 

Statistical analysis

Data are expressed as the mean ± standard 
deviation (SD). Comparisons of multiple groups 
were performed using one-way analysis of vari-
ance (ANOVA) followed by Tukey’s multiple com-
parison procedure. Values of P<0.05 were con-
sidered statistically significant. Assays were 
performed at least three times independently. 

Results

Predicted targets of miR-3646 using various 
algorithms

We used a panel of algrithms ro predict the tar-
gets that were possibly regulated by miR-3646. 
Except miRanda-mirSVR and PicTar, all other 
programs used in this study produced the pre-
dicted targets of miR-3646 (Table 1 and 
Supplementary Table 1). 

Using DIANA-microT v3.0, miR-3646 was pre-
dicted to regulate 1,033 targets when the 
threshold was set to 0.7, including ABI3BP, 
ANKRD17, ARNTL2, AP3B1, BRWD3, CDK17, 

http://www.ajtr.org/files/ajtr0025472suppltab1.xlsx
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CEP350, CREB1, CREBRF, CXXC4, GLTSCR1L, 
GULP1, GSK3B, IKZF5, INO80C, KIAA1958, 
LCOR, MAPK6, MGAT3, NAA25, NBPF10, NPR3, 
PALM2, PAPD5, PAX6, PCNX, PRLR, RAB21, 
RAG1, RAP2B, SFRP1, SLC6A, SLC44A1, 
TAOK1, TCF20, TENM1, TMEM135, TP53TG3D, 
UBE2W, ZBTB44, ZFX, ZNF148, ZNF704, 

ZRANB2, etc (Table 1). The RNA22 v2 has pre-
dicted that 927 transcripts were regulated by 
miR-3646. These included ABCD3, BSND, 
CAMSAP2, CD53, CEP350, CHD1L, COL16A, 
DNAJB4, ERO1LB, FAM129A, FGR, GBP5, 
GPN2, LRRC8C, LYSMD1, LYST, MROH9, 
MMACHC, NCSTN, ORC1, PAPPA2, PDZK1IP1, 

Table 1. Predicted targets of miR-3646 by various predicting tools

Tool Website (URL) No. of predicted 
targets/transcripts Examples of predicted targets

DIANA-microT v5.0 http://diana.cslab.
ece.ntua.gr/microT/

1,033 (threshold 
set at 0.7)

ABI3BP, ANKRD17, ARNTL2, AP3B1, BRWD3, 
CDK17, CEP350, CREB1, CREBRF, CXXC4, 
GLTSCR1L, GULP1, GSK3B, IKZF5, INO80C, 
KIAA1958, LCOR, MAPK6, MGAT3, NAA25, 
NBPF10, NPR3, PALM2, PAPD5, PAX6, PCNX, 
PRLR, RAB21, RAG1, RAP2B, SFRP1, SLC6A, 
SLC44A1, TAOK1, TCF20, TENM1, TMEM135, 
TP53TG3D, UBE2W, ZBTB44, ZFX, ZNF148, 
ZNF704, ZRANB2, etc

miRanda-mirSVR http://www.mi-
crorna.org/

No predicted data -

miRDB http://mirdb.org/
miRDB/

1,602 CAMTA1, CGGBP1, CHD6, CUL3, EBF2, EDEM3, 
EEA1, EPHA5, ERAP1, FKTN, FILIP1L, GABPA, 
GABRA1, HDAC2, IMPAD1, KIAA1804, KLHL28, 
LIN7C, NDFIP2, NFAT5, PDS5B, PLCB1, PTPN4, 
RBMS3, RICTOR, ROBO1, SKIL, SLC4A7, 
SLC6A15, VPS37A, ZNF148, ZRANB2, etc

RNA22 v2 https://cm.jefferson.
edu/rna22v2.0/

927 ABCD3, BSND, CAMSAP2, CD53, CEP350, 
CHD1L, COL16A, DNAJB4, ERO1LB, FAM129A, 
FGR, GBP5, GPN2, LRRC8C, LYSMD1, LYST, 
MROH9, MMACHC, NCSTN, ORC1, PAPPA2, 
PDZK1IP1, PRKAB2, RAB3GAP2, RASAL2, RGL1, 
RGS4, SCMH1, SLC35A3, SMG7, SNRNP40, 
SYPL2, TBX19, TOR1AIP2, USH2A, XCL2, etc

TargetMiner http://www.isical.
ac.in/~bioinfo_miu/
targetminer20.htm

2,582 ACADM, ACTR2, ATM, ATP7A, BTBD7, CLCN5, CO-
L4A3, COL4A4, CPOX, EDA, LDLRAD4, OSBPL8, 
PPARA, RAB11FIP1, RBMS3, SMAD5, SPOPL, 
STX16, TWISTNB, UBE2W, etc

TargetScan 7.0 http://www.tar-
getscan.org/

7,284 ALG10B, ANKRD49, CAMTA1, CCDC38, CLEC4C, 
CSN2, EIF1B, FZD3, GABRA4, GNG12, GNG4, 
GPR34, INO80C, KCNJ6, KRTAP4-11, LAMTOR5, 
LIN7C, MGAT4C, MMP28, MRPL14, MTRNR2L7, 
OR4N4, PET100, PFDN4, RBX1, RGS1, RHOA, 
SLC1A6, SLC25A31, SPOPL, TCEAL7, THAP1, 
TSNAX, XKR3, ZEB2, ZNF460, ZNF714, etc

PicTar http://pictar.mdc-
berlin.de/

No predicted data -

miRSearch V3.0 https://www.exiqon.
com/miRSearch

44 ABLIM1, ADAM28, ATP8A2, CASP10, CDC42SE2, 
CLCN6, DGKE, EFR3B, EIF2AK2, EIF2C1, 
FBXO45, ITSN1, KBTBD11, KCNJ5, KSR1, 
LIMD1, LIN28B, MBNL3, MYO5B, NEAT1, 
PCDH19, PLD1, PLEKHG4B, PPIL6, PPM1H, 
PTDSS1, PTEN, SNX13, SOGA3, SOX6, SRGAP1, 
STYX, TEAD1, TPBG, UBR1, UNC5D, ZNF275, etc
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PRKAB2, RAB3GAP2, RASAL2, RGL1, RGS4, 
SCMH1, SLC35A3, SMG7, SNRNP40, SYPL2, 
TBX19, TOR1AIP2, USH2A, XCL2, etc (Table 1).

miRDB has predicted that miR-3646 could  
predict 1,602 transcripts. These included 
CAMTA1, CGGBP1, CHD6, CUL3, EBF2, EDEM3, 
EEA1, EPHA5, ERAP1, FKTN, FILIP1L, GABPA, 
GABRA1, HDAC2, IMPAD1, KIAA1804, KLHL28, 
LIN7C, NDFIP2, NFAT5, PDS5B, PLCB1, PTPN4, 
RBMS3, RICTOR, ROBO1, SKIL, SLC4A7, 
SLC6A15, VPS37A, ZNF148, ZRANB2, etc 
(Table 1). TargetMiner has predicted that miR-
3646 could regulate 2,582 transcripts, includ-
ing ACADM, ACTR2, ATM, ATP7A, BTBD7, CLCN5, 
COL4A3, COL4A4, CPOX, EDA, LDLRAD4, 
OSBPL8, PPARA, RAB11FIP1, RBMS3, SMAD5, 
SPOPL, STX16, TWISTNB, UBE2W, etc (Table 
1). 

TargetScan 7.0 has predicted that 7,284 tran-
scripts might be regulated by miR-3646, includ-
ing ALG10B, ANKRD49, CAMTA1, CCDC38, 
CLEC4C, CSN2, EIF1B, FZD3, GABRA4, GNG12, 
GNG4, GPR34, INO80C, KCNJ6, KRTAP4-11, 
LAMTOR5, LIN7C, MGAT4C, MMP28, MRPL14, 
MTRNR2L7, OR4N4, PET100, PFDN4, RBX1, 
RGS1, RHOA, SLC1A6, SLC25A31, SPOPL, 
TCEAL7, THAP1, TSNAX, XKR3, ZEB2, ZNF460, 
ZNF714, etc (Table 1). The miRSearch 3.0 has 
predicted that miR-3646 might regulate 44 tar-
gets, including ABLIM1, ADAM28, ATP8A2, 
CASP10, CDC42SE2, CLCN6, DGKE, EFR3B, 
EIF2AK2, EIF2C1, FBXO45, ITSN1, KBTBD11, 
KCNJ5, KSR1, LIMD1, LIN28B, MBNL3, MYO5B, 
NEAT1, PCDH19, PLD1, PLEKHG4B, PPIL6, 
PPM1H, PTDSS1, PTEN, SNX13, SOGA3, SOX6, 
SRGAP1, STYX, TEAD1, TPBG, UBR1, UNC5D, 
ZNF275, etc (Table 1).

Many of the above predicted targets of miR-
3646 regulate a number of important cellular 
processes such as cell proliferation, cell death, 
cell division, mitosis, metabolism of glucose, 
lipids, nuclear acids, and amino acids, and 
transport. Some of them are cancer-related 
genes.

There is a high expression profile of miR-3646 
in breast cancer tissues and tumoral cells

To validate the role of miR-3646 in tumor 
growth and metastasis, we next investigated 
the expression of miR-3646 in breast cancer 
tissues and whether miR-3646 affected the 
growth, cell cycle, invasiob and migration of 
breast cancert cells. We first observed the 
expression level of miR-3646 in human breast 
cancer tissues. There were 30 human normal 
breast and 30 breast cancer tissue samples 
that were subject to real time-PCR assay. There 
was a higher expression level of miR-3646 in 
human breast cancer tissues than that in nor-
mal breast tissues (Figure 1A). 

In addition, the expression profile of miR-3646 
was examined in two breast cancer cell lines 
(MCF-7 and MDA-MB-231) and a human normal 
breast cell line (MCF10A). As shown in Figure 
1B, there was a significant high expression 
level of miR-3646 in tumoral cell lines than that 
in normal cell line. Of note, there was a higher 
expression level of miR-3646 in MDA-MB-231 
cells than that in MCF-7 cells (P<0.01; Figure 
1B). Taken together, the results showed that 
there was a high expression profile of miR-
3646 in human breast cancer tissues and 
tumoral cells, which suggests a possible role of 
miR-3646 in tumorigenesis. Thus, we subse-

Figure 1. MiR-3646 is up-regulated in breast cancer cell lines and tissues. The expression level of miR-3646 in 
breast cancer cell lines and tissues was determined by using qRT-PCR. A. miR-3646 was significantly up-regulated 
in breast cancer cell lines (MCF-7 and MDA-MB-231) than that in normal human breast cell line. B. miR-3646 was 
significantly higher in breast cancer tissues (Tumor) compared with adjacent non-tumor tissues (Normal). Data are 
the mean ± SD of three independent experiments. *P<0.05; **P<0.01; and ***P<0.001 by one-way ANOVA.
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quently conducted experiments to validate the 
role of miR-3646 in tumor development and 
progression using different cell lines. 

Overexpression of miR-3646 promotes cell 
proliferation in both MCF-7 and MDA-MB-231 
cells

After we observed the high expression profile of 
miR-3646 in breast cancer tissue and tumoral 
cells, we next examined the role of miR-3646 in 

the proliferation of breast cancer cells. MCF-7 
and MDA-MB-231 cells were transfected with 
miR-NC, miR-3646 mimic, or miR-3646 inhibi-
tor and the miR-3646 expression level was 
determined by qRT-PCR. In comparison to the 
control, there was a significant increase in the 
level of miR-3646 in the mimic group; whereas 
miR-3646 inhibitor remarkably suppressed its 
expression in both cell lines (P<0.001; Figure 
2A and 2B). The results suggest that the 
expression of miR-3646 can be modulated. 

Figure 2. Expression of miR-3646 in breast cancer cells was confirmed by using qRT-PCR. Cells were transfected 
with miR-3646 NC, miR-3646 mimic and miR-3646 inhibitor for 24 hours and then subject to using qRT-PCR. (A) 
the expression of miR-3646 after transfection with miR-3646NC, miR-3646 mimic and miR-3646 inhibitor in MCF-
7 cells and (B) the expression of miR-3646 after transfection with miR-3646NC, miR-3646 mimic and miR-3646 
inhibitor in MDA-MB-231 cells. Data are the mean ± SD of three independent experiments. *P<0.05; **P<0.01; 
and ***P<0.001 by one-way ANOVA.

Figure 3. MiR-3646 increased cell proliferation in MCF-7 and MDA-MB-231 cells. Cells were transfected with miR-
3646 NC, miR-3646 mimic and miR-3646 inhibitor, then subject to MTT assay. (A) MTT assay was performed to 
analyze the effect of miR-3646 on cell proliferation of MCF-7 cells and (B) MTT assay was performed to analyze the 
effect of miR-3646 on cell proliferation of MDA-MB-231 cells.



miR-3646 and breast cancer

1667	 Am J Transl Res 2016;8(4):1659-1677

Following, the effect of miR-3546 on the viabil-
ity of MCF-7 and MDA-MB-231 cells were deter-
mined over 48 hr. Transfection of miR-3646 
mimic evidently enhanced the viability of MCF-7 
and MDA-MB-231 cells; one the other hand, 
transfection of miR-3646 inhibitor markedly 
suppressed the viability of MCF-7 and MDA-
MB-231 cells (P<0.001; Figure 3). Furthermore, 
the colony formation assays revealed that 
enhanced expression of miR-3646 led to a sig-
nificant increase in cell growth of MCF-7 and 
MDA-MB-231 cells, while the decreased expres-
sion of miR-3646 resulted in a marked reduc-

tion of cell growth of both cell lines (Figure 4). 
Taken together, these results indicate that miR-
3646 exerts a growth-promoting effect in 
breast cancer cells.

Inhibition of miR-3646 induces G2/M arrest in 
breast cancer cells

Based on the observation on the cell growth 
promoting effect of miR-3646 in both MCF7 
and MDA-MB-231 cells, we further assessed 
the effect of miR-3646 on the cell cycle distri-
bution of MCF-7 and MDA-MB-231 cells by flow 

Figure 4. Colony formation assay indicated miR-3646 increased colony formation of MCF-7 and MDA-MB-231 cells. 
Cells were transfected with miR-3646 NC, miR-3646 mimic and miR-3646 inhibitor, then subject to colony forma-
tion assay. A. Upregulation of miR-3646 significantly increased the number of surviving colonies from the MCF-7 
and MDA-MB-231 cells compared with the miR-3646 NC group and down-regulation of miR-3646 dramatically 
reduced the number of surviving colonies from the MCF-7 and MDA-MB-231 cells compared with the miR-3646 NC 
group. B. Bar graphs showing the relative colony formation ability of miR-3646 NC, miR-3646 mimic and miR-3646 
inhibitor in MCF-7 and MDA-MB-231 cells. Data are the mean ± SD of three independent experiments. *P<0.05; 
**P<0.01; and ***P<0.001 by one-way ANOVA.
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cytometry. Transfection of both cells with 25 
nM miR-3646 mimic for 24 hr caused a signifi-
cant cell cycle arrest in G2/M phase (Figure 5A 
and 5B). The percentage of cells arrested in 
G2/M phase was 63.9% and 65% in MCF-7 and 

MDA-MB-231 cells, respectively (Figure 5A), 
leading to 6.0- and 5.8-fold increase, respec-
tively, compared to the control cells transfected 
with miR-3646 negative control (P<0.001; 
Figure 5B). The results show that inhibition of 

Figure 5. MiR-3646 inhibitor induces cell cycle arrest in MCF-7 and MDA-MB-231cells. Cells were transfected with 
miR-3646 NC, miR-3646 mimic and miR-3646 inhibitor at 25 nM for 24 hours and then subject to flow cytometric 
analysis. (A) Flow cytometric plots for cell cycle distribution of MCF-7 and MDA-MB-231 cells and (B) The bar graphs 
showing the percentage of MCF-7 and MDA-MB-231 cells in G1, S, and G2/M phases. Data are the mean ± SD of 
three independent experiments. *P<0.05; **P<0.01; and ***P<0.001 by one-way ANOVA.
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miR-3646 suppressed cell cycle progression 
with G2/M phase arrest.

MiR-3646 regulates the expression of CDK1/
CDC2, Cdk2, cyclin B1, p21Waf1/Cip1, p27 
Kip1, and p53 in MCF-7 and MDA-MB-231 
cells

To explore the mechanism for miR-3646 inhibi-
tor induced cell cycle arrest, we examined the 
effect of miR-3646 on the expression level of 
CDK1/CDC2, Cdk2, cyclin B1, p21Waf1/Cip1, 
p27 Kip1, and p53 in MCF-7 and MDA-MB-231 
cells using Western blotting assay. In compari-
son to the control group, the expression level of 
CDK1/CDC2, Cdk2, and cyclin B1 was signifi-
cantly decreased in MCF-7 and MDA-MB-231 
cells transfected with miR-3646 inhibitor, 
whereas the expression level of p21Waf1/Cip1, 
p27 Kip1, and p53 was significantly increased 
in both cell lines for 24 hr (Figure 6A and 6B). In 
comparison to the miR-3646 NC group, the 
expression level of cyclin B1 was decreased 
72.5% and 85.2% when transfected with miR-
3646 inhibitor in MCF-7 and MDA-MB-231 
cells, respectively (Figure 6A and 6B). There 
was a 36.5% and 49.6% reduction in the level 
of CDK1/CDC2 in MCF-7 and MDA-MB-231 
cells transfected with miR-3646 inhibitor, 
respectively (Figure 6A and 6B). The level of 
CDK2 was decreased 29.3% when MCF-7 cells 
were transfected with miR-3646 inhibitor 
(Figure 6A and 6B). However, there was no sig-
nificant change in the expression level of CDK2 
when MDA-MB-231 cells were transfected with 
miR-3646 inhibitor for 24 hr. On the other hand, 
in comparison to the miR-3646 NC group, the 
expression level of p21Waf1/Cip1 was in- 
creased 1.3- and 1.2-fold when transfected 
with miR-3646 inhibitor in MCF-7 and MDA-
MB-231 cells, respectively (Figure 6A and 6B). 
Transfection of MCF-7 and MDA-MB-231 cells 
with miR-3646 inhibitorsignificantly increased 
the level of p27 Kip1 2.4- and 2.5-fold, respec-
tively (Figure 6A and 6B). The expression level 
of p53 was increased 1.4-fold when transfect-
ed with miR-3646 inhibitor in MCF-7 cells 

(Figure 6A and 6B). However, there was no sig-
nificant change in the expression levels of p53, 
when MDA-MB-231 cells were transfected with 
miR-3646 inhibitor (Figure 6A and 6B). In addi-
tion, the immunofluorescent assay showed that 
miR-3646 mimic significantly suppressed the 
expression of p21Waf1/Cip1 while the miR-
3646 inhibitor dramatically increasing the level 
of p21Waf1/Cip1 in MCF-7 and MDA-MB-231 
cells compared to the control (Figure 7A and 
7B). Collectively, the modulating effect of miR-
3646 on the key cell cycle regulators contrib-
utes to the cell cycle arresting effect in MCF-7 
and MDA-MB-231 cells. 

MiR-3646 promotes the invasion and migra-
tion of breast cancer cells

At last, we functionally evaluate the impact of 
miR-3646 on cell invasion and migration in 
MCF-7 and MDA-MB-231 cells using transwell 
invasion and wound-healing assays. The 
Transwell assay showed that the miR-3646 
mimic markedly promoted the invasion of 
MCF-7 and MDA-MB-231 cells; while miR-3646 
inhibitor suppressed the invasion of MCF-7 and 
MDA-MB-231 cells (P<0.01 or 0.001; Figure 8A 
and 8B). Similarly, the cell wound assay showed 
that increased level of miR-3646 remarkably 
enhanced the migratory ability of MCF-7 and 
MDA-MB-231 cells; whereas, reduced level of 
miR-3646 markedly repressed the migration of 
MCF-7 and MDA-MB-231 cell, compared to the 
control (Figure 9A and 9B). Taken together, 
these findings demonstrate that miR-3646 pro-
motes breast cancer cells invasion and migra-
tion in vitro.

Discussion

Breast cancer is a common malignant tumor, 
which is caused by varieties of factors [45]. In 
order to detect breast cancer in an earlier time 
and take appropriate action, we need a more 
accurate method of discovering the occurrence 
of breast cancer. With the advance of molecu-
lar biology and biological detection technolo-

Figure 6. MiR-3646 modulates the expression levels of CDK1/CDC2, Cdk2, cyclin B1, p21Waf1/Cip1, p27 Kip1, 
and p53 in MCF-7 and MDA-MB-231 cells. Cells were transfected with miR-3646 NC, miR-3646 mimic and miR-
3646 inhibitor at 25 nM for 24 hours and then the protein samples were subject to Western blotting assay. (A) Rep-
resentative blots of Cdk1/Cdc2, Cdk2, cyclin B1, p21Waf1/Cip1, p27 Kip1, and p53 and (B) Bar graphs showing the 
relative expression levels of CDK1/CDC2, Cdk2, cyclin B1, p21Waf1/Cip1, p27 Kip1, and p53 in MCF-7 and MDA-
MB-231 cells. β-Actin was used as the internal control. Data are the mean ± SD of three independent experiments. 
*P<0.05; **P<0.01; and ***P<0.001 by one-way ANOVA.
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gies, molecular markers of breast cancer have 
gained increasing attention, and combining 
molecular markers of breast cancer with clini-
cal characteristics of individual for breast can-
cer treatment has become possible [46-48]. 
Potential molecular markers have a major role 
in forecast treatment efficacy for breast cancer, 
observation on the prognosis, and identifica-

tion of risk for treatment [49]. Many molecular 
markers associated with breast cancer have 
been detected, such as estrogen receptor (ER), 
human epidermal growth factor 2 (HER-2), p53, 
and so on [50-54]. 

Recently, there is a wealth of evidence indicat-
ing that miRNAs have important roles in the 

Figure 7. The effect of miR-3646 on the expression level of p21Waf1/Cip1 examined by immunofluorescent assay. 
Cells were transfected with miR-3646 NC, miR-3646 mimic and miR-3646 inhibitor at 25 nM for 24 hours and then 
subject to immunofluorescent assay. (A) Representative images of p21Waf1/Cip1 and (B) Bar graphs showing the 
relative expression level p21Waf1/Cip1 in MCF-7 and MDA-MB-231 cells. Data are the mean ± SD of three indepen-
dent experiments. **P<0.01 and ***P<0.001 by one-way ANOVA.



miR-3646 and breast cancer

1672	 Am J Transl Res 2016;8(4):1659-1677

tumorigenesis and metastasis [55, 56], and 
identification of tumor-related miRNAs and 
their direct target genes is critical for under-
standing the biological significance of miRNAs 
in breast cancer development, progression, 
and metastasis [57-59]. Therefore, it may 
reveal novel prognostic and therapeutic targets 
for breast cancer patients [57-59]. An extreme-
ly large number of potential target sites exists 
for any given miRNA, and the process of validat-
ing a potential miRNA target in the laboratory is 

time consuming and costly. A computational 
approach to prediction of miRNA targets facili-
tates the process of narrowing down potential 
target sites for experimental validation, which 
is a critical initial step in identifying miRNA-tar-
get interactions. A panel of useful algorithms/
tools provide microRNA target predictions 
based on sequence complementarity to target 
sites with emphasis on perfect or near-perfect 
base-pairing in the seed region and sequence 
conservation [60, 61]. These tools for miRNA 

Figure 8. miR-3646 promotes breast cancer cell invasion. Cells were transfected with miR-3646 NC, miR-3646 
mimic and miR-3646 inhibitor at 25 nM for 24 hours and then the samples were subject to transwell invasion assay. 
(A) the effect of miR-3646 expression on invasion of MCF-7 and MDA-MB-231 cells using transwell invasion assay 
and (B) Bar graphs showing the numbers of cells/field of miR-3646 NC, miR-3646 mimic and miR-3646 inhibitor 
in MCF-7 and MDA-MB-231 cells. Data are the mean ± SD of three independent experiments. *P<0.05; **P<0.01; 
and ***P<0.001 by one-way ANOVA.
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target prediction encompassing a range of dif-
ferent computational approaches from the 
modeling of physical interactions to the incor-
poration of machine learning are mostly based 
on seed match, conservation, free energy, and 
site accessibility [61]. Using the powerful bioin-

formatics approaches, we have predicted that 
miR-3646 might regulate a large number of 
important genes that play a role in cell prolifer-
ation, division, metabolism, transport, and 
apoptosis. Some of them are cancer-related 
genes and thus it is not a surprise that miR-

Figure 9. miR-3646 promotes breast cancer cell migration. Cells were transfected with miR-3646 NC, miR-3646 
mimic and miR-3646 inhibitor at 25 nM for 24 hours and then the samples were subject to wound scratch healing 
assay. (A) The effect of miR-3646 expression on migration of MCF-7 and MDA-MB-231 cells using wound scratch 
healing assay and (B) Bar graphs showing the percent of open wound of miR-3646 NC, miR-3646 mimic and 
miR-3646 inhibitor in MCF-7 and MDA-MB-231 cells. Data are the mean ± SD of three independent experiments. 
*P<0.05; **P<0.01; and ***P<0.001 by one-way ANOVA.
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3646 could affect the initiation, growth, and 
metastasis of cancer. In the validation study, 
we found that miR-3646 significantly promoted 
breast cancer cell growth and cell cycle pro-
gression. Knockdown of miR-3646 markedly 
inhibited breast cancer cell proliferation, colony 
formation, and migration. 

The miR-3646 was identified in breast cancer 
by miRNA microarray analysis [25]. The 
increased expression level of miR-3646 was 
found in nipple discharge samples from breast 
cancer patients compared to the benign group. 
It has been reported that miR-3646 showed 
high expression level in bladder cancer cell 
lines and tissue and increased in human 
patients with acetaminophen hepatotoxicity or 
ischemic hepatitis as well [62, 63]. However, 
there is a lack of information about the function 
of miR-3646 in the tumorigenesis and 
metastasis. 

In the present study, we provided the first line 
of evidence that miR-3646 promoted cell 
growth and cell cycle progression in breast can-
cer cells. First, we investigated miR-3646 
expression in non-tumoral and tumoral breast 
tissues and cell lines. The expression level of 
miR-3646 was significantly increased in breast 
cancer cells and tumor tissues than that in nor-
mal breast cells and tissues. Over-expression 
of miR-3646 significantly promoted cell prolif-
eration, whereas knockdown of miR-3646 sig-
nificantly inhibited cell growth. It suggests that 
miR-3646 might act as a tumor oncogene in 
the progression of breast cancer. 

Rapid and unrestrained cell proliferation is a 
fundamental component of the malignant phe-
notype of cancer, not only for the development 
and growth of primary tumors, but also for the 
colonization of metastatic tumor cells in their 
target organs [64]. Cell cycle progression 
involves sequential activation of CDKs, which 
possess an association with corresponding 
regulatory cyclins that is necessary for their 
activation [65]. However, aberrant activation of 
the cyclin/CDK complexes can be partly 
ascribed to the loss or inactivation of endoge-
nous CDK inhibitors, including p15Ink4b, p16Ink4a, 
p21Cip1/Waf1 and p27Kip1 [66]. In the present 
study, we found that miR-3646 arrested MCF-7 
and MDA-MB-231 cells in G2/M phase. We fur-
ther explored the effect of miR-3646 on the key 
regulators in cell cycle checkpoints including 

CDC2, CDK2, and cyclin B1 in MCF-7 and MDA-
MB-231 cells. The CDC2-cyclin B1 complex is 
pivotal in regulating the G2/M phase transition 
and mitosis. We observed a significant 
decrease in the expression level of cyclin B1 
and CDC2 in MCF-7 and MDA-MB-231 cells 
transfected with miR-3646 inhibitors, providing 
an explanation for the inducing effect of miR-
3646 on G2/M phase arrest in MCF-7 and MDA-
MB-231 cells. The Cip/Kip family, including 
p21Waf1/Cip1 and p27 Kip1, binds to cyclin-
CDK complexes and prevents the kinase activa-
tion, subsequently blocking the progression of 
the cell cycle in the G2/M phase. It has been 
reported that p21Waf1/Cip1, a cyclin-depen-
dent kinase inhibitor regulated by p53, can 
bind to the CDK1/CDC2-cyclin B1 complex 
thereby inducing cell cycle arrest [67]. We 
observed that the expression of p53, p27 Kip1, 
and p21Waf1/Cip1 was remarkably increased 
in MCF-7 and MDA-MB-231 cells transfected 
with miR-3646 inhibitors, which probably con-
tributes to the inhibitory effect of miR-3646 on 
cell proliferation and the inducing effect on cell 
cycle arrest in breast cancer cells. These 
results indicate that upregulation of p53, 
p21Waf1/Cip1, and p27 Kip1 expression and 
suppression of CDC2 and cyclin B1 by miR-
3646 may result in the G2/M phase arrest in 
human breast cancer cells.

Furthermore, the cell invasion and migration 
assay revealed the functional role of miR-3646 
in breast cancer metastasis. In the present 
study, we ectopically raised the miR-3646 level 
in two breast cancer cell lines to investigate its 
effect on cell invasion and migration. Consistent 
with our expectation, increased expression 
level of miR-3646 markedly promoted cell inva-
sion and migration in both MCF-7 and MDA-
MB-231 cells, revealing its potential in onco-
genic function in breast cancer progression 
and metastasis.

In conclusion, we demonstrate for the first time 
that miR-3646 might regulate a large number 
of important genes and some cancer-related 
genes based on our bioinformatics study. MiR-
3646 exerts growth-promoting effect in breast 
cancer cells through regulating G2/M transition. 
The present results suggest that miR-3646 is 
critical for the proliferation of breast cancer 
cells, and understanding the role of miR-3646 
may provide important insights into the molec-
ular biology of breast cancer and identify new 
therapeutic approach.
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