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This study aimed to investigate the role of miR-184 in the proliferation and apoptosis of keratinocyte (HaCaT
cells).

HaCaT cells were cultured in a growth medium. The miR-184 was transfected with siRNA, then cell viability and
apoptosis were assayed by MTT and flow cytometry, respectively. The colony-forming efficacy of HaCaT cells
were detected as well. mRNA expressions of basic fibroblast growth factor (bFGF) and transforming growth fac-
tor (TGF)-B1 were measured with RT-PCR. The expressions of apoptosis-related proteins caspase-3 and Bcl-x in
HaCaT cells were determined by Western blot.

After miR-184 was transfected with siRNA, cell viability and colony forming ability decreased significantly, and
apoptosis was significantly increased. The expressions of growth factors TGF-B1 and bFGF mRNAs, as well as
apoptosis-related proteins Bcl-x, in HaCaT cells declined significantly after miR-184 was transfected with siR-
NA. In addition, the expression of pro-apoptotic protein caspase-3 increased significantly.

Our results suggest distinct roles of miR-184 during the growth, proliferation, and apoptosis of keratinocytes.
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Background

Impaired wound healing and its medical complications result
in multiple adverse health outcomes worldwide [1]. Epithelial
keratinocyte proliferation and differentiation are essential ele-
ments of wound repair [2]. Keratinocytes are the predominant
epithelial cell in skin and are involved in complex processes
to maintain epidermal homeostasis [3]. In some inflammatory
skin disorders, such as psoriasis, an imbalance between pro-
liferation and differentiation of keratinocytes leads to epider-
mal hyperproliferation in excess of the extent of skin injury.
However, the pathological mechanism behind these disorders
is complex and poorly understood [4].

Growing evidence points toward the roles of small non-cod-
ing RNAs, called microRNAs (miRNAs), which usually regu-
late gene expression by targeting the 3’-untranslated region
(UTR) of mRNA for degradation of the mRNA or suppression
of translation [5]. It is estimated that about 60% of genes are
regulated by miRNAs [6], and changes in miRNA expression
affect physiological and pathological processes [7]. miR-184 is
a single-copy gene that is evolutionarily conserved at the nu-
cleotide level, from flies to humans [8]. It has been implicat-
ed in mediating neurological development and apoptosis, as
well as modulating stem cell proliferation and growth [9,10].
However, the functions of miR-184 in keratinocyte prolifera-
tion and apoptosis are poorly defined.

HaCaT cells are immortalized human keratinocytes, which
have growth characteristics similar to that of normal human
skin keratinocytes. Therefore, in the present study, the role of
miR-184 in the proliferation and apoptosis of HaCaT cells was
investigated. In order to further study the molecular mecha-
nisms, the mRNA expressions of growth factors, including ba-
sic fibroblast growth factor (bFGF) and transforming growth
factor (TGF)-B1, and the expressions of apoptosis-related pro-
teins caspase-3 and Bcl-xin HaCaT cells, were respectively de-
termined by RT-PCR and Western blot analysis. Our study aimed
to provide evidence to demonstrate that miR-184 regulates
the proliferation and apoptosis of keratinocytes.

Material and Methods

Cell culture

HaCaT cells were used in this study. HaCaT cells were cultured
in a growth medium with Dulbecco’s modified Eagle medium
(DMEM), 10% fetal bovine serum (FBS), 100 unit/mL penicillin,
and 100 mg/mL streptomycin (Life Technologies, UK) at 37°C
in a tissue culture incubator (5% CO,).
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Transfection

siRNA miR-184 and negative control scrambled siRNAs were
transfected with Lipofectamine 2000 according to the man-
ufacturer’s protocol. Liposome and DNA were incubated in
DMEM. The liposome-DNA mixture was added to standard
6-well tissue culture plates containing HaCaT cells in 500 pL
of DMEM. Fresh medium was added on the next day. At 48 h
post-transfection, the cells were visualized by phase contrast
and fluorescence microscopy at a magnification of 400x using
an Olympus IX70 microscope (Olympus Optical Co., Ltd., Japan).

MTT assay

Cell viability was assessed by MTT assay. Briefly, HaCaT cells
were cultured in a 96-well plate. At the indicated time points,
0.5 mg/ml MTT was added to each well and incubated at 37°C
for 4 h. Then, 200 pL dimethyl sulfoxide (DMSO) was added to
each well at room temperature. The optical density (OD) was
measured at 490 nm using a Molecular Devices VERSAmax
microplate reader (Molecular devices, Sunnyvale, CA, USA).

Colony formation assay

Colony formation assay was carried out as described earli-
er [11]. In detail, 500 viable cells (normal HaCaT cells, HaCaT
cells transfected with scrambled siRNAs or siRNA miR-184) were
seeded into 6-well plates. Plates were incubated in a CO, in-
cubator for 8-10 days and then fixed with methanol, followed
by staining with 0.1% crystal violet solution. Colonies of 50 or
more cells were counted using a Zeiss inverted light microscope.

Flow cytometry

The normal HaCaT cells, cells transfected with scrambled siR-
NAs, and cells transfected with siRNA miR-184 were seeded
at a density of 2x10° per 35-mm culture dish. Cell apoptosis
was determined by flow cytometry analysis (FACSCanto; BD
Biosciences, San Jose, CA) of annexin V and propidium iodide
(P1) stained cells (Vybrant apoptosis assay kit; Invitrogen),
which characterized early and late apoptosis.

RT-PCR

Total RNA was isolated in Trizol (Sigma, St. Louis, MO, USA).
Then, 2 pg total RNA was reverse transcribed into comple-
mentary DNA (cDNA) using reverse transcriptase (iScript™
cDNA Synthesis Kit; Bio-Rad Laboratories). For amplification
of TGF-B1, bFGF, and B-actin, the primers were employed
as follows: TGF-B1, sense 5-AGCACAGAGCCTCGCCTTT-3’;
anti-sense 5’-AGGGTGA GGATGCCTCTCTT-3’; bFGF, sense
5’-AGACACCCATCCGTGAACC-3’; anti-sense 5’-CTTGATGTGAGGG
TCGCTCT-3’; B-actin, sense 5’-GTACCTGAACCCGTGTTGCT-3’;
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Figure 1. Cell viability assayed by MTT. Cell viability of HaCaT
cells decreased significantly upon miR-184 siRNA
treatment. Data expressed as mean +SD (* P<0.05).
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Figure 2. The number of colonies formed by HaCaT cells. miR-
184 siRNA treatment significantly reduced in the
number of colonies formed compared to untreated
controls. Data expressed as mean +SD (* P<0.05).

anti-sense 5’-GTCCTTGCGGAAGTCAATGT-3’. All the primers
were designed using Primer 3 (ABI, USA) and synthesized
by Shanghai Sangon Biological Engineering Technology and
Services Co., Ltd.

Western blot

HaCaT cells lysate was prepared using RIPA buffer (Pierce Co.,
Shanghai, China) and the total protein concentration was de-
termined with the BCA method. Then, 50 pg protein was load-
ed into SDS-PAGE and the gel was transferred onto a nitrocel-
lulose membrane (BioRad). After transfer, the membrane was
incubated for 1 h at room temperature with polyclonal rabbit
antibodies to human caspase-3 (Santa Cruz), monoclonal an-
tibodies to human Bcl-x (Santa Cruz), and B-actin (Santa Cruz)
at 1:500 dilution. Bound antibodies were detected with corre-
sponding secondary antibodies conjugated with horseradish
peroxidase: mouse anti-rabbit immunoglobulin (Promega) and

Figure 3. The apoptosis rate of HaCaT cells assayed by flow
cytometer. MiR-184 siRNA treatment enhanced the
apoptosis of HaCaT cells. Data expressed as mean +SD
(* P< 0.05).

goat anti-mouse (Santa Cruz) (1:2000). Bands were developed
with ECL developing solution (Pierce Co., Shanghai, China).

Statistical analysis

All variable data were analyzed using SPSS 13.0 software
(SPSS Inc., Chicago, IL, USA). The results of multiple experi-
ments are presented as mean +SD. Measurement data were
tested by the t test (for 2 groups) or one-way analysis of vari-
ance (ANOVA) for more than 3 groups. P<0.05 was considered
statistically significant.

Results

Cell viability

MTT assay was performed to investigate the effect of miR-184
on HacCaT cell viability. The results showed that, compared to the
control and scramble siRNA groups, the cell viability decreased
significantly in the siRNA-miR-184 group (P<0.05) (Figure 1).

Colony formation efficacy

Normal HaCaT cells and HaCaT cells transfected with scrambled
siRNAs or siRNA-miR-184 were allowed to form colonies for 8-10
days, after which they were stained with 0.1% crystal violet and
counted. siRNA-miR-184 significantly reduced the colony form-
ing ability of HaCaT cells compared with control cells and HaCaT
cells transfected with scrambled siRNAs (P<0.05) (Figure 2).

Cell apoptosis

In addition to the cell viability, we also examined the effects of
miR-184 on the apoptosis of HaCaT cells, and the results are
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Figure 4. The mRNA expressions of transforming growth factor (TGF)-B1 (A) and basic fibroblast growth factor (bFGF) (B) in HaCaT cells
assayed by RT-PCR. Data expressed as mean +SD (* P<0.05).
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Figure 5. The expressions of apoptosis-related proteins caspase-3 (A) and Bcl-x (B) in HaCaT cells determined by Western blot analysis.

Data expressed as mean +SD (* P<0.05).

shown in Figure 3. Compared with the apoptosis rate in the
control group and scramble siRNA group, the apoptosis rate
was significantly increased in HaCaT cells transfected with siR-
NA-miR-184 (P<0.05).

Expression of TGF-31 and bFGF

In order to further study the molecular biological mechanisms
of miR-184 on HaCaT cells, the mRNA expressions of TGF-B1
and bFGF were detected. As shown in Figure 4A, the mRNA
expression of TGF-B1 decreased significantly after cells were
transfected with siRNA-miR-184 (P<0.05). In addition, the down-
regulation of miR-184 also significantly inhibited the mRNA

Expression of apoptosis-related protein

The expressions of apoptosis-related proteins, including pro-
apoptotic protein caspase-3 and anti-apoptotic protein Bcl-x,
were determined by Western blot analysis. The result showed
that when HaCaT cells were transfected with siRNA-miR-184,
the expression of caspase-3 increased significantly (P<0.05)
(Figure 5A) and the expression of Bcl-x was significantly de-
creased in the siRNA-miR-184 group (P<0.05) (Figure 5B).
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Discussion

In the present study we demonstrated that miR-184 played
an important role in the growth, proliferation, and apopto-
sis of HaCaT cells. After miR-184 was transfected with siRNA,
cell viability and colony forming ability decreased significant-
ly, and apoptosis was significantly increased. Furthermore,
the expressions of growth factors TGF-f1 and bFGF mRNAs,
as well as apoptosis-related proteins Bcl-x, in HaCaT cells de-
creased significantly after miR-184 was transfected with siR-
NA, and the expression of pro-apoptotic protein caspase-3 in-
creased significantly.

Previous studies have indicated that miR-184 is an important
modulator of stem cell proliferation and growth. For instance,
miR-184 has been reported to regulate germline cell prolifer-
ation in Drosophila [12]. Additionally, miR-184 as a potential
onco-miR has been found to be up-regulated in tumors [13].
Wong et al. [14] found that inhibition of miR-184 in tongue
squamous cell carcinoma cells reduced cell proliferation and
induced apoptosis. Although the role of miR-184 in the pro-
liferation and apoptosis of keratinocyte has not been investi-
gated before, our study found that the cell viability and colo-
ny forming ability of HaCaT cells decreased significantly, and
the apoptosis of HaCaT cells increased significantly, after miR-
184 was transfected with siRNA. Therefore, we speculate that
miR-184 may play an important role in the growth, prolifera-
tion, and apoptosis of keratinocyte.

Some growth factors, such as TGF-B1 and bFGF, have been sug-
gested to play an important role in epithelial cells prolifera-
tion [15]. TGF-B1 is a polypeptide member of the transforming
growth factor beta superfamily of cytokines, which performs
many cellular functions, such as the control of cell growth, pro-
liferation, and apoptosis [16]. bFGF is a member of the fibro-
blast growth factor family, which is known for its regulatory,
mitogenic, and angiogenic abilities [17]. In addition, bFGF can
increase cell survival rate and stabilize cell phenotype [18]. In
the present study, the mRNA expressions of TGF-B1 and bFGF
were significantly lower in the siRNA-miR-184 group than in the
control and scramble siRNA groups. The results suggest that

References:

1. Chigurupati S, Mughal MR, Okun E et al: Effects of cerium oxide nanopar-
ticles on the growth of keratinocytes, fibroblasts and vascular endothelial
cells in cutaneous wound healing. Biomaterials, 2013; 34: 2194-201

. Lai Y, Li D, Li C et al: The antimicrobial protein REG3A regulates keratino-
cyte proliferation and differentiation after skin injury. Immunity, 2012; 37:
74-84

. Eckert RL, Efimova T, Dashti SR et al: Keratinocyte survival, differentiation,
and death: many roads lead to mitogen-activated protein kinase. J Investig
Dermatol Symp Proc, 2002; 7: 36-40

. McKay IA, Leigh IM: Altered keratinocyte growth and differentiation in pso-
riasis. Clin Dermatol, 1995; 13: 105-14

N

w

o

Bi X.etal.:
The effect of miR-184 on HaCaT cells
© Med Sci Monit, 2016; 22: 3056-3061

miR-184 promotes the proliferation of keratinocyte through
targeting TGF-B1 and bFGF.

Apoptosis is a complex biological process that enables organ-
isms to kill and remove unwanted cells during their develop-
ment, normal homeostasis, and disease [19,20]. Apoptosis
is usually regulated by the caspase family and Bcl-2 fami-
ly of proteins [21,22], which are key mediators in induction
of apoptosis in different cells [23]. Keratinocyte apoptosis is
regulated by pro-apoptotic and anti-apoptotic proteins [23].
Caspase-3 is a member of the caspase family, which is a pro-
apoptotic protein. Sequential activation of caspases in differ-
ent cell types plays a central role in the execution phase of
cell apoptosis [24]. Importantly, caspase-3 has been reported
to be expressed in human keratinocytes [25]. Khalil et al. [26]
suggested that caspase-3 is a main mediator of UV-B-induced
keratinocyte apoptosis. Bcl-x is a member of the Bcl-2 fami-
ly of proteins [27], which has been demonstrated to protect
HaCaT cells against apoptosis [28]. Bcl-x is an anti-apoptot-
ic protein, and its overexpression inhibits cell death [29].
Nagane et al. [30] have demonstrated that constitutive acti-
vation of epidermal growth factor receptor can increase the
expression of Bcl-x, thereby leading to apoptosis resistance.
In our study, the expression of caspase-3 increased and the
expression of Bcl-x decreased after miR-184 was transfected,
which indicates that miR-184 plays an important role in the
apoptosis of keratinocytes.

Conclusions

Our results suggest distinct roles of miR-184 during the growth,
proliferation, and apoptosis of keratinocytes. miR-184 may be
useful as a molecular target for the treatment of abnormal ke-
ratinocyte proliferation-associated diseases, such as psoriasis.
Further clinical study will be done to translate the basic re-
search on the miR-184 into practice.
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