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Abstract MicroRNAs are a kind of small non-coding

RNAs that play important roles in various biological pro-

cesses such as cell proliferation, differentiation, and

apoptosis. Cellular responses to UV-induced apoptosis

have been suggested to be regulated by microRNAs at the

posttranscriptional level, while the detailed mechanisms

underlying this process remain unclear. Our aim in this

study was to investigate the effects of miR-1246 in UVB-

induced apoptosis and to identify the functional targets of

miR-1246 in keratinocyte HaCaT cells. The expression of

miR-1246 and apoptotic genes in HaCaT cells experienc-

ing UVB stress was determined using quantitative real-

time PCR. miR-1246 functions in UVB-induced apoptosis

were quantified via fluorescence-activated cell sorter ana-

lysis of miR-1246 mimic or inhibitor-transfected cells.

Additionally, the regulatory relationship between RTKN2

and miR-1246 was identified by Western blot and lucifer-

ase reporter assays. miR-1246 was upregulated accompa-

nying with UVB-irradiated apoptosis in HaCaT cells.

Overexpression of miR-1246 promoted UVB-induced

apoptosis, while knockdown of miR-1246, using a specific

inhibitor, resulted in a significant reduction in UVB-elic-

ited apoptosis. We further demonstrate that miR-1246

negatively regulated the expression of RTKN2 through

binding to the 30-untranslated region of RTKN2 at the

posttranscriptional level. Moreover, RTKN2 was observed

to be resistant to UVB-induced apoptosis and RTKN2

antagonized the pro-apoptotic effects of miR-1246 during

UVB-induced apoptosis in HaCaT cells. These findings

suggested that miR-1246 promotes UVB-induced apoptosis

by downregulating RTKN2 expression and that UVB-

upregulated miR-1246 released RTKN2-dependent resis-

tance to UVB-induced apoptosis by targeting RTKN2 post-

transcriptionally in keratinocyte cells.
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Introduction

UVB radiation (290–320 nm) represents one of the most

prevalent environmental causes of skin aging, sunburn, and

skin cancer [1–3]. The induction of apoptotic cell death of

keratinocytes is a hallmark event in UV exposure [4], and

the insufficiency of UV-induced DNA damage repair may

initiate the apoptosis of sunburn cells [5]. It has been

proposed that nuclear and cell membrane effects contribute

independently to the induction of apoptosis exposed to

UVB radiation [6]. UVB induces the activation and sup-

pression of a variety of genes [7, 8], and the tumor-sup-

pressor gene p53 is known to be involved in UVB-induced

apoptosis [5, 9]. Elucidation of the underlying mechanism

of UVB-elicited apoptosis is pivotal for understanding how

UVB acts as a pathogen to damage cells.

MicroRNAs are a kind of small non-coding RNAs that

exhibit aberrant expression patterns in response to envi-

ronmental stimulation and negatively regulate gene

expression through binding to the 30-untranslated region

(30-UTR) of target mRNAs [10, 11]. The Dicer and Ago2

knockdown study revealed that UV-induced apoptosis was

modulated by microRNA-mediated gene silencing [12].

We predominantly focused on investigating microRNA

functions in response to UV irradiation, and in our previous

work, miR-23a and miR-141 have been found to be
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involved in the apoptotic pathways activated by UVB

irradiation [13–15]. microRNA microarrays have been

employed to elucidate the molecular mechanisms under-

lying photodamage and skin carcinogenesis by UVB, and

many miRNAs show expression changes under UVB irra-

diation [12, 16, 17]. These findings indicate that multiple

miRNAs are potentially involved in the pathogenesis of

UVB-induced photodamage.

Recently, it has been reported that miR-1246 acts as a

target of p53 to downregulate Down syndrome-associated

DYRK1A and induce apoptosis [18, 19]. Additionally,

miR-1246 is associated with nucleosomes in breast cancer

[20] and miR-1246 expression was upregulated in colo-

rectal cancer as well as esophageal carcinoma [21, 22].

These data demonstrate that miR-1246 might be function-

ally involved in UVB-induced photodamage or apoptosis in

keratinocyte cells, which will be explored in this study.

Here, we assessed the effect of UVB irradiation on miR-

1246 expression changes in HaCaT keratinocytes, and

found that UVB irradiation stimulated the upregulation of

miR-1246 and induced apoptosis in HaCaT cells. The

activity of miR-1246 was found to promote UVB-induced

apoptosis. Additionally, we demonstrated that RTKN2, a

Rho-GTPase effector of the NF-kappa B activation path-

way [23, 24], is a target of miR-1246 involved in the

inhibition of UVB-induced apoptosis. Moreover, miR-1246

was shown to act through downregulating RTKN2

expression in HaCaT cells.

Materials and methods

Cell culture and UVB irradiation

The keratinocyte HaCaT cell line was obtained from

Dr. Gu, Department of Dermatology, Changhai Hospital,

Shanghai, China. Cells were cultured in RPMI-1640

medium with 10 % FBS and 100 units/mL penicillin/

streptomycin at 37 �C in 5 % CO2. UVB irradiation was

performed as previously described [14].

RNA isolation and real-time RT-PCR

Total RNA was isolated using TRI Reagent Kit (Ambion,

USA) according to the manufacturer’s instructions.

Expression of miR-1246 was analyzed using the TaqMan

MicroRNA RT Kit and Taqman Universal PCR Master

Mix (Applied Biosystems, CA, USA). The relative

expression level of miR-1246 was normalized to an

endogenous control (U6). For gene expression analysis,

reverse transcription was performed using random primers

with SuperScript III (Invitrogen, USA), and Taqman

Universal PCR Master Mix was applied for real-time PCR

analysis. The relative expression level of genes was nor-

malized to GAPDH. The 2-DDCt method was used to

quantify the relative expression level of miRNAs and

genes. The primer sequences used were as follows:

p53 forward: 50-ACTTGTCGCTCTTGAAGCTAC-30,
p53 reverse: 50-GATGCGGAGAATCTTTGGAACA-30;
Bax forward: 50-CCCGAGAGGTCTTTTTCCGAG-30,
Bax reverse: 50-CCAGCCCATGATGGTTCTGAT-30;
Bcl-2 forward: 50-GGTGGGGTCATGTGTGTGG-30,
Bcl-2 reverse: 50-CGGTTCAGGTACTCAGTCATCC-30;
RTKN2 forward: 50-ATGCTCGACTAATGGCCTATA

CA-30,
RTKN2 reverse: 50-CGTCGTGATCGTTCTTTATTG

CT-30;
miR-1246 forward: 50- ACACTCCAGCTGGGAATGG

ATTTTTGG-30,
miR-1246 reverse: 50- ACTGACTGATGCAATCTCAA

CTGGTGTCGTGGA-30;
U6 forward: 50-TGCGGGTGCTCGCTTCGGCAGC-30,
U6 reverse: 50-CCAGTGCAGGGTCCGAGGT-30;
GAPDH forward: 50- GATTCCACCCATGGCAAAT

TC-30,
GAPDH reverse: 50- AGCATCGCCCCACTTGATT-30.

Annexin V/fluorescein isothiocyanate staining

The apoptosis levels of treated cells were detected after

UVB irradiation at indicated time points. Treated cells

were isolated, washed, and stained using annexin V-fluo-

rescein isothiocyanate (FITC) and propidium iodide (PI).

The apoptotic rates of HaCaT cells were determined by

flow-cytometric analysis using the ELITE ESP flow

cytometer (Beckman-Coulter, USA) according to our pre-

vious described methods [14].

Western blot analysis

Cell lysate was prepared using radioimmunoprecipitation

assay (RIPA) buffer [150 mM 370 NaCl, 0.5 % sodium

deoxycholate, 50 mM Tris–HCl (pH 8.0), 0.1 % SDS,

5 mM EDTA, 0.25 mM phenylmethanesulfonyl fluoride,

1 % NP-40, and protease inhibitors]. Proteins were quan-

tified using the bicinchoninic acid (BCA) protein assay

(Pierce, IL, USA). Equal amounts of protein were sepa-

rated by 10 % sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE), and electrophoretically

transferred to polyvinylidene fluoride (PVDF) membranes

(Millipore, IN, USA). Membranes were then blocked with

PBST (PBS with 0.05 % Tween 20) containing 5 % non-

fat dry milk for 1 h and washed with PBST, then incubated
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at 4 �C overnight with anti-RTKN2 (1:500, Sigma) or anti-

b-actin (1:5,000, Sigma) antibody in fresh blocking buffer.

Membranes were then washed with PBS for 3 times and

incubated with horseradish peroxidase-conjugated second-

ary antibody (1:7,000, Sigma) for 1 h at room temperature.

The blots were developed using an enhanced chemilumi-

nescence (ECL) kit (Pierce, USA). Protein levels were

normalized against b-actin.

Luciferase reporter assay

The 30-UTRs of RTKN2 (NM_145307), CREBL2

(NM_001310), SCN3A (NM_001081677), FAM3C

(NM_001040020), and BRWD1 (NM_001103179) were

amplified from human genomic DNA and cloned into a

miRNA luciferase reporter vector that was modified from

pGL3-control plasmid (Promega, WI, USA). The 30-UTRs

fragments were inserted into the reporter plasmid using

EcoR1 and Pst1 at the restriction enzyme cutting sites.

Each luciferase reporter construct was co-transfected with

pRL-TK and RNA oligonucleotides or vectors into HaCaT

cells. After transfection for 48 h, cells were harvested for

the luciferase reporter assay (Promega, WI).

Cell transfection

HaCaT cells were transfected with miR-1246 inhibitor

(50 nM) or miR-1246 mimic RNA (50 or 100 nM) using

Lipofectamine 2000 (Invitrogen, USA) following the man-

ufacturer’s protocol. The cells were treated and analyzed

at indicated time points after transfection. The sequences

used were 50-CCUGCUCCAAAAAUCCAUU-30 (miR-12

46 inhibitor oligonucleotide); 50-AAUGGAUUUUUGGAG

CAGG-30 (miR-1246 mimic oligonucleotide); 50-CCAUGA

CCUUCGGUAACCC-30 (control oligonucleotide). Vali-

dated shRNAs against human RTKN2 in GV118 vector

were purchased from Genechem (Shanghai, China), and the

sequences were KD1, GCAGGACTGCAACATTCAAGA;

KD2 sequence, GCTCGACTAATGGCCTATACA.

RTKN2 was cloned from human cDNA library and con-

structed into pcDNA3 vector. All plasmids used in this study

were extracted with Plasmid Miniprep kit (QIAGEN,

Canada).

Statistical analysis

Data were analyzed using the SPSS software package

(Version 10.0, IL), and data were presented as the

mean ± SD. All results shown in this study were repeated

at least for three times. All data were analyzed statistically

with the Student’s t test. Differences were considered sta-

tistically significant at *p \ 0.05.

Results

miR-1246 expression was upregulated during UVB-

induced apoptosis in HaCaT cells

Previously, several miRNAs including miR-141 and miR-

23a have been suggested to be involved in UVB radiation-

induced apoptosis in HaCaT cells [14, 15], suggesting that

miRNA-dependent regulatory mechanisms play essential

roles in cellular response to UVB. It has already been

revealed that miR-1246 may induce p53-dependent apop-

tosis in response to DNA damage [18], whereas it remains

unknown whether miR-1246 participates in UVB-trigged

photodamage in keratinocyte cells.

HaCaT cells were used to assess miR-1246 response to

UVB irradiation. As UVB has a dose-dependent cytotoxic

effect on cells [14], cultured HaCaT cells were treated with

30 mJ/cm2 UVB to induce appropriate percentage of

apoptotic cells. Consistent with our previous report [14],

UVB irradiation resulted in a significant apoptosis rate in

comparison with the control, non-treated cells, and the

effects of UVB occurred in a time-dependent manner

within 48 h (Fig. 1a). Then, we investigated miR-1246

levels in UVB-irradiated cells. The real-time RT-PCR

results indicated that miR-1246 expression was signifi-

cantly upregulated at all examined time intervals (2, 6, 12,

24 and 48 h; Fig. 1b). p53 was sensitive to UV irradiation

in human skin cells and showed high expression level in

UV-type DNA damage [25–27]. Consequently, p53

expression was examined as a biomarker in UVB-induced

apoptosis. As illustrated in Fig. 1c, p53 expression

increased gradually alongside the increasing UVB-treat-

ment time. These data suggest that miR-1246 upregulation

is a molecular event that occurs in parallel with UVB-

induced apoptosis in HaCaT cells.

miR-1246 promotes UVB-induced apoptosis

Based on the miR-1246 expression response to UVB, we

postulated that miR-1246 might play a role in UVB-

induced apoptosis. To test our hypothesis, miR-1246 was

overexpressed by miR-1246 mimic transfection in HaCaT

cells. The annexin V/PI staining assay revealed that miR-

1246 increased UVB-induced apoptosis significantly at

24 h; however, its pro-apoptotic effects were limited in

naturally cultured cells without UVB treatment (Fig. 2a).

Moreover, Western blot and real-time PCR analysis

showed that the expression of p53 and pro-apoptotic Bax

were upregulated, while the expression of anti-apoptotic

Bcl-2 expression level was reduced in miR-1246 over-

expressing cells (Fig. 2b). When miR-1246 expression was

decreased by the introduction of a miR-1246 inhibitor

(Fig. 2c), UVB-elicited apoptosis was obviously impaired
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in anti-miR-1246 group at 48 h (Fig. 2d). Furthermore, the

apoptotic rates were maintained at basal apoptotic levels

without significant difference in control and miR-1246-

knockdown cells (Fig. 2d). It demonstrates that anti-miR-

1246 protects HaCaT cells to undergo UV-induced apop-

totic pathway. Correspondingly, p53 and Bax were down-

regulated, while Bcl-2 was upregulated by the miR-1246

inhibitor (Fig. 2e). These findings demonstrate that miR-

1246 promotes UVB-induced apoptosis, mainly in a con-

dition-dependent manner in HaCaT cells.

RTKN2 is a miR-1246 target

In a variety of biological processes in many different

organisms, miRNAs act as posttranscriptional regulators,

Fig. 1 miR-1246 was upregulated during UVB-induced apoptosis in

HaCaT cells. HaCaT cells were subjected to UVB treatment (30 mJ/

cm2) for 0, 2, 6, 12, 24, and 48 h. a An annexin V-fluorescein

isothiocyanate and propidium iodide staining assay was performed in

order to analyze apoptotic rates. The expression of miR-1246 (b) and

p53 (c) were determined by real-time PCR analysis

Fig. 2 miR-1246 promotes UVB-induced apoptosis. a HaCaT cells

were transfected with either control RNA or a miR-1246 mimic; the

level of apoptosis of these cells under UVB irradiation (30 mJ/cm2)

for 24 h (?UVB) or without treatment (-UVB) was examined using

flow-cytometric analysis following annexin V/PI staining. Concur-

rently, the relative level of miR-1246 expression was determined

using real-time PCR analysis. b Real-time PCR and Western blot

were performed in order to detect the expression of p53, Bax, and

Bcl-2 in control- or miR-1246 mimic-transfected HaCaT cells during

UVB irradiation. c Control treatment (Ctrl) or a miR-1246 inhibitor

was introduced into HaCaT cells by Lipofectamine 2000, and the

expression of miR-1246 was determined via real-time PCR. d Control-

or miR-1246 inhibitor-transfected HaCaT cells were treated with or

without UVB irradiation (30 mJ/cm2) for 48 h, and the percentages of

apoptotic cells was detected by flow-cytometric analysis. e The level

of expression of p53, Bax, and Bcl-2 was examined in control- or

inhibitor-transfected HaCaT cells irradiated with UVB for 48 h by

real-time PCR and Western blot analysis
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targeting gene expression [28]. Consequently, it is impor-

tant to identify miRNA targets in order to elucidate the

molecular mechanism of miRNA functions. TargetScan

and Gostat-analysis were employed to predict the targets of

miR-1246, and five candidate targets (RTKN2, CREBL2,

SCN3A, FAM3C, BRWD1) were identified. The 30-UTR

of these candidate genes was cloned into luciferase reporter

vectors for luciferase assay. The result in Fig. 3a showed

that the 30-UTR of RTKN2 and CREBL2 luciferase activity

was significantly suppressed by miR-1246 mimic and that

RTKN2 30UTR activity was repressed more obviously than

that of CREBL2.

A previous study has demonstrated that RTKN2, a

Rho-GTPase effector, activates the NF-kappa B pathway

to inhibit the intrinsic apoptotic pathway in HEK cells and

regulates Bcl-2 gene expression [29]. Therefore, RTKN2

was selected for further study. To confirm that RTKN2

was indeed a target of miR-1246, 50 and 100 nM of miR-

1246 mimic were transfected into HaCaT cells, respec-

tively, and the protein level of RTKN2 was determined by

Western blot analysis. In comparison with control RNA-

transfected cells, the expression of RTKN2 was signifi-

cantly downregulated by the miR-1246 mimic (Fig. 3b).

Furthermore, the miR-1246 seed region was paired with

the 30-UTR of the RTKN2 gene (Fig. 3c). When the

paired nucleotides were mutated in the luciferase reporter,

the inhibitory effects of miR-1246 on 30-UTR luciferase

activity decreased significantly (Fig. 3d). Together, these

results show that RTKN2 is targeted by miR-1246 in

HaCaT cells.

RTKN2 antagonizes the promotion effect of miR-1246

on UVB-induced apoptosis

Given that RTKN2 is targeted by miR-1246 (Fig. 3), the

functional correlation between miR-1246 and RTKN2 was

investigated in UVB-induced apoptosis in HaCaT cells. At

first, the RTKN2 expression response to UVB irradiation was

examined, and we found that RTKN2 transcriptional and

translational levels were downregulated dependent on treat-

ment time of UVB (30 mJ/cm2) (Fig. 4a), which was oppo-

site to miR-1246 expression change under UVB stimulation

(Fig. 1b). In view of the situation that RTKN2 functions

remain unknown in UVB-induced apoptosis, RTKN2 was

knocked down efficiently by RTKN2 shRNAs (KD1 and

KD2) in HaCaT cells (Fig. 4b). Under normal culture con-

dition, the apoptotic rates of control or knockdown cells

showed no significant difference (data not shown). While

under the UVB irradiation for 24 h, the apoptotic rate of

RTKN2-knockdown cells was much higher in comparison

with the control or mock cells (Fig. 4c). Conversely, over-

expression of RTKN2 by transfection of pcDNA3-RTKN2

was found to suppress cell apoptosis significantly (Fig. 4d).

These data suggest that RTKN2 confers resistance to UVB-

induced apoptosis in HaCaT cells.

To investigate whether miR-1246 promotes UVB-

induced apoptosis through downregulating RTKN2 protein

levels, a miR-1246 mimic and RTKN2 were co-transfected

into HaCaT cells. The result in Fig. 4e showed that the

promotion effect of miR-1246 on UVB-induced apoptosis

was impaired by RTKN2 overexpression (Fig. 4e, f).

Fig. 3 RTKN2 is a miR-1246 target. a The 30-untranslated regions

(UTRs) of computationally predicted miR-1246 targets (RTKN2,

CREBL2, SCN3A, FAM3C, and BRWD1) were cloned into a

miRNA luciferase reporter vector. The reporter plasmids containing

these 30-UTRs were co-transfected with pRL-TK and a control (Ctrl),

or a miR-1246 mimic, into HaCaT cells. After transfection for 48 h,

the cells were collected for dual luciferase reporter assay. b Control or

miR-1246 mimic (50 or 100 nM) were transfected into HaCaT cells

and protein samples were prepared for the detection of RTKN2 and

b-actin protein levels by Western blot analysis. c The 30-UTR of the

RTKN2 gene was paired to the miR-1246 seed region. The

nucleotides in the cloned RTKN2 30-UTR that were paired with the

miR-1246 seed region were found to be mutated in the reporter

plasmid. d The luciferase activity of wild-type or mutant 30-UTRs of

RTKN2 genes in a miRNA luciferase reporter vector was investigated

following co-transfection with a control (Ctrl) or a miR-1246 mimic

in HaCaT cells. The luciferase assay was performed after a

transfection period of 48 h
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Consistently, gene expression analysis also showed that

miR-1246-upregulated p53 and Bax and -downregulated

Bcl-2 mRNA as well as protein levels were reversed by

forced expression of RTKN2 (Fig. 4g). Taken together,

these results indicate that UVB-induced miR-1246

enhanced UVB-irradiated apoptosis mainly through tar-

geting the Rho-GTPase effector RTKN2 to relieve its anti-

apoptotic effect in keratinocyte HaCaT cells.

Fig. 4 miR-1246 promotes UVB-induced apoptosis through target-

ing RTKN2. a The expression of miR-1246 response to UVB (30 mJ/

cm2) irradiation was determined using real-time PCR and Western

blot at 0, 12, 24, and 48 h. b HaCaT cells were transfected with

control shRNA (Ctrl) or RTKN2 shRNA1 or 2 (KD1 or KD2).

Western blot was performed to analyze RTKN2 and b-actin protein

levels (upper panel). The relative RTKN2 protein level normalized to

b-actin was semi-quantified by densitometry. Intact HaCaT cells

(Mock) served as control. c The apoptosis of mock, control shRNA

(Ctrl)- or KD1/2-expressing HaCaT cells was examined by UVB

(30 mJ/cm2) for 24 h. d pcDNA3 (vector) or pcDNA3-RTKN2

(RTKN2 OV) was forcedly expressed in HaCaT cells and the

percentages of cell apoptosis were detected. e The apoptosis of three

transfected groups (a Control ? vector (control RNA and pcDNA3);

b miR-1246 mimic ? vector (miR-1246 mimic and pcDNA3); c miR-

1246 mimic ? RTKN2 OV (miR-1246 mimic and pcDN3-RTKN2))

under UVB (30 mJ/cm2) irradiation for 24 or 48 h was examined by

flow-cytometric analysis. f The protein levels of RTKN2 and b-actin

were determined by Western blot in the a, b, and c groups of

transfected cells under UVB irradiation for 24 h. g Following UVB

irradiation for 24 h, the expression levels of p53, Bax, and Bcl-2

mRNA in HaCaT cells with the a, b, and c transfections was analyzed

with real-time PCR and Western blot analysis. h A model of the

RTKN2-targeting effects of miR-1246 during UVB-induced apoptosis
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Discussion

Repeated UVB exposure results in damage to skin cells and

induction of carcinogenesis [30, 31]. It requires the rapid

removal of cells damaged irreparably after exposure to UV

irradiation and condemned to cell apoptosis [32]. It is

important to maintain the balance of proliferation, stratifi-

cation, differentiation, and apoptosis of skin cells for epi-

dermal homeostasis [33], and DNA damage repair and

induction of apoptosis are main cellular mechanisms for

this balance. As an important epigenetic regulation mech-

anism of gene expression under environmental stress,

miRNAs has been found to play important roles in envi-

ronmental response. Previously, microarray techniques

have been applied to study the molecular mechanisms

underlying UVB-induced photodamage and skin carcino-

genesis, and multiple miRNAs have been shown to be

involved in this process [12, 14–16]. The aim of this study

was to identify novel miRNAs involved in UVB-induced

apoptosis.

We previously found that miR-1246 expression was

significantly changed in UVA-induced photoaging [13]. It

reveals that miR-1246 acts downstream of p53 to induce

cell apoptosis through downregulation of the expression of

Down syndrome-associated DYRK1A [18, 19]. Moreover,

miR-1246 might be related to malignant transformation in

epithelial cells [34, 35]. In this study, we found that miR-

1246 and p53 expression was increased in UVB-irradiated

keratinocyte HaCaT cells undergoing apoptosis (Fig. 1).

Combining these findings, it is reasonable to assume that

miR-1246 may be involved in UVB-induced photodamage.

As we expected, miR-1246 promoted UVB-induced

apoptosis and inhibition of miR-1246 suppressed this

process (Fig. 2), suggesting that miR-1246 plays a pro-

motion role in UVB-mediated apoptosis. This is consistent

with miR-1246 functions in Down syndrome [18]. We also

found that the expression of p53 is synchronously upreg-

ulated with miR-1246 expression during UVB-induced

apoptosis. Consequently, the possibility that miR-1246 is

upregulated directly by p53 cannot be excluded. Addi-

tionally, the upregulation of p53, occurring in tandem with

the overexpression of miR-1246 during UVB treatment,

may be the result of miR-1246 regulatory feedback during

cell apoptosis. Interestingly, the promotion effect of miR-

1246 overexpression on cell apoptosis is limited without

UVB stimulation, demonstrating that miR-1246 acts

dependent on other regulatory machinery that is activated

by UVB irradiation.

To explore the mechanism of miR-1246 functions in

UVB-induced apoptosis, miR-1246 targets were screened

by luciferase reporter assay and RTKN2 was identified for

the first time as a mR-1246 target (Fig. 3). Functional

analysis revealed that RTKN2 has anti-apoptotic effects in

UVB-irradiated HaCaT cells (Fig. 4), which is consistent

with a previous report that RTKN2 induces NF-kappa

B-dependent resistance to intrinsic apoptosis in HEK cells

[29]. RTKN2 has been identified as a Rho-GTPase effector

[23], and the Rho-GTPase signaling pathway is associated

with cell apoptosis and carcinogenesis [36, 37]. This sug-

gests that Rho-GTPase signaling may be involved in UVB-

induced apoptosis, with RTKN2 acting as an effector.

Several groups have reported that RTKN2 activates the

NF-kappa B pathway [24, 29], which is known to be

involved in the inhibition of cell apoptosis [38–40]. We

postulate that RTKN2 might inhibit UVB-induced apop-

tosis through the activation of NF-kappa B signaling,

which will be investigated in the future studies.

Finally, the functional relationship between miR-1246

and RTKN2 was established. RTKN2 overexpression

impaired miR-1246 promotion effect on UVB-elicited

apoptosis (Fig. 4), suggesting that miR-1246 acts by tar-

geting RTKN2. As reported previously [29], miR-1246-

RTKN2 axis might regulate the expression of the anti-

apoptotic Bcl-2 and the pro-apoptotic Bax, resulting in the

promotion of UVB-induced apoptosis in keratinocyte cells.

As summarized in Fig. 4g, UVB-induced upregulation of

miR-1246 reduced the expression level of RTKN2 through

pairing to the 30-UTR of RTKN2. Then, the anti-apoptotic

effects of RTKN2 were reduced by miR1246, which

increased the probability of UVB-irradiated cells entering

the apoptotic pathway. Consequently, miR-1246 is a

potential gene therapy target for the treatment of UVB-

induced photodamage in skin cells.
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