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Abstract

Background: Psoriasis is a chronic inflammatory skin disease arising from a complex interaction between genetics, epi-
genetics, the host’s immune system and the environment. Recent accumulated data revealed the dysregulation of various 
microRNAs (miRNAs) in several diseases including psoriasis. 

Objective: We explored the functional role and regulation of hsa-miR-155-5p (miR-155) in an immortalized keratinocyte 
cell line (HaCaT), in relation to the pathogenesis and treatment of psoriasis. 

Methods: miR-155 expression in normal skin and psoriatic skin lesion before and after treatment with methotrexate  
(MTX) and narrow-band ultraviolet B phototherapy (NB-UVB) were analyzed using quantitative reverse transcription 
PCR (qRT-PCR). Apoptotic activity, cell cycle and viable cells of miR-155 transfected HaCaT were measured using flow  
cytometry and MTS assay. Since, caspase-3 (CASP3) gene was predicted as a target gene of miR-155, the expression of 
CASP3 was detected in transfected HaCaT using western blot. 

Results: We discovered that both MTX and NB-UVB significantly down-regulated miR-155 expression in psoriatic skin 
lesions. We also found that overexpression of miR-155 in HaCaT led to suppression of cell apoptosis and induced cell arrest 
at G0/G1 phase. Moreover, CASP3 expression was down-regulated in miR-155 transfected HaCaT. 

Conclusion: This study demonstrates down-regulation of miR155 after treatment with MTX and NB-UVB in psoriatic 
skin lesion. miR155 plays significant role in apoptosis on HaCaT via CASP3. This finding provides a better understanding 
of the pathogenesis of psoriasis and might aid on developing the new monitoring tool or therapy for psoriasis in the future.
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Introduction
Psoriasis is a cell-mediated, chronic inflammatory skin dis-

ease, affecting approximately 2-3% of worldwide population.1 
This disease has a significant effect on the patients’ quality of 
life.1 The characteristic skin lesions include raised, well-demar-
cated, erythematous plaque covering with silvery scale.1 The 
pathogenesis of psoriasis is a complex interaction between ge-
netics, epigenetics, the host’s immune system and environment, 

leading to hyperproliferation and reducing in terminally differ-
ential keratinocytes with inflammatory cell infiltration in both 
the epidermis and dermis.1,2 In recent year, although several 
new biologic agents have been developed, methotrexate (MTX) 
and narrow-band ultraviolet B phototherapy (NB-UVB) are 
still frequently used as an effective and economical therapy for 
moderate to severe psoriasis, both MTX and NB-UVB influence
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on apoptosis and proliferation of keratinocytes.3,4 However,  
the precise mechanism that explains the efficiency of MTX and  
NB-UVB in psoriasis, in particular genetic regulation, still 
needs to be elucidated.

MIcroRNAs (miRNAs) are a novel class of highly conserved 
small non-coding RNAs containing about 21-25 nucleotides in 
length.5 They function as negative regulators of gene expression 
by mediating translational repression or  degradation of target 
mRNAs, mainly found in the 3’-untranslated regions (UTR).6 
miRNAs play crucial roles in several biological processes, i.e. 
proliferation, differentiation, apoptosis, signal transduction and 
organ development.6 Thus, the alteration of miRNA expression 
is associated with numerous diseases such as cancer, autoim-
mune diseases and auto-inflammatory diseases including pso-
riasis.7 Recent studies reveal that alteration of several miRNAs 
are associated with psoriasis. For example, miR-31, miR-203, 
miR-146a and miR-155 were intensively up-regulated,8-11 while 
miR-99a, miR-125b, miR-194 and miR-217 were markedly 
down-regulated in psoriatic skin lesions.12-15 These miRNAs 
play roles in the pathogenesis and progression of psoriasis by 
various pathway including inflammation, keratinocyte apopto-
sis, proliferation and differentiation. Furthermore, these mol-
ecules are novel potential biomarkers for diagnosis, prognosis 
and therapeutic tools in psoriasis and other diseases.16

miR-155 has been shown to have various functions in-
volving in inflammatory and immune response.17,18 Its expres-
sion plays an essential regulation in both innate and adaptive 
immune responses related to several diseases. Many studies 
showed the important functions of miR-155 in many immune 
cell types.17,18 For instance, miR-155 plays an important role in 
T-helper (Th) differentiation and maintenance of Th1, Th17  
and macrophage inflammation by secreting their pro-inflam-
matory cytokines.17,22,23 In B cells, miR-155 acts as an anti-
body-mediated signaling regulator.19,20 Additionally, miR-155 
serves as an oncogenic human miRNA which function as a 
key regulator of hematopoiesis and B-cell differentiation.20 To 
date, the functional role of miR-155 in keratinocytes related to  
psoriasis has not been clearly defined.

In this study, we hypothesized that aberrant levels of miR-
155 may play a critical role in immunopathogenesis of psori-
asis, especially in dysfunction of keratinocyte. Therefore, the  
expression of miR-155 in normal skin from healthy individ-
uals was compared to psoriatic skin lesions before and after  
treatment with MTX and NB-UVB. We also overexpressed 
mature miR-155 mimic in an immortalized keratinocyte cell  
lines (HaCaT) to examine the influence of miR-155 on cell 
apoptosis, cell cycle and cell proliferation. Moreover, we iden-
tified the possible target gene of miR-155 that play a role in 
reducing apoptotic activity in HaCaT, which will lead to a  
better understanding of the functional roles and mechanism 
of regulation of miR-155. This knowledge would help to de-
scribe the critical roles of miR-155 in pathogenesis of psoriasis 
and may initiate the development of new effective therapeutic  
strategies in the future.

Materials and methods
Clinical specimens

Eleven patients diagnosed with moderate to severe chronic 
plaque type psoriasis at King Chulalongkorn Memorial Hos-
pital and 5 normal subjects were enrolled in the study. The  
severity of psoriasis was classified according to the Psoriasis 
Area and Severity Index (PASI score ≥ 10 = moderate to severe) 
Seven patients were orally treated with 15 mg MTX once a 
week and 4 patients were treated with NB-UVB irradiation 
three sessions per week for up to 12 weeks as a monotherapy.  
Patients with psoriatic arthritis, other autoimmune diseases, 
cancer, liver or renal disease were excluded from the study. 
All patients were omitted from all systemic therapies and pho-
to-therapies for at least four weeks, and topical anti-psoriatic 
therapies for at least 2 weeks before specimen collection. Nor-
mal skin from normal subjects and lesional skin from patients 
with psoriasis at trunk were obtained before and after 4-week 
monotherapy with either MTX or NB-UVB. This research was 
approved by Research Affairs, Faculty of Medicine, Chulalong-
korn University. Informed written consents were obtained  
from psoriasis patients and healthy individuals before enrolling 
in the study.

miRNA and mRNA expression 
To examine the miRNA expression, the miRNAs were ex-

tracted from whole-tissue samples or cultured cells using the 
miRNeasy Mini Kit (Qiagen) according to the manufacturer’s 
instructions for miRNA enrichment protocol to obtain small 
RNAs up to 200 bp. RT-qPCR was performed with TaqMan 
miRNA assays (Life Technologies), according to the manufac-
turer’s instructions. Briefly, 10 ng of miRNA fraction was re-
verse-transcribed in 15 μl reaction with the TaqMan MicroRNA 
Reverse Transcription Kit (Life Technologies), and RT-qPCR 
was performed using TaqMan® Universal PCR Master Mix 
(Life Technologies). 1.33 μl of cDNA was added to triplicate 
in 20 μl PCR reactions. PCR was performed on a 7500 HT  
thermocycler (Life Technologies). The expression of miR-155 
was measured using the TaqMan primer/probe sets for miR-155 
(assay ID 002623), and was normalized to the hsa-let-7a (assay 
ID 000377) for human tissue or RNU44 (assay ID 001094) 
for HaCaT keratinocyte. Relative gene expression levels were  
calculated according to the 2-∆∆Ct method.21

For studying mRNA expression, total RNA was extracted 
using TRIzol™ Reagent (Ambion) in accordance with the man-
ufacturer’s instructions. mRNA was performed with TaqMan  
Reverse Transcription Reagent (Life Technologies) in accor-
dance with the manufacturer’s instructions. Briefly, 500 ng of 
total RNA was reverse-transcribed in 20 μl reaction with the 
TaqMan Reverse Transcription Reagent (Life Technologies), 
and 500 ng of cDNA was added to 10 μl RT-qPCR reactions.  
All experiments were performed in duplicate. RT-qPCR ampli-
fication was conducted on a 7500 HT thermocycler (Life Tech-
nologies). The mRNA expression of CASP3 was normalized 
with GAPDH. Primer sequences were as follows: CASP3f: 5’ 
GGA ATG ACA TCT CGG TCT GG 3’ and CASP3r: 5’ GGC 
TCA GAA GCA CAC AAA CA 3’, GAPDHf: 5’ ACC CAC 
TCC TCC ACC TTT 3’ and GAPDHr: 5’ CAC CAC CCT GTT 
GCT GTA G 3’. Relative gene expression levels were calculated  
according to the 2-∆∆Ct method.21
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HaCaT cells culture
HaCaT was maintained in Dulbecco’s Modified Eagle Me-

dium (DMEM; Gibco, 11995), supplemented with 10% fetal 
bovine serum (Gibco, 10270), 0.01 M HEPES (Gibco, 15630) 
and 100 U/ml penicillin-streptomycin (Gibco, 15140) and was 
incubated at 37 ºC in humidified incubator containing 5% CO2.

Transient transfection
HaCaT was seeded at 3 × 104 cells per well in a 24-well plate 

or 6 × 104 cells per well in a 12-well plate overnight and were 
transiently transfected with 50 or 100 nM mirVana® miRNA 
hsa-miR-155-5p mimic (4464066) or mirVana® miRNA neg-
ative control mimic (4464058). Transient transfections were  
performed using Lipofectamine RNAi Max Reagent according 
to the manufacturer’s instructions (Invitrogen). The transfected 
cells were harvested for proliferation assay, apoptosis assay and 
mRNA expression after 48-hours of transfection.

Apoptosis assay
The apoptotic cells were evaluated with flow cytometry  

assay using FITC Annexin V Apoptosis Detection Kit with PI 
(BioLegend, 640914) in accordance with the manufacturer’s  
instructions. Briefly, HaCaT was seeded at 6 × 104 cells per well 
in a 12-well plate overnight. 48-hours after transfection, cul-
ture medium containing transfected solution was replaced with 
complete medium for 24 hours before analysis. The transfected 
cells were trypsinized and washed with PBS buffer twice. Next, 
the cells were stained with FITC Annexin V and Propidium 
Iodide (PI) for 15 minutes in the dark at room temperature. 
After staining, the apoptotic cells were read by BD LSR II flow 
cytometer (BD Biosciences) and analyzed with the FlowJo 10 
cytometry analysis software (FLOWJO, Ashland, OR, USA). All 
experiments were independently performed in triplicate.

Cell cycle assay
For cell cycle analysis, HaCaT were trypsinized at 48 hours 

after transfection. The cells were then washed with PBS buffer 
and fixed by adding drop-size cold 70 % ethanol for 4 hours at 
4 ºC. After fixation, the cells were washed with PBS buffer twice 
and treated with 50 µl of a 100 µg/ml RNaseA. Next, the cells 
were stained with 200 µl of a 50 µg/ml PI (BioLegend, 42130) 
and then read by BD LSR II flow cytometer. Finally, the data 
were analyzed using FlowJo 10 Software for cell cycle analysis. 
All experiments were independently performed in triplicate.

Cell viability assay
HaCaT was seeded at 3 × 104 cells per well in a 24-well plate 

overnight. The cells were transfected with synthesis miRNA  
for 48 hours as described above. The transfected cells were  
trypsinized and seeded at 3 × 103 of a 96-well plate. Viable cells 
were evaluated with CellTiter 96® AQueous One Solution Cell 
Proliferation Assay (MTS assay) according to the manufactur-
er’s instructions (Promega, G3582) at 0, 1, 2, 3, 4 and 5 days. In 
brief, 20 μl MTS solution was added into each well of a 96-well 
plate containing transfected cells in 100 μl of culture medium 
and incubated for 3 hours at 37 ºC in a 5% CO2 incubator. The 
absorbance was measured at OD 490 nm using Thermo Scien-
tific™ Varioskan™ Flash Multimode Reader (Thermo Scientific). 
The experiment was independently performed in triplicates.

Western blot analysis
At 48 hours post transfection, HaCaT were trypsinized and 

washed with PBS buffer twice. Cells were lysed with RIPA lysis 
buffer (Merck, Germany) containing Halt™ Protease Inhibitor 
Cocktail (Thermo Scientific, USA) and protein concentration 
was quantified BCA assay (Thermo Scientific). A total of 20 μg 
(GAPDH) and 60 μg (CASP3) proteins were separately loaded 
onto 12% SDS-PAGE gels and were transferred onto a polyvi-
nylidene difluoride membrane (PVDF; GE Healthcare, UK). The 
membrane proteins were immunoblotted with primary mAb 
against Cleaved Caspase-3 (dilution, 1:1000; (cat#9661); Cell 
Signaling Technologies, USA) and GAPDH mouse monoclonal 
IgG1 (dilution, 1:5000; (cat#sc-47724); Santa Cruz Biotechnolo-
gy, USA). After washing, the protein membrane of anti-GAPDH 
was incubated with anti-mouse horseradish peroxidase-con-
jugated secondary antibody (1:5000; (cat#sc-516102); Santa 
Cruz Biotechnology), while the membrane of anti-CASP3 was 
incubated with anti-rabbit horseradish peroxidase-conjugated 
secondary antibody (1:5000; (cat#sc-2030); Santa Cruz Bio-
technology). The signals were analyzed with enhanced Super-
Signal™ West Femto Maximum Sensitivity Substrate (Thermo  
Scientific). Images were quantified using a Licor-odyssey. 

Statistical analysis
All assays were performed on at least 3 independent experi-

ments and the results are presented as mean ± SEM. All p-values 
were calculated by a two-tailed Student’s t-test using IBM SPSS 
statistic version 22 software, p-values < 0.05 were considered 
significant.

Results
Expression of miRNA in Psoriatic skin lesion before and after 
treatment.

Initially, we examined the expression of miR-155, miR-
135b and miR-125b in normal skin from healthy individuals 
compared to psoriatic skin lesion. The levels of miR-155 and 
miR-135b expression were significantly increased, while miR-
125b expression was non-significantly reduced in psoriatic 
skin lesion (Figure 1A, 1B, 1C). Furthermore, 7 paired-pso-
riatic skin lesions before and after treatment with MTX and 4  
paired-psoriatic skin lesions before and after treatment with 
NB-UVB were analyzed. Interestingly, the level of miR-155 
expression was significantly reduced after treatment in both 
groups treated with MTX (P < 0.01) or NB-UVB (P < 0.05)  
(Figure 1A), while levels of miR-135b was significantly  
decreased only after treatment with MTX (P < 0.01), but not 
NB-UVB (Figure 1B). 

MiR-155 inhibits apoptosis of keratinocyte and increases cell 
viability.

In order to explore the role of miR-155 on apoptosis of  
keratinocyte, HaCaTs were transfected with the miR-155 mim-
ic, and transfected cells were analyzed for annexin V-FITC/PI 
staining by flow cytometry. A significant reduction of apoptot-
ic cells (early and late apoptotic cells) was observed in trans-
fected cells with miR-155 mimic (5.72 ± 0.47) in comparison 
with control mimic (8.59 ± 0.20) (Figure 2A). Subsequently, 
cytometric analysis was performed to determine effect of 
miR-155 on cell cycle. Overexpression of miR-155 increased 
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Figure 1. The expression level of miR-155 (A), miR-135b (B) and miR-125b (C) were compared between psoriasis (N = 11) and 
healthy control (N = 5) using unpaired t-test. In addition, 7 paired-psoriatic skin lesions before and after treatment with MTX 
and 4 paired-psoriatic skin lesions before and after treatment with NB-UVB were analyzed using paired t-test. Values are 
mean ± SEM, ** indicates P < 0.01, * indicates P < 0.05 and ns indicates non-significant.
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Figure 2. The analysis of effect of miR-155 on apoptosis and cell cycle of HaCaT. (A) The percentage of apoptotic keratinocytes 
(Q2 and Q3) after transfection with miR-155 at 24 hours. (B) The percentage of cell cycle phase in HaCaT cell after transfected 
with miR-155 for 48 h. (C) The rate of viable cell of keratinocyte after transfection with miR-155 at 0, 1, 2, 3, 4 and 5 days (D) 
Transiently transfected efficiency of miR-155 in HaCaT. Values are mean ± SEM from 3 replicates. Experiment was performed 
3 times independently. * indicates P < 0.05, ** indicates P < 0.01 and *** indicates P < 0.001.
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cell population in G0/G1 phase and significantly with concom-
itant lost from S phase compared with control mimic (mimic: 
G0/G1 = 34.93 ± 0.43% and S = 45.30 ± 0.31% vs. control: G0/
G1 = 32.00 ± 0.61% and S = 48.17 ± 0.63%), (Figure 2B). These 
results revealed that miR-155 induced HaCaT cell cycle arrest at 
G0/G1 phase. Furthermore, cell viability was assessed using the 
MTS assay, which the absorbance at OD 490 was based on the 
number of viable cells. We found that overexpression of miR-
155 mimic significantly increased cell viability of keratinocytes 
(Figure 2C). The transfection efficiency was determined by 
RT-qPCR. Results show significantly higher levels of expression 
of miR-155 in the transfectants when compared to the negative 
control (Figure 2D).

Overexpression of miR-155 suppress apoptotic activity cor-
related with caspase-3

Since miRNA targets to 3’-untranslated regions (3’-UTR) 
of mRNA, miRWalk 322 and RNAhybrid23 database online were 
utilized for searching the possible target mRNA for miR-155 
to understand the possible mechanisms that might underlie 
miR-155-mediated apoptotic suppression. Furthermore, previ-
ous study reported that miR-155 target to the 3’-UTR of hCASP3 

mRNA by luciferase reporter assay.24,25 Therefore, we identified 
the caspase-3 (CASP3) gene as a target of miR-155 in HaCaT 
cell (Figure 3A). In addition, miR-155 was overexpressed in 
HaCaT to detect the expression level of CASP3 gene and protein 
by qRT-PCR and western blot. CASP3 protein was significantly 
decreased in the miR-155-overexpression group (Figure 3C), 
while mRNA expression of CASP3 was not significantly differ-
ent (Figure 3B). Therefore, CASP3 is one target gene of miR-155 
in keratinocyte.

Discussion
The main clinical characteristics of psoriatic skin lesion 

are erythematous plaque cover with silvery scale which is a 
consequence of abnormal keratinocyte proliferation, apopto-
sis and terminal differentiation.1 miRNAs are known to have 
a key role in cell proliferation, differentiation, apoptosis, sig-
nal transduction and organ development.7 Several publica-
tions revealed the alteration of miRNAs in psoriasis.9 miR-155 
is known for its functional role in various immune cells, i.e.  
B cells, macrophages, dendritic cells, T cells and regulatory T  
cells.26 In this study, we confirmed the significant increase of  
miR-155 in psoriatic skin lesion and illustrated the significant

Figure 3. miR-155 mediated apoptotic suppression in HaCaT via reduce of caspase-3. (A) The position on 3’UTR CASP3 gene 
which is the target for miR-155. (B) The mRNA expression of CASP3 in miR-155 transfected HaCaT at 48h. (C) The protein 
expression of CASP3 in miR-155 transfectants at 48 h. Values are mean ± SEM for 3 replicates. Experiment was performed 3 
times independently. *** indicates P < 0.001.
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diminution after treatment with either MTX or NB-UVB. 
In addition, we identified the role of miR-155 on psoriasis by  
focusing on a keratinocyte cell line, HaCaT.

Nowadays, MTX and NB-UVB are still widely used as an  
effective conventional treatment for psoriasis.27,28 We deter-
mined the expression of miR-155, miR-125b and miR-135b 
on psoriatic skin lesions before and after both conventional  
treatments. Both treatments could suppress miR-155 expres-
sion in psoriatic skin lesions in all patients, while only MTX 
could reduce miR-135b expression. This finding supports the 
relevance of miR-155 in the pathogenesis of psoriasis. Previ-
ous reports demonstrated that both MTX and NB-UVB could  
suppress proliferation and induce apoptosis of T lymphocytes 
and keratinocytes in psoriasis.29,30 Therefore, it is suspected 
that the effective treatment of MTX and NB-UVB in psoriasis 
may be a result of down-regulation of miR-155 especially by  
inducing apoptosis of keratinocytes.

The results of our study revealed that overexpression of 
miR-155 could reduce apoptosis, induce cell cycle arrest at G0/
G1 phase, promote viable HaCaT but not induce cell prolifera-
tion. Previous studies revealed that miR-155 reduced apoptosis 
by targeting 3’UTR CASP3 gene and inhibits apoptosis activ-
ity of macrophages and nucleus pulposus.24,25 These evidenc-
es suggested that miR-155 may be involved in psoriatic skin  
lesion by decreasing apoptosis and maintaining cell viability of 
keratinocytes. 

Previous publications reported up-regulation of miR-135b 
and down-regulation of miR-125b in psoriatic skin.13,31,32 Our 
study demonstrated significant up-regulation of miR-135b in 
psoriatic skin lesion which is corresponded with publication. 
However, our study could neither reveal significant change of 
miR-125b in psoriatic skin nor significant change of miR-135 
after treatment with NB-UVB. These insignificances might be 
due to the small number of samples.

Apoptosis is known as keratinocyte regulator in mainte-
nance of epidermal homeostasis. Our results show that over-
expressed miR-155 inhibits HaCaT apoptosis and reduces the  
expression of CASP3 protein. Increasing caspase-3 activity is 
one target of psoriasis treatment. Previous data indicated that 
MTX induces apoptosis in psoriatic skin biopsy by increasing 
apoptotic marker such as caspase-3 and caspase-9, and decreas-
ing anti-apoptosis marker (Bcl-xL).33 NB-UVB treatment is 
also an induction of apoptotic activity on psoriatic keratinocyte 
to allow resolution malfunctioned apoptotic mechanism and 
clearance of psoriasis keratinocytes.34 Thus, it is possible that the 
psoriatic keratinocyte resisting to apoptosis might be through 
up-regulation of miR-155 by decreasing caspase-3 activity. 
Besides, apoptotic effect of MTX and NB-UVB by increasing 
caspase-3 could be due to down-regulation of miRNA-155.

Conclusion
In conclusion, this study displays the effect of MTX and 

NB-UVB on miR-155 in psoriatic skin lesions. Additionally, the 
functional roles of miR-155 on keratinocytes have been exhib-
ited. miR-155 displays a role of reducing apoptotic HaCaT by 
down-regulating CASP3 protein. This finding leads to a more 
understanding in the pathogenesis of psoriasis and might be 
a clue to develop a new diagnostic or therapeutic modality for 
psoriasis in the near future.
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