The Effect of Interleukin-21 on the
Gene Expression of Psoriasis-associated
Chemokines in Human Keratinocyte

Cell Line, HaCaT

Hyunjoong Jee
Department of Medicine

The Graduate School, Yonsei University



The Effect of Interleukin-21 on the
Gene Expression of Psoriasis-associated
Chemokines in Human Keratinocyte

Cell Line, HaCaT

Hyunjoong Jee
Department of Medicine

The Graduate School, Yonsei University



The Effect of Interleukin-21 on the
Gene Expression of Psoriasis-associated

Chemokines in Human Keratinocyte
Cell Line, HaCaT

Directed by Professor Min-Geol Lee

The Master's Thesis
submitted to the Department of Medicine
the Graduate School of Yonsei University
in partial fulfillment of the requirements for the degree
of Master of Medical Science

Hyunjoong Jee

June 2013



This certifies that the Master's Thesis of
Hyunjoong Jee 1s approved.

Thesis Committee Member#2 : Prof. Jeon-Soo Shin

The Graduate School
Yonsel University

June 2013



ACKNOWLEDGEMENTS

The final outcome of this study required much
guidance and inspiration from my supervisor Professor
Min-Geol Lee. I would like to gratefully acknowledge
him for all his support and encouragement along the

completion of this study.

I also owe my profound gratitude to Professor Kee
Yang Chung and Professor Jeon-Soo Shin who took
keen interest on this study and offered invaluable

professional advices and guidance.

Last but not least, I thank my family for their

unchanging presence in my life.

Hyunjoong Jee



TABLE OF CONTENTS

ABSTRACT +veeeseeeseemsesmmmenmiieseiseseisssesssesssesssssss s sssssss s ssessessneans 1
L INTRODUCTION +eeeeseeeeseseesessmmemsmesniemniessisessssssessssessssssssssssssseans 3
IL. MATERIALS AND METHODS ++veeeeeseeeesesseressmenssnisnesiseeinnnens 7
1. REAEENLS -++++++seveseesssessssnssse s 7

D Cell CUILUTE -+ +eeerererrerersesmsmenessenesissessst st 7

A. Human keratinocyte cell lines, HaCaT cells ««+--e-eeemeeeeeeeees 7

B. Normal human epidermal keratinocytes, NHEK --««+--eee-e: 7

3. Microarray experiments and data analysig:«---«s--oeeesrreeseeeeseeees 8

4. Reverse transcription polymerase chain reaction and real-time

POR - veerrreretee ettt 9
5. Statistical analysis ...................................................................... 10
J D S B T B T P T TS 11
TV. DISCUSSTON ceeeeeerererennatetatatttiiitititetititititiiitatatetetitititaianane. 28
V. CONCLUSTON reerereresessesunumuatatatetatitatitiiitetatotatatititiiiiaotaatien. 31
REFERENCES -+ teeeteeeetetetettttiiiiiititiiitiistetetetittiteietateteeaeaes 33

ABSTRACT (IN KOREAN) .............................................................. 36



LIST OF FIGURES

Figure 1. IL-21 enhances the expression of psoriasis

-associated chemokines CCL20 and CXCLS8 in HaCaT cells

Figure 2. IL-21 in different concentrations (50, 100, and 200

ng/ml) significantly enhance expression of CCL20 in HaCaT

Figure 3. IL-21-induced enhancement of the expression of
CCL20 and CXCLS8 show different time-dependent expression

peaks il'l HaCaT CCHS .............................................................. 21

Figure 4. IL-21 does not influence the expression of psoriasis

-associated antimicrobial peptides [3-defensin 2, S100A7,

SIOOAIZ in HaCaT CCHS ........................................................ 25



Figure 5. A model indicating the potential role of IL-21 in
linking innate and adaptive immunity in the pathogenesis of

pSOfiaSiS .................................................................................. 32



LIST OF TABLES

Table 1. Microarray fold change values of selected
chemokine/chemokine receptor genes, inflammatory genes,

and antimicrobial peptlde GONES wovererrssrrressssrrre e 12



<Abstract>
The Effect of Interleukin-21 on the Gene Expression of Psoriasis

-associated Chemokines in Human Keratinocyte Cell Line, HaCaT

Hyunjoong Jee

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Min-Geol Lee)

Psoriasis is a chronic inflammatory skin disease that affects approximately
1-3% of the population worldwide. In psoriasis, the stimulation of local innate
immune response initiates inflammation, and in turn, initiates the adaptive
immune response leading to the production of a panel of cytokines, chemokines
and growth factors that eventually culminate in epidermal hyperplasia. Studies
of recent have successfully linked the Interleukin (IL)-23/Th17 axis and
keratinocytes, and have revealed that an increased expression of CCL20 from
keratinocytes can recruit CCR6+ Thl7 cells, and that the lesional cytokine
milieu persistently activates keratinocytes to produce CCL20.

IL-21, recently, has been found to play an important role in differentiation and
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function of T-cells. The production of IL-21 is mainly restricted to CD4+ T
cells, Th17 and T-follicular helper (Try) cells. In association to psoriasis, 1L-21
was reported to be overexpressed in psoriatic skin and causes epidermal
hyperplasia and inflammation when injected intradermally into mice.

This study sought to clarify other effects of IL-21 in psoriasis, including its
effect on the expression of psoriasis-related chemokines and antimicrobial
peptides in keratinocytes, using microarray analysis and real time RT-PCR.
Microarray analysis revealed statistically significant increase in the expression
of CCL20 and CXCLS8 upon keratinocyte stimulation with IL-21. Via real time
quantitative PCR, we confirmed a significant increase in the expression of
CCL20 and CXCLS8 upon HaCaT stimulation with IL-21 — evidence supporting
its role in the recruitment of Th17 cells and neutrophils to psoriatic skin. No
change was observed in the expression of antimicrobial peptides upon IL-21
stimulation.

We hope this further elucidation of the role of IL-21 aids in the advent of yet

another potential therapeutic target in psoriasis.

Key words : interleukin-21 (IL-21), chemokine (C-C motif) ligand 20
(CCL20), HaCaT, psoriasis
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I. INTRODUCTION

Psoriasis, affecting approximately 1-3% of the population, is a common
chronic skin disease.' In psoriasis pathogenesis an over-reaction of local innate
immune response initiates inflammation with subsequent involvement of
adaptive immune response leading to the production of a panel of cytokines,
chemokines and growth factors that induce epidermal hyperplasia.

In the last few years, the discovery of interleukin (IL)-23/Th17 axis in the
pathophysiology of psoriatic diseases shifted the cytokine paradigm from Thl
to Th17 cytokines, focused mainly on IL-17 and IL-22.* T-helper 17 cells are
distinct from Thl and Th2 cells in their differentiation and maintenance
conditions, as well as in their cytokine profiles. Th17 cells have also been

shown to secrete other cytokines in addition to IL-17 and IL-22, including



IL-21 and tumor necrosis factor (TNF). A recent breakthrough in
understanding the pathogenesis of psoriasis has been made with studies that
successfully linked the IL-23/Th17 axis and keratinocytes.” Th17 and Thl cells
preferentially express the chemokine receptors CC chemokine receptor (CCR)
6 and CXC chemokine receptor (CXCR) 3, and are attracted by their ligands,
CC chemokine ligand (CCL) 20 and CXC chemokine ligand (CXCL) 10,
respectively. CCL20 and CXCL10 production by epidermal keratinocytes is
enhanced in psoriatic lesions, which may induce the recruitment of Th17 and
Thl cells to these lesions.* CXCL8 (also known as IL-8), one of the common
ligands for CXCR1 and CXCR2, has also been identified to be overexpressed
in epidermal keratinocytes of the psoriatic skin and acts as an important
chemoattractant for neutrophils, which may eventually cause an aggregation of
neutrophils in the epidermis known as Munro abscesses.’

Recently, IL-21 has been found to play a pivotal role in differentiation and
function of T-cells.® In particular, IL-21 drives an inflammatory T-cell response
by triggering the production of IL-17, which is thought to be a crucial cytokine
for inflammatory processes.” The novel class I cytokine IL-21 is a member of
the common y-chain receptor family, and its production is mainly restricted to
CDA4+ T cells, Th17 and T-follicular helper (Try) cells.®® Ligation of IL-21
to its receptor IL-21Ra promotes B cell dependent IgG production, enhances
expansion of CD8+ cells and their cytotoxic capacity, and augments naive

CD4+ T cell differentiation towards effector T-cells.'®
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Several recent reports of IL-21 and IL-21R in relation to the immortalized
human keratinocyte cell line (HaCaT), the human keratinocytes, and the gut
epithelial cells have revealed new roles for the novel cytokine and its receptor.
IL-21 production and IL-21R expression was confirmed in HaCaT via flow
cytometry, and IL-21R mRNA was shown to be 4.7-fold greater in the
epidermis of biopsy specimens from patients of systemic sclerosis compared to
healthy controls.'"'* Finally, in a recent study, IL-21 was shown to promote
the synthesis of CCL20 by the gut epithelial cells in patients with
inflammatory bowel disease."

In regards to psoriasis, IL-21 was reported to be overexpressed in psoriatic
skin and can cause epidermal hyperplasia and inflammation when injected
intradermally into mice. Moreover blockade of IL-21 with a human antibody
against [L-21 reduced the epidermal thickness and the expression of Thl and
Th17 genes in the well-characterized model of human psoriasis-xenograft
mouse.* "' However, besides the induction of epidermal hyperplasia, other
effects of IL-21 in regards to keratinocytes in psoriasis has not yet been fully
elucidated.

The objective of this study was to investigate a new role of IL-21, expressed
by T helper cells, including Th17 cells, in inducing the expression of certain
psoriasis-related chemokines, such as CCL20, by the HaCaT cells. By doing so,
we attempted to demonstrate its possible role in creating a vicious cycle
between the human keratinocytes with Th17 cells culminating in a
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pathogenesis that connects the innate and the adaptive immunity in this

chronic inflammatory disease.



Il. MATERIALS AND METHODS

1. Reagents
Recombinant human IL-21 was purchased from Peprotech (Peprotech, Rocky

Hill, NJ, USA). Human recombinant TNF-a,, IFN-y, IL-17A, IL-13, IL-22 was

purchased from R&D Systems (R&D Systems, Minneapolis, MN, USA).

2. Cell culture

A. HaCaT cells

The HaCaT cells, human keratinocyte cell lines, were cultured in Isocove’s
Modified Dulbecco’s Medium (IMDM) (Gibco, Carlsbad, CA, U.S.A.),
supplemented with 10% fetal bovine serum (Gibco) and penicillin-streptomycin
100 IU-100 pug/mL (Gibco) grown on 100 cm? plate and incubated with 5% CO,

at 37°C. Before performing cytokine stimulation experiments, the growth

medium was changed for serum-free RPMI 1640 and the experiments were

initiated on 70-80% confluence of HaCaT cells in 12-well plates.

B. Normal human epidermal keratinocytes (NHEK)

The adult normal human epidermal keratinocyte (NHEK) was purchased from
Modern Cell & Tissue Technologies (MCTT, Seoul, Korea). NHEK was
cultured in EpiLife medium (Gibco) supplemented with HKGS kit (Gibco)

comprised of insulin growth factor-1 (10 ng/ml), transferrin (5 pug/ml), bovine
7



pituitary extract (2.4 ug protein/ml), hydrocortisone (0.18 ug/ml), epidermal
growth factor (0.2 ng/ml), and gentamycin/amphotericin B. NHEK was grown

on 100 cm” plate and incubated with 5% CO, at 37 C. Before performing IL-21

stimulation experiments, the growth medium was changed for supplement-free
primary keratinocyte medium and the experiments were initiated on 70-80%

confluence of NHEK in 6-well plates.

3. Microarray experiments and data analysis

Total RNA from NHEK with or without IL-21 treatment was extracted using
TRIzol reagent (Life Technologies, Carlsbad, California, USA) and RNA
quality was evaluated with Agilent’s 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA). Total RNA was amplified and labeled using Agilent’s
Low RNA Input Linear Amplification kit PLUS, then amplified RNA was
hybridized using Agilent’s Gene Expression Hybridization kit on the Agilent
Human GE 4 X 44K (V2). Data were collected by Agilent’s DNA microarray
scanner and Feature Extraction Software. Data analysis was conducted by using
Agilent’s GeneSpring software according to manufacturer’s recommendation.
Briefly, raw data were normalized using Lowes Normalization method and low
signals compared to the background were removed before statistical analysis.
Then t-test and corresponding false discovery rate was calculated to identify the

statistical difference in genes expressed between the IL-21 treated and untreated



groups (treated 3, untreated 3). FDR less than 0.01 was defined as statistically

significant.

4. Reverse transcription polymerase chain reaction and real-time PCR

Total RNA from HaCaT with or without IL-21 treatment was extracted using
TRIzol reagent (Life Technologies) and cDNA was made using TaKaRa
PrimeScript® RT Master Mix (Takara Bio Inc, Otsu, Shiga, Japan). Then,
cDNA was amplified with CCL20 and IL-21 receptor primers, combined with
real time qPCR kit. Relative expression of CCL20 and IL-21 receptor was
normalized relative to the glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) expression level. Primer sequences used in this study are as follows:
CCL20 forward 5’- TACTCCACCTCTGCGGCGAAT CAGAA-3’, reverse 5°-
GTGAAACCTCCAACCCCAGCAAGGTT-3’; CXCL8 forward  5’-
ATGACTTCCAAGCTGGCCGTGGCT -3’ reverse 5’-
TCTCAGCCCTCTTCAAAAACTTCTC  -3’; DEFB4A  forward 5’-
CCAGCCATCAGCCATGAGGT -3° reverse 5- GGAGCCCTTTCTGAA
TCCGCA -3’; S100A7 forward 5°- CAACTTCCTTAGTGCCTGTGACAA -3°
reverse 5’- CCAGCAAGGACAGAAACTCAGAA -3’; S100A12 forward 5°-
AAAGGAGCTTGCAAACACCATC -3° reverse 5’- CAGGCCTTGGAA
TATTTCATCAA -3°. Real-time PCR was performed using an Applied

Biosystems StepOnePlus Real-Time PCR System (Applied Biosystems, Foster



City, CA, USA). Ct values were based on thresholds determined by the

StepOnePlus software.

5. Statistical analysis
Differences between groups were compared using the Student t test, one-way
ANOVA test, analysis of variance, and Wilcoxon tests. SPSS version 19.0

(SPSS Inc., Chicago, IL, USA) was used for the statistical analyses.
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I11. RESULTS

1. IL-21 enhances the expression of psoriasis-associated chemokines CCL20
and CXCLS8 (IL-8) genes in keratinocytes

The effect of IL-21 on human keratinocytes was demonstrated via microarray
analysis (Table 1). According to the acquired data, a statistically significant
increase in gene expression was observed in the psoriasis-associated
chemokines CCL20 and CXCLS8 compared to the untreated control (1.1 and 1.6
fold change, respectively). On the other hand, psoriasis-related antimicrobial
peptide genes, such as DEFB4, SI00A7, and S100A12 either showed no change
or a decrease in expression with IL-21 stimulation compared to the untreated

control (1.0, 0.9, and 0.7 fold change, respectively).
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Table 1. Microarray fold change values of selected chemokine/chemokine

receptor genes, inflammatory genes, and antimicrobial peptide genes

FCH Gene FCH Gene FCH Gene FCH Gene FCH Gene FCH Gene

9.2 ccL1l 11 CXCL2 2.3 IL2RG 1 IL2RG 14 S100P 0.9 DEFB110
2.4 ccLn 11 CXCL2 1.8 IL10 0.9 IL12B 14 DEFA3 0.9 DEFB115
21 CCL3 * 11 CXCR3 * 1.6 I * 0.9 113 1.3 DEFABP 0.9 DEFB121
2 ccL19 1 ccuy * 1.6 L9 0.9 IL116 1.3 DEFB105B 0.9 DEFB130
19 ccLl 1 ccL 1.3 IL17A 0.9 IL17REL 1.2 S100A2 0.9 DEFB131
1.7 CCL3L3 1 CXCLS 1.3 IL1A 0.9 118 1.2 S100B 0.8 5100A1
16 cCL4 0.9 ccus 1.3 IL1RL2 0.9 IL18RAP 1.2 DEFB124 0.8 5100A9 *
16 CXCL ™ 0.9 CCL16 1.3 IL24 0.9 IL1R1 1.2 DEFB128 0.8 S100G

15 CCLaL1 0.9 CCLs 1.3 L6 0.9 IL2RA 11 DEFB104B 0.8 DEFB103B
15 CCR7 0.9 cCL24 1.3 IL7 0.9 IL2RA 1 S100A3 0.8 DEFB107A
15 CXCL6 0.9 CCL25 1.3 IL9R 0.9 IL2RB 1 S100A11 0.8 DEFB110
1.4 CXCL9 * 0.9 cCLay * 1.2 IL10RA 0.9 IL3 1 S100A13 0.8 DEFB113
1.3 ccLaz * 0.9 CCR1 1.2 IL13RA2 0.9 IL3RA 1 S100PEP 0.8 DEFB114
1.3 CCR2 * 0.9 CCRE * 1.2 IL18R1 0.9 IL5 1 DEFATP 0.8 DEFB116
1.3 CCR4 * 0.9 CCRY 1.2 132 0.9 IL6R 1 DEFB1 0.8 DEFB122
1.3 cxX3cu 0.9 cxcuo * 1.1 111 0.9 IL6ST 1 DEFB4 0.8 DEFB133
1.3 CXCLil 0.9 CXCL13 1.1 IL12REB2 0.8 ILERB 0.9 S100A4 0.8 DEFB134
1.3 CXCL12 0.9 CXCR4 1.1 IL1B 0.7 12 0.9 S100A7 * 0.8 DEFB135
1.2 CCLs * 0.8 ccLz* 11 IL1R2 0.7 1131 0.9 S100A7L2 0.7 S100A8 *
1.2 CCRS * 0.8 ccy 1.1 IL4R 0.7 14 0.9 S100A10 0.7 S100A12 *
1.2 CX3CRL* 0.8 cCLa 1.1 ILERA 0.6 IL12A 0.9 DEFA11P 0.7 S100B

1.2 CXCL3 0.8 CCL23 1 IL10RE 0.6 IL7R 0.9 DEFA4 0.7 DEFASP
1.2 CXCR6 * 0.8 CCL26 1 IL13RA1 0.5 IL116 0.9 DEFAG 0.7 DEFB136
11 CccLe 0.8 CCR3 1 IL1RAP 0.1 132 0.9 DEFB10GE 0.6 DEFB112
11 ccL19 0.7 CCR3 1 IL27RA 0.9 DEFB108B 0.5 S100A5
11 CCL20 * 0.6 CXcn4

11 CXCL16 *

*FDR < 0.05

Abbreviations: FCH, fold change; FDR, false discovery rate
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2. IL-21 enhances the expression of psoriasis-associated chemokines CCL20
and CXCL8 in HaCaT cells

In attempt to verify the microarray analysis results, expression levels of mRNA
of CCL20 and CXCLS8 were determined in the absence and presence of IL-21
stimulation via RT-PCR. In accordance to previous microarray results, an
11.2-fold statistically significant increase in CCL20 gene expression (Figure
1A) and a 2.1-fold increase in CXCL8 gene expression compared to the

untreated group were observed (Figure 1B).

13



A)

CCL20
Amplification Plot
10
i
o1
B
- IL-21 100ng/ml
HE Untreated
0.0001
0.00001
0.000001 : rr_‘ >
Cycle
25 1
*
11.2+8.7
20 A
c I
o n
7l 15 -
o<
50O
<o OUntreated
v+ )
Q E 10 A m]l-21
o8&
@
O
5 .
0

CCL20

14



B)

CXCL8
Amplification Plot
10
1
01
0.01
S IL-21/100ng/ml
0.001
Untreated
0.0001
0.00001
0.000001 {3 Y y
Cycle
3 - *
2.1+04
2.5 1
c I
.g E 2 -
D <
|-
o O -
3L 1.5 1 OUnikreated
—
0
92 mIL-21
(O = 1
X5
Orx
0.5 -
0

CXCLS8

15



Figure 1. IL-21 enhances the expression of psoriasis-associated chemokines
CCL20 and CXCLS8 in HaCaT cells. HaCaT cells were either left untreated or
treated with IL-21 (100 ng/ml) for an incubation period of 6 h. Then, CCL20
and CXCLS expressions were evaluated via quantitative RT-PCR. (A) CCL20
Ct value for untreated sample: 33.24; IL-21 100 ng/ml 6 h treated sample: 31.13
(upper panel). An 11.2-fold increase was observed in the expression of CCL20
compared to the control (P < 0.05) (lower panel). (B) CXCL8 Ct value for
untreated sample: 25.93; IL-21 100 ng/ml 6 h treated sample: 24.23 (upper
panel). A significant 2.1-fold increase in the expression of CXCL8 was also

observed compared to the control (P < 0.05) (lower panel).
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3. IL-21 in different concentrations (50, 100, and 200 ng/ml) significantly
enhance expression of CCL20 in HaCaT cells

Upon acquisition of evidence in regards to the enhancement of gene expression
of CCL20 and CXCLS8 with the stimulation of 100 ng/ml IL-21 via quantitative
RT-PCR, it was necessary to conduct an investigation using several doses of the
reagent prior to further studies, in order to establish and confirm the appropriate
concentration of IL-21 when demonstrating its effect on the HaCaT cells. The
IL-21 treated group, with doses of 50, 100, and 200 ng/ml, showed a significant
increase in CCL20 mRNA expression compared to the control (Figure 2) (P <
0.05). Also taking into consideration previously established condition standards
where most studies were conducted with 100 ng/ml concentration of IL-21,
experiments henceforth was performed using 100 ng/ml of IL-21 for stimulation

of the HaCaT cells.
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Figure 2. IL-21 in different concentrations (50, 100, and 200 ng/ml)
significantly enhance expression of CCL20 in HaCaT cells. HaCaT cells
were either untreated or treated with 50, 100 and 200 ng/ml of IL-21 for an
incubation period of 6 h. Then, CCL20 expression was evaluated via
quantitative RT-PCR. CCL20 Ct value for untreated sample: 29.40; IL-21 50
ng/ml 6 h treated sample: 28.44; IL-21 100 ng/ml 6 h treated sample: 28.56;
IL-21 200 ng/ml 6 h treated sample: 28.64 (upper panel). A significant increase
in expression of CCL20 was observed in all three concentration groups
compared to the untreated control (P < 0.05), with no significant difference

between the dose-different IL-21 groups (lower panel).
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4. IL-21-induced enhancement of the expression of CCL20 and CXCLS8
show different time-dependent expression peaks in HaCaT cells

Further exploration of the expressions of CCL20 and CXCLS8 in HaCaT cells
were performed using different incubation intervals with IL-21 stimulation via
quantitative RT-PCR. Increase in the expression of CCL20 was observed in all
incubation time intervals (4 h, 8 h, 24 h, and 48 h) compared to the untreated
group (Figure 3A). Expression peaked at 4 h incubation with IL-21 (an
estimated 23-fold) and decreased gradually to the level of the control as
incubation duration was extended to 48 h. The expression of CXCL8 was also
amplified with the stimulation of IL-21 regardless of the incubation time
(Figure 3B). Expression of CXCL8 peaked, however, when incubated with
IL-21 for 24 h (an estimated 4-fold). A gradual increase of expression was
observed prior to the peak, and a similar drop of expression level to the level of

the untreated group was noticed at 48 h.
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Figure 3. IL-21-induced enhancement of the expression of CCL20 and
CXCLS8 show different time-dependent expression peaks in HaCaT cells.
HaCaT cells were either left untreated or treated with IL-21 (100 ng/ml) for an
incubation period of 4, 8, 24, and 48 h. Then, CCL20 and CXCLS8 expressions
were evaluated via quantitative RT-PCR. (A) CCL20 Ct value for untreated
sample: 36.42; IL-21 100 ng/ml 4 h treated sample: 28.98; IL-21 100 ng/ml 8 h
treated sample: 30.77; IL-21 100 ng/ml 24 h treated sample: 32.33; IL-21 100
ng/ml 48 h treated sample: 36.96 (upper panel). Increase in the expression of
CCL20 was observed in all incubation time intervals (4 h, 8 h, 24 h, and 48 h)
compared to the untreated group (P < 0.05), with peak expression at 4 h
incubation. The difference between the untreated group and the IL-21 4 h group,
and the difference between the IL-21 4 h and 11-21 48 h group was statistically
significant (P < 0.05) (lower panel). (B) CXCL8 Ct value for untreated sample:
27.33; IL-21 100 ng/ml 4 h treated sample: 25.49; IL-21 100 ng/ml 8 h treated
sample: 25.31; IL-21 100 ng/ml 24 h treated sample: 24.92; IL-21 100 ng/ml 48
h treated sample: 26.28 (upper panel). Increase in the expression of CXCLS8
was also observed in all incubation time intervals (4 h, 8 h, 24 h, and 48 h)
compared to the untreated group (P < 0.05), with peak expression at 24 h
incubation. The difference between the untreated group and the IL-21 24 h
group, and the difference between the IL-21 24 h and II-21 48 h group was

statistically significant (P < 0.05) (lower panel).
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5. IL-21 does not influence the expression of psoriasis-associated
antimicrobial peptides B-defensin 2, S100A7, S100A12 in HaCaT cells

In attempt to reveal whether IL-21 also affects the gene expression of
psoriasis-related antimicrobial peptides [3-defensin 2, SI00A7, and S100A12,
their mRNA expression levels were determined in the absence and presence of
IL-21 stimulation via RT-PCR. In accordance to previous microarray results, no
significant changes in expression were detected relative to the untreated

controls (Figure 4).
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Figure 4. 1L-21 does not influence the expression of psoriasis-associated
antimicrobial peptides B-defensin 2, S100A7, S100A12 in HaCaT cells.
HaCaT cells were either left untreated or treated with IL-21 (100 ng/ml) for an

incubation period of 6 h. Then, [3-defensin 2, S100A7, and S100A12

expressions were evaluated via quantitative RT-PCR. DEFB4 Ct value for
untreated sample: 23.56; IL-21 100 ng/ml 6 h treated sample: 23.83. SI00A7 Ct
value for untreated sample: 17.89; IL-21 100 ng/ml 6 h treated sample: 17.83.
S100A12 Ct value for untreated sample: 27.46; IL-21 100 ng/ml 6 h treated
sample: 27.63 (upper panel). No statistically significant changes in expression
were observed relative to the untreated controls for all three antimicrobial

peptides tested (lower panel).
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IV. DISCUSSION

The extensive involvement, and therefore, the importance of 1L-23/Th17 axis
has never been more stressed in relation to the pathogenesis of chronic
inflammatory skin disease of psoriasis.” Its crucial role in linking the innate and
adaptive immunity lies in the various cytokines that are expressed by the Th17
cells that aggregate in the dermis of psoriatic skin. Previous reports have proven
that when keratinocytes are stimulated by IL-17 and IL-22 — the two main
cytokines expressed by the Th17 cells — not only an increase in antimicrobial

peptide secretion such as LL-37 and [B-defensin 2 is observed, but also an

overexpression of inflammatory cell-alluring chemokines such as CCL20 and
CXCLS is demonstrated. *'"?* CXCLS8 binds to CXCR1 and CXCR2, attracting
neutrophils to the site of inflammation, and CCL20 binds to CCR6, a
chemokine receptor present on Th17 cells, and therefore pulls them towards the
psoriatic skin.*' These aggregated Th17 cells produce IL-17 and IL-22, which
further stimulate the keratinocytes to promote the production of additional
chemokines, consequentially creating a vicious loop of inflammatory
aggravation.

IL-21, a novel cytokine originally reported to be involved in the differentiation
of T cells, is produced mainly by CD4+ T-cells, Th17- and Try-cells.**? Until
now, only a limited number of studies have been performed in regards to the

role of IL-21 in the Th17-dominant inflammatory disease of psoriasis. Previous
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reports have, however, illuminated the abundance of IL-21 mRNA and protein
in lesional psoriatic skin, the increase in IL-21 transcript levels in peripheral
blood mononuclear cells of individuals with psoriasis, and its independent role
(from IL-23) in the proliferation of keratinocytes, via extracellular signal-related
kinase-1 and -2 activation. IL-21, when injected intradermally in mice, induced
eratinocyte hyperplasia and dermal inflammatory cell infiltration."

We have therefore dedicated this study in order to clarify whether IL-21, like
other cytokines of the Thl7 cell, would influence the keratinocytes into
overexpressing psoriasis-related chemokines and antimicrobial peptides crucial
to the pathogenesis of the disease.

The initial microarray analysis revealed statistically significant increases in
expression of certain psoriasis-associated chemokine genes such as CCL20 and
CXCLS. However, previously reported antimicrobial peptides genes associated
with the disease (i.e. BDEF4, S100A7, S100A12) showed no change or a
decrease in expression compared to the untreated control. Interestingly, this
general trend appeared to exist where more chemokine and chemokine receptor
genes showed an increase in expression, while more antimicrobial
peptide-related genes showed a decrease in fold change, regardless of their
relevance to psoriasis.

The mRNA level study on HaCaT cells via RT-PCR further elucidated the
influence of IL-21 on the keratinocyte expression of chemokines while showing
no control over the production of certain antimicrobial peptides. The HaCaT
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expressions of both CCL20 and CXCLS8 were significantly increased when

stimulated with TL-21 compared to the untreated control while [B-defensin 2,

S100A7, and S100A12 were unaffected. Interestingly, when expression levels
were determined for different incubation time intervals, the peak expression of
CCL20 preceded the peak expression of CXCLS8 (4h vs. 24h incubation time,
respectively). This may indicate a sequential manner of inflammatory cell
infiltration, and hence the difference in chronological intensity of action in
attracting either the T cells that occupy the dermis or the neutrophils that
eventually are thought to immigrate to the upper epidermal level forming

Munro abscesses specific to psoriasis.
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V. CONCLUSION

In this study, we have further elucidated the role of IL-21 in psoriasis — IL-21
may induce a significant increase in psoriasis-related chemokines (CCL20,
CXCLS), similar to the effect of other cytokines expressed by Th17 cells (i.e.
IL-17, IL-22), but may not play a role in inducing psoriasis-related
antimicrobial peptides (B-defensin 2, SI00A7, SI00A12). We hope this further
elucidation of the role of IL-21 aids in the advent of yet another potential

therapeutic target in psoriasis.

31



O I
) el e
V4 AN

B-defensin 2
IL-17 Z130A7T L-17
CXCLe <CLeg IL-22 S100A1Z IL-22

L-al '“

\\@/@ o/ -

=\
@7 1\ N

Abbreviations: KC, keratinocyte; Th17, T helper 17; Neu, neutrophil

CXCRZ

Figure 5. A model indicating the potential role of IL-21 in linking innate

and adaptive immunity in the pathogenesis of psoriasis.
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