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Abstract

Project Code: RMU 5080064
Project Title: Roles of DNA methylation in psoriasis and mechanisms which control methylation
in psoriasis
Investigator: Assoc. Prof. Jongkonnee Wongpiyabovorn
Faculty of Medicine, Chulalongkorn University

E-mail Address: jongkonnee.w@chula.ac.th, jongkonneew@gmail.com

Project Period: 3 years (1 June 2007 — 31 May 2010)

Psoriasis is a common autoimmune skin disease, affecting approximately 1-3% of the
population worldwide. Etiology of the disease is still unclear. Recently, epigenetic phenomena
have also been implicated in the pathogenesis of psoriasis. We investigated genome-wide and
gene-specific DNA methylation in 20 chronic plaque type psoriasis patients compared to 20
healthy controls. Long-interspersed nuclear element-1 (LINE-1) repetitive sequences were
used for genome-wide methylation. The candidate genes, ID4 and BCAP31, were selected from
methylation microarray data and analyzed using methylation specific primer (MSP) and bisulfite
cloning and sequencing. Moreover, serum IL-22 level was analyzed before and after treatment
with methotrexate which is the methylation modifying drug.

The LINE-1 methylation level of keratinocytes and total leukocytes from psoriasis
patients were significantly lower than from healthy subjects (p < 0.002 and p=0.019,
respectively). For candidate gene, inverse correlation between /D4 promoter hypermethylation
and mRNA expression associated with parakeratosis was found in psoriasis. Additionally,
inverse correlation between BCAP31 promoter hypermethylation and mRNA expression was
found in peripheral mononuclear cells from psoriasis patients. Moreover, serum IL-22 levels
were significantly higher in psoriasis patients than in controls. There was a significant positive
correlation between IL-22 levels and PASI (r=0.63, p=0.004). Methotrexate significantly
reduced serum levels of IL-22 in psoriasis patients (p<0.001).

In conclusion, our study demonstrated genome-wide and gene-specific DNA
methylation play important role in pathogenesis and course of psoriasis

Keywords: psoriasis, DNA methylation, LINE-1, ID4, BCAP31, IL-22
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iadwiihwiludiholinsniadu Wisuisuiuaudnduaslseansglaun Tsa squamous cell
carcinoma of skin  uazAnEnlu human cell lines ¢199 Tapriaaaniiaiwiuonlasds laser
capture microdissection N8NA DNA m1311 DNA ﬁﬁﬁ'@vlﬁmlﬁ&lmi sodium bisulfite 575'\1%
Wasn cytosine ( C ) 1T uracil (U ) udazlaiaom methylcytosine ("C) ¥ bisulfite treated
DNA a1 amplifly Tasl® primer 2 0 Az methylated L8z non-methylated DNA  U&g
é’mﬁaﬂﬁaasm;jﬂm awln@ uaz cell line at19ay 1 318UNYIIMT cloneing and sequencing

Walssiiukanisanulasis MSP

- @nwmsuaadaanvadiin ID4 lagiaszau mRNA lagit real-time RT-PCR

lagana total RNA 310 human cell lines %ﬁ@@i’mﬂi@ml“ﬁ silica-based column
il’mﬁ?ua%”'m complementary DNA (cDNA) lagauiums reverse-transcription wazaLIaunm
cDNA maaﬁuﬁaﬂﬂ@m%% real-time reverse polymerase chain reaction lawld hybridization

probe

- @nsnsuaadeanvadin ID4 szaulysaulasdT immunohistochemistry

N A .. o s _ ,
laihzuiersmsaslsavesgiholsaazfiadn  fihe squamous cell carcinoma of skin

P HIERRRIE PO LRS! RAIntIveInulnd  waz human cell lines ¥1¥insEaw
immunohistochemistry lagld  anti-ID4 anibody Lﬁag}mmamaanmaa ID4  protein

ATUAN JUBIRIMIITINT

® mfAnsin BCAP31
e &nwinnie DNA methylation 289814 BCAP31 U310k promoter
laa3udAn®NTzaU DNA methylation 2838% BCAP31 U31aak promoter 14 human cell lines

NInUa 11 cell lines uaz PBMC 'ﬁﬂ’]ﬂfﬂ‘ﬂ"lUIiﬂﬁiLﬁ@lj‘]%LLa$ﬂ%ﬂﬂa ﬂa;lla$ 10 318
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NnnwhdlaweNana lauLGNaNT sodium bisulfite T93zLURBU cytosine ( C ) MAiilu uracil (U
) udazliifew methyleytosine ("C) 40 bisulfite treated DNA  a1%13 cloning and
sequencing @288198z 10 laaw  waeyinmyuazi CpG vuldslutaasvesdiu  Ndwwri

36,167 fl3 37,432 va9gudays U52111.3 Belinafn 48 dunsis

e Fnwinmsuaadaanvadiiu BCAP31 lagiaseat mRNA lagAs real-time RT-PCR
lauana total RNA lagld silica-based column mnffuai’w complementary DNA (cDNA)
lagauIums reverse-transcription LazaLIus cDNA maoﬁuﬁaﬂﬂm’i% real-time reverse
polymerase chain reaction lagls hybridization probe %dﬁ’]m‘sﬁﬂwﬂu human cell lines

TUAA 9 Ly PBMC mﬂ;jﬂaﬂIﬁﬂa:LﬁmﬁuLLa:ﬂuﬂﬂa nguaz 10 Mg

MIANENSTAUTSH IL-22 deuuaznasnssnnlagsunlnsinnwa

lam3tfiy clot blood angthelsaazifiaidu uazaulnd $1mam 5 cc dwntuuendsu
iol3A 20 g éhvﬁ"u;ﬂ”ﬂ'sumwé’aﬁwmﬁﬂmi@ﬂmLuImanw faiaz15 mg Wi 12
Flanyt asFnmsanzBeaialfudseness  andwihdsuilduniasey 1L-22 Taydt ELISA

lagls enzyme-linked immunosorbent assay kit (R&D Systems, Minneapolis, MN, USA)

n33AzHIDaa

ﬂ?iﬁ@ﬂ“ﬁagﬂf mean+SD, median, interquartile range (113} proportion
mi‘ﬂ@mauam@pwﬂa\‘imiﬁﬂ‘ml“f Wilcoxon signed rank test NINARBUANUANGAN [Test of
difference] 1% Mann-Whitney test LLae Kruskal-Wallis test n@®al correlation 1% Spearman
correlation Amzilanlilsunsn SPSS version 16 uazazfiaifivuddymiaiiafiszey
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1. N1SAN¥1 Genome-wide DNA methylation Tagly repetitive sequences
NAMIANB1IAT2AU LINE-1 DNA methylation lag3T COBRA  ¥inmsanmnlasuunisas
wikiwiwesdiholiaaziiade 10 Mo Tsnfiuuiafia chronic eczema 10 3¢ lsanziSeriia
squamous cell carcinoma of skin 8 318 UAZRINWIAKUNG10 318 WUI1T=@U LINE-1 DNA
methylation madmaﬁ%ﬁfaﬁww%waasjﬂmkﬂanﬁwﬁu fniumsswiaiwaasandnfodne
ﬁffﬂﬁﬂﬁtywwaaa(pw.m?, % LINe-1 methylation psoriasis vs. normal skin = 35.24+5.07 VS.
40.07+2.84) (Figure 1)

Figure 1

LINE-1 in Epidermis
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\flo¥msdnen 336U LINE-1 DNA methylation lag3% COBRA luimasidaidons1a
(total leukocyte)  ngiholinazfiadudwan 40 Mo WeuduauUnd  dwau 20 T
wudumadiaifeasnvesihelinaziiaiuiiszdy  LINE-1 DNA  methylation fniaas
WatiaauvasnulnfedilnpdAyn19aia (p=0.002, % LINE-1 methylation psoriasis vs.
healthy subjects = 41.96 VS. 46.35) LLa:LﬁaLmﬂQﬂasﬂiﬂanﬁ@Gumm:ﬁumm;umwaﬂsﬂ

v A { A °
lanande PASI score laangufiianuguusszaslsaninazil PASI score > 15 Gofiduan 20

pald LLa:ﬂﬁg;uﬁﬁmw;mmwaﬂmﬁaUa:ﬁ PASI score < 15 @aiswau 20 1w
‘wudwqjﬁ’aﬂﬁaaaamjuﬁmmﬁwaa LINE-1 DNA methylation lauanarsnuasnaiisadamy
neaiia  edlsfowdiaiuvesszdy  LINE-1 DNA  methylation Iuﬁﬂwﬁﬁmw?‘uma
maalsﬂunﬂﬁLLmMm‘hﬂinﬂaUﬁﬁmmgumwaﬂsﬂﬁam ANLadU789320L LINE-1 DNA
methylation lu;jﬂauﬁ'ﬁmwgumwaﬂ‘iﬂmnwhﬁ'u 41.14+ 4.71 wazenLafuued LINE-1 DNA
methylation sl,u;jﬂ’sU‘ﬁlﬁmm?umwaﬂiﬂﬁammﬁu 42.78 + 4.60 wudw;jﬂ’mﬁtomjuﬁﬁmm
yuusvatlininnuaziasiiszal LINE-1 DNA methylation fnineudn@ataitoidyneada
(p=0.036 L8z p=0.003 (v’l’l&lﬁ’l@ﬁJ) (Figure 2)

Figure 2

LINE-1 in Total leukocytes
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Figure 2

% Methylation of high PASI score (severe psoriasis) compared to normal total
leukocytes: P-value = 0.003

% Methylation of high PASI score (severe psoriasis) compared to low PASI score (mild

psoriasis) total leukocytes: P-value = 0.273

% Methylation of low PASI score (mild psoriasis) compared to normal total leukocytes:

P-value = 0.036

WWafnushavadimaaniiamatlfouudasszau LINE-1 methylation  #39839% 1088

uU
Lﬁmﬁawﬂnmnqmalisﬂazl,ﬁ@LGuLLazﬂuﬂnﬁnéjua: 10 FBVVINMSHENLTRALIALRAAUNIBEN
1Jushasnigfa T cell, Beell, Non-T,Non-B cell W&z neutrophil W31 neutrophil ’mnﬂ/ﬂ’aﬂiﬂ
feiialdnilsz@l LINE-1 methylation dndnaudn@edelvesanneadd (p=0.019) luwmeh

¢ & A P A ' L oA a A - A '
wasLlaRaaunTRadwlidanuuandsaieiiveimagnesifilaSoufiauszninle
ginalInlazawdn@(Figure 3)

Figure 3
LINE-1 in Celltype specific

704
h7) A
z
3 604
“__I i ‘A . ¢ VV

- sho 8 :0.0.‘ . ;3 EATEEE
g 501 4, ‘: ‘ ad ® o vy

[
| e e 4w o
% 409 abd Aa, .'3 ." ¢’9 +* v % -4@‘—
= OV I D¢ € x
K e ‘o0 e Ty v * *

w
o
-

A » 3 ® ®
6@ ’b"’\g ()0 00 00 00 OQ’ OQ’ (QQ ‘QQ
¢ & ? @ ? SN N N N
¥ ° & '@?) & {\& (o'b P ¥ N
¥ ¢ ¥ J { G » @
Q‘J Q"ﬂ eo & & Q
C) $ R
Q ¥ o
Q“.)

Cell-type specific



2. n1sAnv1Ew ID4

a. fnsIzau ID4promoter methylation u cell lines, PBMC
I3N9MNSANEN promoter ID4 methylation 1w cell lines @19 gwunlu n&u Hematopoietic
cell lines 1 Jurket, Daudi, Molt4 i ID4 promoter 1T methylated DNA mm:'ﬁ' HL-60 Lae
K562 1w mixed DNA PBMC Lilu unmethylated DNA LL@ilumﬂ;&l Epithelial cell
lines LT Hela, Hep2, HepG2, Caski, SiHA, HaCAT, RKO Lil# methylated DNA @74 SW480
1% Mixed DNA WazUACC903 til# unmethylated DNA (Figure 1)
b. #nMINTUEAIaanvad ID4 mRNA 1 human cell lines
1aesin human cell lines @19 98M%132@U ID4 mRNA lagit real-time RT-PCR  wWuind
9 HaCaT usz SW480 7IAN13usei0onuad ID4 mRNA S9gunusuuUHNAuiUMIAA
methylation 484 1D4 promoter (Table1)

Figure 1
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Table 1 Inverse correlation of ID4 promoter status and mRNA level of 11 Cell lines

Epithelial cell lines

HEp2 Methylated promoter 0
Hela Methylated promoter 0
RKO Methylated promoter 0
HaCaT Unmethylated promoter 19.4
SW480 Met/Unmet promoter 0.14
SiHA Methylated promoter 0

Hematopoietic cell lines

Daudi Methylated promoter 0
Jurkat Methylated promoter 0
Molt4 Methylated promoter 0
HL-60 Methylated promoter 0
K562 Met/Unmet promoter 0

Table 1. Levels of ID4 mRNA expression in epithelial and hematopoietic cell lines analyzed by
Real time RT-PCR. GAPDH was used as a control. The expression levels are presented as

ID4 copy number/GAPDH copy number. Names of all cell lines are listed for each row.

b. @nw1 promoter ID4 methylation 14 PBMC Laz %uﬁtamn;jﬂmkﬂanﬁmﬁu
#nw1329u DNA methylation 283 81 1D4 lu PBMC NGBLEINAN healthy d1wan 7
o uazgthelassfiadu $wam 20 e uafildda wun1sia DNA methylation Tunga
healthy 57 s falluiowsz 714 usz angihs 1420 o Aaduiowsz  70.0
ﬁ’fja"lxiwummLmﬂ@mamoﬁﬁfﬂﬁﬁm (Figure 2)

NIWIYM5ANEN promoter 1D4 methylation ’Lu%mftammjﬂaUISﬂazLﬁ@Lﬁu Wauny
Tsnuz1597%a squamous cell carcinoma of skin uaziwisaneulnd  lasSudnmluiulse
gziNaldwnew  WUINd non-methylated bands Aafuaiadoluianisnnaudnanaa
WU 6 18 LL@ilug’ﬂauiiﬂazl,ﬁmﬁm:wuﬁa non-methylated bands L8y methylated bands 6

318370 9 Y J9zauID4 promoter methylation = 34.81% Wadnmslu squamous cell



carcinoma of skin 41434 7 T1LWLIN E;I’ﬂm squamous cell carcinoma of skin ﬂxwuﬁd non-
methylated bands L8z methylated bands 3 18310 7 318 fyzquID4 promoter methylation=
21.84% (Figure 3A) zﬁaﬁmmmaﬁﬁﬁwmwjﬂauTsﬂa:LﬁmﬁuLLa: I}Eﬂ’JUISﬂ squamous cell
carcinoma of skin InsRNT W8T 1D4 promoter DNA methylation atinydi&1A7Yy (p<0.05)
(Figure 3B) il’mﬁ?uvlﬁﬁ’] sample ﬁﬁLﬂW’l: non-methylated bands LLazﬁﬁd non-methylated
bands W&z methylated bands 11%11 bisulfite cloning and sequencing L‘ﬁla validate NaYay MSP

WU WAV bisulfite cloning and sequencing LUululunadaany MSP (Figure 3C)

Figure 2
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c. @N®N NIuEAIaanvad ID4 protein 'l,u‘f?mf‘:aﬁ)’m;jﬂaﬂIﬁﬂa:Lﬁﬂtﬁu
Anwmsuaadaanues  1D4 protein lag3s immunohistochemistry ‘lu%ul,f:ail’mgﬂ’m
Tsaazifiadn (n=9), ipunulsafngsan ldun lsanziSeofia squamous cell carcinoma of
skin(n=7) , 13@ chronic eczema (n=7) WazRINIINNAULNG (n=6)  WUIUTASAINIIAINA
FuunUSmifia parakeratosis Tulsndng g alifn1susnsaanves ID4 protein (Figure 4)
Figure 4
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Figure 4 immunohistochemistry 284 D4 (A-C) Awihiauind  (D-F) Aulsaaziiaidn
(G-1) AulsauziSndia squamous cell carcinoma of skin W8z (J-L) f{ulsa chronic

eczema



d. W3suifguszay ID4 promoter
methylationi:%’j’mL%aﬁﬁﬁﬂﬁd%udﬁdLLa:%uuu

TasusnuasAnmisTuunuazsusnsaananiulasis laser capture
microdissection  ugnia neutrophil Aiunsnlusuwisiwhamuuaaniialildany
keratinocyte niwianaia DNA in bisulfite treatment uas@nms=eu 1D4 promoter
methylation 1a3% MSP technique  @nmlugthe 3 ewud  amawu@amz
methylated band T keratinocyte ﬂﬂﬂﬁ?%ﬁdﬁﬁw§ﬂ%uuu (i:é‘ﬁ_l DNA methylation
=100%)(Figure 5)

Figure 5
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e. fN®1 MIuFAIBENUaI ID4 protein WiBLLTiBy human cell line fitlu non-
methylated ID4 promoter WLz human cell line 'ﬁLﬂu methylated ID4 promoter
WU31 human cell line 'ﬁLﬂu non-methylated ID4 promoter (HaCaT) wANIURAIDONVDY
ID4 protein LANEIIAIN human cell line 'ﬁLﬂu methylated 1D4 promoter (HEp2) azldding

LEaIanNVYasd ID4 protein (Figure 6)

Figure 6

Immunohistochemical detection of ID4 in cell lines using a polyclonal antibody to 1D4. (A-B)
HaCaT cell line and (C-D) HEp2 cell line. A and C show the light microscopic appearance of
the cell lines (hematoxylin and eosin, x600). HaCaT displays dense nuclear staining of 1D4

(Bx600) whereas HEp2 lacks staining for ID4 (Dx600).

3. nM3Anu1E BCAP31

#1350 BCAP31 lavinmsAn®snnniz DNA methylation  lasvinnmsdnsilu human cell lines
vawue 11 cell lines wazfnsdnslugihelsnssfiaduuazaulndnguaz 10 1o
lag@nwle PBMC lagABms  bisulfite treatment, cloning and sequencing 1882 10 Taan
wazvimaeed CpG uuluslumesuasin  Adunis 36,167 A9 37,432 2093 UT0YA

4 g . . - .

U52111.3 T98NIRH 48 Gunid Figure 1 UWRANWNA bisulfite treatment, cloning and
sequencing  W@ATIY HnaNFIUEITIdIuRIINd%  Unmethylation 29nauEdnuges
fedunseaniiu  Methylation uazilalIouisudaaierasIzal DNA  methylation

ToIudRZEMAY  NIWNe 48 dunmie  vasgthalinssfiaduuazaulnd  wutigihe
liaazifiadullizdl DNA methylation 28984 BCAP31 ganiaudnfadnsfitudatynieaia
(6.844 + 0.4365 VS. 0.5563 + 0.04395 p < 0.0001) (Figure 2)
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mnﬁ?u;ﬁ%‘ﬂﬁﬁwmsﬁnmszﬁu mRNA 2898% BCAP31 lae3t real-time RT PCR  Laz
normalized ¢28fu 18 S las@nmnlu human cell lines n9wua 11 cell lines  WuILawe
HaCaT cell line A3N13uAAI V89 BCAP31 mRNA gufimﬂ%mmﬁﬂuﬁ'u human cell lines 81 uas
2AUMIUEAI8aNYEI BCAP31 mRNA HaNURUWBSUUUNNNWALIZAU DNA  methylation
(Figure 3)
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Figure 3  W&AI52@L mRNA 8381 BCAP31 las33 real-time RT PCR  uag normalized

@881 18 S 289 human cell lines NIua 11 cell lines

wsziilormIfinenssdy mRNA 2898u BCAP31 Wisnifisuszniedihelsaazfiadu
wazanUnddoldrinnmIdnensEeu DNA methylation &2 wuiw@ﬂwkﬂauﬁm’fmﬁizﬁu
MIuAAIaanTad BCAP31 mRNA amasatafituddniiiafinuiuauilnd(0.0565 + 0.00550
VS. 00661 + 0.0013 p< 0.0001) (Figure 4)
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A1919N 1ﬁa§aﬁu§7uﬁavlﬂmaa§ﬂan (demographic data)

Male (N=14) Female
(N=5)

Age (yr) 44.21+10.7 4416
Disease duration (yr) 1019 616
PASI baseline 22111 1443
BMI 234 3 23.0943.1
Previous systemic 8 (57.14%) 0
treatment

1. Serum levels of 1L-22 were significantly reduced after treatment with MTX

FVITNATIINLETY IL-22 wuvlﬁ'luﬂg;uﬁaarjw 17 A4 (89.47%) UANYNAIVAN 13 An
(68.42%) @Na1d [Median] 28932QU 1L-22 °11aa@ﬂ’muazmjm’mqwﬁmwhﬁ'u 30.1 uaz 9.15
pg/ml AWEFY (1397 2) Tapfiszay IL-22 daumsinmvasnguditheiisannnia
ngunIuguadafituiAn (56.63 60.73 pg/ml vs. 12.58+12.59 pg/ml, p<0.001) (Fig 1A).
nﬁimgﬂmﬁﬁmaﬂiﬂgmm (f1 PASI score >15 )  arflszeudsu IL-22 ganingw
Q’ﬂ’;&lﬁﬁﬂ’]’aﬂiﬂﬂ’mﬂmd (i1 PASI score =10-15 ) agdlnuan (92.81+64.47pg/ml vs.
16.43+12.88 pg/ml, p=0.001) (Fig 1B). waziz@udTw IL-22 aaasatnafitudaynamssne
#2881 Methotrexate (5.98+4.69 vs. 20.09+10.58, p <0.001) (Fig 1A).

wananigslevinmiaszaudsy IL-17 &5y IL-17 sannaTanuldlungugihe 2 au
(10.53%) aan 19 au LLGi@li?ﬁ]vlﬁjwuluﬂE;l;Nﬂ’JUQN WasTeaudsy IL-17 liSanuuanednsine
wningudthouaznguaisquadsfiveiayneadia (0=0.142) wainsinu linulalalad
ﬁdﬂmﬂu%?wjﬁw



A9 2 LEAITZALTTY IL-22 waz PASI score HaWLATRAINTINGEN

Mean Md 1Q p-value
PASI-score
Before 20.09 15.4 12.5-28.4
After 5.98 5 2.1-11.1 <0.001*
IL-22
Before 56.63 30.1 11.39-113.92
After 9.33 2.41 0-21.12 <0.001*
IL-22 control 12.58 9.15 0-25.42

p-value LN8UTZRININDBURZRRINITING
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Figure 1 IL-22 serum level in healthy controls and in psoriasis patients at baseline and after
treatment. Each dot represents the IL-22 serum level of a sample. Horizontal bars represent the
mean. (A) Comparison between controls and psoriasis patients, at baseline and after treatment.
(B) Comparison between psoriasis patients divided into high and low PASI groups, at baseline

and after treatment.
2. Correlation between IL-22 serum level and PASI score

@1 PASI score uAzIzeUESN  IL-22  reuuszwasmasnsuseslHluansed 3
WUIIeeUEsy  IL-22  dewmssnunfanusuwusiu  PASI  score  3x@uiwnans
a8INNBEIAYNIIRDA [r=0.63, p=0.004, R-square=0.21] (Fig 2A). LLa:LﬁaLmopjﬂwLﬂu 2
ﬂéjumuszﬁu%%"u IL-22 fawnsInwudn ﬂ@;wﬁﬁi:ﬁw”ﬁ%’w IL-22 §9 (IL-22 >50 pg/ml ) (n=6)

WanAUNNIZAUEIN 1L-22 d1 (ILl-22 < 50 pg/ml ) (n=13) WUINFUNTTZAUTIN 1L-22



§0ﬂ$ﬁﬁ1La§UTBGPASI score  NAARIRAINTINEIANNATI ﬂéuﬁﬁi:ﬁﬂﬁéw IL-22
fnatnadiudannIaha (22.92£10.67 vs. 10.05+5.83, Z=2.68, p=0.007) (Fig 2B).
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Figure 2 IL-22 serum level and PASI score in psoriasis patients. (A) Correlation between IL-22
serum level and PASI score at baseline (r=0.63, p=0.004). Each dot represents the IL-22
serum level and PASI score of each patient at baseline. (B) The clinical response to MTX was
significant different between the group with high and low IL-22 serum level (Z=2.68, p=0.007).
Each dot represents PASI difference between baseline and after treatment of each patient.
Horizontal bars represent the mean of PASI difference. ‘High' indicates the high serum level

group (IL-22 >50 pg/ml) (n=6) and ‘Low’ indicates the low serum level group (IL-22 < 50 pg/ml)
(n=13).
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