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31Uy Abstract (NB139NY )

Project Code : TRG 5480010

Project Title : The mechanism of DNA methylation and severity of ID4 in Psoriasis

Investigator : Dr. Kriangsak Ruchusatsawat
Thai-National Institute of Health, Department of Medical Sciences,
Ministry of Public Health 88/7 Soi Bumrajnaradura Tivanon Rd. Muang
Distric. Nontaburi 11000. Tel 02-5899850-8 ext 99313. Fax 02-5915449

E-mail Address : kriangsak.r@dmsc.mail.go.th, ruchusatsawat@yahoo.com

Project Period : 2 Years (May 1, 2011- April 30, 2013)

Epigenetic phenomena have also been implicated in the pathogenesis of
psoriasis. There are several reports specific genes promoter methylation/demethylation
in psoriasis such as ID4 and SHP-1. Psoriatic keratinocytes possess an enhanced
ability to resist apoptosis, which might be one of key pathogenetic mechanisms in
psoriasis. B-cell receptor associated protein 31 (BCAP31) have been reported to
function in apoptosis. Here, we investigated DNA methylation/demethylation in psoriasis
using BCAP31 promoter model. The laser capture microdissected were analyzed using
bisulfite PCR method, cloning sequencing and immunohistochemistry. Interestingly, the
methylation levels of BCAP31 in microdissected epithelium of skin and from psoriasis
patients (n=10) were significantly lower than from healthy subjects (n=7) (p < 0.001, %
psoriasis vs. normal skin methylation = 70.0 VS. 14.2). Moreover, level of BCAP31
protein in normal skin (n=5) and psoriatic skin (n=8) were significantly (p<0.009).
Therefore, the present study demonstrated BCAP31 DNA demethylation and high
expression in psoriatic skin. In addition, BCAP31 gene may be a candidate as marker

for therapy or monitoring for psoriasis in near future.

Keywords : BCAP31, DNA Methylation, Psoriasis, Apoptosis
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5228 1l@a39n13: 2 T (Tuf 15 Augnon 2554 A930A 31 wosnaw 2556)
UNAnY
TsaszfadudulsafidanufaUndveimaadaydulaowazmaylaouuladzed
asAMTIINiinmaie  exledlads Suilial 31 (B-cell receptor associated
protein 31, BCAP31, BAP31) fiwuinfiszauaas wiiaatu saaslulsaazifadu an
nIALawe Luﬁamfu lulasazis (DNA Methylation microarray) miﬁﬂ‘ﬂﬁﬁ'ﬂﬂ%{]ﬁ
5l dnwnlu Suite wuuwsnviiawwasivislasldiaioaimes (Laser  capture
microdissection) NNA019awUNG uaz Q’ﬂ’miiﬂauﬁ@ﬁu (Psoriasis) 311% 10 A%
WAZ 7 A% uazaImIlapit Methylation Specific primer (MSP), DNA cloning W8z
Sequencing  Waz ATIVIATTAUNIUEAIaanvad 1Usdu Tiad 31 laedT Buyludlaiau
a3 (Immunohistochemistry)  HUGI0EN9TWHDARINE  $1149% 5 A% uAE dthelsa
ax1fial3% (Psoriasis) $1W3% 8 A% TIWLUT1 DNA methylation 209 8% Tiatl 31 ludu
o dreghsanaulnd pjﬂ’mimauﬁmﬁu $ouaz 70.0 uaz 14.2 anwdey Beluninin
FIWUIN USunmuadniiia DNA methylation faliln Sasas 60.61 was 13.60 aUS1GL
Bafanuuandsagaiieian s=ndns audnd fu Athelsasziialdu (p < 0.001)
wananit nsuaasaanvesllsiin diay 31 lugthelsasziiadu Gagandilu audnd
atalinadan (p<0.009) udadglsfiain nalnnsiia flufaiadu  (Demethylaion)

a & o A a A & a & « A A, A = ‘
UDd YU LR AWINVDY JUth 1%13@@3[;(]@“]% ’i]\‘iL‘].I%Liﬂd“f]%’]%%ﬂ’liﬁﬂﬂ’]@lavlﬁ
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Anan : lsaazinaw Aawatnnatazu dwiail31 axlailads
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ANUEALVDILIARLAALIU (psoriasis)

Isaazinadwdulsafimnisinuldvestszanmdonas  2-3  wasdsesinslan(i]
atidnsaimafalsalwweamouszndgliuandriiu . anugnussmuialiauanedenu
ldanupiidszine 1Bem@ uazisuiaden et damanugnlulizng Samoa
dgais 0% udilulszing Arctic-Kasach'ye g4t 11.8%[2] MasuialFedillszmng
\TATIRA9 G FIWIBANN wudwmwﬂgﬂmaﬂsﬂauﬁm’fmh India 0.5-1.5%, Malaysia 4-
5.5%, Japan 1.18% Waz Kuwait 3.1%[3] Judu #nsudszinalng msneaudszdnd
209 aMULIARIME NININMTIIEY WAz 3000 Medal Seanaiinecd
a‘hmugﬂwﬁ'sﬂizmamﬂﬂ’hﬁ Qg K[IISIn I

2 A P ) o & a & A o Ao @
nnnsansfikunauiislagiuagdlddn lsesufadwdulsaneanupiduiu
1 v é { v e . . .
GAUAKLEITINITRINY T-lymphocyte (T-lymphocyte mediated skin autoimmune
disease [5] Img?ﬂ’;UﬁﬁuﬁqmmﬁﬁLLmMﬂummauauawamﬂﬁﬁuﬁmﬂmmu type 1
immune effecter functions 1XalimInszduszvunidunn T cell Naeuauasazidu T
helpert Waz T cytotoxic %4 cytokine ‘ﬁﬁgﬂl,mm@iuﬁa T-helper type-1 cytokine LA
interferon gamma (IFN-gamma), interleukin(IL)12 wag 1L-2 Wudw [4, 6] wananel
MIRAY  proinflammatory cytokines WAz chemokines @149 T9RUARINAIANNNT
WigLAulauazWanNReUnfuedasianmg  IMIANIIWINIBLTIANAALIREA LAz
a o &
LAANITONLEL

atdlsfanuluatiuds linnuaungiuiisaesliausznalnnaialiad
o A [ Y & ! Ao o ' A A o v |
Taau wiiaifadunewugnasudusiudsznauidagadimibanvnlddthoudazne
fjmmamaamlaﬂsﬂLLazmm;uLLmaﬂ‘mﬁ@mﬁu fnsnumAdonatuaywindaiy

L ot A o s o v Aa =) = 1 = Qs
NINUAUTNTTY faudmaylunsiliifaliadamsanelududelalu@ean
(monozygotic twins) @A concordance rate Uszanns 70% twameNilaiIouAsunue
uelaliauazly (dizygotic twins) He1 20% wazannmsanmluasaunsy (Family studies)
ﬁqﬁ'@msdna@ﬂﬁﬁudﬂﬂaé‘fﬂma@Tﬁuﬂ’ugﬂswﬁwa@iamuﬁﬂkﬂauﬁ@ﬁu NI

& 2 o A A A ad o A a o A &,
vailinargaiuinnielosas 50 wiannnisrasgndntaimuiiaaduiiuiianane uas
witdulsaaziiade LL@ié’@mmmqﬂﬁ]:a@aaﬁﬁaﬂa: 16 anensauiaulanunitaiu
=) v .:{' g: 1l 1 1 v & d' = 1 d‘y = 1

lsa uazaandfiofena: 8 enanauazudldlaiulin  Gsn@nwunsiaiuauui
o ~ Ao o & a X v & A « & a

wugnasuiunumiaaydelinsniadu  71% sesiholuividniidulnaziiadu
unddszianeasauaTInanand] AnsAne1n Susceptibility regions UUATMALIA
vaslasluloafiiedasnumuialnaziiaduluuyed  wohiduiinodesiumaia
l3a wazmidufiuveslsasziiadunaisditu  Bunddunisaguulaslulonn 1921,



3g21, 4q, 7p, 8, 11, 16q, 17q, 20p WA 6p AANMVUFNAUTAUMTAALIA LazMIA L
284130 [7]

ANUEINEUVDI DNA demethylation/methylation AulsarzlAadn (psoriasis)

Lmeamsﬁﬂmluﬁafgﬁuuaﬂmn’?Lﬂﬁzﬁmimﬁwuﬂmﬁwé’mnaluﬁuuﬁ'a 69
M IfnsINATINMIAILQULLLKENIAHEWUINTIN  (epigenetics) Faimaasuwutas
nalnmsrnuesdulag ldifsdostumadsosulssdrauiusuassny DNA lagianz
M3Aian1z DNA methylation meludu S'fiaLa‘fluﬂavl,ﬂmuqummamaanmaaﬁu’tumaﬁ
Fwz  degais  lasmsdnsdwinannuaaslimanisanuaunusrasmaian
AumIUasuuasszdu DNA demethlation/methylation ﬁalumuﬁumugwmmamaaﬂ
28932139 (oncogene)  LazEuAWULLSI (tumor suppressor gene) [8-10]

291uiin3fn1 DNA methylation Tun13ifialsn autoimmune G35 ldanniin ue
atalsimuiinsdneuiio gilfusaddtiduiinnudidyresmayiouudasszdy
DNA methylation funsiialsaasifiaidn (psoriasis) laganieunsansniasdu
°11aanémﬁ%’ms%aoluﬁaoma: methylation 2898w SHP-1 Geviminfiiln negative
regulatory signal gene 184 epithelial cells LLazé‘@agluﬂémaa tumor suppressor gene
s hematopoietic cells SHP-1 ﬁwmﬂﬁ%’]ﬁryLﬁmﬁaaﬁumsmuqumzmuﬂ’mﬁﬁryLLa:
Lﬁm‘hmuéa%uagjiﬁ'mﬁmaamaﬁﬁ?u6] nnmsanmassiinunafiinaulaasneannda
1319  promoter PasiuiiAanszuInms demethylation #38 hypomethylation lulaag
Awiiwasanlilsnazifiadu  (psoriasis) Befianuuanersetsfituidumeaiifiie
wWisuiisununguaIaw nnuamsannluasifuaaslmiAininnszuiums
hypomethylation 39u1azliununiayaaneniuiievadlsnfdmis (skin pathogenesis)
TaganziiedosfuTeauUnIIiRe SHP-1 transcription luiuvaslsaazifiaEu [11]

f11n5U Ou D4 (Inhibitor of DNA binding/Inhibitor of differentiation 4) “?'ll
anzI9p ldvinsfinm Tull w.e. 2551 wunduiuiinuirdanusulada 104 S
{U1TNV04 basic helix-loop-helix (bHLH) family lag lufduvadiudn3i3suw ( lacks a
basic region) vinlwligunsafiazsuny duves DNA ldlasass aoiniavimiinfiles
Lﬂué"mmaﬁﬁuﬁumjuiﬂsauﬁﬁmﬁwﬁﬂué”mizﬁu (Transcription factor) #aa@ 26
(Repressor) NIULFAIDONYDID WA 'é‘ﬂﬁv'dﬁ'aﬁmmamaaﬂmaaﬁuﬁﬁdﬁﬁﬁ@agluuwo
o5uazTn Neanlnsass swes uar vesIwvassrULlszan [12-13]  udn dwsy
wihflaas Tusauit fsenufiferdesiv maasudulauaznisdfouudasves woad
[14-15] ﬂ’]iﬂiz@?%IﬁLﬁ@ﬂ’]i@’]mLU‘U azidadlada [16] 1lludu WaNaNiL IATENENN
woa s Sufisuiensifiausise (tumor suppressor gene TSG) lu

121396119 9 LT% malignant lymphoma [17] , gastric adenocarcinoma [18] , breast cancer



[19] , and colorectal carcinoma [20] , WA LWN1INAUARAEINLI Lﬂuﬁuﬁm:@jﬂﬁlﬁ@
N3 ( Oncogene) \iales prostate cancer [21], and bladder cancer [22] 1 uaw
ﬁm%’umsmqummamaaﬂmaaﬁuﬁlumjﬂiﬂmﬁd@m6] WU AVUINNNT
DNA methylation Zgwifinadas El,umimquuaoﬁuf:ﬁm [23-25] uazgdlailad
msﬁﬂmmmumsmquﬁtlu‘[smmﬁ@ﬁu é’afu@mﬁ%’maomﬁoﬁ'umsﬁﬂmlu 1
Cell lines @9wuin wuin lu 1) N§¥ Hematopoietic cell lines (5 T#a) 11w Jurket,
Daudi, Molt4 , HL-60Lw methylated promotemmz‘ﬁl UazK562 1% mixed (met/unmet)
promoter PBMC 1w unmethylated promoter 2) ﬂ&j&l Epithelial cell lines (6 THa) LT
Hela, HEp2, RKO, SiHA, , ti# methylated DNA  SW480 L% mixed (met/unmet)
promoter W8z HaCaT LI unmethylated promoter (gﬂmw 1A) mﬂffuﬁu{fui@mmiﬁﬁ

. . é 3 % A U s
Clonning Sequencing TIN AR TOAARDINY (Eﬂﬂﬂw 1B)

gﬂmw 1A 1Laz 1B

A
Epithelial cell lines Hematopoletic cell lines
- = z - | -+ = =
2 s g ¢ % sz : 1 $ I 0§ =z
= B K = @& @ &8 & = = o= &
% U MUMTUMU MU MU M % UMUMUMTUM UM UM

B
Genbank NTOO7592
+1 ATG
I promoter 619 cﬂ‘w
— —

1 1 34 546 THERID 11 12 13 1415 1617 18 1020 21 I 23 M4 15 Id

LR T
2R IR IRERRIRIAIRRREL

HaCaT




wananh anIdnldnasaun1InIuguN1ILAA108NT8ITLIUNIT  DNA
methylation 1asn379 NSUEAI8anTad  mRNA lagiT Real time RT-PCR Gdwuqn
finsmuguniuaaseanlagruaLInmIil 939 (197 1)

mi'mﬁ 1Inverse 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 194
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
PBMC Unmethylated promoter 0.43

§13TUn3Lia DNA methylation ludu lusluiaas va48u  1D4 Tugihwlia
=3 a wua v YV o =1 = = 1 U [~3 a o
szifaduauzdidn ldvinmsfinmlos nmawSouiisusznivgdiholsassiadu (1w
[ a o A = ' a . L a
9 AWNUALUNG (31w 6 AR) TINWLIN TN13LHia DNA methylation Tua3dlaz A
wan@nvaeiinpann p= 0.004 (UMW 2 A, B, C)
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Normal
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Psoriasis
& 5| £z 4 £ b E B
*UMUMUMU M*UMUMUMUMUM
B
Genbank NT 007592 AT
ID4 promoter
619 +139
N1
P6
P7
C

% methylation

Normal
Psoriasis

\WaButi natiia DNA methylation lusu lusluiaes 2asiiun  ID4 Auqums
usasaanvaildsdiu (U wA 3) 3sienating (lesional psoriatic skin(3B, 3E) lifau

Immunohistochemistry  GIHaNagaUNUINIMIToNFARN W HALANGIAUAT Lo



a

= A o . A a9 oo & &
Wisuthauny  Normal skin (3A, 3D) LA VUNURIWNAA lATaLaudu 19 Normal skin
(3C),lesional psoriatic skin(3F)
3Unwil 3 A, 38, 3C, 3D, 3E, 3F

a ad

TIUNI INEIUNAAFNUANA1IAW (Upper/lower lesional psoriatic skin) bnasay

a A =3 1 1 :!IA a v |
M3 DNA methylation GIAWUIN Tuaun@ad (lower part) 1¥na 11 unmethylated

promoter L8z s lifad (Upper part) LI methylated promoter a&19TaLa% (Eﬂmwﬁ
4)
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sydwalwdasduitimuniaiia DNA methylation lusau lusluiaes 2esBu
D4 ludthelaazfiodn uszhazliaiwieadasnuniafia Parakeratosis (upper part)
A = A ad g o & ) & & Aa
FaduanulaUndnwuuinlulad UM IAWNULT WA TILINNUNIITNLINY
(submitted paper, THAZLBIAAINBNEINUUL)  weBENIlsAANY NINAbAAITIAA DNA

. 3 A A s Aa . { o
methylaion 289 BuillsasziAnidn Selansaaznsiia DNA methylation A3LMNE Wy

LANENNNNAANLLT

o & & é‘m» o =] (-] a
ﬂd%%i%ﬂ’ﬁﬁﬂﬂ’]ﬂﬁid%glnﬁlﬂ ﬁ)zmm‘sﬁnm 1) ﬂﬁlﬂﬂ'ﬁl‘ﬁ%&l?%’]ﬂ’ﬁmﬂ
- > > 6
N1 DNA methylation 289 ID4 promoter LLaE 2) ANNANNWDUDS ID4 promoter
. g =3 a @
methylation nuy ﬂ'J'l&JE%LLiG‘ﬂENI‘Sﬂ maafmazmmmuaxm%Lﬂ%ﬂiz‘fmmﬁlum‘s

A s lasnuuazSnelsauuulnaiaalil

Janiszaea
1iafnwnalnmamiisaiinisian1az DNA methylation 1w 1D4 Tag 19
HaCaT cell line Lduawuuy
2. efnmmMIUaouulsaseayu 289 DNA methylation 284 D4 promoter

(ﬂ'am'mgumm aﬂmauﬁmﬁu



A5NAa09
NWisaSitazuamsanein 2 sude
1. Wadnwnalnnswmiei1n15tAnn12z DNA methylation 1w 1D4
gene Iaa 1 HaCaT cell line 1wawuuy lag
1.1 1U56% (eg. CDC42) w38 an3LAdl (eg. Anadamide

(arachidonoylethanolamide, AEA) 1°ﬁﬂ§$@1'u HaCaT cell line [26-27]
1.2 M33@ 32AU289 mRNA DNA methyltransferase (DMNT) lagi3%
Real-time RT-PCR
1.3 g]mil,ﬂ'é"mmmawaa DNA methylation U89 ID4 promoter lag33
Methylation Specific PCR (MSP) uaz 1aUSunaanuiduduaes  PCR
product 119 Methylated @z Unmethylated band lagldin3as

Densitometer [28]

2. AAFNNWIVI 209 DNA methylation 289  ID4 promoter NU
AMzanuguwns  ulsasznakn
2.1 mjuﬂ‘s:mns‘ﬁ'ﬁnm
mnﬁanmﬂuﬂs:mmﬁﬁﬂm Lmamjuﬂimmﬁa:ﬁﬂm srit
Qﬂas"lmﬁﬁmqwmﬂ’jm%awhﬁ’u 18 Uiilulsaazifiadurfia
mild ,moderate LA severe

chronic plaque type aNsuMIATINEARSANTIARWIIls9nENLs
PNMINIVFIMTIAINY 1 30 B (N§Uaz 10 Aw) lasfinginosily

NMIAALRANITNANANHILALAADANINNNITANEIAIT

agLna lunIAALAanLaNaN@nE (Inclusion criteria)
v A A 9 Aa A | @ =
1. gwdlanragmonlangannimiayinn 18 1
2. diholdfunmaitesviniulsaaziiaiiusiia mid, moderate, severe
chronic plaque typeI@m LLWV]ETQL%U’JT’]IQY]’N Dermatology WIDUNY
lasunmsasaduiianedasdjuamaivedugunanisifiaay
ngmme‘nﬁlumiﬁﬂaanmnmsﬁnm (Exclusion criteria)

1. ;ﬁ?ﬂ'gUﬁ"l,&iaifﬂﬂaﬁuﬂam%iammﬁ%’m

10



2. Qﬂwisﬂauﬁmﬁumﬁ%ﬁmmmwwzﬁa&imﬂu 2 §Uony wia e

Judsemuwinen linaziatdnnele 4 slavnawd1Iun1TIAL

A ¥ e

3. Hﬂwﬁﬁgﬁqu u‘unwiaaLLaijﬂwﬁ"L@T%'ummju Corticosteroid
MuiIINa)iduIuan 9 vtkeinnsdnmn
4. ;&’ﬂ’mﬁﬁm’;z Autoimmune disease

5. gﬂ'sﬂﬁﬁﬂszﬁlﬂu‘[sﬂmﬁa

a

losdthogusamdiiunsdnslassswluluBueau uaziufindoya
fAnaainuesgie
1. ﬁaﬁlaﬁug’mﬁ;ﬂﬂ (demographic data)
2. dszifiunnuguusizaslsn lasanduainaanis, 14 Psoriasis Area and
Severity Index (PASI) score %deﬂu clinical score &l’]@li’]gﬂﬂumiﬂ‘suﬁu

ﬂ’l’]&lE%LLid"ﬂ E]\‘Jé/ﬂ’.] ElIﬁﬂ&zLﬁ@LT‘l%

& LY 1 'V
2.2. MSLNUAIBLILATENA DNA
Fwitaan paraffin  section WANLTASTURBIAINIIBENNNANEN lABYINANTHLEN
LIARGIEAD Laser capture microdissection (LCM) (f1%3U Tuliavasaulnd
;ﬁ%’mwamﬂgﬂaUﬁm%'umimé'@ﬁaﬂﬂiﬁ?u@mum TagvinnsiAuTuitane
%éﬁmﬂﬁﬁjﬂa51L%umﬂuauuamﬁﬁ'wimmﬁ LRSI UT WO LRSI NLTAE
' = s : d?’ CA n:i' VU @ % [] )
ROl T TG E R LR B H maimﬂumamamuqu 1 10 W) LA

19819 Uaziiin (A1835019337%) Loy aﬂmm;mmwaﬂsa

2.3. M3@An1¥1 DNA methylation 1w D4 promoter

§na DNA ﬁ]’mLstaa(ﬁLLEmvlﬁT@ﬂ“ﬁeJ% phenol-chloroform extraction LLs
HanAnIansUenIAa methylation 14&3% promoter 289 candidate gene 4
ag‘luﬁuﬁuq lagl35 Combined Bisulfite Restriction Analysis (COBRA),
Methylation Specific PCR (MSP) @513 2 33inannisaa n3uin DNA fiafialein
LeuanT sodium bisulfite B9az1URHH cytosine ( C ) WTu uracil (U ) uwdazld
\Waew methylcytosine ("C) STnsusnawnsnin luiiudwinlagdt PCR Seaz
i amplicons ﬁvlﬁﬁ Thymidine ( T ) Wn# cytosine ( C ) Vi‘lﬁilﬂﬂﬂﬁ%
methycytosine ("C) Alaitasn earussaansals restriction enzyme MnuNzaw
falfaugnanuuanesle dau‘i%ﬁaaw:mﬁsqmauﬁamaa primer 713

ANNINIzZAE sequence Niiarsaliiian1ie methylation T9aziinnsaanuuuld

11



founaved amplicon UANGIINY  lAEANIANBIANIE  methylation az@alilu
wWediruduazilSauifisusznivnguaivguinnguidihslaaziiade (psoriasis)
LNOWIAMNENNHEIZWIN9NIZ methylation 1 candidate gene fu mM3tAalsn
§2LNaL3w (psoriasis)
2.4 M3IATEAUVDILEAIDNVDIEH (MRNA) Tae35 Real time RT-PCR
mIana RNA 3nn@l8e14 lagld Trizol reagent (Life technologies. Inc)
dasey  mMIFsase cDNA lag3s (RT) (Promega, USA ) annsim 14
QuantiTect SYBR Green | (Qiagen, Hilden, Germany) @14 protocol. L\ N
m‘%aa Light Cycler machine (Roche Molecular Biochemicals, Indianapolis, IN,
USA) Aiamzinalasn1sda specific peak uaz 9 specific band lay M3l
agarose electrophoresis LazglaNa ethidium bromide. 1%ILNITIATZALVD
PCR product Mifisuny GAPDH %atﬂuﬁumuqu
2.5 n15%1 DNA Sequecing tiafiusinuazas DNA methylation
n13¥1 PCR product 1ﬁu’%qw§ I@ﬂmﬁwméu%gﬂ (High pure PCR product
purification  kit, Boehringer Mannheim) LL&Zﬂ’li%’lﬁ’]ﬁULUﬁI@Ul‘ﬁ“]qj@]ﬁ’lm ABI

PRISM®, Big DyeTM Terminative Cycle Sequencing Ready Reaction kits, Applied
Biosystem Inc. California, USA) L‘ﬂ”lLﬂ%a\‘i ABI Genetic Analyzer 310 (Applied
Biosystems) I@ﬂﬁv'umau fa n3Qa  (Injection) 30 Al capillary ﬁlfl
nazuslW®n 2.5 KV uaz ¥ electrophoresis 7 12.2 kv, 71 505 Wi 90 w1t lu
POP-6 polymer Lﬁ‘i_l{l/a%m (Raw electropherogram) lagldsunsy Data Collection
software (Applied Biosystems) mﬁl,ﬂi’lzﬁfa%m SAULLE (Sequence data) 1ag
Tdsunsy Sequence Analysis Software (Applied Biosystems) Vlﬂ(;ﬁaii’]ﬂumiﬂ@aad
fmsemiauiuE noluuaznsy
2.6 M3111 Immunohistochemistry adassaun1suansaanzaslilsfin
I@Ué"samwzgﬂ@%aﬁw Wasu13u Uw slide uaz Uaft at 60°C. MaAw Uaz do
@78 microwave W1 15 mﬁ (900 w) Lﬁaﬁ@ﬁu endogenous peroxidase and biotin.
mﬂfmau primary antibody rabbit anti-BCAP31 protein (Abcam; ﬁldilution 1:2000)
uaz dauENy ( Ventana Benchmark LT automated immunostainer) fIRTULNIUM 1137
J2AU VBINTUEAI8aNUaIlUTAK Ao 0 (no staining), 1 (<10% of cells staining), 2 (10%-
50% of cells staining), or 3 (>50% of cells staining). I@]U@ﬁ"w fnasueney 200 L¥i1(20x
magnification) NNINARBUNNKDA I@ﬁli“ﬁ'lndependent o0 sample T-test (sig 2-tailed)
using the SPSS software for windows 15.0 (SPSS Inc., Chicago, IL, USA). @1 P value
of < 0.05.(33)
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NANIINANDI
3 lAawusn - (15 Anen8w 2554 93 15 SwIAN 2554)

1. wisnanundanluiesdfianis sfessiadl uaz manzfiminzanlu
n’mgml,l,a:ﬂswju TR (HaCat Cell) l#1fiann3 differentiation

2. mmméﬁasmLLamTayamnmjuﬁaazm &N NRNAILAN Uz NE

A8 aNTZAUVBIANNTUTY
fanssafinnlasse
(3 whaw) 1. ldiasumaaiiafiadng il nInszdu HaCat cell 19U CaCl2 uaz
813N Anadamide (arachidonoylethanolamide, AEA) lavinninasaduasasslale
gnEfimanzay §mSU MIasuudssasimas (differentiation).

2. l@d¥BasiunmenIsumsasossIndmsumaiudless (lag 6N,
a3. wnafl Wdtpu (u fAITeman wee ¥ SuRavevulumiguanmaiiudiadngie)
winuanuwianlukaslfianns uazifiuiiasia genomic DNA
9 LAan WINn- Ha LAB

v

- wIsnanunTeansiesd jidnradeuiesudt sunsndjialannitneualilu
LRI TI9UTznaUalY genomic DNA extraction, RNA extraction, nI138anLbuy
Primer (Methylation Specific Primer, MSP) , amplify DNA by PCR (nhea&ay

Condition), RT-PCR, Real time PCR

ID-4metF 5-TAg TCg gAT TTT TCg TTT TTT AgT ATC-3’
ID-4metR 5-CTA TAT TTA TAA AAC CgT ACg CCC Cg-3
ID-4unmetF 5-ggT AgT Tg gAT TTT TTg TTT TTT AgT ATT-3’
ID-4unmetR 5-AAC TAT ATT TAT AAA ACC ATA CAC CCC A-3’
ID-4Fseq 5-gAA Tgg AgT gTT TTT TTT ATT ggT TYg Ag-3’
ID-4Rseq 5-CCA CCC RAA TAT CCT AAT CAC TCC CTT C-3

Keratin 10 (K10) F  5-ACGAGGAGGAAATGAAAGAC-3’
Keratin 10 (K10)R 5-GGACTGTAGTTCTATCTCCAG-3’
- udeganngihelieazfiaduiiuam 9 .18 wiauri genomic DNA  extraction

BBUUSALLAD
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N1INAAIN 1 NMINAFDL ¥ dN1ZTIMNNzaNYaY K10 1aa3s RT-PCR

wuin lu  @red9fdu Aanits (skin) 16 0u  Positive control  }¢  (annealing

temperature 58°c)

n15NAaBIN 2 Ha K10 uaz GAPDH 1w HaCaT cell line (@59l 1)

Wuin % HaCaT cell line fi nagauals TPA, CaCl,, AEA liwunisuaadaanvad

K10 lae skin 1D Positive control, H,o LI# Negative control)

14



N15NARBIN 3 WA K10 uaz GAPDH 1w HaCaT cell line (@397 2)

wuin 1w HaCaT cell line 7 nagau@s TPA, CaCl,, AEA ldwunisugasasnwes K10

lag skin L{lu Positive control, H,o0 1)) Negative control)

MNARBIN 4 WA K10 uaz GAPDH 1w HaCaT cell line (A397 3)

wuin 1 HaCaT cell line 7l nagau@s TPA, CaCl,, AEA ldwunisugasasnwes K10

lae skin 10u Positive control, H,o 1} Negative control)

15



N1INARaIN 5 NaWdd K10 Iu  Real time PCR (Syber Green)

Component

2x buffer

primer K10 F (20 pmol/LLI)
primer K10 R (20 pmol/|LI)
H,O

cDNA

(Final volume

wu21 19 Peak 71 72°c

Deriestive Reporter (-RAN7)

Tempersture { °C)

0.5

Volume (1 reaction)

125 LW

05 W
L

L

1

kU

16



A . [ L . - L1
N1INAAaDIN 6 Wawad ID4 methyaltion ﬂTJﬂ')'lNﬁNW%ﬁ@laﬂ')'lN?%LLi\‘]?.laﬂ E'lhﬂl

Moderated

26951 136/51 1276/50 10451 80851

I‘ ® A
IAFLLNALIW
Severe Mild
462/51 133350 480/50 46451
* U M U M U M U M * U

Jui | U M U M LI | U M

ATVUEAS N1TIHIRY ﬂ'J’l&lE%LLi\‘l‘llEl\‘lTﬁﬂ

No. code Sex Age Diagnosis
1| 269/51 F 48 | mild
2 | 136/51 M 73 | mild
3 | 808/51 F 56 | moderated
4 | 462/51 M 42 | severe
moderated (to
51 104/51 F 37 | severe)
6 | 464/51 F 21 | mild
7 | 1276/50 F 24 | (mild to) moderated
8 | 1333/50 M 35 | severe (exfoliative)
9 | 480/50 F 22 | mild
WU AUFNNWEVad 289 DNA methylation U89 ID4  promoter NU A2
anugunsy  lulnsziiadu lag duin vasihe lsaaziialde (n=9) Aflszdunnu

JWUS3 mild, moderated WAz severe 911 4, 3 UAZ 2 AWAIGL (AN@ DNA,

Bisulfilte, uaz @33397alay 3T Methylation Specific Primer , MSP) las lunguuas

mild .1%#& 1D4 methylation : ID4 unmethylation , 2:2 , ﬂ&j&l moderated 3:0 UaY ﬂ&j&l

severe 1:1 wui lAnalinandranunuanniin vinlwanadn sauves 1D4 methylation

219 laitngTany mmgmnwaﬂiﬂ

{ a . G A
NINAaBIN 7 IAITILWNA VD9 Methylation array 2adlsaazinalin

P . e Y o a R 1 & A Aa A 3 [
L%ﬂdﬁ]ﬁﬂ}d’)’%ﬂvl,@]ﬂ’lﬂ’liﬁLﬂiﬁ:‘lﬁﬂ\‘] ANz % VBIBUNNRINLNLIVDINY

a = S . =
YUIBNT ALawLaLUNALaT ‘HGLﬂ%TQHﬂﬁ’J%%%\‘ﬂJE}G ﬁ]’]ﬂ’Iﬂix‘iﬂ’]iU‘ﬂU?‘Y}”ﬂE}\‘i

ﬂq’uﬁuﬁgmwﬁam%’ulﬁLuﬁam%’mmzmmé’uﬁuﬁszij msﬁumﬁuﬁgmuﬁa

LRTWALUNALATU WL TAR IR NLANHUSLIAI0AN NIARBANLITIAINILTA

= a Aada P < , & o ' ° a
f2LNal3n lagAsaauaiatati ulasesty lwdasdw wuinludwiudn 272

H1 N JANULANGNIVDIVUIRNNTALAULALNABLATY T2 319 Normal skin AU
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flu B-cell receptor associated protein 31 (BCAP 31) LHuduiiwuindanudianle
g

Involve skin IAuINITaINY Pathway N&ATY 111 Metabolic pathways |
Pathways in cancer, Osteoclast differentiation , Cytokine-cytokine receptor

interaction Apoptosis L8z Jak-STAT signaling pathway WD e (LANRITLWU 1)

fauduguaIMTAaNeAlasitalaniaiufialat lulaTezs a9k AucERII834

U

Ta39eluewih

N13NARBIN 8 DNA methylation 2981 BCAP31 TuAnitlsaaziiniin

1.

WWNUSuwE % BCAP31 61833 Polymerase Chain Reactions 311 DNA &1@aa1n

skin vasaudnd uazseslinvasyiholinazifialiu 1 treated dan Bisulfite

WANUTW1W PCR  Product &% BCAP31 uaa Purified  tiNatwudSunawdulu
a A

wuaNLIe

L@38% Competent Cells Wazlaaudu BCAP31 u Competent Cells lasands

Plasmid lumiﬁ'lﬁul,if’lgj Competent Cells

@v2980U3130N1917i9 DNA methylation #2813 Sequencing ALawlaTadINaIgian

Non BCAP31uninag

8.1 winil3u1oe8 BCAP31 @835 Polymerase Chain Reactions

Primer BCAP31

Forward Primer (F1): 5 GTA GGG TTT TTT GGT TAG TAG 3

Forward Primer (F2): 5 ATT TTT AGA GGG TAG GAT T 3

Reverse Primer (R): 5 ACT ACT ATA AAA AAA TTC TAT TAC 3
Master Mix ~ Outer PCR(@Primer F1:R)  Inner PCR(@Primer F2:R)

Final Concentration

DEPC-DW ; ]
10X Buffer 1X 1X

25mM MgCI2 2 2 fadluars(mm)
10mM dNTPs 0.2 02  fAadluaimm)
20 UM Primer F 0.01 0.01 lulasluasum)
20 UM Primer R 0.01 0.01 lulasluas(um)
Fast Start Tag polymerase 0.1 0.04 gﬁ@](U)

DNA Treated Bisulfite 5 5 lulasdias (u)

18



Total Volume 20 50  lalas@as(ul)
PCR Reaction

95 ° C 4 wfi

95°C 1wl 50°C 2w#i  72°C 3w 8 381
95°C 303w 50°C 2wmfi 72°C 1wl 30 FIwf 30 seu
72°C 10 wifd

Hold 10 ° C

Gel

m Psoriasis
m Normal

BCAP31 PCR

Eﬂﬁ 8.1 N8 Gel Electorphoresis 21n1N13¥11 Polymerase Chain
Reactions(PCR) %84 Psoriasis lesion skin LRz normal skin Y#1a 497  bp

(expected size) Twlaa Uszunos 515 bp

8.2 lnandnw BCAP31 lngada Plasmid lun1siiduing Competent Cells

Ligation
Reagent
2X Ligation buffer 25 Tulasdias
pGEM ®T easy vector 0.1 lulasdas
T4 ligase 0.5 lulasdias
PCR Product 3 lulasdas

DW optimized

19



Ligation @28 Universal Primer M13

Master Mix
DEPC-DW

10X Buffer

25mM MgCI2

10mM dNTPs

20 UM Primer M13F
20 UM Primer M13R
Fast Start Tag polymerase
Ligated

PCR Reaction

95 ° C 5 wfl

95°C 459w, 55 C 4537 ,72°C 19w 35 30U

72 ° C 10 Wl
Hold 10 ° C

NRN1INAND

Final Concentration

1
1.5
0.2
0.01
0.01
0.1

M13 PCR

X

faaluans(mM)
faaluans(mM)
TuTaslussum)
TuTaslussum)
sia(U)

lulasaas

20



22 23 Control

gﬂﬁ 8.2 URAIAIBLIINNILTA Ligation @28n13¥11 PCR (Primer M13)

lag 245 bp. = Yu1@ PCR product 183 pGEM ®T vector (Plasmid)
515 bp. = W19 PCR product 184 Sample
760 bp. = YU1A PCR product 289 pGEM ®T vector T38NU

Sample

21



a9 v
Map gene 284 Vector Nl

¥mnl 2009 B ]
17 1 | start UTUNLNINE L BCAP31
Scal 1890 Nael 2707 / oo 145
f1 ori Sphi
Bs 31
tol ar
i BstZl | 43
pGEM"-T Easy lacZ gaug:lll jg
Vector EcoRl | 52
{30150p)
Spel Gd
EcoRl | 70
Mot ir
BsiZl 77
Pstl fats
o Sall a0
Mdel a7
Sacl 109
BstXl 118 3
[zl 127 g
141 =
T spe g

SuNAENALNDEY sequence

Plasmid for-sequencing

mMInaaedn 8.3
NaN137i1 DNA sequencing 3n@2a81d Normal (N1-N10) $117% 10 18 LAz
Psoriasis (P1-P7) 31%3% 7 318 LAZNNIIATIZA DNA methylation level
(A)
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46 CpG

Psoriasis

=0%

0/235

=1.30%

3/230

=0.43%

s 1/230

=0%

0/230

=25.22%

58/230

=0.43%

1/230

P6

=67.83%

156/230

46CpG
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Eﬂ‘ﬁ 8.3 LEAIABLIING bisulfite treatment, cloning and sequencing Waaze  (A)
UEAINA methylation WasauUN@ 10 18 388 5 laau (B) LL&AIND methylation U84

Q’ﬂ?ﬂiiﬂﬁﬂﬁ@ﬁu 7 Y YR 51@1@% 1NANFVIUFAIDIG AL T 1

Unmethylation 29nas@duaastiadiunibiniidu Methylation

NMINAaaIN 8.3
NaN137i1 DNA sequencing 3n@2a81d Normal (N1-N10) $7%7% 10 78 LAz
Psoriasis (P1-P7) $1%3% 7 578 UazA153LA312% DNA methylation level luudag

ALY (CpG 46 FNLAU)

Normal
100
90
s
g
z
8
=
& 0
{o]
{0]
10 +
ol
Psoriasis
100
90
80
70
- 60
S
k]
250
3
=
& 40
30
20
) M
o0l

123 45 6 7 8 9 1011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
CpG position
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DNAmethylation level
p < 0.001

100
80
60 -
40 -
20

B Normal

level (%)

T W Psoriasis

Average methylation

Normal Psoriasis
All CpG pair

U 8.4 (A) usadAL@AnIZAL DNA methylation 984 CpG UARZFUAINNINNG 46
Gk awdn@ (Normal) (B) WROIAILARETZAL DNA methylation 189 CpG NIRNA 46

duns  filholinasiadu (Psoriasis)  (C) wuidtholin suifialiufiszdy DNA

@ o @

methylation 2848% BCAP31 @‘iﬁndﬁﬂuﬂnaaﬂwoﬁuymﬂ@ (p < 0.001) laoilen DNA

methylation AaLin Jasaz 60.61 uaz 13.60 AURIAL

N1INAAIN 9 NMIIATLAUNIILEAIBaNDIlUIA® BCAP31 lagis
Immunohistochemistry

NANNINAREY  3MNA288719 Normal (N1-N5) 3% 5 918 e Psoriasis (P1-P8)
o o a a A = a [ a o ' . I \
I 8 18 1WNIAeF duaasaantinsiszauldsanlualaie laawudn luaaasng
normal  HNIAAF =AU 1 $1UIU 3 TH WAL 3TOU 3 1 2 N (A)  buvoueh

¢18¢19 psoriasis ANIAAT 32AU 3 NIKRNA (8 T8) (B)

(A)

Mormal 1 Mormal 2

Morrmmal 3 rMorrmal a

MMorrmal 5
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(B)

Psoriasis 1 Psoriasis 2

Psoriasis 3 Psoriasis 4

Psoriasis 5 Psoriasis 6

Psoriasis 7 Psoriasis 8

gﬂﬁ 9 (A) @28819 normal $1UIU 5 18 WAz G889 psoriasis 1IN 8 318 laBLARY

]
¥ o s A a

Y wAMILTINAIULIY 100 UWaE 200 ANEIGL WAZ HUIIUWI LIRANANT S1WIN 200

u

& A o @ a a ed o a | T K |
LORR WA I03TAUUBINITIAAR AMNULNTUNNNITAUR I@U?Jﬂqﬂ?‘]l]LW]ﬂ@nﬂaU’NNuﬂa’]ﬂfyﬂ

(p < 0.009)
ﬂ‘éll uaﬁmsnﬁwamswmaao

madspatiniueniinely  Teglévnimasasld HacaT 1w dunuudsle
nagaulasns 14 CaCl, uaz Anadamide (arachidonoylethanolamide, AEA) 1°ﬁ'ﬂ3m§’u
HaCaT cell line tiolWiAnnsiasuuasimas (Cell differentiation) uazld K10 1luen
Uapasfenmsiaounlas (0 RNA uaz a3733alag3% RT-PCR uaz Real Time PCR)
Fawaflawuin lifiamalfouudsoass 189 HaCaT cell %50 AINFUWUEDS
289 DNA methylation 789 D4 promoter NU NMzANNTUUT  lulsnsziiadu
Iot namevluiiosdu oy $1wan va9rihn lsnazifialiu (n= 9) ﬁﬁs:é’umm;mm
mild, moderated W&z severe MW 4, 3 a2 2 MNUR1AU (8Na DNA, Bisulfilte, a2
a3193alay 35 Methylation Specific Primer , MSP) lag lunguvad mild 1#ka 1D4
methylation : ID4 unmethylation , 2:2 , ﬂ&j&] moderated 3:0 LR ﬂ&j&] severe 1:1
wud Mna lduandranuwnuninin ldeanedn seeuaas ID4 methylation 813 ld

WNeNgIny AN &IE%LLSG“D E]OIiﬂ

26



LA @ Q o d 1 o Q
amkziIdu3adaiantn  BCAP31 97N mat lulasens Sawuidenudanle
RNALAH G(INLANEIILUU)

%50 BUBCAP31 WU $1u71 daeenefiia DNA methylation  lu@deend
\uswite vasaund fihelieaziiadu (lasfaan % methylation > 50) Aaiilu Jau
8z 70.0 WAz 14.2 @WEAU Uaz WUIT UIunmuad DNA methylation (DNA methylation

a | v é ] 1 Q/ o Q 1 a
level) AoLilu Sazas 60.61 uaz 13.60 Tvilauuandrvadvlvednn 2nine awdnd
Qs U =3 a & > Qs a
nu ;dﬂwisﬂa:mmau (p < 0.001) TIFINNTOLBNDI  ANNKFNAUTUBINIILAA DNA
methylation AU L3RI

113U B-cell receptor associated protein 31 (BCAP31) Lﬂuﬁuﬁaguﬂﬂﬂﬂm

o ' . a
Xq28 [29] GﬁdwumﬁqmauﬁaLﬂMWﬁumuuLUiuIﬂiau (trans-membrane protein) UWN?

a a s . . o o A ! a
LauI@wmaummﬂam (endoplasmic recticulum) YnwinAlunsuweasldsaunan taulaw
aafiasfganlydnesived (golgi body) [30] [31] wananfidalineauin iadasny
nalnmsiia  exdadleds (apoptosis) l@EENUNNG  procaspase 8, BCL-2
wae CED4 Tawyladlulsasilaiieas1n 19v8a B Lymphocyte waz T Lymphocyte
132] LLamaﬁLﬁayNﬁwaﬂsﬂ%aaﬂ"LWIm%a wdnsululsarziAaEunng lunudn

A A o v a A ' ' = = A o o
MINUNWLAEITaInUEwkIAaw ot lsAaN BCAP31 a1adadnatngatadny e

=3 a A =3 a =3 1 = a a a =)

gzifaRunfa lulsaszidakduinuininisialnduasnaianszuiuny axtdadleds 1w
LTARAIWIN  WAZLTAS  LUALRAAUITIaNAa nNITNallsat BCAP31  #1891wlu

=1 a = =1 ~ A
Al 3R AAIIBINITAARIVAINILEAY danluIzauLdNaISIAwaTaIt® BCAP31 &3
ANMUFUNWTUUUNANWALNNTIAG ALawlaufatatunanasnusiislyslueasvastu a1y
aaRITaINILAAdaanluIzaL  18ua1Siauevesdu  BCAP31  Fsaraidumingliinu
AMNENANIDIUMIAUNIL  dan1Ttiaazilaileds Fruasaaatnaioaululsa
fziAaldnla (personal communication)

= & e « o & VY ' a =

NamsﬁﬂmlumauuuLﬂumiﬂuwuaaﬂmmjﬂmmm"l,mﬂﬂmﬂmﬂmﬂmlu
TsagziAaliwannan  waza1asianatungwe N Insadsnaialiala  udatnelsnena
UNUINLAZRINAT098%  BCAP31  lsash  gelinsnuwite  wazmawbeiinldiia
Hypomethylation unlusluinasvasiu BCAP31 lulsaaziiadudalinsy aungiuita
LAY B9A96IN1INNIANEILANN LGNS 8 11

fINTUMIANBIATIN LTIWLRANZIUVEINIIIAA BCAP31 promoter methylation

a = A o A ° '
Laz NNILRAIaanVadllsin GyanatfsrnumIany wuy axalleds mﬁlmvl,ﬂgmi
'Y A R ° A X '
WalwLiwa lwaana lnnsvinaulu 139ansa 1y
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LNETHUY 1

Following object(s) was/were not found cpd:C283849 11RA ABRA ACOT11 ACVRL1 ADMR
AFF3 AIP ALDH1A3 ALX4 ANGPT2 ANKRD25 APXL2 ARHGAP25 ATP§B1 ATXNI10
BNC1 BST2 C100rf99 C120rf46 C120rf59 Cl4orfl15 Cl4orf166B Cl6orf47 C160rf54
C170rf44 C190rf33 Clorf52 Clorf64 Clorf87 CARD15 CDCP1 CES7 CHFR CHI3L2
CLEC11A CLEC3A CMTMS5 COL6A3 CPM CST7 CXorf9 DAK DDR2 DEGS1 DENND2D
DMPK DNASEI1L3 EDG4 EDG6 ELF5 ETS2 FAM101A FAM113B FBXL22 FBXW10
FCGR3B FFAR2 FLJ20273 FLJ20581 FLJ25410 FLJ31196 FLJ32028 FLJ34503 FLJ36070
FLJ36268 FLJ46380 FOLR1 FOXI1 FPL2 FSTL1 FTY2 FUT1 FXYDI1 FXYD7 GAD
GARNL3 GBL1 GGTLA1 GPHA2 GPR109A GPR132 GPR55 GPX2 GRB7 H2AFY HAK
HBC HFE2 HL21 HLA-DRA HOXB1 HOXD3 HSPA12B HTR3B HTRA4 IFI27 IL1IRN
KCNAB2 KLK9 KRT24 KRT6B KYNU LGALS7 LOC196549 LOC339789 LOC63928
LOXL3 LR LRRC17 LRRC25 LRRC8C LY6D MA4 MAMDC2 MAP1A MARK2 MCF2L
MEST MGC34647 MGC9712 MGMT MRGPRF MSX1 MT MT4 MTSS1 MYH7 NEBL
NFAMI1 NNMT NPR2 NR1I3 NSMCE1 OAS2 OLFML1 P53AIP1 PADI1 PAM PAQR6
PARC PARVG PDLIM1 PHLDBI1 PI15 PIB5PA PIK4CB PLSCR4 PLXNBI1 PPARGCI1B
PPP1CC PRX PTPN22 PTPRCAP RGN RGS14 RHOJ RIMS3 S100A9 SCGB2A2 SCNN1D
SEMA3B SERPINB3 SH2D4B SLC11A1 SLC15A2 SLC16A3 SLC22A3 SLC23A2 SLC25A3
SLC43A3 SORBS3 SP140 SPATA21 SPRR2D STAR STMN4 SULF1 SUSD1 T6L TACCI1
TBC1D10C TCP11 TEKT3 TGM3 THRB TICAM1 TIMP3 TM4SF19 TMC6 TMEM109 TNF
TNFAIP2 TNIP3 TNS1 TRAK1 TREMI1 TREML1 TREML2 TRIM15 TRIM2 TRIM29
TRIMS54 TRIM65 TRPM1 TSPAN16 TTC13 UNCS5CL UNC84A UNQ473 VAV1 VTCNI1
WISP1 X2 ZBED2 ZNF167 ZNF238 ZNF511 ZNF553

Show all objects

1. ko01100 Metabolic pathways (9)

K10214 ACOX2; 3alpha,7alpha,l2alpha-trihydroxy-5beta-cholestanoyl-CoA
24-hydroxylase [EC:1.17.99.3]

KO0716 FUT3; galactoside 3(4)-fucosyltransferase 3 [EC:2.4.1.65]
KO7635 FUT7; galactoside alpha-1,3-fucosyltransferase 7 [EC:2.4.1.-]
KO0542 GAMT; guanidinoacetate N-methyltransferase [EC:2.1.1.2]
K14756 KL; klotho [EC:3.2.1.31]

KO0726 MGAT1; alpha-1,3-mannosyl-glycoprotein beta-1,2-N-
acetylglucosaminyltransferase [EC:2.4.1.101]

KO03934 NDUFS1; NADH dehydrogenase (ubiquinone) Fe-S protein 1
[EC:1.6.5.3 1.6.99.3]

KOO501 TH; tyrosine 3-monooxygenase [EC:1.14.16.2]

KO0106 XDH; xanthine dehydrogenase/oxidase [EC:1.17.1.4 1.17.3.2]

2. ko05152 Tuberculosis (7)

KO7368 BCL10; B-cell CLL/lymphoma 10
K04400 CASP10; caspase 10 [EC:3.4.22.63]
K04398 CASP8; caspase 8 [EC:3.4.22.61]
KO6563 CD209; CD209 antigen




K14957 LSP1; lymphocyte-specific protein 1
K05855 SYK; spleen tyrosine kinase [EC:2.7.10.2]
K10161 TLR9; toll-like receptor 9

ko05200 Pathways in cancer (6)

K04398 CASP8; caspase 8 [EC:3.4.22.61]

KO5090 CSF1R; macrophage colony-stimulating factor 1 receptor
[EC:2.7.10.1]

K08732 RALGDS; ral guanine nucleotide dissociation stimulator
KO8015 RASSF5; Ras association domain-containing protein 5

K11223 STAT5A; signal transducer and activator of transcription 5A
K03871 VHL; von Hippel-Lindau disease tumor supressor

ko04380 Osteoclast differentiation (4)

KO5090 CSF1R; macrophage colony-stimulating factor 1 receptor
[EC:2.7.10.1]

KO7361 LCP2; lymphocyte cytosolic protein 2

K08010 NCF2; neutrophil cytosolic factor 2

K05855 SYK; spleen tyrosine kinase [EC:2.7.10.2]

ko04060 Cytokine-cytokine receptor interaction (4)

KO5090 CSF1R; macrophage colony-stimulating factor 1 receptor
[EC:2.7.10.1]

KO4738 CSF2RB; cytokine receptor common subunit beta

KO5050 IL8RB; interleukin 8 receptor beta

KO5418 OSM; oncostatin M

ko05162 Measles (4)

KO6563 CD209; CD209 antigen

K11223 STAT5A; signal transducer and activator of transcription 5A
K10161 TLR9; toll-like receptor 9

K10148 TP73; tumor protein p73

ko04210 Apoptosis (3)

K04400 CASP10; caspase 10 [EC:3.4.22.63]
K04398 CASP8; caspase 8 [EC:3.4.22.61]
K04738 CSF2RB; cytokine receptor common subunit beta

ko05016 Huntington"s disease (3)

K04398 CASP8; caspase 8 [EC:3.4.22.61]

K10409 DNAILl; dynein intermediate chain 1, axonemal

K03934 NDUFS1; NADH dehydrogenase (ubiquinone) Fe-S protein 1
[EC:1.6.5.3 1.6.99.3]



9. ko04144 Endocytosis (3)

KO5090 CSF1R; macrophage colony-stimulating factor 1 receptor
[EC:2.7.10.1]

KO5084 ERBB3; receptor tyrosine-protein kinase erbB-3 [EC:2.7.10.1]
KO5050 IL8RB; interleukin 8 receptor beta

10. ko04630 Jak-STAT signaling pathway (3)

K04738 CSF2RB; cytokine receptor common subunit beta
KO5418 OSM; oncostatin M
K11223 STAT5A; signal transducer and activator of transcription 5A

11. ko05142 Chagas disease (American trypanosomiasis) (3)

K04398 CASP8; caspase 8 [EC:3.4.22.61]
KO4637 GNA15; guanine nucleotide-binding protein subunit alpha-15
K10161 TLR9; toll-like receptor 9

12. ko05169 Epstein-Barr virus infection (3)

K08891 FGR; proto-oncogene tyrosine-protein kinase FGR [EC:2.7.10.2]
K09543 HSPB2; heat shock 27kDa protein 2
KO5855 SYK; spleen tyrosine kinase [EC:2.7.10.2]

13. ko04145 Phagosome (3)

K06563 CD209; CD209 antigen
K10066 COLEC11; collectin sub-family member 11
KO8010 NCF2; neutrophil cytosolic factor 2

14. ko04664 Fc epsilon RI signaling pathway (2)

KO7361 LCP2; lymphocyte cytosolic protein 2
KO5855 SYK; spleen tyrosine kinase [EC:2.7.10.2]

15. ko04062 Chemokine signaling pathway (2)

K08891 FGR; proto-oncogene tyrosine-protein kinase FGR [EC:2.7.10.2]
KO5050 IL8RB; interleukin 8 receptor beta

16. ko04670 Leukocyte transendothelial migration (2)

KO08010 NCF2; neutrophil cytosolic factor 2
KO08015 RASSF5; Ras association domain-containing protein 5

17. ko04650 Natural killer cell mediated cytotoxicity (2)




KO7361 LCP2; lymphocyte cytosolic protein 2
KO5855 SYK; spleen tyrosine kinase [EC:2.7.10.2]

18. ko04660 T cell receptor signaling pathway (2)

KO7368 BCL10; B-cell CLL/lymphoma 10
KO7361 LCP2; lymphocyte cytosolic protein 2

19. ko04012 ErbB signaling pathway (2)

KO5084 ERBB3; receptor tyrosine-protein kinase erbB-3 [EC:2.7.10.1]
K11223 STAT5A; signal transducer and activator of transcription 5A

20. ko04115 p53 signaling pathway (2)

K04398 CASP8; caspase 8 [EC:3.4.22.61]
K10148 TP73; tumor protein p73

21. ko00601 Glycosphingolipid biosynthesis - lacto and neolacto series (2)

KO0716 FUT3; galactoside 3(4)-fucosyltransferase 3 [EC:2.4.1.65]
KO7635 FUT7; galactoside alpha-1,3-fucosyltransferase 7 [EC:2.4.1.-]

22_. ko04020 Calcium signaling pathway (2)

K05084 ERBB3; receptor tyrosine-protein kinase erbB-3 [EC:2.7.10.1]
K04637 GNA15; guanine nucleotide-binding protein subunit alpha-15

23. ko05010 Alzheimer"s disease (2)

K04398 CASP8; caspase 8 [EC:3.4.22.61]
KO3934 NDUFS1; NADH dehydrogenase (ubiquinone) Fe-S protein 1
[EC:1.6.5.3 1.6.99.3]

24. ko05168 Herpes simplex infection (2)

K04398 CASP8; caspase 8 [EC:3.4.22.61]
K10161 TLR9; toll-like receptor 9

25. ko04620 Toll-like receptor signaling pathway (2)

K04398 CASP8; caspase 8 [EC:3.4.22.61]
K10161 TLR9; toll-like receptor 9




26. ko05012 Parkinson®"s disease (2)

KO3934 NDUFS1; NADH dehydrogenase (ubiquinone) Fe-S protein 1
[EC:1.6.5.3 1.6.99.3]
KOO501 TH; tyrosine 3-monooxygenase [EC:1.14.16.2]

27. ko04662 B cell receptor signaling pathway (2)

KO7368 BCL10; B-cell CLL/lymphoma 10
KO5855 SYK; spleen tyrosine kinase [EC:2.7.10.2]

28. ko04146 Peroxisome (2)

K10214 ACOX2; 3alpha,7alpha,l2alpha-trihydroxy-5beta-cholestanoyl-CoA
24-hydroxylase [EC:1.17.99.3]
K00106 XDH; xanthine dehydrogenase/oxidase [EC:1.17.1.4 1.17.3.2]

29. ko04610 Complement and coagulation cascades (2)

K03913 SERPINA5; protein C inhibitor
K04001 SERPING1; C1 inhibitor

30. ko05202 Transcriptional misregulation in cancer (2)

KO5090 CSF1R; macrophage colony-stimulating factor 1 receptor
[EC:2.7.10.1]
K09234 WT1; Wilms tumor protein 1

31. ko04064 NF-kappa B signaling pathway (2)

KO7368 BCL10; B-cell CLL/lymphoma 10
K05855 SYK; spleen tyrosine kinase [EC:2.7.10.2]

32. ko04622 RIG-1-like receptor signaling pathway (2)

K04400 CASP10; caspase 10 [EC:3.4.22.63]
K04398 CASP8; caspase 8 [EC:3.4.22.61]

33. ko04621 NOD-like receptor signaling pathway (2)

K04398 CASP8; caspase 8 [EC:3.4.22.61]
K12804 PSTPIP1; proline-serine-threonine phosphatase interacting
protein 1

34. ko00040 Pentose and glucuronate interconversions (1)




K14756 KL; klotho [EC:3.2.1.31]

35. ko05134 Legionellosis (1)

K04398 CASP8; caspase 8 [EC:3.4.22.61]

36. ko00514 Other types of O-glycan biosynthesis (1)

KO7635 FUT7; galactoside alpha-1,3-fucosyltransferase 7 [EC:2.4.1_-]

37. ko05144 Malaria (1)

K10161 TLR9; toll-like receptor 9

38. ko04722 Neurotrophin signaling pathway (1)

K10148 TP73; tumor protein p73

39. ko05210 Colorectal cancer (1)

K08732 RALGDS; ral guanine nucleotide dissociation stimulator

40. ko00330 Arginine and proline metabolism (1)

KO0542 GAMT; guanidinoacetate N-methyltransferase [EC:2.1.1.2]

41. ko00950 Isoquinoline alkaloid biosynthesis (1)

KO0501 TH; tyrosine 3-monooxygenase [EC:1.14.16.2]

42. ko00232 Caffeine metabolism (1)

KO0106 XDH; xanthine dehydrogenase/oxidase [EC:1.17.1.4 1.17.3.2]

43. ko04530 Tight junction (1)

KO6097 TJP3; tight junction protein 3

44 . ko05211 Renal cell carcinoma (1)

K03871 VHL; von Hippel-Lindau disease tumor supressor



45. ko05212 Pancreatic cancer (1)

KO8732 RALGDS; ral guanine nucleotide dissociation stimulator

46.ko04961 Endocrine and other factor-regulated calcium reabsorption (1)

K14756 KL; klotho [EC:3.2.1.31]

47. ko05133 Pertussis (1)

KO4001 SERPING1; C1 inhibitor

48. ko05221 Acute myeloid leukemia (1)

K11223 STAT5A; signal transducer and activator of transcription 5A

49. ko00983 Drug metabolism - other enzymes (1)

KO0106 XDH; xanthine dehydrogenase/oxidase [EC:1.17.1.4 1.17.3.2]

50. ko00532 Glycosaminoglycan biosynthesis - chondroitin sulfate (1)

K01020 CHST3; chondroitin 6-sulfotransferase 3 [EC:2.8.2.17]

51. ko05120 Epithelial cell signaling in Helicobacter pylori infection (1)

KO5050 IL8RB; interleukin 8 receptor beta

52. ko04330 Notch signaling pathway (1)

KO6057 NUMBL; numb

53. ko00830 Retinol metabolism (1)

KO0061 RDH5; retinol dehydrogenase [EC:1.1.1.-]

54. ko00510 N-Glycan biosynthesis (1)

KO0726 MGAT1; alpha-1,3-mannosyl-glycoprotein beta-1,2-N-
acetylglucosaminyltransferase [EC:2.4.1.101]

55. ko04120 Ubiquitin mediated proteolysis (1)




K03871 VHL; von Hippel-Lindau disease tumor supressor

56. ko00500 Starch and sucrose metabolism (1)

K14756 KL; klotho [EC:3.2.1.31]

57. ko04666 Fc gamma R-mediated phagocytosis (1)

K05855 SYK; spleen tyrosine kinase [EC:2.7.10.2]

58. ko00230 Purine metabolism (1)

KO0106 XDH; xanthine dehydrogenase/oxidase [EC:1.17.1.4 1.17.3.2]

59. ko04350 TGF-beta signaling pathway (1)

K04686 PITX2; paired-like homeodomain transcription factor 2

60. ko04614 Renin-angiotensin system (1)

K09821 AGT; angiotensinogen

61. ko04130 SNARE interactions in vesicular transport (1)

K08512 VAMP8; vesicle-associated membrane protein 8

62. ko05416 Viral myocarditis (1)

K04398 CASP8; caspase 8 [EC:3.4.22.61]

63. ko00533 Glycosaminoglycan biosynthesis - keratan sulfate (1)

KO9671 CHST6; carbohydrate 6-sulfotransferase 6 [EC:2.8.2.-]

64. ko03050 Proteasome (1)

K02740 PSMB8; 20S proteasome subunit beta 8 [EC:3.4.25.1]

65. ko02010 ABC transporters (1)

KO5665 ABCC1; ATP-binding cassette, subfamily C (CFTR/MRP), member 1



66. ko04370 VEGF signaling pathway (1)

K08273 SH2D2A; SH2 domain protein 2A

67. ko01120 Microbial metabolism in diverse environments (1)

KO0106 XDH; xanthine dehydrogenase/oxidase [EC:1.17.1.4 1.17.3.2]

68. ko05146 Amoebiasis (1)

K04637 GNA15; guanine nucleotide-binding protein subunit alpha-15

69. ko00190 Oxidative phosphorylation (1)

KO03934 NDUFS1; NADH dehydrogenase (ubiquinone) Fe-S protein 1
[EC:1.6.5.3 1.6.99.3]

70. ko00260 Glycine, serine and threonine metabolism (1)

KO0542 GAMT; guanidinoacetate N-methyltransferase [EC:2.1.1.2]

71. ko05143 African trypanosomiasis (1)

K10161 TLR9; toll-like receptor 9

72. ko05166 HTLV-1 infection (1)

K11223 STAT5A; signal transducer and activator of transcription 5A

73. ko05030 Cocaine addiction (1)

KO0501 TH; tyrosine 3-monooxygenase [EC:1.14.16.2]

74. ko05145 Toxoplasmosis (1)

K04398 CASP8; caspase 8 [EC:3.4.22.61]

75. ko04075 Plant hormone signal transduction (1)

K14502 BIN2; protein brassinosteroid insensitive 2 [EC:2.7.11.1]

76. ko04971 Gastric acid secretion (1)




KO5008 KCNJ15; potassium inwardly-rectifying channel subfamily J member
15

77. ko00120 Primary bile acid biosynthesis (1)

K10214 ACOX2; 3alpha,7alpha,l2alpha-trihydroxy-5beta-cholestanoyl-CoA
24-hydroxylase [EC:1.17.99.3]

78. ko00350 Tyrosine metabolism (1)

KOO501 TH; tyrosine 3-monooxygenase [EC:1.14.16.2]

79. ko01110 Biosynthesis of secondary metabolites (1)

KO0106 XDH; xanthine dehydrogenase/oxidase [EC:1.17.1.4 1.17.3.2]

80. ko05223 Non-small cell lung cancer (1)

KO8015 RASSF5; Ras association domain-containing protein 5

81. ko05220 Chronic myeloid leukemia (1)

K11223 STAT5A; signal transducer and activator of transcription 5A

82. ko05140 Leishmaniasis (1)

KO8010 NCF2; neutrophil cytosolic factor 2

83. ko05031 Amphetamine addiction (1)

KO0501 TH; tyrosine 3-monooxygenase [EC:1.14.16.2]

84. ko00513 Various types of N-glycan biosynthesis (1)

KO0726 MGAT1; alpha-1,3-mannosyl-glycoprotein beta-1,2-N-
acetylglucosaminyltransferase [EC:2.4.1.101]

85. ko04728 Dopaminergic synapse (1)

KOO501 TH; tyrosine 3-monooxygenase [EC:1.14.16.2]

86_ko04640 Hematopoietic cell lineage (1)




KO5090 CSF1R; macrophage colony-stimulating factor 1 receptor
[EC:2.7.10.1]

87. ko05034 Alcoholism (1)

KOO501 TH; tyrosine 3-monooxygenase [EC:1.14.16.2]

88. ko04978 Mineral absorption (1)

K04981 TRPM6; transient receptor potential cation channel subfamily M
member 6 [EC:2.7.11.1]

89. ko04514 Cell adhesion molecules (CAMs) (1)

K06456 CD6; CD6 antigen

90. ko04977 Vitamin digestion and absorption (1)

KO5665 ABCC1l; ATP-binding cassette, subfamily C (CFTR/MRP), member 1

91. ko03320 PPAR signaling pathway (1)

K10214 ACOX2; 3alpha,7alpha,l2alpha-trihydroxy-5beta-cholestanoyl-CoA
24-hydroxylase [EC:1.17.99.3]
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Abstract

Epigenetic phenomena have also been implicated in the pathogenesis of psoriasis. There are
several reports specific genes promoter methylation/demethylation in psoriasis such as ID4
and SHP-1. Psoriatic keratinocytes possess an enhanced ability to resist apoptosis, which
might be one of key pathogenetic mechanisms in psoriasis. B-cell receptor associated
protein 31 (BCAP31) have been reported to function in apoptosis. Here, we investigated
DNA methylation/demethylation in psoriasis using BCAP31 promoter model. The laser
capture microdissected were analyzed using bisulfite PCR method and cloning sequencing.
Interestingly, the methylation levels of BCAP31 in microdissected epithelium of skin and
from psoriasis patients (n=7) were significantly lower than from healthy subjects (n=10) (p
< 0.001, % psoriasis vs. normal skin methylation = 70.0 VS. 14.2). Therefore, the present
study demonstrated BCAP31 DNA demethylation in psoriasis. In addition, BCAP31 gene
may be a candidate as marker for therapy or monitoring for psoriasis in near future.

Introduction

Psoriasis is a chronic, inflammatory and hyperproliferative skin disease that found
approximately 1-3 % in the worldwide population. The characteristics of psoriasis are
hyperproliferate , incompletely differentiate  keratinocytes and decreased keratinocyte
apoptosis. DNA methylation is one of the pathogenetic mechanisms of psoriasis.
Hypomethylation of many genes such as SHP-1, ID4, pl5 and p21 and promoter
hypermethylation of pl6 ™4  has been reported in psoriasis. Recently, our project
(Wongpiyaborvorn, J et. al ) investigated the DNA methylation at CpG site of gene promoter
by Infinium HumanMethylation 27. We found that BCAP31 gene was very interesting .
(Fig.1) . B-cell receptor associated protein 31(BCAP31) is a 28 kDa polytopic integral protein
of the endoplasmic reticulum (ER). BCAP31 is involved in the over-expression of MHC
class I, the transport of selected proteins, the cystic fibrosis trasmembrane conductance
regulator and the binding of HPV 31-ES5 protein. The methylation status of BCAP31 in
psoriasis has not been reported. In this study, we hypothesized that the methylation status of
BCAP31 promoter in psoriatic skin is significant difference from normal skin.

Materials and Methods

Paraffin-embedded tissues derived from normal skin (n=10) and lesional of psoriasis
(n=7) were obtained. The tissues were microdisected by Laser Capture Microdisection (LCM)
to separate the area of epidermis. Microdissected keratinocytes, were analyzed BCAP31
promoter methylation using methylation-specific PCR (MSP). To determine the extent
BCAP31 promoter methylation in more detail, bisulfite sequencing follow by cloning
methods were perform to examine the methylation status of BCAP31 promoter. BCAP31
promoter bisulfite sequencing was performed in microdissected of samples.The mean of
percentage methylation of all 46 CpG and each of position were compared between groups
by independent t-test and paired t-test, respectively. This statistical analysis used the
SPSS software for windows version 20.0. A p-value of < 0.05 was considered to be
significant.

Results

We have found that the promoter region of the BCAP31 gene is methylated in
epidermal skin psoriasis (14.2%, 1/7), a compared to normal skin (70.0%, 7/10) .The
methylation levels of BCAP31 in microdissected epithelium of skin and from psoriasis
patients were significantly lower than from healthy subjects (p < 0.001, %) (Fig. 2).
Next, the overall pattern of methylation has shown in Figure 3(A and B). We compared the
percentage methylation of each CpG sites between normal skin (14.9%) and psoriatic skin
(60.6%) (total 46 CpG). The methylation status of BCAP31 promoter was significantly
different between psoriatic epidermis and normal epidermis, p-value=0.0003 (Fig. 3C).

Discussion and Conclusion

In psoriasis, several studies revealed that DNA methylation and apoptosis were involved in
hyperproliferative keratinocytes. Previous studies had shown that BCAP31 plays a role in
apoptosis. The full length form (28kDa) of BCAP31 can be cleaved by caspase-8 to the
cleaved form (20 kDa). Anti-apoptotic function was reveal in the full length form whereas
apoptotic function was reveal in the cleaved form. The promoter contains binding sites for
several transcription factors. DNA demethylation of promoter results in increasing the
expression of gene. Conclusion, the BCAP31 promoter in psoriatic epidermis was
hypomethylated. However, expression levels and function of BCAP31 in psoriatic epidermis
need to be further studied.
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Figure 1. DNA methylation Microarray. Heatmap showing
Normal skin (NN), Uninvolved psoriatic skin (PN), Involved psoriatic skin
(PP), cell line (HaCAT), Normal PBMC and Psoriatic PBMC samples
clustered with selected CpG site that differentiated PP from NN. Image was
generated with normalized B Values. Red values indicate relatively increased

methylation, whereas green indicate relatively decreased methylation.

Figure 2. Methylation status of CpG nucleotides in promoter of BCAP31. Black and white circles are methylated

and nonmethylated CpG dinucleotides, respectively. A) normal epidermis B) psoriatic epidermis.
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Figure 3. The mean of percentage methylation in each position (46 CpG). A) normal epidermis B) psoriatic epidermis.

C) The mean of percentage methylation of all 46 CpG between psoriatic epidermis and normal epidermis
was significantly different (p-value < 0.0003)
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Summary

Background: Long interspersed element-1
(LINE-1) and short interspersed element (Alu)
retrotransposons have been identified to
influence the human genome by modifications in
gene expression. Variations in LINE-1 and Alu
methylation have been shown to be associated
with many diseases, predominantly malignancies
and autoimmune diseases. Moreover, the degree
and pattern of LINE-1 methylation are related to
risk, prognosis and aggressiveness of several
cancers. However, a similar study has not been
performed in lichen simplex chronicus (LSC).

Obijective: To evaluate DNA methylation status of
repetitive sequences in LSC.

Methods: We determined the level and pattern of
LINE-1 and Alu methylation in Keratinocytes
from patients with LSC (n=10) compared to
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normal controls (n=13), by the improved
combined bisulfite restriction analysis of LINE-1
and Alu (COBRA-LINE-1 and Alu). COBRA-
LINE-1 classifies LINE-1 loci according to the
methylation patterns of two CpG dinucleotides in
the 5’UTR into four categories: hypermethylated
("C™C), hypomethylated (“C"C), and two forms
of partially methylated loci (“C™C and "C"C).

Results: The %™C™C of LINE-1 was significantly
decreased in keratinocytes from patients with
LSC (p=0.012). Moreover, the %™C"C was
significantly lower in LSC than controls
(p=0.029). Conversely, %"C™C was significantly
higher LSC than controls (p=0.004). A receiver-
operating characteristic (ROC) curve analysis
demonstrated that % "C™C, % "CYC and %
“C™C were highly sensitive and specific for LSC
with an optimal cut-off value. There were no
significant differences in Alu methylation in
keratinocytes from LSC patients.

Conclusion: Changes in the LINE-1 pattern were
revealed in the epidermis from patients with
LSC. A particular LINE-1 methylation pattern is
indicative of LSC and might be used as a
diagnostic tool. (Asian Pac J Allergy Immunol
2012;31:51-7)

Key words: Methylation, Methylation pattern, LINE-
1, Alu, Lichen simplex chronicus

Introduction

Lichen simplex chronicus is an inflammatory
skin disorder classified as an endogenous eczema.
The disease is characterized by lichenification of the
skin as a result of repeated scratching.! Clinically,
the disease should be differentially diagnosed from
other skin diseases and underlying skin diseases
such as fungal skin infection and psoriasis should be
ruled out. Sometimes, a skin biopsy is required to
diagnose the disease. The histological features of
LSC consist of epidermal hyperplasia with
hyperkeratosis and hyperkeratosis. The exact
etiology of the disease is unclear. Environmental,
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psychological and immunological factors influence
the development and course of the disease.
Recently, an epigenetic phenomenon has been
implicated in the pathogenesis of eczema. Down-
regulation of DNA methyltransferase-1 (DNMT-1)
was illustrated in peripheral blood mononuclear
cells from patients with atopic dermatitis with high
serum IgE levels.”> A recent study on monocytes
from patients with atopic eczema revealed global
DNA hypomethylation and hypomethylation of the
FCER1G promoter with an inverse correlation to
mRNA  expression.” Subsequently, LSC was
associated with atopic disorders.” We hypothesize
that epigenetic changes are involved in the
pathogenesis of LSC.

The human genome comprises about 34% non-
long terminal repeat (non-LTR) retrotransposons.’
The major components of non-LTR retrotransposons
are LINE-1 (long interspersed element-1; 17%) and
Alu (11%). Both LINE-1 and Alu are widely
inserted in the genome and have numerous probable
functional outcomes.”” DNA methylation has been
shown to be an important mechanism in silencing
LINE-1 for maintaining genomic stability.
Hypomethylation of LINE-1 and Alu have been
suggested to be the cause of global hypomethylation
and genomic instability in many malignancies and
autoimmune diseases.”>* Moreover, the intensity of
LINE-1 hypomethylation has been directly related to
high cancer risk, prognosis and the aggressiveness
of many cancers.>'>'"*>** Current data show that
specific patterns of LINE-1 methylation are more
efficient than the overall LINE-1 methylation level
in distinguishing many cancers from normal tissue.
For example, %"'C"C has better power than overall
%LINE-1 methylation to differentiate cancers of the
colon, liver, lung and nasopharynx from normal
controls.”’

To date, there has been no information available
on DNA methylation in LSC. Thus, we determined
the DNA methylation level and pattern of LINE-1
and Alu in keratinocytes from LSC patients and
compared to normal controls using improved
COBRA methods. The LINE-1 methylation patterns
were classified as hypermethylated, hypomethylated
and two partially methylated loci ("C™C, "C"C, "C"C
and "C"™C, respectively). Then, the level and pattern
of LINE-1 methylation was assessed with respect to
the disease.

Methods

Patients and healthy controls

Ten patients with lichen simplex chronicus
diagnosed by an experienced dermatologist and skin
biopsy (seven males, three females) at King
Chulalongkorn Memorial Hospital and 13 normal
subjects (one male, twelve females) were registered
in the study. All patients were free from systemic
skin therapies for at least four weeks or topical skin
therapies for at least two weeks prior to sample
collection. Patients with family or personal history
of autoimmune disease or cancer were excluded
from the study. Normal skin samples were collected
from elective plastic surgery procedures. The study
was approved by the ecthical committee of King
Chulalongkorn University. All participants provided
informed consent. The demographic data of the LSC
subjects and normal controls are shown in Table 1.

Cell isolation

The epidermal skin from paraffin-embedded
tissues of 10 patients with LSC and 13 normal
controls were isolated using the PALM MicroLaser
Microdissection System (P.A.L.M. MicroLaser
Technologies AG, Burnried, Germany). The
dissected epidermis was removed from the slide by
the cutter pulse and collected in a microtube.

DNA preparation and bisulfite modification

DNA was extracted from all samples using the
QIAamp DNA mini kit™ (QIAGEN). Then, 500 ng
of DNA was bisulfite-treated using the EZ DNA
methylation Kit™ (Zymo Research, Orange, CA,
USA) according to the  manufacturer’s
specifications. The bisulfite-treated DNA samples
were stored at -20°C until analysis.

Table 1. Patient and control subject demographics

Sample group Sex Age (years)
(Male/Female) (Mean £ SD)

Normal controls 1/12 49.62 +9.63

(n=13)

Patients with LSC 7/3 49.11 £19.47

(n=10)
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Combined bisulfite restriction analysis (COBRA)
of LINE-1 and Alu

DNA methylation of LINE-1 and Alu was
assessed using the combined bisulfite restriction
analysis (COBRA) method of interspersed repetitive
elements as previously described.® * For LINE-1
and ALU COBRA, 2 pL of modified DNA was
amplified by Hot-start PCR at 95°C for 15 min. For
LINE-1, DNA was amplified for 35 cycles of 95°C
for 1 min, 50°C for 1 min and 72°C for 1 min with a
final extension at 72°C for 7 min. For Alu, DNA
was amplified for 35 cycles of 95°C for 45 sec, 60°C
for 45 sec and 72°C for 45 sec with a final extension
at 72°C for 7 min. After amplification, 8 puL of the
PCR products were digested with the restriction
enzymes Tagl and Tasl (MBI Fermentas). Each
reaction was incubated overnight at 65°C and then
DNA fragments were separated on 8%
polyacrylamide gels and stained with the SYBR
green nucleic acid stain. The intensity of DNA
fragment fluorescence was assessed using a
Phospholmager 1 apparatus and Image Quant
software (Molecular Dynamics). DNA templates
from HeLa, Jurkat and Daudi cell lines were used
for interassay variation normalization as positive
controls in all experiments.

Methylation analysis

By the COBRA-LINE-1 method, LINE-1 loci
were categorized into four groups based on the
methylation status of two CpG dinucleotides at the
5 and 3’ ends of the sequence. These four groups
consisted of: (1) two unmethylated CpGs ("C"C) at
LINE-1 loci; (2) two methylated CpGs ("C™C) at
LINE-1 loci; (3) 5’ methylated and 3° unmethylated
CpGs ("C"'C) at LINE-1 loci; and (4) 5
unmethylated and 3° methylated CpGs ("C™C) at
LINE-1 loci. The level of overall LINE-I
methylation and the loci from each group were
analyzed by the percentage of the intensity of
COBRA-digested LINE-1 products. Fragmented
DNA sequences after enzymatic digestion for
COBRA LINE-1 were separated into five fragments
including 160, 98, 80, 62 and 18 bp. The 160 bp and
the 98 bp fragments represented "C"'C and "C"C,
respectively. The 80 bp fragments represented a
mixture of "C"C and “"C™C. Eventually, it was
determined that the 62 bp fragments represented a
mixture of "C"'C and "C"C (Figure 1). The number
of CpG dinucleotides was calculated by dividing the
intensity of each band by the corresponding size of
the double-stranded DNA fragment as follows: A =
160 bp fragment intensity/160, B = 98 bp fragment
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intensity/94, C = 80 bp fragment intensity/79 and D
= 62 bp fragment intensity/62. Then, the LINE-1
methylation levels were determined according to the
following formulas: LINE-1 methylation Ilevel
percentage = 100x(C+A)/(C+A+A+B+D); %"C"C)
= 100x(A)/(((C-D+B)/2)+A+D); %"C™C = 100x(D-
B)/((C-D+B)/2)+A+D; %"C"C 100xB/(((C-
D+B)/2)+A+D); %"C"C = 100x((C-D+B)/2)/(((C-
D+B)/2)+D+A).>"*

For Alu analysis, methylated and unmethylated
Alu bands were found at 57 bp and 78 bp. The
%intensity of Alu methylated bands represented the
%methylation of Alu.

Statistical analysis

The methylation status was compared between
groups by an independent sample t-test (two-tailed)
using the SPSS software package for Windows
version 15.0 (SPSS Inc., Chicago, IL, USA).
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Figure 1. LINE-1 methylation patterns detected by
COBRA-LINE-1 PCR. (A) The methylation patterns of
two CpG dinucleotides at the 5’UTR of LINE-1 were
separated by COBRA-LINE-1 into four products: "C"C,
‘c'c, “C"C and "C"C. Black dots represent methylated
cytosines and white dots represent unmethylated cytosines
in the sequence of LINE-1. (B) Following bisulfite
treatment and the PCR reaction, the amplicons were
digested with the Taql and Tasl! restriction enzymes. Two
80 bp nucleotide fragments were produced by Tagl-
positive amplicons, while 62 and 98 bp nucleotide
fragments were produced by Tasl-positive amplicons.
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A P value of <0.05 was considered to be significant.
A ROC curve analysis was performed to verify the
possibility of using COBRA-LINE-1 methylation
status to discriminate LSC patients from healthy
controls.

Results

DNA methylation pattern of LINE-1 in lichen
simplex chronicus

By the COBRA-LINE-1 analysis, there was no
significant difference in the overall LINE-1
methylation level in keratinocytes from patients with
LSC compared to normal controls. There was no
significant difference in the overall LINE-I
methylation level and patterns between male and
female patients with LSC (data not shown).
However, the number of hypermethylated loci
("C"™C) and partially methylated loci ("C"C) of
LINE-1 in LSC patients (23.26%) was significantly
lower than in normal controls (% methylation LSC
vs. normal = 23.26 vs. 27.71 and 18.13 vs. 19.58,
respectively; p =0.012 and p =0.029, respectively).
Alternatively, the partially methylated loci ("C™C)
of LINE-1 in LSC (21.13%) was significantly higher
than normal controls (% methylation LSC wvs.
normal = 21.13 vs. 15.31) (p =0.004) (Table 2).

In the Alu analysis, there was no significant
difference in Alu methylation in the epidermis from
LSC patients (n =10) and normal controls (n =10)
(Table 3).

Table 2. Methylation level and patterns of LINE-1 in
keratinocytes from patients with LSC

Table 3. Methylation level of Alu in keratinocytes from
patients with LSC

Normal controls LSC
(mean £ SD) (mean £ SD)
2 2
Alu methylation levels § s § s
c c -
= = |
RS SRS
Q Q
X X
% Alu methylation 30.99+3.17 30.01 £1.76

Normal LSC
LINEA controls (mean + P-value
'_ (mean + SD) SD) (Normal
methylation .
2 2 keratinocytes
levels and D = D ~
e 9 e g compared to
patterns =l =l . .
© = c = patients with LSC)
Y v
C (%) 45.15+£3.67 4290+1.15 0.055
TC™C (%) 2771 +4.61  23.26+2.38 0.012
'C"C (%) 1531+3.79 21.13+4.79 0.004
"C'C (%) 19.58+1.38 18.13+1.58 0.029
UCUC (%) 37.40+341 37.47+251 0.960
Partial (%) 34.89+3.46 39.27+4.31 0.013
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LINE-1 methylation pattern as a biomarker for
lichen simplex chronicus

The ROC curve analysis was performed to
determine the probable use of the LINE-I
methylation pattern to discriminate LSC patients
from normal controls. The ™C™C pattern was
appropriate for LSC detection with a cut-off value of
<26.26% (sensitivity = 100.00 and specificity =
69.23). In addition, the cut-off value<18.02% for
the ™C"C pattern with sensitivity = 60.00% and
specificity = 92.31% and the cut-off value >18.39%
for the "C™C pattern with sensitivity = 60.00% and
specificity = 92.31% were suitable to discriminate
LSC patients from normal controls (Figure 2).

Discussion

Recent publications have elucidated the
difference in global and specific promoter DNA
methylation in a number of skin diseases, including
atopic eczema.” > Furthermore, alterations in LINE-
1 and Alu methylation have been reported in various
malignancies, including squamous cell carcinoma.'”
21.22.3033 g far, there has been no information on
DNA methylation in LSC. The present study
demonstrated alterations in the LINE-1 methylation
pattern in keratinocytes from LSC patients. Our data
demonstrate that the overall LINE-1 methylation
level in LSC showed a trend to be decreased in LSC.
Moreover, certain patterns of LINE-1 methylation
("C"C, ™C'C, "C™C) were more significantly
associated with LSC than overall LINE-1
methylation. ROC analysis confirmed that %"C™C,
%"C"C and %"C"™C are highly specific for LSC
detection with cut-off values of <26.26%, <18.02%
and >18.39%, respectively. Previous studies in
various cancers showed that % "C"C has better
power than % overall LINE-1 methylation and can
be used as a biomarker for disease detection.”” **



Another study in bladder cancer reported that
%™"C"C was better than other forms of LINE-1
methylation for cancer detection.** Thus, %"C"C,
%"C"C and %"'C"C have potential use in
discriminating LSC from normal skin. However,
further study is needed to identify the significance
and biological relevance of the different forms of
LINE-1 methylation.

Several studies in cancer have reported
hypomethylation of both LINE-1 and Alu, which
represent the genomic instability of these diseases.
We did not demonstrate a significant change in Alu
methylation in keratinocytes from patients with
LSC. This finding represented both the common and
variable pathogenesis of LSC and cancer. Unlike

LINE-1 methylation in lichen simplex chronicus

epidermis in LSC occur as a result of chronic
rubbing of the skin. Moreover, it should be noted
that genomic instability does not occur in LSC.
LINE-1 has been identified and shown to affect
the human genome by modifying gene expression.
Several  studies  have  revealed  LINE-I
hypomethylation is associated with genomic
instability in cancers. The LINE-1 methylation
pattern at different loci has been reported to be
distinctive between loci.”> Moreover, intragenic
LINE-1 could promote gene repression in cancer,
depending on the degree and site of LINE-I
hypomethylation. A postranscriptional mechanism
by AGO2 and siRNA has been identified to be the
mechanism by which hypomethylation of intragenic

% "C"C pattern in Normal Controls
& patients with LSC

Area under curve 0.777

% "C"C pattern in Normal Controls
& patients with LSC

Area under curve 0.800

. . . 2 .
cancer, acanthosis and hyperkeratosis of the LINE-1 suppresses genes in cancer.”” In atopic
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Figure 2. ROC curve analysis of LINE-1 methylation in LSC. (A) The %"C"C of LINE-1 methylation compared
between LSC and normal keratinocytes with a criterion value of <26.26% (sensitivity = 100.00% and specificity =
69.23%). (B) The % C'C of LINE-1 methylation compared between LSC and normal keratinocytes with a criterion
value of <18.02% (sensitivity = 60.00% and specificity = 92.31%). (C) The % 'C"C of LINE-1 methylation
compared between LSC and normal keratinocytes with a criterion value of >18.39% (sensitivity = 60.00% and

specificity = 92.31%).
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eczema, both global and specific promoter
hypomethylation with transcriptional silencing of
the gene have also been described in monocytes.
Although we do not know the significance of
alterations in the LINE-1 methylation pattern in
LSC, it is likely that changes in LINE-1 methylation
may be involved in the pathogenesis of the disease.
Further study is needed to clarify the mechanism,
which would involve changing the LINE-1
methylation pattern and investigating the possible
consequences in LSC.

In conclusion, alterations in LINE-1 methylation
patterns were detected in keratinocytes from patients
with LSC. A distinctive pattern of LINE-1
methylation was revealed in LSC, and "C"C, "C"C
and "C"C were very highly sensitive and specific for
detecting LSC. Therefore, they are appropriate for
use as biomarkers for this disease.
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