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31uuy Abstract (118139071

Project Code : TRG5180001
Project Title : The effect of DNA demethylation/methylation to candidate genes 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, 2008- April 30, 2010)

Abnormal proliferation and differentiation of keratinocytes occur in many skin
diseases. Parakeratosis is an abnormal maturation of the keratinocytes in which
keratinization of epithelial cells is incomplete and abnormal retention of keratinocyte
nucleuses in stratum corneum. It occurs in malignant, inflammatory as well as
autoimmune skin diseases as in eczema, squamous cell carcinoma (SCC) and
psoriasis. Down-regulation of ID4 protein in epidermis has been described in associated
with psoriasis. The gene encoded ID4 is located within psoriasis susceptibility 1
(PSORS1). Moreover, promoter hypermethylation of /D4 has been described in several
cancers. Here, we report a previously undescribed methylated pattern of the /D4
promoter in lesional psoriatic skin. We investigated 11 cell lines, peripheral blood
mononuclear cells (PBMC) and micro-dissected epithelium of skin from normal subjects
and lesional skin from psoriatic patients. All normal cells were unmethylated. /D4
promoter methylation was detected in psoriasis. The ID4 promoters of cells from the
upper and lower part of psoriatic epidermis were hypermethylated and unmethylated,
respectively. By immunohistochemistry, the parakeratotic keratinocytes in the upper
layer of psoriasis, chronic eczema and SCC lacked ID4 protein, whereas the
keratinocytes in the lower layer were densely stained. Normal epidermal keratinocytes
consistently expressed ID4 protein. The lack of ID4 expression in psoriatic
keratinocytes, chronic eczema and SCC may be epigenetically controlled. This finding
is a novel example of a link between gene-specific promoter hypermethylation and
abnormal cellular differentiation in the skin diseases. In addition, /D4 methylation is a
candidate marker for abnormal terminal differentiation of keratinocyte, particularly
parakeratosis.

Keywords : ID4, DNA Methylation, Psoriasis, Parakeratosis, Immunohistochemistry
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Unanga
TsnaznfadwiulafifianufioUnfuesmaadyidulawaznsifounlamanaadfianitad
fimafewisiaenladadaiuaviuniiniefigrdyaesnisuaatainafialndveinis
Wasnudssfiiiedwlusuvasnafiiion Hu 1add I(Inhibitor of DNA binding/Inhibitor of differentiation
4, 1D4) Anwuindiszauues Buarsiaute aaaslulsaazifiain wonanigaduduisusimaiansss
%dgnmuquimwmumi fowawfiaedn mMIdne3seasoi e dnenlu 1) rasaenivue
$an 11 180 2) imadidaidonsn uay 3) Juiile wwunensRaaadawilasldiedasames
(Laser capture microdissection) 91n¢28819ABUNG gﬂaﬂimauﬁmﬁu (Psoriasis)  H18RIMI
ANLEY (eczema) UAZ ;‘Tﬂmiiﬂmﬁuﬁ'mﬁfd (Squamous cell carcinoma, SCC) uazamamlasid
MSP, DNA cloning, Sequencing, RT-PCR &z Immuno histochemistry Fowuin wu luiwas
818 1) Ng¥ Hematopoietic cell lines (5 a%@) 1T Jurket, Daudi, Molt4 , HL-601J#% methylated
promoter"llmzﬁ UazK562 1% mixed (met/unmet) promoter PBMC 1w unmethylated promoter 2)
ﬂEjSJ Epithelial cell lines (6 "Ij‘ﬁﬂ) L% Hela, HEp2, RKO, SiHA, , vl methylated DNA  SW480
1% mixed (met/unmet)  promoter Lar HaCaT 1w unmethylated promoter L8z WU DNA
methylation 289 H% D4 lugwiile dragrsanaudng ;jﬂ';ﬂ‘;ﬂauﬁ@ﬁu ArhoRanisoniay  uaz
Qﬂmkﬂmﬁaﬁmﬁfd Aouilu Youaz 0, 66.6, 143 uaz42.8 enudreu Beluniniudanuin
USanmaa9maia  DNA methylation fenilu $oumz 0, 34.81, 6.47 uaz 21.84 BIAINUANGIS
ad9lnpdInY 12rin audn@ nu ;jﬂwiiﬂanﬁwﬁu (p < 0.005) uaz #ilae eczema MU ;jﬂ'sﬂsﬂ
§217ia5 (p < 0.05) HaNa Nt Fanudn Maifie SEwawfiaeds JanuFuwuiiutUmMsLaaIaon
laolds@u D4 aenslu  fiheolinaziadu uas gilholsauziseiomi WawSeufisuiu audnd lu
suvas aafiilon Tafsadesiunisiia wsieeleds waziurindunsdunuaiousnidnng
5189 udagnslsiann nalnmsiia DNA methylaion 289 Hudt waz wihfves Sudl lulsaazifiadu

2 = A A A =< '
FnduFasninazimsdnsdall

o [ ® a A < a
ARAN : 13ARZINALY AlanlalNfalate ulafd wistaaslass
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o
NI
liasuifiadululafmntsnnulddestszanmsoss: 2-3 vasszanalan(] goeinmaninig
Walsalwwamsuazndalduandwiu anugnvainisifialiawandranuluaaniivszng Bamd
URSRILIARDN  G0819LT 5@13’]61’4’]%“13?‘]1%‘].]5&1’1?[ Samoa @‘i']g@ﬁa 0% udluilszing  Arctic-
Kasach'ye §3fi9 11.8%[2] necmaifodidlszmnasam@dnig Suwmann wohanugnuedlsa
gzinaliuly India 0.5-1.5%, Malaysia 4-5.5%, Japan 1.18% uas Kuwait 3.1%[3] (Jud% &%y
drenalng Mensanudszitves santulsafiinis NITNIWRITIIHGY @agIzunme 3000 86
a A ' 1 A o L7 < ' :;’ 1 ]
U ssanadniazldmndihemizimeannnnini aduiuen
=2 A P @ PR & a & A [ Av o . o
nnmIdnm N wnauiilag e lai liasuifadudulsaisnuglduindadu
A { @ o . . . . OX
AWLAITINLITRIND T-lymphocyte (T-lymphocyte mediated skin autoimmune disease [5] I@l&l&d‘ﬂ’mﬁ
wugnsnwndumlinlumineusuasvasnSduimduuuy type 1 immune effecter functions iafin1s
naduIzuuidunn T cell inauanadaziili T helpert uaz T cytotoxic a4 cytokine NiIFULLLILGK
fa T-helper type-1 cytokine léun interferon gamma (IFN-gamma), interleukin(IL)12 sz IL-2 (e
[4, 6] wONNNHHINNIINAT proinflammatory cytokines Wae chemokines @199 NIRUARINALARNNT
Wwigdvlauaznawnialnfaaasasiinis Imsiudwmusedsasvaaaiien Lasiiansaniay
&
i
atslanauluatudilinnusungiuiaiasawsznalnmufaliafdanu  ueizad
> o & 1 d’ o s 1 & dl o Y Y 1 a
Tadonnugnsandududsznaufidagadmisniligihoudasnofimiuaasaanaslous:
anusuuisaslinfdeny fnsnumaidsnsivaywidademaduwiugnis Saudagyluniavi
Tidalsadansdnslueuelalaludarni (monozygotic twins) 'léiein concordance rate Uszanm
70% luvmziilawSsuiisunurudaliauazly (dizygotic twins) fd1 20% uazanmsdnmlu
A70UAT (Family studies) ﬁqﬂ'?mﬁtﬁlmmlﬁl,ﬁujwﬂa5ﬂﬂwaﬁmﬁuqﬂimﬁNa@iamnﬁﬂisﬂauﬁ@
a o A & 2 o A A A ado A a o A &
Au ndufiuvedlinazgsiunniisfenaz 50 wiansanisvesgnitasmoifeaduinuiianiwa
[ =3 a [ = v ¢ﬂl 1 A 1 & &)
wazudiulinaziiadu uddananugnizanaiiisiosa: 16 (Wenaniaulaulanunitadulia uaz
2 o A &, NI A = A @ > A Ao o
aaasiisTanz 8 Wanswauazuillildidulsn Ssmsfnwimafatuaywiiugnsuiunomidary
dalynrzLAaidiu 71% vasgtheluinannduliaasfiaduindlsziGnaaseuaiiantaud] &
MIANWINAN Susceptibility regions LuEUAUIENg vaslasiulauiifsadasnumsiialaaziiaiie
T wuhiiduinsdesnumaiialie waznmidiuvedlsarzifialdunansaiitu Sunfidunie
atuulaslulonfl 1921, 3g21, 4q, 7p, 8, 11, 16q, 17q, 20p uaz 6p AANFNRUTALNTAALIA uaz
mydiiuzasliaf)

ANNFIAUVaI DNA demethylation/methylation nulsarzlAaE% (psoriasis)

LLu'm'mmiﬁnwﬂuﬂagﬁ'uuanmﬂ"?ms’]:ﬁmim?iUuLLﬂaaﬁwﬁULuaiuﬁuLLﬁa g93nsAnm
HAY8ININILANLILLENIATRANUINTIN (epigenetics) Fafmawaeuudasnalnmainuuesiulas
Lifgadasiumaifswulasdiduiuauassns DNA lagianiznsiian1ie DNA methylation melu
! 5’?}&Lﬂuﬂavl,ﬂmuqummamaaﬂmmﬁu‘lumaa{a"nww: 99y laumIANHNIIWIUNINLENS
TWAnfsanusuintrasmafinunsiumsiasuuladszeéy DNA demethlation/methylation 113l

d’suﬁumuqumnmmaarmaamﬁa (oncogene) uazHuauuLS (tumor suppressor gene) [8-10]



T990ufimsfins DNA methylation numiifialsa autoimmune G348 laiannin usdadnalai
aufimstnsiiiasy ij:ﬁLLamWLﬁuﬁamméﬁﬁmﬂaaﬂ’mﬂﬁﬂuuﬂmszﬁu DNA methylation NUNN3
Nalsagziialdn (psoriasis) ImmﬂiﬂmmmaﬁnmLﬁaaﬁumaanaﬁ'wﬁffminaﬂuﬁaamaz
methylation 20984 SHP-1 %dﬁ’mﬁﬁﬁlﬂu negative regulatory signal gene 284 epithelial cells LRZAA
a%ﬂumjmm tumor suppressor gene L% hematopoietic cells SHP-1 ﬁuwmﬂé’mﬁmwﬁmﬁadﬁﬂﬂﬁ
muqmizmummﬁfyLLazLﬁm‘hmw‘ﬁﬁuag’ﬁ'u%ﬁwaoLsnaa‘ffu6] nnMIdnEassinunad
wnaulaagneanndandiam promoter 2a98uHAANTZLUIWANT demethylation %8 hypomethylation 1w
LraaRIRIITaInn D lsARzIAAE Y (psoriasis) %aﬁm'}mmn@iwaﬂﬂaﬁﬁfﬂﬁ']ﬁ'@ﬂwaaﬁ&ﬁa
Wisuisuiunguauey nuamsAnenluaSsftuaasl WiAwinnszuInns hypomethylation ez
funumaaydansndiuiievaslsnfaniiy (skin pathogenesis) Taglamzifgadasiuszaunmaiy
SHP-1 transcription TuiAuwaslsngzifiade [11] atndlsiaunalnnsifia demethylation wadtin
sHP-1 §3lailufidaian uwazdslifinoauiusumzfiifioadasiu pathogenesis 283130819 wanan
u sHP-1 Tulsaaziiaiin

fnsuiuiimnaitiesdswiedooiulsn sufiadu Suszanm 1338 8w [12] Seeansn
LLﬁde@TLﬂuizuuﬁd‘iﬁa Cell organization and Biogenesis, Cell proliferation, Epidermal Differentiation,
Exocytosis, Immune response,minflammation response, JAK/STAT cascade, Leukotriene Met,
Melanin Biosynthesis, Mitotic Cell Cycle, Neurogenesis, Nitric Biosynthesis and Transcription
o397 1

@15199 1 ueasdunimaasuudadlulsaaziadu [12]

graminlddn  Bwmaniiinomanduuazana ﬁ%’]ﬁ%’ﬂ%ﬂﬁg’&lmaaﬁuﬁl,ﬁuﬁuuazﬁmm
auladuasnsannde Signal transducer and activator of transcription 3 (STAT3) %dﬁj’]ﬂ\‘]']u%’]ﬂ
MINABDITEI  Sano UAZATHZ WU %H‘ﬁlld Bu STAT3 uaznazduldvhnuasaana (K.55tatac
mice) Snavnliiinlsaazifiaiule [13] waz wananit msfi STAT3 twann 1u T celll Lymphoma
ﬂ'ﬁLfJumm@;ﬁﬁ’]ﬁzylunﬁLﬁ@ DNA methylation 7 promoter 2as8% SHP-1 dudan [14] vilw
anziidvaulannudunuiues STAT3 fududugfiiisatosiunisiia DNA methylation fu Eu
SHP-1 i C/EBP, nuclear transcription factor Y, Oct1 [15] erg-1, Sp3 transcription factor, Jun-B [16]

flanvazlinadanaiia demethylation/methylation wasdis SHP-1  atndlsAanudsd Sudugdniana

4



Fezlinadaniialsnasiialds 151 Hu GADD45 (The growth arrestand DNA- damage-
inducible-proteins 45) GADD 45 Huldsauiiiaidasny mvinane@duie ( DNA damage)  Uas
MINYANMINNIUIUVEILTAS  (anti-proliferation effect) [17] GADD swnsnuisaantaiiu 3 wiia

#io GADD o, B, 7 Tasflanumiontuagd 6558 % vasnsmezfilu usnanil GADD Fafuadas
N AINTZGUVLY vl lauud Iunﬁjw 29 p38/c-Jun [18] éﬁaLﬁm‘iTaaﬁ'umiﬂ'uézaﬂﬁLﬁrgmaa
\ w88 (cell proliferation) Twwana gamue 1iu G1-S, G2-M uazmghldifiansaauuvesluyla
Ta  (Apoptosis) [19-21] laena e]f':ﬁmi?mmmmmﬂﬁ@ DNA methylation 28381 GADD fnavinlw
m@miﬁ'ufdﬂwsLa%zymaaLmaﬁmﬁamﬂmgﬂu,azmﬁaﬂa@ AMNFUNUI A0 INEUGADD 119z
Lﬁmﬁaaﬁ'ﬂsﬂauﬁ@Guﬁalm‘i{aL?]a‘*uaaisﬂauﬁm‘fmﬁﬂwsﬂizéjmaa p38 aganaaiiauaz vhldifia
hyperproliferation [22] W&z p38 LasAddIwigITasiumvhuasduGADD mﬂ“ﬁa;ﬁmﬁauﬁuﬁ
iaarhlanizgisua1adn B4 GADD iezflanusuiniiulsaiite

&MU Hw D4 (Inhibitor of DNA binding/Inhibitor of differentiation 4) ﬁiwmuﬁlﬁmﬁu
miaaadzed Bu ID4 Tu giholsaszfiadu aanmavinmimenaswas Oestreicher uaz At [23] uaz
SINUin B |D4Lﬂu§uﬁaguiuuiﬂﬂﬂﬁnu 6p21.3 NsumziusIwses PSORS1 [24] Tauiluvassinaas
fufi susceptible locus §1w3u lsaazifiaiin lao Bu 104 fenwfsadesiu maeiydula uas n
wWasuulas  (cell proliferation and  differentiation)  [25,26] waznmIassuvezldUleds
(apoptosis)[27]  ID4 \Hu su1Tn w89 N§ the basic helix-loop-helix (bHLH) Alaiglugrnsos basic
region s'f}aﬁmmé’fﬁruuLﬁmﬁaaﬁ’uqmauﬁamaa a5l transcription factor [28] wananit fiw ID4
dalquantfidu  Buduunis luvzSmaingoiiatu  malignant lymphoma [29] |, gastric
adenocarcinoma [30] breast cancer [31] LAz colorectal carcinoma [32] lunmaasstn Bu 1D4
anaazidn oncogene e %awud%ﬁumﬂ%ﬂu prostate cancer [33] and bladder cancer [34] %oﬁ
wWundn ID4 gﬂmuquimmmuﬂ’mﬁ@ﬁLamaLuﬁaLa%'umuﬁmmiuimmﬁa"ﬁnﬁu [30-32] ul

' & @ N = PN P @ a &
aﬂ’]ﬁvlﬁﬂ@lquﬂ’]ia@aﬂ“ﬂa\ﬁ ID4 EJ\‘]VL;JVL@]Nﬂ’lﬁ’ILIO’]%EN“DU’J%H’]TH@YMJQN LR ﬂavl,ﬂ'ﬂl,ﬂﬂ’rﬂaﬁ"ﬂa\'jﬂuu

nulsaziialis
asnulunmsdnuiiRduaaReniudumiznaainfnedainy  pathogenesis 28913AUAY

U

iNM3AN®1A1IZ DNA demethylation/methylation Tu8uni TInG9@nBIANUFNALTVINTIAG DNA
demethylation/methylation 2asfunuludihnlinszifiadu lasvhnsdnslumasiinibiuaziaadide
Wearnmzfiadeg  vesdthe  Wedilanalimafiauszmidifiusaslinaznfiaduuazanaiu

Uszlomilumanawdstlasnuiazsnenlsanuulnaida 'l

Janilszaea
1. Lﬁaﬁﬂmm'sz demethylation/methylation 1 candidate gene ﬁiﬁﬁmﬁan’hﬁ
FUWuSAUATzUIRMTIAalIaaziAalds  (psoriasis)  lagtdTouAsUANURNAUS
sewihvngudiholinazfiaduiunguaiuqu
2. ieAnsnalnfinelfAnnisiAsuwlaisyfu demethylation/methylation i Eudin

Tulspaziin@u



adq
1nnaaay

a o o A 1 =1 &) 1 A
NWIBATIRAzLLIN AN Y 2 §Iude
- MsAnE M IURsuLLaIN1E methylation was N§uv89 candidate gene lulsazziia
(S
- MIAUANVBINIE methylation da mMIusesaanvasdnlulinsziiaEn
1. mjuﬂi:mmﬁﬁnmﬁﬂm
PR A @ A & A L. A o o Y P
ngudn  fa ;dﬂ'asﬂszmmvl‘ﬂﬂmﬂuiiﬂmmmqu (psoriasis)  MENTUMTTNHIN
laswenunagwiasnsal wazaswwlulubusamdiiinlasinadds Sruau 80 au
2. MIAUAIBENILADALRZNNTAALENLTRE
WAUAI8EN9L800 10 NA. 11 heparin tube Uuuen peripheral blood mononuclear cell (PBMC)
lagl43% Ficoll-Hypaque density gradient uaeld immunomagnetic bead A uwglunsuen CDa+ T
cell, CD8+ T cell as B cell
3. MINUAIBENITULIE
o, v o 2 & aa . A em o o i a a
;dﬁhmﬂmumsmmmalmn punch biopsy TIEITLITINFIATIINENTENIWAWUNG Tay
M3fay H&E wazfinnIsaaZuLitaann paraffin section WoNLBaRTUABIMWNaanudnlasyinnig
WUNLTARA283T  micro-dissection muiﬁnﬁmgamwﬁ FnIuTUhovasaulnd ;ﬁ%’m:mamn
Qﬂ’;Uﬁm%'umsmé'@ﬁasmsmmwﬁa I@m‘hmslﬁu%mﬁamwé’amnﬁgﬂam%uﬁ'luﬁuyamﬁ'ﬁ'm
lasams LLazﬁ'lmsLﬁu%uLﬁaLLa:LLzmmaﬁvﬁmﬁmﬁuﬁmﬁamnﬁﬂazJ

4. M3An®Y DNA methylation 1 candidate gene

afia DNA numaanuonlalasld3% phenol-chloroform extraction Ua¥NAENMNENHMALNNT
i methylation Tusn promoter U843 candidate gene %aa%ﬂuﬁwfw] 1aelE35 Combined Bisulfite
Restriction Analysis (COBRA), Methylation Specific PCR (MSP) Fams 2 SiwannsAe M3vin DNA
fanaldudiveas sodium bisulfite Gsazidun cytosine ( C ) Wil uracil (U ) udazlsifon
methylcytosine ("C)  3msuwsnaaninin Ui wiulagds PCR Guazvinld amplicons ilad
Thymidine ( T ) WN% cytosine ( C ) hInuABNLSH methycytosine ("C) Alilasn aaiussaunsals
restriction enzyme fitwanzandaLAauLanaNUuAnes e mu’i%ﬁaaw:mé‘ﬁqmauﬁamm primer 713
ANUSIMIzRa  sequence  Tifawsaliiinnniz  methylation  Teasiinsesnuuvldfivweves
amplicon WANGN® laaAIANIIANIE methylation ﬁ]:ﬁmﬂumaﬁcﬁuﬁuamﬂ%ﬂuLﬁﬂm:v&inmju
mquﬁ'umg’mjﬂaﬂI‘iﬂazLﬁﬂﬁu (psoriasis)  LNEWIANMNENNUEITNIIAIE  methylation o
candidate gene NU M3tAalsAasLAal3% (psoriasis)
5. MTIATLAUVBILEAIBaNUBIEH (MRNA) G’fmquuim PUIUMsa 18% 10 Wwhsetulagds Real
time RT-PCR

mM3ana RNA 3n@latn9 lagld Trizol reagent (Life technologies. Inc) diadig N3
FLAT=% cDNA lagit (RT) (Promega, USA )ﬁnﬂﬁ?u 14 QuantiTect SYBR Green | (Qiagen, Hilden,
Germany) @14 protocol. LA ﬁﬂL‘ﬁﬂLﬂ%ad Light Cycler machine (Roche Molecular Biochemicals,
Indianapolis, IN, USA) Jengrnalasmsia specific peak LLaz 9 specific band lag 3yl agarose
electrophoresis Lazfaaeae ethidium bromide. #MIUNNTIATLAUVEY PCR product Mifinuny

8 = v . o o
GAPDH GINL‘L]%?IWFYJ‘UQN Wae NN78ad Immunohistochem mmugmmamaaﬂmadﬁu



Han1InNaaay

- 1a@n candidate gene (GADD45 gamma LLag ID4)

NINAaBIN 1 Wazoy GADD45S gamma 1w cell lines

wui lu 1) Ng¥u Hematopoietic cell lines 14w Jurket, Daudi, K562, HL-60 uaz PBMC 1w
unmethylated DNA  2) nga Epithelial cell lines FaNUnannane 1% Hep2 uaz Hela 1Ju
methylated DNA, UACC903, HepG2 vl Mixed DNA, HaCat ,L‘ﬂu unmethylated DNA

{ a 1 & A
N13NAaadi 2 Wa GADD 45 gamma 1w PBMC 2ad awilné Ltazﬁﬂ'sﬂf‘mmmmm

WU ‘Lun@;muuna NS61, NS63, N79, az NS170 L Unmethylated DNA ue N126 tJ Mixed
DNA — 1ausfi n@lmj}’ﬂmiiﬂauﬁ@ﬁu P3, P8, P12, P18, P20, P21,P25, P26, P30, P52, P58, P60
uaz P79 1iw unmethylated DNA WA auN® (Hep2 uaz Hela 1w positive methylated DNA

control , Daudi L positive unmethylated DNA control, H,0 i) Negative control)



N1INARDIN 3 WA GADD 45 gamma I ¥hA20ILBAa CD4, CD8 Waz B 1mad 289 awlnd uas

1 ® a
dilglsaazininkdne

wu luaund (NM2, NM4 uas NM5) 1radeis  CD4, CD8 uas B cell nowua (i Unmethylated
DNA &3 Iugﬂwiﬁ?ﬂauﬁﬂﬁm (PM3, PM4, PM5, PM7, PM8 L.az PM9) Sﬁaﬁﬁg\‘i CD4, CD8 uar B
cell 'Yi‘imm 1w Unmethylated DNA lasd (Hep2 1w positive methylated DNA control , Juket
uaz HaCat 1w positive unmethylated DNA controll)
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Abstract

Abnormal proliferation and differentiation of keratinocytes occur in many skin
diseases. Parakeratosis is an abnormal maturation of the keratinocytes in which
keratinization of epithelial cells is incomplete and abnormal retention of keratinocyte
nucleuses in stratum corneum. It occurs in malignant, inflammatory as well as
autoimmune skin diseases as in eczema, squamous cell carcinoma (SCC) and
psoriasis. Down-regulation of ID4 protein in epidermis has been described in
associated with psoriasis. The gene encoded ID4 is located within psoriasis
susceptibility 1 (PSORS1). Moreover, promoter hypermethylation of 1D4 has been
described in several cancers. Here, we report a previously undescribed methylated
pattern of the 1D4 promoter in lesional psoriatic skin. We investigated 11 cell lines,
peripheral blood mononuclear cells (PBMC) and micro-dissected epithelium of skin
from normal subjects and lesional skin from psoriatic patients. All normal cells were
unmethylated. 1D4 promoter methylation was detected in psoriasis. The ID4
promoters of cells from the upper and lower part of psoriatic epidermis were
hypermethylated and unmethylated, respectively. By immunohistochemistry, the
parakeratotic keratinocytes in the upper layer of psoriasis, chronic eczema and SCC
lacked 1D4 protein, whereas the keratinocytes in the lower layer were densely stained.
Normal epidermal keratinocytes consistently expressed 1D4 protein. The lack of ID4
expression in psoriatic keratinocytes, chronic eczema and SCC may be epigenetically
controlled. This finding is a novel example of a link between gene-specific promoter
hypermethylation and abnormal cellular differentiation in the skin diseases. In
addition, 1D4 methylation is a candidate marker for abnormal terminal differentiation

of keratinocyte, particularly parakeratosis.



Introduction

The skin is a highly regulated organ maintaining tight control of proliferation,
differentiation, and apoptosis. Terminal differentiation of keratinocyte is the final step
which granular cells through to cornified cells. During terminal differentiation,
keratinocytes lose nucleus and keratohyaline granules and keratin filaments are
compacted. Parakeratosis is an abnormal maturation of the keratinocyte in which
keratinization of epithelial cells is incomplete and abnormal retention of keratinocyte
nucleus in stratum corneum. It appears clinically as scale. It occur in malignant,
inflammatory as well as autoimmune skin diseases such as squamous cell carcinoma
(SCC), eczema, lichen planus, and psoriasis [1]. Failure in processing of profilaggrin
to filaggrin monomers result in retention of the kerahyaline granules in the stratum
corneum has been reported to be a cause abnormal keratinization and differentiation
[2]. However, the induction mechanisms and maintenance of parakeratosis remain
unclear.

Psoriasis, a T-cell mediated autoimmune disease, is characterized by
keratinocyte hyperproliferation, abnormal terminal differentiation and inflammation
in both the epidermis and dermis [3,4]. One of histological hallmark of psoriasis is
confluent parakeratosis infiltrated by neutrophil [1].  The disease affects
approximately 2-4% of the population worldwide [5,6]. Both genetic [7] and
environmental factors [8] influence the development of disease. Gene-gene interaction
and gene-environmental interaction have been proposed to play a role in induction
and maintenance of the disease. Accumulating data by genome-wide scans and
association studies have recognized multiple major susceptible loci for psoriasis,
especially in the major histocompatibility complex. Global genome-wide expression
studies have identified a large number of genes related to proliferation, differentiation
and inflammatory processes that could play a role in the pathogenesis and therapy of
psoriasis [9]. Despite the discovery of disease-associated loci by genome-wide scans
and genome-wide expression studies, the specific genes that play a contributory role
in disease development and progression still remain unclear. Epigenetic phenomena
have also been implicated in the pathogenesis of psoriasis. We reported
hypomethylation of the SHP-1 promoter 2 in the epidermis of psoriatic lesions [10].
Other reports have illustrated p16 hypomethylation in bone marrow mononuclear cells

from psoriatic patient [11,12].



Recent large-scale gene expression studies using cDNA microarray have
identified down-regulation of 1D4 in psoriatic skin lesion [13,14]. The 1D4 gene maps
to the PSORS1 on chromosome 6p21.3, which is the major susceptible locus for
psoriasis. However, the precise mechanism in down regulation of ID4 is still
uncertain. 1D4 is a member of the basic helix-loop-helix (bHLH) family, although the
ID protein lacks a basic region. It is mainly expressed in the thyroid, brain, fetal
tissue and some nervous system tumor cell lines [15]. It behaves as a dominant
negative inhibitor of gene transcription [16]. ID4 has been reported to be an important
factor for cell proliferation and differentiation [17,18] and apoptosis [19]. Down-
regulation of 1D4 protein has been demonstrated to induce tumor cell dedifferentiation
in colorectal cancer. ID4 hypermethylation can be used a prognostic maker
independent of stage of CRC [20]. Beside, 1D4 was also linked with the regulation of
oligodendrocyte development and differentiation [21] ID4 has been proposed to be a
tumor suppressor gene (TSG) in various types of cancer such as malignant lymphoma
[22], gastric adenocarcinoma [23], breast cancer [24] and colorectal carcinoma [20].
Conversely, ID4 plays a role as an oncogene in prostate cancer [25] and bladder
cancer [26]. Other ID proteins (ID1, ID2 and ID3) are expressed in normal human
epidermal skin and are dyregulated in SCC. The majority of keratinocytes of poorly
differentiated SCC highly expressed ID1 and ID3 compared to well differentiated
SCCs. Whereas, ID2 expression levels are similar in each state [27] However there
was no any report of ID4 in SCC of the skin. Aberrant CpG methylation in the 5’
promoter regions of TSGs is a crucial epigenetic phenomenon in various cancers [28].
Transcriptional silencing of ID4 by promoter hypermethylation has been reported in
many cancers, including cholangiocarcinoma, breast cancer, malignant lymphoma and
gastric adenocarcinoma [23,24];[29,30]. However, the precise mechanism in down
regulation of 1D4 is still uncertain. This study, we explored whether 1D4 is silenced
by promoter hypermethylation in psoriasis. Moreover, the expression of ID4 in

normal skin, psoriasis, eczema and SCC was investigated.

Materials and Methods
Cell lines

Six epithelial cell lines: Hela, Hep2, SIHA, RKO, SW480, and HaCaT and 5
hematopoietic cell lines: Daudi, Jurkat, Molt4, HL-60 and K562 were used in this
study. All cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM)
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or RPMI1640 (Gibco BRL, Life Technologies, Pairly, UK) supplemented with 10%
heat-inactivated fetal bovine serum (Sigma, St. Louis, MO, USA) and antibiotics (50
U/ml penicillin, 50 ug/ml streptomycin). All cells were grown in a humidified
atmosphere at 37°C in 5% CO..

Patients and Controls

Peripheral blood mononuclear cells (PBMCs) of 27 subjects (7 healthy
volunteers and 20 patients with chronic plaque psoriasis) and tissues biopsies of 27
subjects (6 healthy volunteers, 9 patients with chronic plagque psoriasis, 6 patients with
chronic eczema and 6 patients with SCC) were studied. All psoriatic, eczema and
SCC patients were diagnosed as chronic plaque type psoriasis, chronic eczema and
SCC, respectively by a dermatologist at King Chulalongkorn Memorial Hospital.
Patients with psoriatic arthritis or other autoimmune diseases were excluded from the
study. All patients were free from systemic skin therapies for at least 4 weeks or
topical skin therapies for at least 2 weeks prior to sample collection. Control subjects
were normal healthy subjects recruited from elective plastic surgery cases at King
Chulalongkorn Memorial Hospital. All of them had no personal or family history of
autoimmune disease. The study was approved by the ethics committee of King
Chulalongkorn University and all participants provided informed consent.

Laser capture microdissection

Epidermal skin from paraffin-embedded tissue of 9 psoriatic patients and 6
normal subjects were micro-dissected using The PALM MicroLaser Microdissection
System (P.A.L.M. MicroLaser Technologies AG, Burnried, Germany). The samples
were stained with Hematoxylin and Eosin (Arcturus Biosciences Inc, CA, and USA)
for accurate selection of epidermal skin. The laser-dissected epidermis was removed
from the slide by laser cutter pulse and pushed directly into the cap of a

microcentrifuge tube.

DNA extraction and Bisulfite Modification

Dissected tissues were digested with 50 pl of proteinase K containing lysis
buffer at 50°C for 5 hours, followed by heated deactivation of proteinase K at 95°C
for 10 minutes. After extraction, all DNA samples were treated with sodium bisulfite
using the EZ DNA methylation Kit™ (Zymo Research, Orange, CA, USA). Briefly,
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500 ng of extracted DNA was modified using sodium bisulfite to convert

unmethylated (cytosine to uracil) but not methylated DNA.

DNA Methylation Status Detection by Methylation Specific PCR (MSP) and
Bisulfite Sequencing

ID4 Promoter region (-615 to +139) was analyzed for methylation using a
MSP method and verified by bisulfite cloning and sequencing as previously described
[31]. Bisulfite oligonucleotide sequences of ID4 were derived from Genbank NT
007592. Briefly, this method distinguishes unmethylated from methylated alleles in a
given gene based on sequence changes produced after bisulfite treatment of DNA.
Primers were designed to distinguish methylated from unmethylated DNA in
bisulfite-modified DNA. For MSP, 1uL of modified DNA was amplified using MSP
primers that specifically recognized the unmethylated DNA (U forward 5’-GGT AGT
TG GAT TTT TTG TTT TTT AGT ATT-3" U reverse 5’-AAC TAT ATT TAT
AAA ACC ATA CAC CCC A-3’, product size 157 bp) or methylated DNA (M
forward 5’-TAG TCG GAT TTT TCG TTT TTT AGT ATC-3’ M reverse 5’-CTA
TAT TTATAA AAC CGT ACG CCC CG-3’, product size 161 bp) [32].

Determination of mMRNA Expression Level by Real Time RT-PCR

Total RNA was extracted from cell lines, 5 cc from each whole blood sample
using the RNeasy mini kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Two pg of total RNA samples were reversely
transcribed with oligo dT primer. For Real Time PCR, 1 pl of cDNA was amplified
using ID4 primer and GAPDH primer as previously described. For ID4 mRNA
detection, touchdown PCR was used and CT values were normalized in reference to

the housekeeping gene GAPDH, as previously reported [32,33].

Immunohistochemistry (IHC)

Immunohistochemistry was performed on 4-um formalin-fixed, paraffin-
embedded tissue sections mounted on positively charged glass slides. Tissue sections
were baked overnight at 60°C. Heat-induced epitope retrieval was carried out by
placing slides in a pressure cooker containing Ventana Cell Conditioning 1 (CC1)
solution (Ventana Medical Systems, Tucson, AZ), and microwaving for 15 minutes

on the high setting in a 900 watt microwave oven. Prior to incubation with the
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primary antibody directed against 1D4 protein (Santa Cruz Biotechnology, Inc. at
dilution 1:25), sections were blocked for endogenous peroxidase and biotin.
Immunohistochemistry was performed by an automated immunostainer (Ventana
benchmark LT, Tucson, USA).

Statistical Analysis

Methylation status and mRNA expression level were compared between
groups by unmatched two-tail t test method using the SPSS software for windows
10.0 (SPSS Inc., Chicago, IL, USA). A P value of < 0.05 was considered to be
significant.

Results
Inverse correlation between DNA methylation status and mRNA expression level
in cell lines

ID4 methylation in cell lines as determined by MSP is exhibited in Figure 1A.
Most of the epithelial cell lines including Hela, HEp2, SIHA and RKO showed only a
methylation-specific band by MSP and were determined to be hypermethylated.
SW480 showed both methylation-specific and unmethylation-specific bands.
Conversely, HaCaT showed only an unmethylation-specific band and was determined
to be unmethylated. In hematopoietic cell lines, Daudi, Jurkat, Molt4, HL-60 showed
only a methylation-specific band, whereas, K562 showed both methylation-specific
and unmethylation-specific bands. To verify the MSP technique, bisulfite cloning and
sequencing of ID4 promoter methylation of HEp2, SW480 and HaCaT was done as
shown in Figure 1B. Most CpG dinucleotides of HEp2 and HaCaT were methylated
and unmethylated, respectively. However, variable numbers of methylated CpGs were
discovered in SW480 alleles. This partial methylation may explain how SW480 MSP
yielded both methylated and unmethylated amplicons.

Real-time RT-PCR revealed an inverse correlation between ID4 mRNA
expression and DNA methylation status in all cell lines. Hela, Hep2, SiHA, RKO,
Daudi, Jurkat, Molt4, HL-60, K562 lacked 1D4 mRNA expression. In contrast,
HaCaT expressed the highest ID4 mRNA level (19.4) (Table 1). Similar to many

genes, ID4 methylation may down regulate expression.

Hypermethylation of 1D4 promoter associated with psoriasis
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Next, we explored 1D4 promoter methylation in microdissected epidermis
from paraffin-embedded tissue of psoriatic skin and compared this to normal
epidermis using the MSP method. Six out of nine micro-dissected psoriatic epidermal
skins showed both methylated and unmethylated ID4 amplicons. In contrast, all of the
six micro-dissected normal skins showed unmethylation of the ID4 promoter (Figure
2A). The average methylation level in psoriatic epidermis (34.81%) was significantly
increased compared to normal skin (0%) (p=0.004) (Fig 2C). Bisulfite cloning and
sequencing of the ID4 promoter region, which represented 26 CpG sites, was
performed in DNA from micro-dissected epidermis from 1 healthy control with
unmethylated ID4 and 2 psoriasis patients with semihypermethylated 1D4 by MSP.
Nearly all clones from healthy control (9/10 clones) showed unmethylated CpG. In
contrast, almost half of all clones from both psoriatic patients show two distinct
epigenetic-modified populations. There were either heavily methylated or almost
completely unmethylated CpGs (Figure 2B). For ID4 promoter methylation in
PBMCs, the average methylation level in psoriasis patients was not significantly

increased compared to healthy volunteers (Data not shown).

Loss of ID4 protein expression associated with parakeratotic keratinocytes in
psoriasis, chronic eczema and SCC

The lesional skin samples of 9 psoriasis and 6 normal skins from plastic
surgery cases were analyzed for 1D4 protein by immunohistochemistry. Whereas
normal epidermis was diffusely positive, only in the lower aspect (near the dermis) of
psoriatic skin expressed 1D4. There was a significant decrease in both 1D4 nuclear and
cytoplasmic staining in all keratinocytes in the upper part of the epidermis
(parakeratosis). To investigate whether the down-regulation of 1D4 protein occurs in
other skin diseases with aberrant keratinocyte differentiation, 6 chronic eczema and 6
SCC were analyzed. Parakeratotic nucleuses and cytoplasm of keratinocyte in the
upper part of epidermis of all chronic eczema and SCC also showed decrease staining
of ID4 as shown in Figure 3A-L.

To explore the role of DNA methylation controlling 1D4 protein expression in
psoriatic epidermis, LCM was used for separating the upper (ID4-non-expressing) and
the lower (ID4-expressing) from psoriatic epidermis using ICH as a guide. From all 3
psoriatic patients, the upper layers of psoriatic epidermis showed only methylated

bands while the lower layers of psoriatic epidermis showed only unmethylated bands

8



(Figure 4). This finding confirmed down-regulation of 1D4 protein expression resulted
from methylation of D4 promoter. Moreover, increased methylation of 1D4
promoter may be a key mechanism in the abnormal differentiation of the psoriatic

keratinocyte.

Discussion

Although promoter methylation has been proposed to play a role in cellular
differentiation and in the pathogenesis of autoimmune diseases, there have been very
few reports to substantiate this [34]. We demonstrated SHP-1 was methylated in some
lymphomas and unmethylated in normal white blood cells, as well as methylated in
normal skin and demethylated in psoriasis [10]. Recently, two groups reported that
pl6, methylated in several cancers, is also methylated in psoriasis [11,12]. Therefore,
it is reasonable to hypothesize that if certain genes are under epigenetic control in
cancer, such controls might also be found in psoriasis. However, our previous study in
SHP-1 demonstrated that the pattern of DNA methylation in psoriasis may be
different from cancer. The present study reports a unique methylation pattern of 1D4
in lesional psoriatic skin with unmethylated and methylated 1D4 expressed in the
lower and upper layers of psoriatic skin, respectively. To our knowledge, this is the
first demonstration that promoter methylation may be involved in the cellular
differentiation process. Moreover, alterations of the epigenetic process can coexist in
abnormal skin.

Four members in the ID family, namely ID1, ID2, ID3 and ID4, have been
previously described. Although, they are in the same family, these proteins serve
different roles. ID proteins have been reported to be regulators of cell cycle control,
embryonic development, and angiogenesis in normal biological processes. In mouse
and rat embryogenesis, 1D4 expression is restricted to the early development of the
nervous system and oligodendrocyte precursor cells, whereas, ID1-1D3 are expressed
highly in the later stages of nervous system and oligodendrocyte development [18,19];
[35,36] . The role of ID is also well described in several cancers; up-regulation of
ID1 has been suggested as a prognostic maker in colorectal adenocarcinoma [37] and
gastric cancer [38], whereas ID4 is reduced in these cancers [20, 23].

Methylation of the 1D4 promoter has been implicated in differentiation and
metastasis in malignant diseases but not in non-malignant disease. Our study is the

first to report ID4 promoter methylation in relation to psoriasis. 1D4 promoter
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hypermethylation is present in psoriatic skin decreasing ID4 expression. However,
further genetic approach is necessary to elucidate whether 1D4 is the candidate gene
for PSORSL.

The underlying defects that induce 1D4 promoter methylation in psoriasis are
still unknown. Cdc42 was reported to induce 1D4 promoter methylation in colorectal
adenocarcinoma by modulation of DNMT levels [39]. In addition, Cdc42 has been
widely described to influence expression of DNMTSs in many cancers [28]. Cdc42 has
been shown to activate the Mixed Lineage Kinase3 (MLK3) and p21-activated kinase
(PAK) [40] pathways that are involved in the JNK pathway thereby increasing
phosphorylated p38 [41]. Increased phosphorylated p38 in the skin is an important
pathogenetic step in psoriasis [42,43] and it is tempting to hypothesize a relationship
between Cdc42 and 1D4 promoter methylation in psoriasis.

Abnormal retention of the nucleus in the stratum corneum, referred to
“parakeratosis”, is the result of abnormal terminal differentiation of keratinocytes, and
clinically appears as a silvery scale, providing one of the typical clinical features of
psoriasis. Our study demonstrates down-regulation of ID4 related to parakeratotic
keratinocyte which has never been reported. By immunohistochemistry, psoriatic,
chronic eczema and SCC keratinocytes in the lower part of epidermis expressed 1D4
protein while parakeratotic keratinocytes in the upper part did not. This finding
support many previous reports in a variety of malignant diseases that expression of
ID4 protein relates to differentiation of the cells. Down-regulation of 1D4 protein
promotes dedifferentiation and proliferation in various malignant cancer cells such as
colorectal cancer, gastric adenocarcinoma, esophageal adenocarcinoma,
cholangiocarcinoma, and breast cancer [23,24];[29,38]. Keratinoctyes differentiation
requires multistep molecular events. To our knowledge, our study may be the first
which included an epigenetic event, particularly in parakeratosis formation. Here we
demonstrated down regulation of ID4 in all parakeratotic keratinocyte. Therefore, it is
more likely that ID4 methylation may be an early step for parakeratosis development.
Because the increase in parakeratotic cells are common in several abnormal skin
conditions, determining the molecular level of this condition should be an important
clue for better understanding and future treatment.

In conclusion, this study documents additional evidence that ID4 may be

important in parakeratosis and the pathogenesis of psoriasis. DNA methylation may
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be a key mechanism to down regulate 1D4. Moreover, this epigenetic change may be
closely related to cellular differentiation. Specifically ID4 promoter hypermethylation
correlates with parakeratosis of the epidermis. Thus, ID4 may be an interesting
candidate for the development of molecular definition of parakeratosis and new

mechanism in the future.
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Figure legends

Figure 1. ID4 promoter methylation in cell lines. (A) 1D4 promoter methylation of
epithelial and hematopoietic cell lines as detected by MSP. The 161 and 157 bp PCR
products represent nonmethylation and methylation, and are indicated by U and M,
respectively. Cell sources of genomic DNA are listed above each lane. * indicates
standard size DNA markers. (B) Methylation status of CpG nucleotides in the
promoter of HEp2, SW 480 and HaCaT was confirmed by bisulfite DNA sequencing.
The uppermost vertical bar identifies the relevant nucleotide sequence in GenBank
(Accession NT007592). The numbers and arrows indicate the start and end sequence
nucleotide in relation to the transcriptional start codon, ATG (nucleotide 1). The
numbers of the line below indicate CpG nucleotides. Each circle indicates the
methylation status of each selected clone. Black and white circles are methylated and

unmethylated CpG dinucleotides, respectively.

Figure 2. ID4 promoter methylation in normal and psoriatic skin. (A) ID4 promoter
methylation status of 15 microdissected epidermis from 9 psoriatic patients and 6
normal subjects were analyzed using the MSP technique. The 161 and 157 bp PCR
products reflecting nonmethylation and methylation, are indicated by U and M,
respectively. Sample sources of genomic DNA are listed above each lane. HEp2,
HaCaT, SW480 were wused as positive controls for hypermethylation,
nonnmethylation and semi-methylation, respectively. * indicates the standard size
DNA marker. (B) Bisulfite cloning and sequencing using primers covering all 26 CpG
sites in MSP region was performed to verify the MSP results. Microdissected
epidermis from two psoriatic patients (P6 and P7) and one normal subject (N1) that
represented hypermethylation, semi-methylation and nonmethylation, respectively,
were analyzed to identify methylation patterns.

(C) The percentage of ID4 methylation was compared between normal skin and
psoriatic skin. T indicates standard deviation (SD). The star ( * ) indicates

significant differences of p=0.004 psoriatic compared to normal epidermis.

Figure 3. Immunohistochemical detection of ID4 in skin from psoriatic patients and
normal subject using a polyclonal antibody to 1D4 as described. (A-C) is normal skin
from a normal patient and (D-F) is lesional skin from psoriatic patient. (G-1) is

lesional skin from SCC patients and (J-K) is lesional skin from eczema patients. A,

16



D, G and J show the light microscopic appearances (hematoxylin and eosin, x10).
Normal skin displays nuclear and cytoplasmic staining of ID4 in all layers of
keratinocytes (B x10 and C x20. Keratinocytes in lesional skin from psoriatic,
chronic eczema and SCC patients displays nuclear and cytoplasmic staining of 1D4
only in the lower part of the epidermis. . Parakeratotic keratinocyte in psoriatic,
chronic eczema and SCC skin lack of nuclear and cytoplasmic staining of ID4. A
Munro’s microabscess, a collection of neutrophil in stratum corneum of psoriatic
lesion, displays both nuclear and cytoplasmic staining of 1D4 (E,H,K x10 and F,I,L
x20)

Figure 4. ID4 promoter methylation analysis of psoriatic epidermis comparing
microdissected upper and lower epidermis. LCM was use to separate keratinocytes
from the upper (ID4-negative) and lower parts of the epidermis (ID4-positive).
Munro’s microabscesses were removed from the slide by cutter pulse before capturing
upper keratinocytes. Specimens from 3 psoriatic patients were analyzed for 1D4
promoter methylation status by the MSP technique. The 161 and 157 bp PCR
products, reflecting nonmethylation and methylation, are indicated by U and M,
respectively. Sample sources of genomic DNA are listed above each lane. HEp2,
HaCaT, and SW480 were used as positive controls for hypermethylation,
nonmethylation and semi-methylation, respectively. * indicates standard size DNA

markers.
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Figure 3

20



Figure 4

= - [r =

- - -

— — —
R . -] - =) -
2 & ; 2 -
2 U O

T M T MUMUMTUTUMTUM

*

21



Table 1 Inverse correlation of ID4 promoter status and mRNA level of 12 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
PBMC Unmethylated promoter 0.43

Table 1 The 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 1D4 copy number / GAPDH copy number. Names of all cell lines are
listed for each row.
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