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Epstein-Barr Virusell Q& B A% F¢soA oA IRF5 dd =4

Interferon regulatory factor(IREy Hlol#& A7+ Al wE  AIZE o
A3t = HAALEAd xR, ulolyA7td Al interferon(IFN) A &
e AxzelA AHAHEARNNES AT IRFIFE IRFZHA & 9719
FAZTE AF7HA W Flom, 1 F IRF5= p53, IFN, Hhol 2]~ 74 5o

olste] wWhgo] FAE I, IRF5= FTHAIEL AAF JAl 7lsol 3

mlo
2
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Akata A|Eo|x IRF5 H#A=e] T2 RE A CpGHel Y 3lEo

2131, Akata Al¥E°| 5-aza-2-deoxycytiding #| @] &HH  IRF5S]  HE o]

¥2

rElery IRy A WEsrh IRFS HEe 2HEY|AY stuE

do

oAAX EBV e & 727 FE OIRF5Y €WEsr fRE A, o=
127744 A& EQth. EBV #4493 IRF5 #d Wgs 24357 931y
S AR IRFSS] RT-PCRS AAIgH A¥, 728 3HH IRF52] 23 o]
AR 8F7HA ALEEHAY. o]y IRF52]  variant form>  varianti?}
variant®] 3 th. EBV FE7A S EBNA2 3ol 24X 7HEE 8F7HA
A&EE Aor Hol 24x7HRE 8F7bA FEAE MIoln, 127

oJFzi wdol glojAm FRAY ¥ wi M FAA LMPLY

LMP2AS] &2 EBNA2 BT =& 728 7ML 87714 wd H o] 85
ol FELY 138 oy NPSE FAH IFEAHo] AHHS 4T

AZA o7 |RF5Y W3e ZzRE dHY3le] 28] FHEIFw, EBV
A9 IRF59] X2 HE AS] gdEsle ¢Jsto] IRF5Y AAME f stk

EBV 792 x7] A9A IFEASE MMEY o IRF5Y o] fxu i,




Epstein-Barr Virusell 9 B A% F¢sa4 oA IRF5 dd =4

Azns ¥ A )

A4
1. g

HpolH Az el thet  AxpAd ol AW nkse] &/dsto|th

Hpoje] el e AN mpolels FAE Adlsls  interferon(IFNP

of

T EHZE FEET, O IFNS dpolE s Flel g, wholE s 9]y

I

Suad el Aw 9 gelE AEo AWe fFEST EF FRAE

Abdol Wil T IFNe] o8 Addoinkgo] T od oes st

Interferon  regulatory factor(IRE)y vlol#{AZFAAl W& AIZE Ul
A3 e AR JAAR, Bl ATAA] IFN A S o=, WoumsS
ZHsa, HIAE HAES AFS FHs®  Tolllike receptor(TLR)
A AGAANE  Fogth®  IRFIFE  IRFOHA & 9le {4zt
AF7HA  IRFAZ W om, ol wjde] ofu  Wdke] 57HC]

EHERS 33 DNA ATHIE 7HA 1 A FAES HALRe o



IRF1%} IRF2= 719 B AlZoA ddEw, IRFLI> IFN 23 s 528k
W, IRF2E IRF1ZHE RFOIE IFNS] AAF Al 230 IRF39E IRF5
2 |RF72 vlo]g A7k wHg3le] typel IFN 2&ES ZAH3t) IRF3=
TE AEoAH BT, IRF5= B X, WG, FRAA EA
B, IRF7S H2A AEZeA THHT IRF3, IRF5, IRF2 Al X7
A (monomenz. =AskaL Qlth7E, who] e AZFA Al QIARE E o], o] A
(homodimer) ¥ ©]FA|(heterodimerg 3/ ste] 3 02 o]x3sle], type | IFN
F42F 2R E 9 interferon-stimulated response element(ISRE)Z &35}
IFN2] AAE A SIAI TP IRF5E vho] Y A7FdA] IFN-a 9] f3%¢
ArbE &g stAl7]=, IRFS o] %Al = IRF39 &/ o] FAE 45t
IFN-a ZdS Z7HAI T
IRF52] 7]l oigt A57F wujsicirt Htel FFAAFHARZA <]
7FsAdol BuEAquH? I FAR IRF5 wHEo] p53, IFN, viol el A7
Soll ot 2AEH 1, IRFS7F ps3l S Aoz p21ifio] B s § 31
AEF7] A0 #sta, w3 IRF57F AlEAPH] #ojsli= Bax/Bakl,
DAP-k2, caspased F¥S ZH3te 5 IRFYF SEAAFARZA T4
B Hofghg AlApsTHAE

IRF3 %! IRF7Z alternative splicing 53to] o2 isoforme] YA E o]
HuE 0t IRF32] alternative splicing formz IRF3a= IRF3°] 23t IFN-

]

Be HAEAE Asste Vles 7HAI ow, 573

[
ofN

G A 3 o A

Fel

IRF3a2] w&o] F7lstE 7ol HauEAu*® IRF7> 4719  splicing



variants (IRF7A, IRF7B, IRF7C, IRF7H)] 91om, IRF7A 2 IRF7H% IFN
AR AL BAS F-E30°Y7 RFSE  alternative  splicing: =3

isoforme]  AIXC FRHo wet g=2A ddshd, 7] )] st

CpGH el wdsgle] ojst HArEgAA Ags] Sol oste] o]
AAEDTHE, IRF5 F3A= Z2EEH A8 B, 219 Z2ZFE7 A3,
TERE AT AWMA exon F-lol CGH7IALol WHH &=
CpGio] AT, ol= |IRF5 Z2FES wHE3l7l IRF5 23S
st 7149 stud 7hsdE AlARETE CpGiel®t DNA ¢7] CGZt
10~208] A=z AEHOoRE HHEEE FOoR, CpGH Y AlEAlS]l Ay
HeEdgirol @43z vy Ry, olF ste] Tz RE FEE
ArpggdRiatzoe]  AgskA Xatol  fHAe AAE oAlEER

TEAAFAAZA Y TsE A XKsHAl HaL, o2 Qlske] AEILAL

T SOl Ao RN FIIHe T AES & Jlow Agdn.
old CpGy HE3dl= FAEAAE wolH At 3l EdAEE T

Jald FUHE olFH RAAEY J5S FYSAIE Yol 7] 4ol
G715 ST, Epel At Cpod el Tt FUAFARY BHL
FAA A4 glol 28 714 F9 shtolt2% DNAZH W e s
of Fglel WYy AFwMAo]l AFHH, o5 FHAED AL RA

Agetel BRAE BN SAEWNE T Aad fudde o4



AALY S A S,

Epstein-Barr Virus(EBV)= DNA FoFrto] gl A% Herpesviridaeol <3t
HAAA 179 90%] o] i o] AL EBV #H92 HdE=
FAAe] we Al A FE fPor BRET AEAE 1AM E
Hlol2l A~ FA A & EBNA1Y EBERYF & ¥, ¥4+ EBNAL, EBER,
LMP1, LMP2Z7} &t 183 NPAME wlolyAe Q ZEREHE
o] &3to] EBNALC] ¥ =1, MEF I E 1208 EE wpoly A HE3HY
g o] wEEH, olw wlolz|Ad C EE W ZRREC A

ol s fAAe WAL 2ARGR2 EBV 27 7ATFA vlol# A

juies

dge] g wefnbgol fFEEI, 53] typel IFNol  E7]HAA]
ool Fo A%S & Ao FHAG IRF5= wholH A7
e Heinbg o 28-S 9% PN Zd 2 gl mpole] X FEghele] o)t
Ax FAAR FAolAM FEAARFAARA TS For FTU

[e)
o
olAE ZolE®E, FYutolef xRl EBVE TSt ol wlolel A ez

i vlole s wuAle] o) HEE AXuwde] RF5Y WH U

o= AdHo B AlEFoA IRF5 & kAol zfo]7) IRF5 23
A7 Tl ZEEHEY HEsgtel o xd )de] 7IQlsk=A
otr gty EBV o ® IRF5Y wde] s A gotry] 913k
EBV negative B ol AXFQ Akata A¥E°] EBVE #A7]aL

1257+4 IRF5 mRNAS] el W3zlel Z2we] wdsl W3l 9 EBVAA}



EBNA2, LMP1, LMP2AS] wrel w82 zAletglct

IRF52] W3S 2 wE dEsle] 93] A=

ZzwE A9 Sdgste] olske] IRFse] FA}

= 27 Z9A FEFY MY W RS o

Azko] Adsm RSO o] wlolxa

Audel FE7 449 Row AZE ot
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EBV positive ¢4 HIZBL) AMEFI
Akata?t Mutul &, FEA MY AEFZE MutullS A3 1, EBV
negative B ¥ 3ol M| ¥ F 2= BJAB, Ramos& AFE 3t}

AEEL 10% $-Eio} &3 (Gibco BRL, Grand Island, NY, USA} 100 Um( 2]
penicillin, 100 pg/mé streptomyci] 3 7F¥ RPMI1640(Gibco BRL)H S

AFg-81o] 5% CQ, 37C HiSE7| oA w3

2. Genomic DNA £3g]

Genomic DNAE Z88k7] Sl Al32E 7% 5, 1,000 rpmil A 523 A4
et A4S ds MY $ phosphate buffered saline(PBSE 13] A% gt}

Lysis buffer(10 mM Tris-Cl, pH 9.0, 10 mM EDTA%4 SDSyl 50C ol 4] 164]7F

N

WAl A A EES g A7) 2L, proteinase K(10Qug/ml)S 231 4A]7F HES-A]

o
o

< phenol:choloroform:isoamylalcohol(25:24%) o] &3} @ AdS F=

ofgtbS H AW S o] &3lo] DNAS FAAAT. 706 et 2 13] A H 3%

I ZHS4 100 wol vk #2138 DNAE spectrophotometer(Beckman, Palo
Alto, CA, USA)E ©l&3to] 260 melA F3 =5 S48t s5 A3 A



3. Sodium bisulfite 3

225 DNA 2 o]l NaOHEE5% 0.3 M2 A 71511, 50C oA 2085t
HES-A1 71 £, 30 0 10 mM hydroquinone(Sigma, St. Louis, MO, USA)520 10
sodium bisulfite(Sigma), pH 5% Y1l 50Tl 16417+ ¥H-3-A] 7 t}83

M
W& ¥ DNAS DNA wizard purification resin(Promega, Madison, WISA)S

—

olgsto wEldt Fo AFHSHAME olEstol DNAE HAAR F

TR 50 peell =3lvh WHE DNAE HbE MSPll ARg-aF7L -20Te

4. M ethylation-sensitive PCR(M SP)

Sodium bisulfitez. ¥ ¥ DNA 100 ngs =¥ 2% 0.2 ¢l 2.5 mM dNTR} 1

unit Taq polymerase(Invitrogen, Carlsbad, CA, USA)Z 3114} dh= -2 A}o]]

Eoi

25t primer 10 po® Yo TEEAAAN-SS FTh Sodium bisulfite *] 2]
T CpGH el A EAlC] Huo R npygitkal 7Hgetar, ol st d7|Ada
E43 primers WS Il (unmethylation  set), WE 3ol oA CpGH 9

AEAlo] Ellog W3yl oF dojdt Aent A& 4 Sl primer seE

=]

1HE-9l tH(methylation seff. THaEALAHRS 7 W AN primers
t}S3 Zt} IRF5 methylation specific primer 5'-GGTATCGCGTCAGGTAI-3, 5-

GAACACTTCCGCGTCTTACC-3(95C 30%, 60C 30 =%, 72C 30%x; 35cycles), IRF5



unmethylation specific primer 5-AGTAGTAGTTGTTTAGG®EIGG-3', 5-CCTA
AACTTAAAAACAATAACCAAC-3'(95 C 30x, 57C 30 =%, 72C 30x; 35
cycles). =Z A LA AEL 8% ol Holmlo|= Aof|A H7HFE F

ethidiumbromide(EtBrE. &3 213Fo] UV transilluminato. 323 T}

1

N

5. EBV

2

EBV positive Akata AEZFo|x WHASEEY  cross-linkl S o] 8319
Hpol 2] AZ WS Akata Al ¥ (1x 1000 @A 1gGE A (100 xl; Cappel

ICN, Aurora, OH, USAE Y olA ulolgjA ElF715 =L, 54 Fo

o)

NS AT FAT wjgFAS 04 m filter(Milipore, FranceE

o] g3te] wholeswt Stk EBV 494 IRFY @d w3 4L EBV

85, 12 & F73to] DNAS RNAE FE35H9 IRF5S] Ld v} 2= HE

SEE RIS

6. Reverse transcription polymerase chain reaction(RT-PCR)

=

RNeasy mini kit(Qiagen Inc., Chatsworth, CA, USA)AI-E3to] & RNAE

10



SIA A FHeke WHUE FEF Y. RNAE  oligo(dT)dInvitrogen)e},

o

Superscript’ I reverse transcriptase(Invitrogéh) ©] 4-31%1 ¢cDNAZ ¥4 gt}
o] cDNAE F¥°=Z IRF5 59| primers ©o|&35to] TTaALANSS
AT whol A A BEle FAMSEY] 918H9] EBNA2, LMP1, LMP2A
Eo] primerZ o] &3] FFairdAurs g FFELAdANS
AEE 2% ob7fEA AdA HAV|YEsE O EBrE2 fAAste]  uv
transilluminatoz. #23it},

A3t primers the ¥ 2T} IRF5-FAATTATTCTGCATCCCCTGG, IRF5-
R:GCTCCAGGACCTCAGAGAGA, EBNA2-F:AGAGGAGGTGGTAAGCGAIC,
EBNA2-R:TGACGGGTTTCCAAGACTATCC, LMP1-F.GTGATTCTGACEAGC

CAGAG, LMP1-R:CGTGGGGCGCCCCAGGCACCA, LMP2A-F.ATGACRTCT

CAACACATA, LMP2A-R:CATGTTAGGCAAATTGCAAA,

7. 9714 <E £4

IRF5¢] >~ ZH®E MSP2} IRF5% RT-PCR Al=< TA cloning vector
(Invitrogen)s ©]&-3slo] 23 11, Big dye terminaterd = A}8-3Fo] ABI
Prism automatic DNA sequencer(ABl, Fostor City, CASA)Z 7|4 <E&

AA ) IRF52 variant form> GenBank datgl H] 3} t}.

11



1.B MEFA IRF59 FAHA 2y

EBVEZ FZA%E B MEFolA IRF HAF Lde dotry] 94,
EBV positive M3Z521 Akata, AkataBX®} EBV &7 182 Mutul}
EBV ZE7+e] M <l Mutullle} EBV negative BH ol A 321 BJABY
Daudi, EBV negative Akatg EBV positive type | Burkitt's lymphontd Raekl A]
RT-PCRZ IRF59] AL WH&-& AMSESITE  IRF5= EBV negative Al 2721
BJAB, Daudkl EBV #=7+d Ml MutulllelA @ fo] =3ty EBV
57 1890 Mutul}t Raebl|A g og waofs Ay, A2 9
variant formz©| ¥2 % ¢l EBV positive Akata, Akata BX1, EBV negative Akata

Al Eol M= IRFES] o] ATH(THI).

12



M DW Akata(-) Akata(+) BJAB AkataBX1 Daud Mutul Mutulll Reel

GAPDH

791 B M EFA IRF5 AALA 2.
Aol B MXEFoA RNAE #E8te] IRF5S] AT aA At
S T35l o7 oA A A A7 Y55 AT M; DNA size marker, DW;

=g 24 dZ . GAPDH; internal control.

13



2.B AEFA IRF52] HE3} £4

B AXFolA IRF5Y a3 TR REC CpGH FE wEstsle
HAE vlwstr] $l38] EBV positive Akata, AkataBX14] ¥ ¢} EBV #5743
13 Mutulz} EBV 5714 ¥ Mutull$t BJAB, Daudi, RaelA 2]
genomic DNAS o]&3lo] MSPE AAlatitl. IRFS7F WHa W %] ¢k Akata,
AkataBX1 Al 3ol 4 IRF5 25 E A7} wle3tEo] gllth Mutuld}t Raek-
vH el sl AefelA IRFS7E oFshAl &A=, IRFSE AsHAl dEE =
BJAB, Daudi, Mutdll A|¥o|X= IRF5 22X E A9 wWd3ls wbAsh 4=

AATHLH2).

14



DwW Akata Akata BJAB Akata Daudi MutuI Mutu IIT Rael

M
EBV- EBV+ BX1
S—
—
Methyl — b (-] —— [a—
—
———
Unmethyl -

192 B AEFA IRF5Y wd3} 4.

dde] B MAEFZHFE genomic DNAE #2]3] sodium bisulfités
A ste] MSPE A AJEkSItE. M; DNA size marker, DW; &84 &4
2. methyl; genomic DNA sodium bisulfite 2] 2]% methylation primer

set® & PCR. unmethyl; genomic DN& sodium bisulfite *] 2] & unmethylation

primer se. = PCR.

15



3.IRF52] mRNA 2@z T2 RE udslele] @4

91, 29 A3 IRF5S Wy T2 wE wEdiele] #AS B4 o]
HW, IRF5 ZZXRE A7} desglso] 9l Akata, AkataBX1 Al ZofA]
IRF5e] Z-glo] giglem, mdstsel g7 & BIAB, Daudi5olA 354

e wo], IRFS Z=2RE Al WEst o7 IRFEY Wy #A7E =

2L Fadd £ 9drt. Ev|E wdl Zow, BAEZ7F EdstHA EBV
ZHE Ak T2 Mutul, Mutulll A 3ZFoA], EBV ZE7+4 132l Mutul

Hl

4,

AEZelds A5 vlEEstE Qlaf IRF5E] do] ofstA 3l

iy

FEAE MR Mutull AlEoA = IRF5S] o] ZabAl vehbdA
TrRE wdstEs #EY 5 gdtke Holdth

2Ry gt IRFRY wE#nel  #AE FRlE] s,
T2 REZE ddgEo] 9la, IRFsS] wde] ¢rel Alxe] DNA wWEs)
A A ¢l 5-aza-2’-deoxycytiding #2]3}o] IRF52] mRNA &3 =2 T
Helslele] BAE dolr ot} 5-aza-2-deoxycytidine®] €] A] EBV negative
Akata®t Mutul Al 3zo A IRFS ' cfe] S7keh Wb, Mutulll A3 += 5-
aza-2’-deoxycytidine X 2j o] #AIglo]l IRF52] HHE ko= zlo]7} AT

PN
& T

uebA IRF5S] B xAde] TrRE HWEsrl T3t

12
ek

S
=

et
o

AATHZH D).
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M DW 293 Akata(-) Mutul Mutulll
AZA - + - + - + - +

IRF5

GAPDH

193 IRF58 mRNA &d3 22 E wesiele] #4.
IRF55 Wédsh®] & 2934xet d=™e] B AMXET DNA wHE3}

2} &}

A

M
ol
&
12

A8 A 5-aza-2'-deoxycytiding 23t & RNAE

TUERAHNSE st oPFReA Al AV|gEste] FAsAth

T

M; DNA size marker, DW; =& &4 &4 tx . ()& 5-aza-2’-deoxycytiding
AgstA] e #, (+)= 5-aza-2-deoxycytiding A 2]3t 70|t} GAPDH;

internal control.



4. Akata A|XEo|A IRF5 T2 T E wdsl 24

IRF57} 2H3lw %] 91 MSP kAl el Akata Al oA IRF5 3 4+e] CpGH
o WY s xAEH7] $Eto] Akata AlEol sodium bisulfite #] 2 3t
MSP Atz ol A7IMds EAsHIY. 1" 4Ac IRF5O] ZEWEH A
F7IMLE boxs TEELAHNEE BZl AVl box ke HE %
o] MSP Eo©] primer|tl. MSP A= 1071 clone®] 714 E-& 43519
CpGHY dHs 55 ZAMT 1019 clones clone ail> 89.5%
W& 3}lEo] 31, clone a2, a8, at® 100% wE 3l o] 21lt}. clone a3, a5,
a6 70%°|%, clone a4, a? 80%Pl7d, clone a¥- 50% WE 3} o] Qlof,
Akata A|3E°] IRF5 ZZWE S CGH7IAME thiito] wWEstye] laS

% 5 AT,

18



A)

AAGAGCAAGAGTTACCAAGCGAAGAACATTCCATGAGAAGGAACAGGAGGTGTGTGAAGG
TGGAGGTTCTGGGGTGAGGTTCTTTATGGAATCGAAAACGGTTCAGAACCACAGGTCGAC
GGTCAAGGTAGTAGTGAGAGGAGGT GGGACAGGCGACCACGCCGCTGCCCCTGGGATGAC
TGGAAGGCGACTTAGGGGAGCTGGGGCGAGACAGGTGCAGGGTTTGAGGATGAGAAAGGC
ACAGAGTGACTAGAGGATTCCCGCCTGCAAGCACATCTGGAAGGGGTGTCTGGATCCTGG
GGGCAGCGACTGTGTTCTAGGGCGAGAGCCACCCTCGCCAGGGGTGTAGGCAGGCGAGAG
GAGGGCCTGGAGCTGTGGGTCGGCCACACTGCGCCCTCATTTGTGTGCAGCCCCGGAGGA
CCAGAGTGGGGAAGCACCCCACCCTCTCCCAGGGCCCAACTGAGCACTGCAGCGGGAGGT
ACGGGGTTGTCAAATGACAGTTTTGCCATTCCAGATTGCCAAAAGAGCCAGTGGCCAGTC
TAGGGCAC!CG*CGC}CGTCTGGCATCTCCCTGGAGGCCCTGGGCCTGGCCCGAGGCTCAGCC

SCGGATCTGCAGTTGCCAGGT CAGTG*CGGGGCC'CGGAGT GGATT!CG*CGGGG°CGGGGHCG
GGGCACTGCCHCGRCGCCHCGGAGCTCAGCAGCAGCTGCCCAGGHCGGGGG*CGGCAAGA

CG BCGGA AGTGCCEQdGCAGGTTGGCGGACCGGCGGGAGGCGCAGCCTGGGCAGAGCTC
AGCTTGGTCCCGCCGCCCGGCCGGTGCTCCCTGGCGCAGCCACGCAGGCGCACCGCAGACA
GGTGGGTCCCGGCCGCCGCGCTCTCCTCTCTGCGTCCGCGCCCGGCGCGCCCCGAGGGTGG
CGGGAGCGGTGCCGGCTACTGCCCCCAAGTCTAGGCCTAGACTGGGCCCCGCGCCCCCCAG
GCACCTGCGGGCGGCGGGATGAAGACTGGAGTAGGGCGGGGTCCGC

B)
Cp one al a2 a3 a4 a5 a6 a7 a8 a9 al0
1 o o o) o o o o) o o) o ]100%
2l o [o] [o] o o [o] [o] [o] [o] o | 100%
3 o o o) o o o o) o o) o ]100%
4 o [o] o [o] o | 50%
5] o o o] o o | 50%
6 o o o o lolololo]lol]o/[too%
7 [o] [o] [o] o o] o o | 70%
8] o o o ol o olo o | 80%
9 o [o] [o] [o] [o] [o] [o] [o] o | 90%
100 o o o o o o) o o) o | 90%
1] o [o] [o] [o] [o] [o] [o] [o] [o] o _1100%
12 o o o) o o o o o | 80%
13l o [o] [o] [o] [o] [o] [o] [o] o | 90%
4] o o o) o o o) o o | 80%
151 o o o) o o o) o o) o | 90%
1§I [o] [o] [o] [o] [o] [o] [o] [o] [o] o _1100%
171 o o o) o o o o) o o | 90%
1§| [o] [o] [o] [o] [o] [o] [o] [o] o | 90%
191 o o o) o o o o) o o) o ]100%
| 89.5%] 100%] 78.9%| 94.7%|84.2%]73.7%] 94.79]100%]57.9%] 100%|

184 Akata M EA IRF5 TERE CpGAY wds} £4.

EBV negative Akatas|*~°] genomic DNAE ©]&-3F IRF59 MSP 4Al=E&
293t A7 ES gadt. A IRF5 T2 RE A d7iMdola,
boxte] W& % Fto] MSP 5ol primers WERHTE B. MSP A4S 1071

29 dVINES A4kl CpGH MIEIE AR
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5.EBV 7| W2 EBV negativeAkata A Z oA IRF5 2@ ¥H3} 24

Mo

EBV #&el uf

[‘,_(e{l_’l

IRF &

ru

H3lE F41817] 98to] EBV negative Akata

AEe| EBVE #AAA APHE IRFS WA ZRRES CpGH F9

jukd)

Helsts AT

IRF5 mRNA & oA EBVE #HAAI71A &2 Akata negative Al 2Z o] A]
IRF5 mRNA:= &= 2] ¢hokal, EBV HF 724 ZHFH IRF52] o]
AL, 8F7HA ALH AT oluf IRF5S] variantss ¢otx”] 91dte] PCR
b= T 289 A7IAEE A4 2% 1 F 4H7F IRFS variantl
(GenBank accession number, @i:386838%%)1, 37l7} variant3(GenBank
accession number, gi:4079257%)t}.
Akata Ao EBVE 7FAAIA AIZHEZ genomic DNAS 73] MSPZ
2R vdsE g Ay, EBV A & 72AFE IRF5Y
Sud syt fEEA, 127704 AlEE] IRFS 22 EE HEstel IRF5

mMRNA & #AE AT 5 AATHL#D5).
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M DW A-) 1d 2d 3d 1w 2wdw 8w 12w A(+) 293

methylation
1d 2d 3d 1w 2w w4 8w 12w 293 Mutulll

unmethylation
M DW A-) 1d 2d 3d 1w2w 4w 8w 12w Ramos

IRFSRT-PCR

195 EBVE Z¥EAIZl EBV negative Akata A|E A IRF58] RT-PCR %

M SP.

EBVE #HAAIA 2447FE 1257 H= E7HA 42 DNASH RNAS
8 3ste] IRF5 MSR} RT-PCR: =33}3lth. M; DNA size marker, DW;
THaAr 4 UlET. A(); EBV negative Akatd HAAIT|A] oS A,
A(+); EBV positive Akata, 293; IRF5H €3} A o2&, Mutdlll; B #Es
4 iz, Ramos; IRFBF A== 4 dix.  GAPDH; internal

control.



6. EBV ZEF2 EBNA2, LMP1, LMP2AS] mRNA & W3}

EBV HHA AZke] wE EBV IEAEYE Y IRFS #HdH 3 #A7)
YRS dolr 7] ¢3slo], Akata Al3Eo] EBVE A7l Zo A7HE=E
3t

EBNA2, LMP1, LMP2A mRNA TdS RT-PCRE &sto] gRlsiglth. B

ol

AE2 EBV #A9F Aoz wilsts whildo] EBNA20| 1, o]+ UE
vHpolg) A gl E o] HALS A 71T EBNA2E FE7HE [T of A
st FAAZ 244 7R E DdEiA 8FE7kA] WSS, 85 o] Fo

EBNA29] o] #EA ooty IEA4Y 08 9 Mol Tdsh=

FHAAR LMP1, LMP2A= 724 7HFE #dsgla o]=9 w32 A[1to]

ddo] BEEA o= JO® wFo], EBV AEAY 19 T o=

Aghshs Zloz dq52 5 At He).
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I%¥6. EBVE Z9A|7l EBV negative Akata A Xo|x EBNA2, LMPI1,
LMP2AS] mRNA 23 24,

EBV negative Akatax] ¢ EBVE 7 A 7]aL A

v

HPEE RNAE FE319
RT-PCRS A 3315t M; DNA size marker, DW;T & a4 54 &7 A(Q);

EBVE 71714 248 EBV negative Akataxl 3, GAPDH; internal control.
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v, &

Hpolef o] A E ™ IFNC] o8 ARo]ETRRl FHA Fo] &/ 3E o

IFN-S  wlolgjxel FA& wWasts widzA, dlojgae TS
AA S Ag ol9ele FEME FA oAl AAM AT AEEHL
TMA7IAL, FRAAFERA AdTde] wHs TG Type I
IFNo = IFN«y7F 1o, T 2ol Ak Wonkg-S 24 sket IFN-

yio T HET, B 22X, o3, A Ax, dauyAxe] #48-sko

Weukge BAGAIIE, ALY BHH Qi Agste] FxAAY
A AAGAT AU ALEW WAL FAAAL IFNyE

typel IFNAH & wmlo]g] A9 F218 AT 5= AP’ EBV HAA Typel
IFN EBNA27} wdss= 57 M3 A¥EHc EBNA2ZE HE A
de AEAAIE £ 08 Axeld AxF7] A Az 5 &
oy A a3E yeERdoPt &, EBV el IFNS @437 Ak

Hiol gl A~ wwzQl EBNA27F 7 & eAlgtoldl wEste] IFNe] o)t

IRFE2 vlojefA hgdell o3 Qlikslso] A stert. nfol g A7bdd
o7 @AsE itsldEA KK e I TBK1o] IRF3%} IRF7] <QAtgl=
f5et3, w3 IRFEE  IKK/TBKLOl 93] <14kstel  dimerizatior?]

fregoha $A v EBVE A HAES g5t IRFE AR &=
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stoh. 2 ol7F IRF73 LMP1#e] #AIQIH], LMP12 NF«BE €4 shstal

IRF7 ZZ X E°] NF«B binding site} 31oiA LMP1°] IRF79] 2d&
43, Bl IRF7 LMP1 Z 2R E 9] ISRE] Agsle] LMPL élS
FEorh S LMPLS IRF79] Q1AESLE f=ste] @485 fmahh

B A= wlolg A e el IRF5e wEo] @Alstya, o2 <13t
IFN®] 45 EBVZE ulolyA fxxE ddgo=zs 2383 Aol
7Egell AlZretlar, wpolel A ke @ IRFSS] RS valshd,
vholg 4~ 9] EBNA2 %= LMP13 LMP2A7} IRF52F FAlo wHa s
o7 Hoprd EBVY Fokdlel Fo3 uloly A fHAAEC] IRFY 2

1 7 Ao #ojg Aol AZET Akata MEe| EBV

!
N
o2
>,
o Y

EBNA2°] mRNA &2 ks 2

2
Mms Ael= EBNA27F 2dsta 125 o]Ato]l =™ EBNA27F $lo] A

L

g gol NHow ARWE AL FAT & A1, ofF

i
®

AR SR oS

IRF5 2= 2709 ZEREE 7HA™ ZEZRE ASl CpGH e

WEst RFsY ddzAe] Fed 949S B Ageld wEth »
Aolx IRF5S] wEd mewE wgsiele] @A EAse] wd

IRF52] ZZRE|7} wEd3lyo] 9= Akata, 293 4| EFo|A IRF59] W& o]
slglor, EBY ZEZA 13< Mutul AlZoAe= A vugastz <ls)
IRF52]  W&o]  okalAl Q= whd, FEZY MY Mutullo] A=

iME stz IRFSS o]l Ashl dERS T Zlolth. DNA " s}

25



A A ¢l 5-aza-2’-deoxycytiding *2]3}o] IRF52] mRNA @& 3 =2 T
Helslele] BAE Qs AFo|M T 5-aza-2-deoxycytidine ] | A] EBV
negative Akat&® Mutul¥ oA IRF5 @& eko] Frist Wb, Mutulll
Ao A = 5-aza-2'-deoxycytidine x12le]  #AIQlo] IRF52] Hd Qe

Aol7b flaes & o Sk wEbM IRFSE] B x| =R

74e M3 MEZA IRF5E] o] =& AL < 5 i)
T2 RE YEsis B2 FAHAAFEAY dH Fde| T AT
st 53] IRF52] T2 HRE A CpGHe Irdsle] o3 1k o

kel

epigenetic silencing IRF57} S Alf-A2k2] 7150] S, FF FAFA

RF5S] w@o] s 497t 54 FFzaoA ehtmz® RF5 U
gAol FFPYY FLF AYYS FE5F 5 Atk ol PAZAAE

IRF5 f-37ke] ZZREC CpGH ol wWEstso] A IAnt, FoF
P = CpGyl  FiEol WdEstEo]  {FAAe HAE SAlHE=R
FTFAAFAARA Y] Vs sHA XSl €vh IRF5S] WHElo] p53, IFN,
vholg A~ 7 Soll 93te] =AW, IRF5F p53¢l SH Aoz p2iitte]
S fFeste] AlEF7] 2Ho #oistal, IRF5’F Bax/Bakl, DAP-k2,
caspase8 S ZAsto] AMEAFHO] #oFTE =, IRFSF T4 A

TR Tl Bofgds AAFSIEE DNA - damagel w2

==

A DNA A W AEZIAL] % Fol oAHoEH FHBA

T dgs @ Jlow AAHANY. 53] EBVel o3 FelA
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Ho] AetA yeEtdthrl Alte] Ads EBNA2ZF glolA i

Foz A= Hak IRF5 wdo] Fojme #EET F qddth
obZ 744 LMP1o] IRFEEES WA A=A A A 2,
Hlol#f 2~ Fx Al LMP1, LMP2= ENBA2°| & @485+ fHxz™
EBV ZrdAl 728 3HEE 2 E E Qi

IRF591 = 97 ©]29] variantg} =A1shH o2 variangFe] 7|5 zko] 2
e 2d 7)de wEAA godth o, A% variants©]  dominant
negative’] 50| Utk LA S Woltp A F7kA] IRF5Y 7T
oA IRF5 variant3} = ATFHS, 1 olfE AHe FZYE isoform
ol A EZAA WEE= isoformeE AYZtE T B AF AT Akata

AAIR

v

M e EBVE 7

il

H 4L PCR AHE 7709 FE5 4707} IRF5
variantl] 211 3717} variant3] ¢l t}.

® ATeAM IRFRS CpGyl HlEste]l od {AA el epigenetic
silencings Akata A E9} AR A EFoA Fod F QYa, TEKIE
HE s mof wel IRF5S] AL dofo] A E Itk Ed EBV negative
Akata AlZel EBVE #AA7IW 72A7F o]FE IRF5 WEO] IRF5

Z2RE A wHEs}e] ofste] FREA, 1277HA % A& EH T
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V.24 &

© A7 499 B AlEFOA IRFEY B o Apolrh Ak Bd

A7 Fol ZRRE mdsle] o V|JAH=AE LotR i, EBV

oy

Aol ol IRF5S] o] A E=7HE dolR7] flste] EBV negative
Akata A|E°] EBVE 7FAA7]1 12774 IRF5 mRNAS] & W 3le}
2 RH wdsl W3l 9 EBVHAA EBNA2, LMP1, LMP2A2] mRNAS]

B W3E zAee] ted e AR At

2. Akata Al 2ol EBVE 7HQAI71H IRFS W& o] sl oW IRFSS

2 0E AY ey} dojyta, EBY ZE o R IRF5Y variant®} 39

3. Akata Ao EBVE #AAA FELA MFA LdAE= EBNA2:

200 2 8T kA wE skl 1277 HW T o] glojAA, FEAD 1Y

T [I3do7 ASHEY. EBNA2 FA3E FEHE LMP1Y LMP2:=
A

1, IRF59] w3 % 724 7HE-E
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4. EBV x7] ZFoA] FEZFS M)A IRF5 Wdo] 31 12F o|Fx =

R

Udo] woldA FRPE 8oz fAHel FARFANUI A5EL

olxol Az, IRF59 WS ZTEFE O CpGAe wWdsle] <&
ZAE o] FAAS] AAF AAEI, EBV IUS IRF52] T EZRE A9

gy gd3lo] 23le] IRF5Y] ZFAS A A|ZIth EBV 7FE e 27174 A

S S
Ezrel MEel W IRFsS] W] A UbEbi, 7+ Algke] XubwA
FuAY 190w AFHo] IRFSY WHe] Wolx I, ol FE g
G

[ oF WA S92 FF GG 7dst e Ae AT
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Regulation of Interferon Regulatory Factor 5 Expiess in B cells Infected

with Epstein-Barr Virus

Hyun Jin Kwon
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(Directed by Professor Jeon Han Park)

Transcription factors of interferon regulatory fac{IRF) family have been identified

as having important roles in innate immunity bytggvating both in the immediate-

early response to infection and in the secondaspamse to cytokine. While playing
an important role in the antiviral immune resportkey also participate in cell growth
regulation and apoptosis. IRF5 is the most recestibracterized member of the IRF
family. It was originally identified as a regulatof type I IFN gene expression;

however, recent studies have indicated that itrbles not only in anti-viral defense,
but also in cell cycle arrest and apoptotic pattsvaiherefore, loss of IRF5 function
can lead to cell proliferation and tumorigenesis.

The Epstein-Barr virus-assocoated tumorigenesia maulti-step process involving
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various factors including infections and host deteprocesses, and accumulation of
epigenetic and genetic alterations. To maintaieniatinfection and contribute to
tumorigenesis, EBV controls host innate immune easp. Our preliminary study
shows that IRF5 transcripts are expressed in an BBR¥éncy type-specific manner,
thus, we hypothesize that the IRF5 transcripts expressed according to the
alternate biological functions that are dependentboth of the EBV viral protein
expression and the method of virus induction. & baen shown that IRF5 has 2
promoters, and promoter is a TATAless and has aevepG sites, indicating that
methylation is one of the regulatory mechanismstfa controlled suppression of
IRF5 expression. To determine IRF5 epigenetic aliiens in EBV associated B cell
lines, methylation specific PCR (MSP) was performafé found that the CpG islands
in the promoter A of IRF5 were methylated in EB\sjpiwe Akata cells and treatment
of the Akata cells with 5-aza-2’-deoxycytidine resed the downregulated IRF5
expression. To investigate the relationship betwl@db transcripts expression and
promoter methylation, we also performed MSP. Tlaeespositive correlation between
the demethylation of promoter A and IRF5 transeripkpression. To evaluate the
potential interactions between EBV infection and ititerferon system, we performed
in vitro EBV infection time courses and RT-PCR asak of IRF expression. EBV
induced the expression of specific splice variafitkF5 variantl and variant3 during
early EBV infection in EBV negative Akata cells.HRwas expressed at higher levels

in latency III cell lines when compared to latencycell lines. EBV latencylll had
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high level of IRF5 expression in early phase.

In conclusion, IRF5 expression is regulated by pimm methylation, and EBV
infection influences the IRF5 being expressed. HE¥ction induces the transcription
of IRF5 by the demethylation of IRF5 promoter Aidgrearly phase of infection and
in latency III B cell lines. In EBV infection to Akata cells, kelof IRF5 expression is
high during early phase of infection, and convéotsow after 8 weeks of infection.
EBV latency pattern also converts from latenély to latencyl or II in keeping
with IRF5 expression change. These results sudigastow level of IRF5 expression
may hinder host immune surveillance system and tibfi to maintain EBV latent

infection.

Key words : IRF5, Interferon, DNA methylation, EBV
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