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Protein kinase C ®j7] Q14t3}to] 23 HMGB1 #4] =3 7|A

MMGB1 2 A Lo EA)sle] & <obof A DNA o HA}

e

i
rr

=

dulo g d#HFH oY  lipopolysaccharide (LPS), tumor necrosis

factor (INF)-a, interferon (IFN)-y o] =RA}=o] ol HM¥E Fo =z

f
=
rt
i)
i

HE HMGB1 & HAFA cytokine ¢ AEE 71AH o=

offt
=)
o
=
=

g3, 349, 2894 &3 59 systemic inflammation oI
Fagk w EZolvh. M1 & A4Sk, obAE3t T post-
translational modification = AXA HH DNA < A o]
ok AT A  secretory lysosome & AA AE Ho=E FujdEtk. &
Ao e APATFE S8 MGB1 o <As7 BuE dosE

Fo3 TjALE R, 2y NGB #Hle #ARFE

NE AL ofd b IR A Skl IMGB1 ¢ #H|7|AS FHelE
AL JEFE T3 s I35 Aol AsAEZ sty Hs)
U 7Z o)t}

2 Ag2 LPS o 93 &3 == mitogen-activated protein kinase
(MAPK), nuclear factor (NF)-kB, phosphatidylinositide 3-kinase
(PI3K) <AAE Ab&ste] A3 A3, IGB1 ¢ #H]= PIK ¢
AAAo]l AL WHTF. =3I PIK 2] downstream ©] U= protein
kinase B (Akt), mammalian target of rapamycin (mTOR), conventional

protein kinase C (cPKC) SAAES AME3Fe] HMGB1 o E#H]o] 93¢



#@3s AT} cPKC inhibitor 7} HMGB1 #H]E ZAaAATH. y-[*P1E

AFE3E /n vitro kinase assay Aol A cPKC 7F HMGB1 < <143t A171 A&
olo]l st 4 AT, cPKC = HMGB1 9] nuclear localization sequence

(NLS)ell @)= serine & alanine &2 X|3A|Z] mutant HMGB1 & <14Fs)
A71A EPeE. o] AWES EUlE cPKC & MMGBL NLS ©] serine &
A4keE A7) kinase & HMGBL 9] #H|E ZH3tE kinase ¥ &
AATE. AE dellA Ca*e] F7FE™ MNGB1 o EHI7F doliukar Ca®el
AA NS A-F LPS A= Fol= MMGB1 9] #H]7F #Aastes Aoz Hol
INGB1 © EHIE Ca¥ell s x4 wrom, cPKC & Ca’oll ols] &3}
HEE oE F3d HIB1 © FHlE Ca* & PKC ° 439}
#AHAo]l A= AR AZHEY.

ol¢t I FAFAH F4o] Bud FA el higenamine +E=AE
A8kl HMGB1 EHlol PlA = @3Fe skt skivk. Higenamine
FEAE Abg ol RAW264.7 AlEell A 2lstdls o, LPS AF5oll o @l
of71E = oA MEAZ INGBL o]Fo] AN oH, AiHo=z
HMGB1 ©] ®u]7} sk, T3k y-[PP]& A3t /n vitro kinase
assay “JIA % higenamine X7} cPKC JA A<} FAFSHAl HMGB1 2]

AASE ZAaAIZAT. o] & F3l| higenamine X2 7F HMGB1 ] 14HsH&E

2 AFE T3 IGB1Y Y& o7AI7IE JAks #HAgE ek

HMGB1 w7} d=whkeo] ZA7MSAH S AASFETE. 183 higenamine



F=AlE IMGBLe] QIS AAlste] 1 FHE #aA7e As F

4

HMGBL wi7) SHEZ X =A=ZM ) 7t5ALS AA 9T
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Al El= 2 HMGBL, %, dAksE, #H], higenamine, PKC



Protein kinase C ®j7] <14Fs}o] o]%F HMGB1 4] =4 7|4

AzmgF A A >

AAgtT ety oHats

LB F

I. A&

HEF (sepsis) AAHEO] 30~70 %ol ol2™ w=olA wid 75 1t

rr

gol Astes dsEger o AR Hd == HE2 vid

1709} 0] g}’ F2 g &4 wHcll 9% ggoz

flo

E-

o|\

g
dojyr, A AE (macrophage), A E (epithelial cell), TAE
(monocyte), HEZT (lymphocyte)”} FE38HA FH| S tumor necrosis
factor (INF)-a, interleukin (IL)-1B, IL-6, IL-8 & HAA=A (pro-
inflammatory) cytokineel ¢J& f&dtt. ol& &3 Ao o] 7%
Foll AUAA AT Az=glo] 43 HE A Fwach! dA uF
FDASl F1& W& F9& HEFo ASA|= activated protein C
(Xigris)7}b oy ol SdIAAl MYste] AAEd =dolv HEF=
dorl= FFgo] It x7lolE wH ol 5o #A F o2 A7t

WU EE INF-a, IL-1B & AESFA cytokined AL JAHAY

S



N7 ABRAE AEIey ol dAAFAAM AAEE A

99 %] HFsAds Zxa vk, 215 79 opn|wAte =z FAE HMGB1S 2

1< DNA H (A, B box)¢} acidic tail® FAFH o1 DNAQ

i
i)
mﬁ _YE

minor grooveol] A3ttt ® MMGBlo] 2P 4 w29 A% glucocorticoid
receptor-responsive gene?| TAI7E AAFo FA Fo ApgsiH
o] T3l HMGB1e] DNAel ZAgsto]l At B DNA 7% Aol dolA
I FoA0] 45 A

DNAol Zdstal A9 HMGB1S A AFEAL (apoptosis)®] 78-F-9b=

g9 AZAA (necrosis)®] B¢ AX WOE FFH Rul7h Jojur,

3

-

lipopolysaccharide (LPS),> TNF-a,° interferon (IFN)-y,” H,0,®

¢

59 AFol &  AS  <A4akst (phosphorylation),”  o}AIE 3}
(acetylation), wl€&d  (methylation)! 59 post-translational
modificationo] ¢Ja DNA®Fe] ZAvte S A ¥ 553 &8[7F dojuA
Hrh. IMGB12 2 7H9] nuclear localization sequence (NLS)7} Q1o
T3 nuclear export sequence (NES)E 2zt o] 3} AMEZE Alo] g
olF°ol dAs A 9lrt. DNA9H dolXl MMGB1Z NESE E% CRMI

(exportin 1)¥ Ag3sle]l AEZF Y secretory lysosomel =z ©]%F35t]

.{

exocytosisoll &) A= wroz EpHwl? o= [L-18¢ Eu|FHA I}

frAbsieh. " HMGB1o] #HlE thE

=

A=A cytokined= TEA WEL

o] zZof 9olF 8 A7 o] FTH

i)

g0l HESH 72 AAA 2



H7F AEE = late mediatore]th.  EH]E  HMGB1  autocrine,
paracrinedtAl receptor for advanced glycation endproducts (RAGE),"
Toll-like receptor (TLR) 2 % 49} A" do] nuclear factor (NF)-kB,
mitogen activated protein kinase (MAPK)E 243} A|7It}. AM¥E 5
HMGB1& TNF-a %2 Ad54 cytokine?] &AL zta 9o HEF # ¢
ofvel FHAE, Y BAFY To HFe] ol NAME neurite
outgrowth", SFAIE] Ho] 1 Fx4 AE] A% o= Fof3it,

MMGB19] #Hlo] FIFE v A= A&

!
[
N,

it
Ir

= old A%s B AR

=

ottt LPS A= Fo &H] HMGB19]  post-translational

(VR
rlr

modificationo]l P& F& ANIAGHZE ofd EWshA] &rh. A E,

rH

=, 9% (lamb)©] HMGB1¢] 7% casein kinase IT (CKII),Y cyclic AMP-
dependent protein kinase 2 (cdc2)®o] <JslA <A2kst ¥ o] DNALMY]
Agtg o] ZHAdth, Rat9 protein kinase C (PKC)2] 7% calf thymus
MG family?l HMG14,17& <14bs} Al#A DNA¢e] A& FaA7ich”

o] HMGB1e] <QlAkste]l  didk v]HL EHelA o HNGB1Y]
=

deuksol ol FTad ANIZALGAEEEE= MAPK,  NF-kB,

phosphatidylinositide 3-kinase (PI3K) S°] <t}. E3] PI3K:E p8d

regulatory subunit¥ pll0 catalytic subunitl® TAEM AE

AEI HdHste] Feg AsHAGAER gHA AN FH 2o

AAAEe] dgel= Fadt qLe de Ao FHHUTY PIKE
o)

phosphoinositide (PtdIns)E <Q14F3 Al7]& lipid



kinaseo]tF. @5HER-o] Fo3HA €A downstream kinase ©+ protein

kinase B (Akt)-mammalian target of rapamycin (mTOR), PKCE©°] <lth

(2% 1).% HNGB1o] #rlo] QTS mA = ATHEARE FHE AL
WE3F 5 INGB1o] #odste g AWl 54 /Mg &l ZQasie),

= AolM = MGBLe] wH ek #&o] e AeHdEE=E dobral, LPS
2= Zo] ojW kinaseoll 98] MMGB1o] 143} ¥ &=%] Lol ua} 3F T},

Az BAo %2 4R higenanine® FAFH wH7F Ahe Aol

d

B a5t} Higenamine< LPSO| ¢]&l] # %%+ inducible nitiric oxygen
synthesis (iNOS)o] &S ZAA7]1H w9~ endotoxemia X @ olA]
AEES ZI7PN AT Ischemia-reperfusion rabbit E@o|AE (a9
FTEE T2AA ARG F5ES S AV B w9 &3S A
A e] W9 (myocardial  ischemia)S #HAAZIE &F7F Aoh?
Systemic inflammationol Al o]¥ &HEFH @37t AAR higenamine©]
HMGB1o] #H| 9} ojw gt Aol J=A+= oA HiuwA skt #H|E
HMGB1©]  systemic inflammation¥} FHE oz HAWelx FQa3

mediator® FE%7] W&o higenamine©] HMGB19] £4H] oA &I}

fr
N
e

o
5
f
by
H
ok

31 HIGBI Sl2}atol] v] % & ek Pobuia shoirh.

E AFE E3] HMGB1el <lxbslel] o3 Eu|7|AS urs]ar, o]

Joj ddFxF AFFHEZQ higenamine FEAZF H A= FeFS



I. As 2 WH

1. AXF wF

up-20] A M| EFQ] RAW264.7 MEE Sh AlEFT 23olA Y
Horth, A Ew S 10% eolEd 3 (fetal bovine serum, FBS, Gibco BRL,
Rockville, MD)©] 3% Dulbecco’ s modified Eagle’ s medium (DMEM)E
AREEFRAL 5% COp, 37 TollA vlgstRar Abgh @7 10% FBS-RPMI1640

5

A& AFE-SFQITE. RAW264.7 MEE 5 X 100 ME/well& 6 wellol

=

st=u ZoF wjokst & thA] A} OPTI-MEM (Gibco BRL, Rockville, MD)
iRl 2 w3ek & LPS 1 pg/mbe 18 AIZF FoF A3k vjFA S 3|45}

gl 3 & A=dS 3539 centricon

A

1,000 rpm, 5 ¥ B9 ¥4l
(Millipore, Billerica, MA)2.Z 3,500 rpm, 4C, 90 ¥ %<t F=3}t}.
O F=NS Yestern blotting WHoz AFgsPct. oo wat
RAW264.7 AEE 10% FBS-DMEMol A wieFsle] Aol AlEsict. Al
So]l A9 4 X 100 AlE/wellS 96 wellol] 10% FBS-RPMI1640°] 4 oiA]
24 NZ¥ FoF LPSE A8+t

At G s A3 AFEe] Bx gdoA AL peripheral blood
mononuclear cells (PBMCs)ollAl < &@attt. 4 PBMC &
gAn}  Fo] RPMI1640& Y, Ficoll-Paque™ PLUS  (Amersham
biosciences, Piscataway, NJ)ol &2 % 2,000 rpm, 4T oA 20 &+ &<t
AAEEATE. o]F AEZS RPNII6400.8 2 3] AHato] AA A

B3] Rpg F AT AlE ©FE RPMIL640E AF8-3Fo] 5% CO.,



37ColA 1 AZE HiF Foll A B2 AlEE wWEegk RPMII640C.=
AASL 0.02%2] EDTAE E sk A dsE Y 10 7 &<t 5% C0,,
37ColA wi%st3dtE. Rubber scrappers ©|83te] ZAAHA AXE
wol Wl 3 10% FBS-RPMI1640914 5% CO,, 37ColA &5 o]k wjoksh

F ARE Asdh

2. NgAT 2 AF 2

Aol A IMGBL #H] ¢} #HE NS AGAAE Loty A8l o234
Fe T AAAE AHESHATE. NF-xB AAIAIY SN-50 B Bay-11
(Calbiochem, Darmstadt, Germany), MAPK <JAAIQ1  PD098059 (ERK
inhibitor, Calbiochem), SB203580 (p38 inhibitor, Calbiochem),
SP600125 (JNK inhibitor, Calbiochem), PI3K <AA1¢l wortmannin
(Calbiochem) = 1Y294002 (A.G. Scientific, Inc. San Diego, CA)E
AF&3sF3lth. 28] a1 PISK downstream 21 & 742 A AAQ] Akt inhibitor IV
(Akt  inhibitor, Calbiochem), rapamycin (mTOR inhibitor, Cell
signaling, Danvers, MA), Go6983 = Ro-31-7549 (cPKC inhibitors,
Calbiochem)& AM&38ITH. Ta Ca* dBA Aoz AXU Ca”
chelator$l BAPTA-AM (Calbiochem), Ca? specific ionophoreQl A23187
(Sigma)E AH&3FATE. AAAE DNSOo oA -20TolA HAsA
Aelshe 2 DNSOCl F-37F AAl wjAe] 0.1% wIRbo] H == &}t
Higenamine XAl 32 Bd FFFol =4 -70TlAH wBas3ITt

AA A L] A MIT assayes T3l ME SAHS Lol & HE 5409



Sl XA AlEAEE STt

Ca” AT A FL A 2 AAAEST higenamine FE=AE LPS
(Escherichia coli 0111:B4, Sigma) 1 pg/ml= AHElsF7] 1 A|ZF Ao
A=12] sHATE. BAPTA-AM®] 7% 1 mM EDTA (USB, Cleveland, Ohio)%}
A LPS A2zl 30 & A Askalv. A23187°] 7§ tyroid buffer
(137 mM NaCl, 2.7 mM KCI, 1.8 mM CaCly, 1.1 mM MgCl,, 11.9 mM NaHCOs,
0.4 mM Nal,PO, 5.6 mM glucose, pH 7.2)9} 30 & F<oF Aol A&d F

10% FBS-DMEMol| wj oF&}<i T},

3. Western blotting

7y7}o] 45 NS 3148 § 5X sample buffer [60 mM Tris-HCl pH 6.8,
50% Glycerol, 2% Sodium dodecyl sulfate (SDS), 14.4 mM 2-
mercaptoethanol, 0.1% bromophenol bluelE ZA| F3]9] 2097} FH ==

ZoF 29 % Western blotting=S 3dFHTF. 12% SDS-PAGE

M

ST 5
gele ARESte] w@wids I7]o] wek &% the, nitrocellulose
membrane (Amersham Biosciences, Piscataway, NJ)oll 80 VoA 2 A]ztF
&<t transfer 33T, Ponceau S (Sigma) @S 3+ transfer7} A=
HAEA Feld &, PBSel 0.1% Tween 20 (USB)o] EgH PBSTZ
AHBEATE. A2olA 1 AZE Ft 5% skim milkE A&kl blockings
5l 3 1:2,5000.2 3|43k 1z} FA] anti-HMGB1 3}A] (Abcam) =& anti-
PKC &A (BD bioscience, Franklin Lakes, NJ)& A-20A 2 A7t &2

4TolA st ¢ weAZT. PBST2 10 24 3 3 AT F

10



1:10,0002.2  3]A3 HRP-conjugated anti-rabbit Ig GAM =&
1:5,0002.%2 3]24138F HRP-conjugated anti-mouse Ig GAM (Sigma)< 1 AJZF
ZoF HA2o]A wke AJZTE. PBSTE 10 ¥4 3 ¥ A& 3 % ECL (Lab

FoA Tt

ol

Frontier, Seoul, Korea)E A}&3lo] WJACE

|\

%

4. MIT assay

RAW264 .78 2 X 10" Al¥E/wellZ 96 wellol EF3Fo] 5% CO,, 37°ColA
vl ksl Tl 10% FBS-DMEM jA|ollA 20 A7k &<k A3k 3 5 ng/ml MIT
(Sigma)E well & 50 WA 2ojr HZ= 1 mg/mlo] A AT, 4 AT
&k 5% CO,, 37TolA wi%kg Fo AFH& AAGL DISOE 50 wH

g0l =<l F 570 melA FHES SHAT

5. DNA E&t&v|E FH]

MGB1e] o]ZAs #/AEr7]  Ysted  IMGBI-EGFP Zelin=2
0] &3t9lth.? HMGB1-EGFP Ze}~m|= XL-1 blue £.col/i (Stratagene,
San Diego, CA)el 4T, 30 & &<t #MFst F ohAl 90 = F<t 42TolA
heat shockS FAth. Ampicillin¥} kanamycin (USB)©] 3¥3t#H LB broth
500 & Wi 37ColA 45 & & =&°] wigaiTh. Ampicillind
kanamycin®] X3 LB plateo] =2 3}t}h. 37TColA 35 &<k aj%f

S T}A] colony BFHE ampicillin® kanamycino] X3E LB broth 100

—~

mlol] @i s ot sfkelddtl. 82U =+ midi prep kit (Qiagen,
Santa Claris, CA)E Al&3le] F=38}3iT}.

11



6. 33 dvA

RAW264 .72 4 X 10° AlE/wellE H&3F cover glassE YL 6 wellol
g sEd ¢k wgRt 3, 1 pgel HMGBI-EGFP Zoh2v=9F 4 409
FuGENE™ 6  (Roche, Indianapolis, IN)Z A}&3lo]  transient
transfectiona 38R, Serum free media®l FuGENE™ 62} HMGB1-EGFP
ZEavt=Eg do] AFeolA 30 F T WA WAl T RAW264.79]
U= 6 welloll FH7FspoAck. 3 AIZF Fol 10% FBS7F X3d HiAE
A7kste]l 5% C0,, 37C incubatordfoll 24 Ak FF  wiFESATE
Higenamine F =4+ LPS 1 pg/ml2 A&l AZo] 2zt X235} t}. o] u
G ETS INGB12] oA AXEZA R o]F =
ethyl pyruvate (Sigma)E ©]&3}th. LPS AZATS 7|02 18 A|7H
So] 271 PBSE 2 3] AMAHF 3.7% formaldehyde (Sigma)ZE 220 A

15 ¥ 5ot Agste] AlXE 1AAZ F, tA] 271 PBSE 2 3] A gk

W)

of

%%

ool A DAPI (Vector, Burlingame, CA) SGAMS 3T}, S|

_‘?;
AndE ol&ato]l AlE Wi MNGB1O] ©]F& #Estoitt.

7. H9ARY

RAW264.7& 5 X 10° MEZ 100 mm dishol YL 5% CO,, 37ColA
stEHE Eob ke dth. NP-40 buffer (20 mM Tris-HCI pH 7.6, 2 mM
EDTA, 1 mM PMSF, 0.5 mM DIT, 1 mM NasVO,, 5 mM NaF, 150 mM NaCl, NP-
40 1%, aprotinin 1 pg/ml, leupeptin 1 ug/ml, pepstatin A 1 pg/mé)=

AEE AIZATE. 4TollA 307 &<t =5 & F 13,000 rpm, 4T, 20

12



Zol YJAEY sY¥Tt. Bradford assayS =3l whole cell lysateZ

M

AZFstaltt. PKC a, B,y isoformell thgh &Al (BD bioscience) 1 gt
whole cell lysate 3 mgS 4ColA 2 A|ZF &<k vESAFH L. Protein G
agarose (Amersham biosciences) 40 ul (50% slurry)E NP-40 buffer® 3
3 AlFsdct. A9 whole cell lysateE WHEA|Zl tubeE A Z3H

protein G agarose <9 4TolA 90 & <o ¥FeXFATE. Protein G

ol

agarose?} WHSolA] ¥ ASAS AAZ F, NP-40 buffer® 1 3,

i

kinase buffer (20 mM MOPS-NaOH pH 7.2, 1 mM NasVO, 0.5 mM DIT, 10 mM
MgCl,, 1 mM CaCly, 5 mM NaF, aprotinin 1 pgg/ml, leupeptin 1 pug/ml,

PKC

flo
rr

pepstatin A 1 gg/mO)Z 3 3 AHsATE. AGHAGHE T3 o

in vitro kinase assay°ll AF&%<1t}.

8. In vitro kinase assay

Recombinant HMGB1 ©¥ldo]l  <Iitst AHAEE SAsH7]  Slsho
recombinant active cPKC (Upstate), casein kinase I (CKII) (New
England Biolab), cdc2 (New England Biolab), recombinant PKC isoform
sampler kit (Calbiochem), WA HE Sl ¥ protein G agarose-
PKC Abs coupled cell lysateE ©]&3F3ltt. cPKCi= 20 mM MOPS (pH 7.2),
25 mM B-glycerophosphate, 1 mM sodium orthovanadate, 1 mM DTT, 1 mM
CaCl,, lipid activator (Upstate), 50 uM ATP, 5 uCi y-[*PJATP, 10
mM MgCl,oll Al WhS AJZ 3L, CKII+= 20 mM Tris-HCl (pH 7.5), 50 mM KCI,

50 pM ATP, 5 uCi y-[*P]JATP, 10 mM MgCl.,ol A ®¥FSA| AL, cdc2E 20

13



mM Tris-HCI (pH7.5), 50 mM KCI, 50 pM ATP, 5 nCi y-[*PJATP, 10 mM
MgCly, 1 mM EGTA, 2 mM DTTollA 30T, 40 ¥ F<oF wrSAIHY. AL&d
HMGB1Z £.coliolA Aitste]l & ¥ 2 ngd AHESITH.” HNGB19]
ol A3} A X = autoradiography® =A% ).

PKC isoform (a, B, y) ¥Fs-A]olli= assay dilution buffer I (ADB

II) (Upstate), lipid activator, PKA/CaMK inhibitor (Upstate), 75 uM

L

ATP, 5 puCi y-[*P]JATP, 10 mM MgCl,=& 21 30TColA 30 & =& 1 A

Zol wjoksldtt. P81 phosphocellulose paper (Upstate)ol] WHS-E-S

L.

ug

ojrcdy] & 30 ¥ Z¥l & (0.75% phosphoric acid® 2 3], acetonelZ 1

3] A& 3 & B-scintillation counter® cpm <S> =AY},

14



m. 23

1. RAW264.7 A X9} Al @A LPS AT F 843} 5= MAPK, NF-kB,
PIK <} HMGB1 #4v]e] d#A
gAY Y F 8" PSSt dswrs 2 HE¥ESs &
Fo dlolth, wF, uiAAEeA LPS A=l o3 A3 Hrha
g ASAGAAE aoketd ofdf Zd3 &k (2 1. LPS A5 F
HMGB1 #H]7} ol Asdgd 2ol dde] Ade ARE ZAH] Y8l

AZuSo] FQ3tA B E MAPK, NF-xB, PI3K AAAES AF&3Fo] HMGB1

IMGB12 LPS A= 6 A|ZF o] $-H-¥ ZH|= 7] AlZste] 48 Azt o4

)

Loz Buldct ¥ B oA RAW264.7 AEo] 1 pg/mle] LPS A=
% IMGB1 #H]E A]7te] whe} Western blottingo & 2913k A3} HMGB12]
a7k 12 Agbel]l F7kske] 24 Alzbell £ EH|[7F BEHAG (29 2).
olo] mz} grozo] AgL 18-24 A7 AFE VT2 I

™A HMGB1 #w]ol MAPK 7 =<l ERK, p38, JNK9 3 7FA downstream

A G Z o] AR

filjo

BZstazF LPS A8 1 A7+ &l PD098059,
SB203580, SP6001255 z+zh AAx8}x 20 A|7F o wekst o HMGB1Y)
BEudss B, 1 23 HMGB1e] EH]7F ERK, p38, JNK A A

Aol @S A BA e DA (2™ 34, 3B = 30).
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1% 1. LIPSl osl FAds He AsdEd R,

Timeth) 0 3 6 12

18 24

I 2. RAW264.7 ]Pf_] LPS A= % HMGB1Y 4]
AlZHE 2 A gsk &=

A

A, LPS 1 pg/ml<
ool 4] HMGB12] W] &F2- Western blottingo & ¥z},

o])lr
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.

LPS - + + + + (1 pg/md) LPS - + + + + (1 pg/mt)
PD098059 - - 1 10 30 (UM) SB203580 - - 1 10 30 (uM)
(ERK inhibitor) (p38 inhibitor)
C
LPS - + + + + (1 pg/md)
SP600125 - - 1 5 25 (UM)
(JNK inhibitor)

1% 3. RAW264.7 M E A MAPK AT HEAZ AAA] A A & LPS Ap=rol] whE
HMGB19] -v]eF Wik, RAW264.7 Aol PD098059, SB203580, SP600125% 217+ 1
AlZE

AAA F 1 pg/me] LPSE 20 AIZE 59k Aelslo] A5 Aol MGBL 4&

3k
.

F

i
e

O =% NF-xB 2A437F HMGB1e] #H]o] mX= JaFs dFstaxt
NF-xB AAAE AAA T MGB1 W& B2 NF-kBE AF9]
glod  AxAe] kB ZAFPste BIAHs @ AHE AxF
A5t c7 Aol @™ 1 kB kinase (IKK)ol 9a] 1xB7F <4kstg o
BaHa Bg" NF-kB7F & ¢toz olFdte] I FAL yEhih
Ao HE NF-kB AZAGA =z JAAE IKKS 2 AI5= Bay-113} NF-
kBl ¥ ] o5& AAlsE SN-50& AFESIGITE. Bay-11& 10 ul
SE7HA At SN-50& 50 pg/me7HA] A ekl o, LPS Aol o] 3
HMGB19] #H|7F ZHAE A ekdrh (29 4A 2 4B). ol & Sdl| LPSel o3|

T3 HMGB1 ¥H]= NF-kB 213 AGA =z} T3S <& A AT
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LPS -  + + +  + (1ug/m0) LPS - + + +  + (1ug/mo)
10 50 (ug/ml) BAY-11 - - 1 5 10 (uM)

7]
z
1]
=)
N

18 4, RAW264.7 MEANA] NF-kB AlaAGAZ AAA DA T LPS A=)
w2 HMGB1e] W)= Wi}, RAW264.7 A|3Eo] SN-503 Bay-112 1 AlzF o
AA A g & LPSE 20 Az &2t A sto] 4SS Western blottings &3l

IMGB1o} &< #gt.

Theo 2 HMGBL ®rHlell PIK AsHALARe] ARG FAMEH
5kl wortmannin¥  LY294002E  AF&3FTE. RAW264.7 A3
wortmannin¥} LY2940025 t}43t T2 AR slal LPSE A 2lgk A}
wortmannin &% oEFH oz MGB1e] EwH]Fo] ZTAsHAth (¥ 5A).
ole} #HAH PI3K downstream AIZHAGHZE FAFE7] Ydlo] Akt
inhibitor VI 2 rapamycing TFS3F =& AFR3 Ay} LpSo] 9|3+
HMGB1 -u]oll <d&ko] ¢ldth (2% 5B). PI3K downstreamo] thE A=<l
PKC AL ZAF8H7] fste]l PKC AAIAIID (069837 Ro-31-7549%
AR&skel HMGB1 #wlel Wats #Ee Ad HNGBle] Eu|7E A g
AAA ] FEF7 wEt #ZASAT (2™ 50). Go69837} Ro-31-7549
27y PKC a, B, ¥, U isoform¥ PKC a, B, ¥, e isoforme
AAste] FEHLE PKC (a, B, y)E AARE. Abg oA PIK
A2 AAAL 3 A3} PI3K AAAS wortmannin, 1Y2940023}

PRCAAIAIRD Go6983& AH&atfle W, s& °fEH o= IHNGB1e H|7}
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HAshe] PISK-PKC7} HMGB1®] +H]ell <d3fe] <l
(79 5D 9 5E). wEpx] LPSA=o] ke o

PI3K, PKC Az dAZd 2 AAAHS 2t A2
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LPS - + + + + (1 yg/ml) LPS - + + + + (1 ug/ml)
Wortmannin - - 100 200 300 (nM) LY294002 - - 1 5 10 (UM)
(PI3K inhibitor) (PI3K inhibitor)
B
LPS - + O+ + + (1 pe/nt) LPS - + 4+ + + (1 pg/me)
Akt inhibitor IV - - 2 10 50 (nMm) Rapamycin - - 2 10  50(nM)
(Akt inhibitor) (mTOR inhibitor)
LPS -4 + + + (1 pglml) LPS -+ + + o+ (1 pgimt)
Go56983 - - 0.1 1 10 (uM) Ro-31-7549 - - 02 1 5 (M)
(PKC a, B, ¥, ¢ inhibitor) (PKCa, B, Y, € inhibitor)
D
LPS - + + + + (1 ug/me) LPS - + + +  + (1ug/nt)
Wortmannin - - 0.2 0.4 0.8 (uM) LY294002 - - 10 20 40 (M)
(PI3K inhibitor) (PI3K inhibitor)
E

LPS -+ o+ o+ + (1ugimd)
G66983 - - 5 10 20 (uM)
(cPKC inhibitor)

1Y 5. RAW264.7 A9} AR koA PISK, AKT, PKC Aladgdid =z oA
w2 IMGB1 #4]. RAW264.7 ME (A-C) 2 AFH & (D, E)ol wortmannin, Akt
inhibitor 1V, rapamycin, Go6983, Ro-31-7549% 1 A|ZF #AA & LPSE

Agskar 20 A7 F FF Aol A IMGBLY] Eule #E.
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2. In vitro kinase assay°ll A cPKCol <] HMGB1 ¢14+3}

HMGB1S  <Q14bsl7h dojupwl DNASte] AfEE i Ax wo=
walgch.? wEkA] recombinant cPKC (a, B, y)7F HMGB1 <14kslo]
AxHern #dol deAs dotwr] A y-[PPIATPE o] &F in
vitro kinase assays Tttt A= FFolA INGBL Al @49
Qlxkslel #AAJE @42 EHF casein kinase (CK) I, cdc2E &7
AFE3sEgl o ) HMGB1 wild type¥} HMGBL NLS®] serines alaninel =
2 2+3F mutant HMGB12 AF&3lych (2™ 6A). 1 A3 AFE HMGB1S
cPKCol 9]l <14tsl =9, CKO9F cde2s ##o] gle AL & F ST
]

mutant HMGB1 (NLS1/2A)%= 7o <Ar3rt #ZH A kkal wild type

N

ot
o

(29 6B). <A77} dAE = serine HYE EF alaninel®

HMGB1RHS Q14tsl7t 5= e #Esoltl. ol& B3l cPKC7F HMGBL
Aitstoll Fadk™ F=2 NLSI, NLS2 §-919] serine #71E Q4iks A&
& AT PKC mAO] FoldZ XA #sl cPKC FAlAI]
(069832 ThFSt == Wil HMGBL ¢14tst oAl AEE B-scintillation
counter & ZA3ATH. 4 MMGB1 §lo] cPKC ©5 AT A Kt} (66983

o cpm TR 7} FAEFY] (G66983¢] PKCS] autophosphorylationg
agHoR JATE & F AATFH oF: A} MGl FTE
oJEHOE HMGB1 <AAbs7F dojwkm (¥ 60), EZE (06983 FE
o]F=H o F HMGBL 148tz AlEe] (2" 6D), HMGBL <¢14bstel cPKC7F

o] Mke) =
F29e ¢ F Uk
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cPKC CKII cdc2
WT NLS1/2A WT NLS1/2A WT NLS1/2A

28 44 89 109 179 185
A box B box idic tai
19.79 -l:88-162 o Aesi

NLS WT 28 KKKHPDASVNFSEFSKKCSERWKTMS 53 179 EKSKKKK 185
[TEST7Y Q——— Y S N A EKAKKKI

Carboxyl
terminus HMGB1 >

Amino
terminus

Free

[l ~ B box [l nLs [ Acidic tail [[] Cytokine activity isotope

K : methylation
KKK : acetylation

140000

120000 114356

100000

£ 80000
Q

© 60000

40000

21926 22828 23002

20000

0
HMGB1 - - 0.1 0.3 1 5 (ug) HMGB1 - - + + + + + (5 18)
cPKC + + + + + + (20 ng) cPKC + + + + + + + (20 ng)
G66983 - 100 - - - - (um) G66983 - 100 - 0.1 1 10 100 (UM)

% 6. In vitro kinase assayE ©|-8¢F HMGB1 <14Fsl. (A) Wild type HMGBI1
(NLS WI) ¥} mutant HMGB1 (NLS 1/2A). (B) HMGB1 2 ug, cPKC 50 ng, CKII 500 U,
cde2 20 UE 30T, 40 = &< WESAIZl ¥ autoradiographys Al . (C)
ket 5o HMGB1ol cPKCoF Go69832 #7ket & 30T, 1 AIZF &<k wkg-Al7] it
B-scintillation counterZ ©]&3t9 cpm #S F4F. (D) HMGB1Z cPKCE
ok Bl 069839t 41S F 30T, 1 AlZF F¢F wkS-A]7]aL B-scintillation

counter= ©]835}4 cpm @ AT
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3. RAW264.7 A X9} AL T oA Ca®)E3 Q] HMGB19] £-¥|F W3}
PKCE= cPKC®lol &, e, n, © isoform® X3+ novel PKC
(nPKCO)QF T, v isoform® X% 3} atypical PKC (aPKC)7F 9o
cPKCE nPKC, aPKC9} @& Ca*oll o8] &3 dvh. meba] Ca® ok IMGBL
o] AoAHS  zAMEH] Y8 RAW264.7  AlEo]  Ca®* specific
ionophoregl A23187% A lstqlthk. 1 A¥} LPS A= gloj® A2l 12 Azt
T5E FA5HA MGB1e] EHE AT (2 7A). WHE Ca® chelatordl

BAPTA-AM3} EGTAE LPS AA A 3t9E w Ca® chelator ¥% o]&F o=

N

HMGB19] ¥H]7F A= o] HMGBL #H]o]l AME W Ca*o] #Hodte &
AT (2 7B). o= AlHE ©FE o] 83 HAHAHE FAE AIE
Uetolem  Ca**  ionophoreo] 9]F  HMGB1 EwH|ZF 0% wEA

A ZE T (298 7C 2 7D).

4. cPKCOll 9% HMGB19] Q1t3}

Go6983ell ol&ll &Adst7t A== PKC a, B, y isoforme H/Go=z
2+7yo] isoformo] HMGB1 Q14 slo] 7]osl= AEE Yolxr 1zt 9th.
Recombinant PKC a, B, y isoform &%&& AME3StY in vitro kinase
assay® AlE A3} PKCa st y 7} HMGBLO] <QlAtsle]l =Al #olstqith
(23 84). AAZ AX dlA PKC o, B, yol 9 HGB1e] S1itsts
w7 9okl RAW264.7 A|EoA Zhzhe]l Ho] AR WA
AAste] 7 aas 42 F GBI datsE SAEAT. ¢4 PKC a,

B, vy &A1& Western blottingo. & 1g A3} o] = A4 2zt
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w47 SATE dAsidnt (23 8B). WA HeR 8§ PKC a,
B, yol recombinant HMGB1S Y3 /n vitro kinase assayS 3F%] cpm
S 533 A3 (2¥ 8C), PKC a°l <93 GBI <14Hs PKC But

y Bt 57 vERe

A B

Time (h) 0 6 12 24 6 12 24

A23187 - 5 5 5 10 10 10 (M) LPS -+ o+ o+ o+ o+ (1ue/ml)
BAPTA-AM - - 00402 1 5 (uM)
EGTA - -+ + o+ + (1mM)

C D

Time (h) 0 6 12 24 6 12 24

A23187 - 5 5 5 10 10 10 (uM) LPS C e e+ (1)
BAPTA-AM - - 1 5 20(uM)
EGTA - -+ +(mM)

7. RAW264.7 AE} A ©rFolA] A XY Ca¥ BE Wl w2 HNGB1Y]
wH R Wik RAW264.7 AME (A) H AR T (0ol A23187S 30  <b

30 & AR F, LPSE 20 Az Aglsto] A5 Aol Al HMGB1e] v &S 2,
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35000

30000 29514

25000 20753
£ 20000
o
© 15000

10000

5000 3905

0 [ |

HMGB1 + + + (2 u8)
PKC isoform a B Y (60 ng)

B ¥ 14000 T

o
MW (kDa) | 12000
82 80— 80— 10000
#% @--- Heavy £
chain g 8000

124486

7095 7242

'L
n s (o))
S & 3
o o o
o o o

.. Light
chain

HMGB1  + + + (2 18)
PKCAb «a B ¥ (1u8)

a9 8. PRC a, B, yol 2% HNGB1] <14tst. (A) PKC o, B, y& 27 60
ng¥ HMGB1 2 pgs 9ol 30C, 30 & &<t ®kgAZ1 F B-scintillation
counters o]&3to] cpm g2 =43, (B) RAW264.7 A E 2] whole cell lysate 3
mgs PKC a, B, v 279 A2 W27} & Western blottingS A13g. (C)
RAW264.7 M E 9 whole cell lysate EFoA Z+ isoformd PKCE #zg &
HMGBL 2 pg& 2ol WHEAIA cpme

bead®t ¥ol WHEAIZL cpm #h& A9

B{)\

AAIA. 4 cpm @2 FAE €A FaL

el

4]
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5. RAW264.7 A|¥9} A} GF9A higenamine FXEA o] o3 HMGB19)

HigenamineS X-x}o] el AEOZ NF-kB59 ZAL AA s 3t
A4S sk ez BRaud wprb o opF PRCRe] A&l
]

kS ZAFSFYTE. E AEo) A AFESF+= higenamine XA (CKD-712)+=

(

|

el Be d77h dAsol A ol MiGBlY] Asiel ]
&

HEz sl =rojaFEwdrE 7AW 7]EA4 ] = -1 HA yzd

oF Agsol Aok (2™ 9A). A MGB1e] ZHlol ek A8 4A
4

(L& 9B).

CKD-7127} LPS Ab=rell tigk HMGB1o] #H]ol F&FS 7 A=A Lotr 7]
CKD-712€ HAA s F LPSE AZs A RAW264.7 Az} Al
ol A HMGB1O] R|7F w& o|EF o2 THAHATE (LH 10A). CKD-
7127F 3 W] HMGB1o] LPS A}=el o3t ME AR olFol HA= JFTFE
HdEet7] At 32 AvAEE ARSIt T A3 LPS A=l o]
IMGB12] MEH =R o]Fo] A ET<Q ethyl pyruvate®t FAFSHA CKD-

71200 o]l A=

rlr
pouy
o
ue)
ik
ol
o
2
ui
I
o
—
o
low]
s
—
o
C
()
S
ﬂ
)_A
\\e}
rlr
—
ne;
w2

Aglst7] 1 AIRE AA A R ofEl 1 AR FA A= INGB1O] °]F&

AAB Ao}, LPS A 4 AzF Foll AX P Afol= GBI AZE=
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HO

HO
NHHO,SCH,

HO

HO ’ H*
AN
AN
OH
OH

Higenamine Higenamine & <Xl

(CKD-712)

2.00

1.75
1.50
1.25
1.00

OD at 570 nm

0.75
0.50
025
0.00

0 0.1 0.5 1 5 10 20 50 100
CKD-712 5 & (uM)

7% 9. Higenamine %A (CKD-712)9] AlZ54. (A) CKD-7129] 2. (S)-
1-naphthalene-1-ylmethyl-1,2,3,4-tetrahydroisoq uinoline —-6,7-diolmethanes
ulfonic acid (CyoHgNOy v HO3SCH3). (B) RAW264.7 AM|3Ee] CKD-712& A zlgh &
20 A7t B 9Fsloe] MIT assaysS 3.

CKD-7129] HMGB1 W] A] 7|AS Lolr 7] 93l HMGB1e] <143}

1A

|

kS LolH A} /n vitro kinase assays T3 3FATE. cPKC9H
HMGB1oll thkgt &&=°] CKD-712& Hold 23 v% &= GBI
A2k 7 A E S FAFATE (2 10D). wEkA CKD-712% cPKCol <] 3l
HNGB1  14tstE Ao 24 LIPS A= o EHlH= HNGB1 U=

A & o ST
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RAW264.7 Human monocyte
p w
e Eem =
LPS - + + + + (1 pglnl) LPS - + + + + (1 uglnb)
Ckp-712 - - 15 10(um) CKD-712 - - 25 50 100 (uM)
o
™
Q
-
[11]
o
=
=
o
<
(=]
@
o
S
)
=
LPS - + + + + (1 pglnt)
CKD-712 - - 1 h pre treat 1 h post treat 4 h post treat
120000
99658 99782
100000
45 84792
E_ %0 80000
; ps 35
=a £
35§ %0 § 60000
528 25 O CKD-712
£ §
g‘u_a % 20 m_Ethyl pyruvate 40000
@ O 15
es
e 10
[ 20000
5 7985
0 99
Medium LPS 1 hpre 1hpost 4 h post 0 . ——
HMGB1 + - + + + + (1ug)
treat treat treat
cPKC + + + + + + (20 ng)
CKD-712 - - 1 10 100 1000 (uM)

T 100 RAW264.7 A|ESF AR el Al CKD-712¢] o %k HMGB1O] #H] B Ql4ks
oA, (A) RAW264.7 2 AbE whyo] CKD-7122 1 AIF AA A skar LPS A= 18 AJ7H
o] HMGB1o] E4H] &#. (B, C) RAW264.70 A HMGB1-EGFPZ- transient transfection
g 5 CKD-712%5 LPS 1 pg/mt A2 1 AR AAA, 1 AF 8 4 AIRF F5] 2] 8o

o

T2 duAdS T8 #BEE, AEE 50 N AE Aol MMGBlo] M EZH] A=
MEL FE5 Aol WELEZ YelW. (D) Recombinant HMGB1 5 ug, cPKC 20 ng, CKD-

7125 Ho] 37T, 1 AZF &t vESAIXL 5 cpm gkS ST
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v, 23

HMGB1E A ENA ubiquitous Al EAsE HEWO R Apghe]
HMGB1&  wh-229} 99%°] AsAd<s AYa ok, HMGB1S Al EZ A7}

dojd w] MxE Hroz H[FHI T WE5ihk, AFSFA cytokined

M

Aol 93] secretory lysosomes EF3Il FTEHoT FEHuHHEHT. EH|H

HMGB1-& HA=A cytokined}t Ze FAE Ho FFure 2 gd=

ol\

S Garsitl, HMGB1S TLR2 2 TLR49} RAGEQF Z3sbH MAPK, NF-

=

BE @AFAA tHA] INF-a, IL-1B, IL-659 AAZ=A cytokined

H]

i

FESL INGBLe Hule] Age Aol AL olAsitd

A

o
-

o},

[e]
a

ol

HMGB1-& post-translational modificationo] ¥dojiu}d DNALLe] Aglol
oz Axd=E olFdt. APAFE T3 HMGBIS TNF-a, LPS
Ao oa 1xkEzE dojubn . MIGB1e] SAMElE AlE ¥low Ru|E
dorlE Fa71d Fol shude #Eoh” A5 9 2F HGBle CKIL,Y
cde2,? PKC¥ ol o)& <14ksl7t doju} DNA®FS] affinity’} Za®ch, &
Ao Abgh INGB19] 14H3tE Yo 7] kinaseE ¥ A3 K,
cdc29t+= FH3sFH cPKCol olalA HIMGB1e] <l4tsl %= AL /n vitro
kinase assayS &3l &Jsttt. A= RAW264.7 AXEL} AFE ol A
cPKC AAAE As A3 HGB1e] #HI7F JAIEo] HMGB1e] 4]
1Akl 7 R gS gelskdth. NLS9 serine F7]E alaninelZ X33+

FEf ] HMGB1 cPKColl <3l <14kstrt dojyr] &2 AL &3l cPKCE
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HMGB1 NLSell 9148t serine &71E <143t A7tk 21& &+ AATh.
o] &= HMGB19] DNA Z3F RE]Ho| Q& serine Z7]7F A4ks}t = o] DNA99
o]2AFHo| oA sEHUE o2& FAWI PKC a, B,
yoll os MGB1& QIS Al71= BEE in vitro 73olA &2 A}

recombinant PKC9} HHAIHE T3l AL PKColA PKC a7} ©& PK

«

isoform®t} HMGB1S =41 Q14ks}t AT, A RF IMGB1 Q14kslol| F 5k

A4k} oFdol recombinant PKCE o] &3k A tiih thE 22 RAW264.7
AZA PKC isoform®] <& ztole] g oz FZHHTE™ PKCE
aPKC 2 nPKCe} &2 Ca*ell <& @43 HEz AXd U 5= E
S7MA 719 LPS Aol §lol&= HMGB1o] Alztel Aol wal Eu|E Q).
bR AE U] Ca”'E AdASIAE AgelE LPS Aol 9= HMGB1C]

Hl7F ZHAESiTh. HNGB1Ol EHIE Ca™oll oJEH o2 o]FolF

ME
o
(e}
o,

%2

.
Atk B AgolA AEY Ca® F7tel wet EA4gEe B AIAR
< CcPKC7F HMGB1e] <14tste] Fod s 713t= A EHoH
Ca'e] T7IE JAlst= Aol MGB1e EHIE JAlst= 71dol 2
dou} Ca* wi7) tE aiee] FEAL F ¢ dAjHolor & o=z
AZtE ).

LPSoll ¢l @43 E= MAPK, NF-kB, PIK* AAAEZS o] &3t
HMGB1o] Ev] W3als @23 A3 PI3ke ddA o] d2 ¥3Th. PISKol

osl 245 o

aly
v
o
ot
)

FoA cPKCE o olF gtk MM o]t
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nuclear PKC= AlEZe] F2Aoly &3, AX APpEAL, Add WS
ZEFG T B Aol & Y= olFH cPKCZF HMGB1O] 14}
#HAES H¥E HMGB1E w72 dte thgst FWelA HGB1e] #HE
A Qe SAE AAISATE. MAPK, NF-xBE JA|EE  ethyl
pyruvate= TNF-a, HMGB1e] HH|E ZFAA]A HMGB12] HH]o MAPK, NF-
kB A@ 7MeAde AABAA T B Ao geldk A3} MAPK (ERK,
p38, JNK), NF-x B HMGB1e] &M} F#ehs ¥t o= MNF-a, IL-
1B% MAPK, NF-kBE& %] AAttAlolA ddo] F7ts o] o]& A7t
U EE 9S54 cytokinedt= tE 7]1HE 53 post-translational
modification& AA %2 A|zro] HMGB1e] #u]7} o]Fo] AL A 4
%

9gom B AL

2 n =

3] HMGB1e] #n¥7} =HH = 71HF ] syt PISK,

cPKC A 3E &3 INGB1Y) ¢lIitE S o A AT

&

2k Bl &< higenamined FAFZ o] HIilEo] iNOSO
B AA7IL AXES] AMEALE A7 yol7) endotoxemia,

ischemia-reperfusion injury°lx AEEL =AH.**  Higenamine

Al (CKD-712)= ES Am FEHAR AFEe A dA7H

b1

o
T

Ao HMGB1 ZHleke] A BAEE 2y, (KD-712¢ 545 HoA

&

= o)A LPSel o f=d HMGB1Y] #H|E ZAA AT CKD-712&
in vitro kinase assay® =3 cPKCol ¢33k HMGB1e] Q14tEE 7HAaAZ

Aoz Hol CKD-7129] HMGB1 #H] A 7]ALS olald 4+ AT, CKD-

712= LPS A= & 4 AzF Fo 2 9A adrt Zasied o] AL LPS

©

A5 F 1.2 Az el INGB1e] Q1AHE7E Qojur] wgoleha FHc).

31



CK-7127b A@Fe AmARAel FsHe Bes] AL ol
cecal ligation and puncture @& S /1 vivo oA CKD-7129] 2|3k
INGB1 27} 2 32 @ele Bes) 9l

ole] AFZ INGBLe it 9

o
ot
M
)
N

2,

IMGB12] #H]E AHAZ 4 = TS AR o™ CKD-7127}F HMGB12]
olxt3t H BEH|E A A= AL B MR ddFe AU 2

sde Bdan (28 1),

a9 11, B AYS B8 AlAsE HMGB1e) Q4ks 71 A @ CKD-7129] 248 ) A,
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L. 3 HGB1o] JAAsE dorles Aadddzol gk A7+ ofF
BawR] ergkeh. wEba] B A9 LPSe s fEFE HMGB1O <14hs}

9 opule] g WAL ABAYARE 4] el ge ARL

7F. HMGB1e] &H]&= MAPK, NF-xB Zd=Zet= F#stH, PI3K-PKC 74 2ol

Lo

SJESES

i

=t

U, HMGB1 Q14bsh= cPKColl ol8l sar o= CKIT, cde2ol o8fiA =
gojpx]  k=th. cPKCE HMGB1o]  NLSol  H A3 serine Z7|E
alanine®.2 X33t mutant IMGB1S <12Fs} A]7]#] E3}al wild typeo
INGB1& A7l A& B3 cPKCE HMGB1Sl NLSol & serine #7|&
AL E A7l S & F AT

oh. HMGB1S] ®HIE Ca¥oll oJEH< & T MGB1 EHlo Ca®ol
o|E2 cPKCe ZA37E ToF eadde HRHe=E

2}. Recombinant PKC a, B, vy W9 HE T3l €2 AxE U PKC
a, B, Y& o83 /n vitro kinase assayE &3 cPKC & PKC a7}

MIGB1 14kste] o @ol #egha =9l & + A

e
fl

S T3] LPSol <oa] &A3t ¥+ PI3K, PKCol 2]al HMGB19]
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Abstract

HMGB1 is phosphorylated by protein kinase C that resultsin secretion

Young Joo Oh

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Jeon-Soo Shin)

High mobility group box-1 protein (HMGB1), which g&ecreted from activated
monocytes/macrophages, has been studied as a teymladiator of systemic
inflammatory diseases including sepsis, ischenpaffesion. The regulation of
secretion is important to control the systemicanfination diseases. Phosphorylation
of HMGBL1 is one of the major secretion pathwaysoimwr previous report. To
investigate the phosphorylation-related pathwayHbfGB1, LPS-induced HMGB1
secretion was observed with various inhibitors iAWR64.7 cells and human
monocytes. When RAW264.6 cells were pre-treatett 82600125 (JNK inhibitor),
PD098059 (ERK inhibitor) and SB203580 (p38 inhibitd.PS-induced HMGB1
secretion was not changed. SN-50 and Bay-11, th&B\Nmhibitors, also failed to

inhibit HMGB1 secretion. However, wortmannin and294002 inhibited HMGB1
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secretion, suggesting that phosphoinositide 3-kirffB$3K) is involved in secretion of
HMGB1. Akt inhibitor IV and rapamycin failed to iitht HMGB1 secretion,
suggesting no relevance of Akt-mTOR axis pathwaycdntrast, protein kinase C
(PKC) inhibitor G66983 and Ro0-31-7549 could inhiHiMGB1 secretion. And it is
confirmed by that HMGB1 was directly phosphorylated conventional PKCs
(cPKCs) but not by casein kinase Il or cdc2innvitro kinase assay. A23187, a
calcium ion specific ionophore, could induce HMGBE&cretion without LPS
stimulation and BAPTA-AM, an intracellular calciuion chelator, could block LPS-
induced HMGB1 secretion, supporting that “Gdependent cPKC activation is
involved in the secretion of HMGBL1. Also, we invgsated an effect of higenamine
derivative (CKD-712) on HMGBL1 secretion, which Haeen studied as a candidate
drug for sepsis. CKD-712 could inhibit LPS-inducédMGB1 secretion on
RAW264.7 and human monocyte and inhibit HMGB1 ttagetion from nucleus to
cytoplasmln vitro kinase assgyHMGB1 phosphorylation by cPKCs was reduced by
CKD-712 in a dose-dependent manner. Taken togetleepropose that cPKCs is an
effector kinase for HMGB1 phosphorylation, whichoise of the secretion pathways,
and PI3K may act in concert to control of HMGB1retion via independent manner
of MAPK and NF«B pathways. Also, we suggest that CKD-712 coulaie of the

novel drugs to inhibit HMGB1 secretion.
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