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ST ol& 918l HMGB1 monomere}t oligomer”} transfection¥
HMGB1©] knock out ¥ mouse embryonic fibroblast (MEF) A| 3 = ¥
A2 whole cell lysatesE DNase, 72|, & o] T3 HEGA]A
chromosomal DNA <42 %313tk DNA fragmentationo] o 3
HMGB12] DNA protective effectE =743 23 HMGB1 oligomer 3
g} 7} monomerell B3] DNAZ ©] Z protection ¥ eld 4 AU
t}. oS =% HMGB1 oligomerization®] danger-associated molecular
pattern (DAMP)ZA] 9] 7H5Ad S dolr ekt |A, WonkgS /2
st UF%F3 pathogen-associated molecular pattern (PAMP)ol 2] &
HMGB1©°] oligomerization ¥ =X]& @215} 3, 1 23 HMGB19]
oligomerization©] T} PAMPE] 5o oj&EX o2 Z7lE & g9l
3t 4 AT B3-S 2 oligomerization® HMGB19] DAMPZA] 9]
og8S Al ®okth  LPS$E HMGB1S  pre-incubationd}o]
oligomerization A]71 233} pre-incubationd}#] & Z}7te]
HMGB1¥ LPS A3 g vk A A< 7749 RAW264.79]
Aglgh = AdE TNF-09t IL-6 &S 543 Btk 71 A3 pre-

incubation %A < HMGB19| H]&| LPS%} pre-incubation 3}¢]
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High mobility group (HMG) @2 A3z ] o] FHA EAlsts
WMAZ FRAOZY Ao ®m {FAFSE superfamilyE o] 7™ DNA°| 9]
Eoli= oe] FA oA FxAQ FAE (architetural element) &2 4
2-g-3sltl, HMG proteins> ‘AT-hooks’ & 7FA& HMGAS} ‘nucleosome
binding domain®> & 7}*|= HMGN, F 7l¢] fuctional motifel ‘Abox<} B box’
£ 7}A|+= high mobility group box (HMGB) ©]& A Al 71¢] family=Z T4
o] St} HMG proteinst= DNAS} 7728 255 (nucleosome)ell ZAgtalo] <A

A G (chromatin fiber)e] %7 W3S f-235l0] DNAY AAL W
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activityE =43} 4 1} DNA repair processoll ¥oJ3}# 1} transcription factor <}
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o] A5 A-gS E3A transcriptions ZHd= Z8S IS

HMGBL & 7] RE Az EAlets AT 2157 9] ofn|
Ao 2 o] FoA] Qlth HMGB1S DNA®} 745 2}-8-3F= HMG box 9o
43k= A boxo} B box, LE]3 43S w= C tail F-91F2 o] FolA Sl
o]Z13k HMGB12] A box$} B box5F-¢l= 71739 lysined} arginine &+7]&
o] EA35tH, C tail -9+ A& = & aspartic acid} glutamic acid *+7] =
= U JHAE A% & S4s He 549 @t HMGBLS: 3o
Al DNAS®] minor grooveel ZAgtsto]l kel HAl, W 2ejar AxF
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3 o EA8l= HMGBL1 LPSe} -2 U4 (endotoxin)oll 2] &l 4]
St st A AE &S AZAEAL (apoptosis)oll o3l TEAOE EH]
A, AMEZAAL (necrosis)E HO7]&= AEZAA FEAHOZ FH[H O
damage-associated molecular patterns (DAMPs) A& #-x}& zhg-3c}3, Hn]
H HMGB1 w3+ (monocyte)E AF=r3Fe] TNF-q, IL-1, IL-13, IL-6, IL-8
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| Bojsts WY AEXES RolAlst: 384 (chemotaxis)
o] g FPIH. a oe= EulE HMGBLS 17 Ay A%
(human epithelial cell)=*-E] adhesion molecule®] &S ZF7}A]Z1THEY. o]
2 M vro R FH]E HMGB1 Toll-like receptors (TLRs), receptor for

advanced glycation end products (RAGE)s 2] receptorel] A3}tsle] NF-xB &4

315 f=sta 8 2 3 (translocation) AlAA A5 Aol EFRQ 2
HE& S7HAITY. Eg HMGB1¢] LPst A5 atg3te] AU ass o

ST AL A Al ROl d5ueS FA8E HMGBLE
92 7} A g mARdA Q8T A =, Ae A3

X 7ZA Ao Qo] Fo TAEAZ HMGBLo] AAHI 9on, #3=

=

o] 9le] FulE]Ze] AZ A3 X T % HMGB1Y 840 Z=x i 9

oh A2 el HMGBLY A3l Aol g EAste] w72

to

o

o

il
o
o

3} Al71aL, AL WY, A2,

b

8% Fol olshi: vz

6



oJAIRE Ab=rell ol A Hfem FHlE HMGBL2 1 &4 Al

4
ok
flo

A Al olF A Al #dFe] FNdAR 2HEste] A

fal%s
ol\
3
oo
o

Friketo] Abdol o= A gt

A Yol EAlste G AEL 7|5S o ag4doa 53y $l8A
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=& hetero-oligomere] HEIE 7]5S F3ITE. HMGBL FrAcH A =
o7 Alo]E7F2l S100B calcium binding protein®] 7% = = AdAHE
oM A= AR A oz Ba] A Alo]EgRIw e J9EdS
ste] ¥ AFHkSol| #oldhs dMA R, RAGE T 8AE F3 AsHE S
& uf tetramer®] FEIE RAGESH 23] 7les 9 otH, AlEoA %
HEgH3s ¥ S100B T A A Agolt Al FXol vl F 83}
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of o3& of|¥= WA F 23 JTES = galectin-3 9 A HMGB1
& LPSe} A& 28-S 3h, LPSel 23l oligomerization ¥ 3L, LPSE 3f A
AA A galectin-3 oligomere} LPSS] H3HAl7} CD14E R A5te] s34 Wl
75 A B S84 wuAy 9 gl EL2 homo-
oligomeric complexs 3435t thdst ARoA gy EolHS F =
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LPSE X2y FHAFgoR o]Fojx vFF (polysaccharide) = -4 &
o] it ol# g LPSE UHAE 7HAH sERDAA gt HARkES
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F-S-S- {F-2-30, LPSE lipopolysaccharide binding protein (LBP)oll 2] & A]
CD14° 2 FHTHi tA] TLRAE AgH= dde] AAELS & d&zl
LPS-TLR42] Z&olth™, ol& A Hud A57} pe59t ps0S AUz o] %
AlZ]13L o] subuintEo] ER HARQIALe] Agsial o2 Q1] TNF-ot

INOS, IL-659] 95L& sk 934 AoEskele Bt FF 9

Zuk-go] dojuhA P LTAE 2% S Alde dE 2] PAMPEA
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st teichoic acide] A A3} XU3HAl AjtE o] 7] witol oS LTA
2ol A, LTAE 342 59 249 i A4 (fibronectin), <
o1, A (fatty acid) == 291 %] 2 (membrane phospholipid) %=+ CD14
U TLR 59 #AE &3t SFAxe] Adsted Fa3 938 g3
S olgf g AdS el 22 A4S A Al7a AEY xF
g U% T7HA a3 Fgutdelele] el Fadk J3e s
3 a7 Aurelglole] LPSE CDl140] dEdlE LBPE LPS ¥t ofy

2} LTAY = ZA§3te] CD14o] ddesle] TLR2 w7 d5wh-gS Lot

43-44
2 AT A= oligomerizationsS ©]F HMGBL1o] 3] oAl DNA &7

#oste] DNAS H33FE %242l DNA chaperone 24 monomer & Ej

o] HMGBLRTE E7FH el A ST & gl oot AT JhelA
TLRs9] #|7t=e} Adsle] oligomers PA o ZH TLRse Alazgs

urh &dHem FE AW 4 gAY o¥E Fd HMGBL

oligomerization®] &8 4w ¥ a1z} 43T
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1. A=

HMGB1 &L pRSET-B (BD Clontech, Palo Alto, USA) Z&}sm|=
(plasmid)°l  AFgF HMGB1 AA A7 ES ZF=24Y  (cloning)ste]
Escherichia coli pLysE (Novagen, Darmstadt, Germany)oll A =& x]71 5 Ni*-
NTA columne.z AAlste] AHgslich = 24" Azxg dude
Triton X-1145  ©]&3to] W=xaE AASUH®. FAE=  anti-HMGBL
antibody (Abcam, Cambridge, UK), anti-His tag antibody (Abcam, Cambridge, UK),
anti-Myc tag antibody (Cell signaling technology, Danvers, MA, USA)E A}-&3}31
t}. HMGB1-myc =2}~ v] =% pCMV-myc (BD Clontech, Palo Alto, USA) =
gt =o] HMGBL HAl 714 9e S=4dste] A&ttt HMGBL
C106A-myc> HMGB1-mycS 3 (template) .2 X 2}o]™ (primer) 5’-GCC
TCCTTCCTC TTC GCC TCT GAG TAT CGC CC-3’ (forward) % 5-GGG CGA
TAC TCA GAG GCG AAG AGG AAG AAG GC-3 (reverse)= ©]-g&3}o]
QuikChange site-directed mutagenesis kit (Stratagene, La Jolla, CA, USA)<9]

manufacture’s protocol®ll e} 106 WA cysteineS- alanineo. = | 3tslo] A

_1>~I

}3l %tk HMGB1 dimer¢l HMGB1-HMGB1-mycS Z@}~n == HMGBI-
mycs TS = HMGBL primers o]0 o4 AZek3ltl. TNF-o ELISA
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kit Ebioscience (San Diego, CA, USA)olAl T3}l t}. IL-6 ELISA kit
Biolegend (San Diego, CA, USA)°lAl T3t LTASF HMGB139] ¥4
Ao  AL8-%  Staphylococcus aureus (S. aures)®}t Bacillus  subtilis
(B.subtilis)(=54 %, 0.01 EU/ug)> InvivoGen (San Diego, CA, USA)°l 4]

botet,

ol

79

2. A8 Wy
7h A Sl <k
2] A =21 RAW264.7 A EL} J774 A2 T75 flaskell ] 10% FBS7} 3
stEl RPMI 16405 vl o =2 3}e] 37 °C, 5% CO, incubatorel] 4] vl &3}
T} RAW264.7 A2 3774 AE2E Al 3 o) WA E 2838 wof

FA| k3l scraperE AT MEF M ¥+ T75 flaskol A 10 % FBS

DMEMZC2 .= 37T, 5% CO, incubatorol] 4] vl &3} i T}

1}. HMGBL oligomerization

DNA<}e] A% S 3l3tr] 93}l HMGB1 WT<S oligomerization & uf
Cu®* 10 uM, H,0, 10 uM=- HMGB13} 7] 37 ColA 24A] 3t incubation g+
% dialysis tubing bag2 ©]&3}o] 1 x PBSE bufferS w33ttt 2] 7=9
23k HMGB19] oligomerization o] 55 &<l&l7] $]sle] HMGB1S t=

11



o} 3t 17417} pre-incubationd ¥ western blotg <=2 3} 31t} Western blot
S 3337 98 1 pgel HMGB1S LPS, CpG, poly(l:C)+= 1 ng, 10 ng, 100

ng, Lpgel s==2 43S FIsAh

T}, Western blot

ki z o] FLZ7F A A == non-denatured sample bufferS AFE-3}S)
t}. 12} A 2 HMGB1ol ¥Hg-ah= A2 1:30009] W& = AL&3E 2~3
A7 A% "-Sx]71 Z TBST (Tween 0.1%)= 5%4 3-43] A% &1t 2
b A ZE 124 FA jEEEtE vk B e dAlA fodE
A2 AFg8hH 1:30000. 2 1417 A% wESA]7] L W $ TBSTE 584

Ak

3-43] AH skt olF ECL §9& AREste] AN F films A

ra

2}. EMSA

HMGB1¥ DNAS Z3&ES Felalr] 98te] genomic DNAE HMGB1O]
AEH MEF MX =2 MEF WTS RIFA buffer2 8-3A]AA] whole cell

lysateE ©]-83}31th. DNASF HMGB1e] Z23#H & g2lslr] fsiA+ 1.8%

agarose gelS AF&3}gith ¢3-o] ~E# A1} DNaseo] <3+ DNAS Atk

O 2 HE HII}E HMGBL1e HaS dolr ] 9sfAx+= HMGBlo] ZA&

12



H MEF AlX whole cell lysate] HMGB1<- transfection A]%1 ¥ DNase .
Fe*, Cu®, H,0,4 & % 10%7+ Wk-S- A1 Zt} ProteaseS ] 2] 3le] 50Tl A 3

AlZE RESAIZTE BA] RNases A 2]3k & 50TCellA 147 kA1 7]aL

v}, Transfection

HMGB1°] A<+® MEF A¥ (HMGB1” MEF)ol HMGB1 monomer

plk

+

HMGB1:HMGB1 Z&~u|=% electroporatorE ©]-&3}o] transfectionS-
3}tk 1 x 10°HMGB1" MEF Al (£Z 100 pgl suspension bufferoll Zoj<

T 2 pge DNAZE 10 #37F WHgA171 $ 1350 Vel 30 msZ 7|54 &

N

T}k Transfectiono] €%+ A& 6-well plateol] Bl %3} T

v}, IL-6 assay

HMGBL1ol gt synergy effectE 3] st7] 913l LPS 0.7 ng, LTA 600 ng<
HMGB1 1 pg¥ 37 &2 ©5 Aejste] 24z} 1743} pre-incubations}7] L}
1A Xt pre-incubation 3+ & RAW264.7 A1} J774 AM|Eo] A 2]5Fal 204
g AFAs FYdte] L6 Bde SASEAY RAW264.7 A ELt
J774 AXE 24-well platedl]l %1 5 preincubation® HMGB1-LPS mixturel}
HMGBL1-LTA mixure S ] 2]3}3lth IL-65 SA3t7] 918t 20417 & Al

13



g NS 3]535e] ELISAE 33ttt IL-69] 2E A (capture
antibody)= 96 well plateo] 1:250°. 2 3| A|AX =& 3 F 4To]A 174
7F WA 7k wkS- 5 PBST (0.1 % Tween 20)% 33] A% 31t} 3 % BSAR

blocking 3t & 2ol 4 2A]7F HF-G-A| AT RAW264.7 MY J774 A3 9]

}

o
ofj

Ae AR F Aol 2ARF WA PBSTR 33] AlA o F

7% 3A (detection antibody)S = @]slar Lol A dHAIZE BFEA]ZTH
o}

ju

PBSTE 33] A& 2ol avidin-HRPS A 2]3}a AF2-o A 30% WHS A7

—

TMB &9 0= 1087+ wh-3-A171 3 25 N H,S0, 50 pl& ¥H5-S AA A7

3 450 nmoll 4] 0.DE =A 35T}

A}, TNF-o assay

HMGBL1ol gt synergy effectE 3] 7] 93l LPS 0.7 ng, LTA 600 ng<
HMGB1 1 pg¥t 37 %2 &5 A ejéte] Z4zf 174131 pre-incubations}-7| 1t
1A ZF pre-incubation ¥ - RAW264.7 A|3ZL; J774 A3l A 2]stal 204

Sl

ofj

ANs FEste] TNF-o A4S A3 T RAW264.7 A XL
J774 M|EZE 24-well plateol] %71 % preincubation® HMGB1-LPS mixturet}

HMGB1-LTA mixureE A 23+ th TNF-o2 =4 317] g3sto] 2047F & A

kel

g Asds 2eto] ELISAS 333t TNF-oo] %3 FAE 96
well plated]] 1:2500. =2 3| XA A ¥ 3+ T 4T A 17A]7F WA AT

14



Hk-S- 3 PBST®E 33] A% 3t} 3 % BSAZ blocking 3+ - 204 24| 7F
A& A ZITh RAW264.7 AU 3774 AL FS NS AHEd T 2o A

23 WAl ZIT PBSTR 33] AlA & & e dAE Adstar ol

15



1. HMGB1 monomer$} oligomer2] DNA binding affinity

HMGB12] monomer form 3} oligomer forme] DNA 2328 k<l

e

A
HMGB1 monomer ¢} HMGBI1 oligomer form = U} =0 2|&4 0% DNA
olo] Adto] Z7}3kS gelstglth 1831 HMGB1S monomer form X.th
oligomer formo] © 73}A DNAS Zgst= elsiadtt (Z¥  1A).

HMGB1-2 106 4] cysteineS "7l 2 3}o] disulfideS o] Fi1 o]

il
offt
off
o
2

oligomer form< o] F7] wj&-ol disulfide bondS °]F= AL =7 YA
1064 cysteinS alanine®.®= X3 A]71 & HMGB1 Cl106A tHizS
HMGB1 wild type¥} H]al3}le] binding affinityS &<lstich =2 Ay}

HMGB1 C106A form¥} wild type & T sxo] oEH oz Aol F7}

et

3ol 393 HMGBL C106AR.t} wild typee] HMGB1o] © 7374 DNASH
Agtsrs eIttt (¥ 1B). ©]213 A3 2 HMGB12] oligomerization
= 106HA cysteins &3 o] FoJXH oligomerization¥l HMGB1¢] T
73t affinity® DNAC] A&3stal 12 <13 ¥ &% <l DNA chaperone 2

24 que ST AL A5T 5 AU,

16



A HMGB1 HMGB1
(monomer) (oligomer)

—-tnaﬁi-uu‘».

vy \

B HMGB1 HMGB1
(C106A) (monomer)

0 1 2 3 45 6 7 1 2 3 4 5 6 7 (ug)
SEEETY ST 1117

utﬂ” uU'_‘

% 1. HMGB1 monomer$} oligomer2] DNA binding affinity. A. DNA 2 ug3}
0,1,3,5, 7,9 ugel HMGB1 monomer form3} HMGB1 oligomer form= 24| 7F
pre-incubation 3+ - 1.8% agarose gel®ll loadingdle] DNAS}S] Ast= S
215}tk B. DNA 2 pug# 0, 1, 2, 3, 4,5, 6, 7 pg ] HMGB1 C106A form =}
HMGB1 monomerE 2A]3t pre-incubation 3+ % 1.8 % agarose gel®ll loading
sto] DNA9LS] ZAgtels ghlstiltt.

17



2. HMGB1 monomer<} oligomer2] DNA protecting ability

HMGB1 monomer ¢} oligomer2] DNA &4t H#4] 52

o
fo

Qs st
o] wild type (WT) MEF A|¥9} HMGB1" MEF A %2 lysis3 whole cell

lysateS A}-83}91T} DNaseE A 2]3le] HMGB19] DNA &4 =] 58

o

gel3t A3} HMGB1” MEF A ¥4 -2 whole cell lysateo] A+ DNase
0.1 unit F-8] DNA7} &4 ¢1o] fragmentation == ©] W] WT MEF A
X of|4+= DNase 0.1 unit 7} DNA fragmentationo] < #| *t}7} DNase 1
unitell A oF H] 22 DNA7} fragmentation B3 2H2l&tqitt (23 2A). AlE

Foll 93 x}ol= wjAl3Far HMGB129] monomer$} olgomerS Wl u3dl7]

N

& HMGB1" MEF ]3¢l empty vector2} myc-HMGB1 vector —L2] 3L myc-
HMGB1-HMGB1 vectorZ transfection 3+ 5 Z-ZFe] whole cell lysateol]
DNaseE A&stal A7|95S A3y, =2 A3 empty vectorZ}
transfection®l whole cell lysate®l] A= DNase 0.2 unit F-E DNA <=7gof 2|3t
framentationo] 2% =4 W myc-HMGB1©| transfection® whole cell
lysateol] 4] = DNase 0.5 unit}-E] DNAS] fragmentation®©] #+2% %1 0™ myc-
HMGB1-HMGB1°] transfection®l whole cell lysateo]~]:= DNase 1 unit3-F
DNAS] fragmentationo] #Z= et (¥ 2B). o]t A= HMGBLE
DNaseol 2] DNA2 &40 2HE] DNAE H3E34 DNAYL

fragmentation %= A& =31 HMGB12] monomer}.t} oligomer7} Rt} &

18



4 o0 2 DNAQ &4 ZHE DNAE H
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A MEF (+/+) MEF (-/-)

N
DNase NS o
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Cu + + + +
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o v & ) polyio) & - ¢ & & g

B <LPS> <CpG> <Poly(I:C)>
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LPS . . o &£& Mo Cp6 & . o £ g polyI0) o . s & & (g

% 4. ks g r=ol 23 HMGB12] oligomerization. A 2 B. LPS, CpG,

poly(I:C) 0, 1, 10, 100 ng, 1 ugS 27 HMGB1 1 pgt 41o] 37C (A) =& 4
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ABSTRACT

The role of high mobility group box 1 (HMGBL1) oligomerization as DNA

chaperone and DAMP molecule

Yong-joon Lee
Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Jeon-Soo Shin)

HMGBL, nuclear protein, abunduntly exists in nucleated cells and plays
different roles in intracellular and extacelluar spaces; a DNA chaperone in
nucleus and a mediator of signal transduction. HMGB1 could be
oligomerized by diverse stimuli. To identify the effect of oligomerizaed
HMGB1 as a DNA chaperone or a DAMP interacting molecule. |
investigated whether HMGB1 oligomer has a higher binding affinity to DNA
than that of monomer. HMGBL1 oligomer bound to genomic or plasmid DNA

more effectively than HMGB1 monomer. Further, | observed that
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oligomerized HMGBL1 could more effectively protect DNA from DNA
damage by DNase and a mixture of Fe**, Cu?*, and H,0,. Next, | studied the
effect of HMGBL1 oligomerization on DAMP molecule-induced inflammation.
When HMGB1 was incubated with LPS, poly(l:C), and CpG molecures,
HMGBL1 oligomer formation increased in a dose dependent manner of
PAMPs. Further, when J774 and RAW264.7 cells treated with a mixture of
HMGBL1 and LPS, which were pre-incubated, TNF-o. and IL-6 secretions
were significantly incresed compared with LPS or HMGBL1 treatment alone.
In conclusion, HMGB1 shows many functions in the intracelluar and

extracelluar spaces effectively with forming HMGB1 oligomer.

Key Words: HMGBL1, LPS, LTA, oligomerization, TNF-a, 1L-6
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