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Letter to the Editor

Current Understanding of HMGB1-mediated Autophagy

Man Sup Kwak' and Jeon-Soo Shin'*

' Department of Microbiology, *Institute for Immunology and Immunological Diseases and Severance Biomedical Science
Institute, Yonsei University College of Medicine, Seoul, Korea

Reactive oxygen species (ROS) is an oxidative stress to which cells respond by activating various defense mechanisms

or cell death. Autophagy associated with oxidative stress response is a process to degrade and recycle macro-molecule as

well as organelles in eukaryotic cells. HMGBI, a ubiquitous nuclear protein, is actively released in eukaryotic cells under

oxidative stress. HMGBI plays an important role as regulator of autophagy in nuclear, cytosolic and extracellular level.
Nuclear HMGBI regulates the expression of heat shock protein -1 (HSPB1), which is critical for dynamic intracellular
trafficking during autophagy and mitophagy. Cytoplasmic HMGBI can bind to a beclin 1 by the intramolecular disulfide

bridge using cysteine 23 and 45, which dissociates its inhibitory partner Bcl-2 and induces autophagy. Extracellular
HMGBI binds to receptor for advanced glycation endproducts (RAGE) which inhibits mammalian target of rapamycin
(mTOR) and then promotes the formation of the belinl-Ptdins3KC3 complex. Furthermore, endogenous HMGBI is an
intrinsic regulator of autophagy, and it enhances chemoresistance in diverse cancer cells. Here, we review recent reports

suggesting a novel mechanism of diverse cancer cell resistance to therapy facilitated by HMGB1-mediated autophagy.
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Figure 1. The structure and function of HMGBI. (A) HMGB is composed of three domains: two DNA binding domains (the A and
B boxes) and a negatively charged carboxyl terminus. Three cysteines are encoded at position 23, 45, and 106. (B) HMGBI is present in
almost all of eukaryotic cells. In nucleus, HMGBI plays roles in the DNA replication, recombination, transcription, and repair. In cytoplasm,
HMGBI regulates the balance between autophagy and apoptosis. Extracellular HMGB1 mediates the response to inflammation, differentiation,

migration, proliferation, and development.
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HMGB12 H|3] 2% DNA AF as¥ Fx4o=
- frakete, S 7HAAL Sl BE AlEAA st
Al Eskal itk HMGB19] %% 4w 2, DNAY

=
A= A-box9t B-box, PHolU 2 AEE H= A7

]
olH o7 AATIE FFA|uk,

o] c-EV|E o] il o] C-2HT]E A-box 2t
B-boxell & H3}ES 7FA I QT (5). 215709] opu]
Ao & 3% human HMGB1-S ¢F 30 KDa®] =7]o]H,
23 A 9} 454, 12]a1 106 A o] =qko] Al 2E|Q]
(cysteine) FH7] 2 o] o1& UTHFig. 1A). HMGB1 A|Z~E]
ol A7), ot AbstAEw A Aol A= 23R 9 45
A7} o] &hE(disulfide) A= o F= ¥ 10684 A
2H]Ql e =EY AR 28 Pt (6). AE
@ HMGB1> DNAS] HA, x5, drz24, repaire}
72 DNA AF#| 2(chaperon) & 24 <J8kS S=38}7] %= 3}
™, p53, p73, retinoblastoma protein, Rel/NF-kB, estrogen
receptor 7} A& FAARERA QIAEH] HoAEES F
3 MARE FXA7)7] % $he) Egh HMGBI- 3ol 4] <]
A3} ojof] ME B} EHE T3 95, W, AEEs) Al
Loly, ZAMAE = ot Aadd EdRA T

she 33t} (7) (Fig. 1B).
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Figure 2. The release of HMGBI1. (A) HMGBI is actively secreted in response to exogenous and endogenous inflammatory stimuli.
This translocation is stimulated by post-translational modification. (B) HMGBI1 is also passively released by necrotic or apoptotic cells

death caused by injury.

Mzsd cHl HMGB12| 24|

HMGBI12] A3}84 242 post-translational modifi-
cation ¥4 B! |5l Aol whel EEbith. HMGBI
= F2 3 el EAstar AN AEARE o]Esr] e
shar AlE yro g Enhjsly| % dth HMGB19] #4] 3}
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3}7} o]FoXH, o] & A hyperphosphorylation® HMGBI
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0] karyopherin-alol 2J3] o]Fof X|=d| A4ts}
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3} == k7] NLS (nuclear localization signals)oll =73}
+ serine|™H, o] 7|55 WolAA AksPI} A et
Al How dlow Foj7kA] HatAl wof AlEd] A
ro A EH|7}F o] Fo] 2t} (9). B3 RAW264.7 Al
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dof] EA)3H= heat shock proteins (HSP) 72+ 4lsl~
Eg~7t Yol o] peptide binding domain (PBD)S- ©]-&
sto] HMGB13 235 o mm], Abst=Ed 2o o3k
HMGBI19] A2 = o3 Al ¥ FH]E oAleh] =
Sk} (12) (Fig. 2A). #<-9li= NLRP3 inflamasome ©. 25
E] E43}% caspase 19 234 HMGBI12] £H|7} o]
Folxivial A4HA Utk (13). EA, FE4 o= AE
AL F& MEAEAL o] METE Fol7k= B A
Jojdrh. A EZ AHnecrosis)”t Golvb= Ftell= AR

A (permeability)°] X WA HMGB1o] #H| T} (14).

AEAEAL 30l HMGBIS] Bul= 23 o S3teh
A Dofup=dl, AEAWAL 271 F4ol A HMGBI]

HMGB19] AEdZ Hulgs 3old 5= YTt (6).
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H-2 del] EA1sh, AlEAPEARS] $7] 3 o] HH
=8| 2.5 (nucleosome) ] L3}t o] Fo] A|aL FAle Al
W AHRSRe] Wshrl dofu=t
Y] E th(Fig. 2B) (15).
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A Z3 ol HMGB1S AALEZ A nf-$9- =93
Zo|th. HMGBI2 mlo|EFZ=g]o}e] A5Aa 54
Hahe v 2dase] Bl S vtk HMGBI
= AE Y 25U SEPPAY 2EY S AdEelA 3y
o] Z7}3}i= heat shock proteins (HSPs)e| -4 #} &S
Z43%) HMGBIO 9]8)] #do] F7hel HSP2 14t}
=i 0]-‘5 AM|3E9] actin cytoskeleton 32 =3k} o]
2 FE AEEAL mo]EF=glofe] Aafel whg-
sto] LpER= who] E 91| (mitophagy) & ©F71%c) o] 3}
AS & o] AAE] Ae B, vle]EFZ =g} npd Boj
E2 H 3} Pinkl (PTEN-induced putative kinase-1)3} Parkin
AAF Ajtell 98] dojul= Pinkl/Parkin pathway+ 7]
o] Fdd mlo] EF =g oke] mitophagyoll BaFS IR
, A4S oAl F(depolarization) vlo]EZ= g0}
Al EZEHo) = Pinkl S W2 ~EH27F fmg vlol
ZEgolel Parkino] 91AI8HAl ¥ i, wlo]EZ =g o}
M 9]utel] EA)3}= voltage-dependent anion channel 1
(VDAC1)E] 279 A} 2ol (lysine)S -frH] & SHubiqui-
tination) A1ZIth A= A}212H8 of HE Tl AQ] pe2=
o]e]gk VDACLE QIA3HAl =il thA] p6e2+=
T @9 LC3 (light chain 3)2F Z33}F0] autophagosomes
<5 Wtk 5, HMGB12 mlo|EF=g|obr} =4
Sl & Parkin®] ©]¥} VDACI®| 1| € st
73} autophagys E/d3} A|7]= HSPBI (heat shock
protein B-1)2] W&HS FVIAIZI O 2 autophagy 2ol 3
o] 8HtK(Fig. 3) (16).
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Figure 3. The role of HMGBI1 in autophagy. Endogenous HMGB1 competes with Bcl2-Beclinl complex. The intramolecular disulfide
bridge (C23 and C45) of HMGBI is required for binding to beclinl and regulate autophagosome formation. The nuclear protein HMGB1
modulates mitochondrial respiration by sustaining autophagy through the regulation of HSPB1. HSPB1 induce the actin filaments, which
is involved in the dynamics of autophagy and mitophagy. Secreted HMGB1-RAGE complex sustains autophagy associated with decreased
phosphorylation of the mTOR and increased beclin1-PtdIns3KC3 interaction.

A2 2He oA hadQl Bel-29ke] AgHS A|A g o]
< Beclin 12 AFA2HE-9] =2 ARSI class 11T
phosphatidylinositol 3-kinase (PI3KC)®} ZAEsle] 2|2 =)-&-
< @433t AI7IcKFig. 3) (17).

Receptor for advanced glycation endproducts (RAGE)+= 4}
Aol A W] T AEE f= Ig superfamily T
aftolth. RAGES thdet 452 148h=1] HMGBI
oAl RAGE®] ti3£#Q1 grt=olth oA Aakgiszel
HMGB1> tfeh ez A3 jtoz Eujdn) &H)d
HMGB1-& RAGES}H Z3tste] 22 2h-8-0] JHAITA ol A
A2 28 28-S ZskA 9A1S= mTOR (mammalian
target of rapamycin)S A ¢tl. mTORS] A= A2z}
& 7)Aol %83 Beclinl/Ptdins3KC32] AgHS #8514
el A Argo] 243t frh &3k RAGEY] AR

HMGB1 MAPK (mitogen-activated protein kinase)E <14k
3} Al7]aL, o] DAPK (death associated protein kinase)S
2433} A7 o= Q18] Beclinl/Ptdins3KC3 23S =3}
o] 22285 A8l AIZITHFig. 3) (18).
HMGB1 =% autophagyOl 29|t 2& XM

A3 ] EYd7d (homeostasis) S F-413FaL Al
245 Ak flg wg 8%
HAUFo|Tt} =, autophagy™ AZAFEARS} 22 of| A
3 A}E(programmed cell death)ol] WHle] o % A|
X RE(programmed cell survival)o]g} Q12 =o] gk} o
F T WAEAA AR TR SHAIE A
= 9% of=ol el AlE AEES ST A=E

e (cisplatin), 5 4>FH] 2l (doxorubicin) @} HEEZH A0 E
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=& (osteosarcoma) F2 FS A=
3l 2oli= kAl efzoltk. HMGBIel olal =
A AEL EHF AN o7 o] A3
7RA1ZITk HEAE, HMGB13} A2 2185 oA A1 713
T Alxze] oFEd gt avE T/ (19).
Yz}, leukemiaoll Al S A] HMGB19] 4t
ofzoll gk Adol g v w

oF= ghAdel Skl =T (20).

(methotrexate) <

3} Abael Hofshs SIS ES A APE
I AES sk of] 7] wAYST w9 Fae
- HMGB1> A58 ehjolul ] Al o] &2
Al Bro g FH|EE dE R A, o A= DNA AF|
E(chaperone) &S AT Hlol A= DAMP (danger
associated molecular patterns) 2] & hS- 43§ $+}. HMGBI
AA] Absh 2Eg 2ol Mg T gk EafolH, Aksks
Ef2rt dojubes w3 33} Alxd, S8 AlE jiow
WH|E o] 23} Abael] oel Fede= A eSS
Ak oFA S7HE AR o

o AAE AT oF=e] A

Iz QhAl T opu e} &
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