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Linear Ubiquitination-mediated Regulation of Inflammatory and Immune Responses
and its Related Diseases
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Abstract

Ubiquitination is a post-translational modification involved in the regulation of a wide variety of cellular functions,
such as proteasomal protein degradation, membrane trafficking, DNA repair, and signal transduction pathways, such as
nuclear factor-xB (NF-xB) pathway. NF-xB is crucial for inflammatory and immune responses, and aberrant NF-xB
signaling is implicated in multiple disorders. We identified that LUBAC (linear ubiquitin chain assembly complex),
composed of HOIL-1L, HOIP, and SHARPIN, generates a novel type of Met] (M1)-linked linear polyubiquitin chain, and
specifically regulates the canonical NF-xB pathway. Moreover, we revealed that a linear ubiquitin-binding protein,
optineurin (OPTN), contributes to suppression of NF-kB and apoptotic pathway, and the aberrant functions in linear
ubiquitin-binding of OPTN closely associates with amyotrophic lateral sclerosis (ALS).

& #9

A YINPEOAF S AEMNL, O T TV — AGRISE IR E UTRI X, FoBOMy 5 M
DNAf&1H, > 7 F MR E E LR A EMSREL TS 2 Z LW S sk - TE 7 k43, HOIL-1L, HOIP,
SHARPIN &0\ ) 3 Y72z b6 &a#HARNI Y520 #/—+ (LUBAC) %L, LUBAC 2 &+ v
O N A Met] 70925 [HFRZEFF V@] LS RHLWS A TO2VF 7 Vil SRR+ 2 &
THllAAN & 7' F NAZED 5 5 NF-kB #5& % I 5 Z & & R L 72, NF-kB I3 BIRI5%5 0 A - BEE IR B0
TrhuDry Al & £ 7R 3R T-C, 7 ORI OMAER L < O, FIC ISR, SRR, ISR,
ZMREFIEICHDS. /4, LUBACICX > TAERI N AEMRICF 7 Y PUCHEMISHEATE F AL V28D X
YIS HI3, NF-xB @MU HFS 5. —~@E LTik4id, HEERLE S5 V85 F A4 Y (UBAN F A4 V)
@HY 54 7F 22— (optineurin) #° NF-kBiGEALREIE 748 F—v 220IL, 20215+ LA HD
WEAEAS A ZERR MR LAE (ALS) RIS Wb B L adx kn i

Key Word: Ubiquitin, NF-xB, Inflammation, Immune response, Amyotrophic lateral sclerosis

1. LI PSBICHAS S A B IBAIN FTHh 5 (Fig. 1), %
IR F 276 5 (8.6 kDa) » 6k AL TR ER VISP DAY FF ABHIL S O T T — AR
R S0 BCHBAMCWEANCHEIEL, 2 EFRF U0 e UTHAET 3 2 LB RIIC R X hi7=0, [2v%
HL#EE (ED), v+ U EaME (B2), a¥xs FoAb=03] LEZERNBER, 2 FF BT
V=% (B3) &) 3MOBHENGEAE L THR & v 7 FH4 b=, DNAfEE, MILANS 7 Fiigs e

Z6F PHEC284-10 A3 H, SR SERE 284511 1 29 H



i

I

Up

Substrate Substrate

monoubiquitination multi-monoubiquitination

Substrate E1, E2, E3, ATP (‘D N )
"4 @% b %@ @@
0~y Ub Ub U U:
Substrate Substrate Substrate Substrate
, ‘,,/”)' K6 K11 K27 K29
up !
Substrate Ub U
U U
deubiquitinating enzyme Jb Ub Ub
Substrate Substrate Substrate Substrate
K33 K48 K63 M1
- i)
Ub. o
Ub-—Up Wk ’ ~
Ub Ub ub &(Ub
Substrate Substrate ' Substrate Substrate
branched hybrid phosphorylation  acetylation

Fig. 1 Diversity of ubiquitin code enables multiple cellular functions. Protein ubiquitination is catalyzed by three enzymes, E1, E2, and
E3, whereas the reverse reaction is catalyzed by deubiquitinating enzyme. In addition to monoubiquitination and multi-

monoubiquitination, 8 types (M1, K6, K11, K27, K29, K33, K48,

and K63) of homogenous polyubiquitin chain, branched polyubiquitin

chain, and hybrid polyubiquitin chain are produced in cells. Moreover, phosphorylation and acetylation of specific residues in ubiquitin are

recently identified.
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Fig. 2 LUBAC and linear ubiquitin chain. A, LUBAC is composed of three subunits, named HOIL-1L, HOIP, and SHARPIN. RING
domains in HOIP are the catalytic active site of LUBAC to generate linear ubiquitin chain. B, Structure of linear (M1-linked) ubiquitin

chain.
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Fig. 3 LUBAC-mediated regulation of NF-xB activation pathways. LUBAC conjugates linear ubiquitin chains to NEMO upon
stimulation by proinflammatory cytokines such as TNF-o and IL-1B. Then, the linear ubiquitinated NEMO functions as a scaffold to
recruit other IKK molecules through NEMO's UBAN domain, which is a linear ubiquitin-specific binding domain. The accumulated TKK
molecules are activated by Zrans-phosphorylation reaction and this initiates the canonical NF-xB pathway. In addition to inflammatory
responses, LUBAC is also involved in innate immunity and genotoxic stress-induced NF-xB pathways.
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Fig. 4 OPTN regulates NF-kB and apoptotic pathways through linear ubiquitin-binding, and the failure of the function induces ALS. A,
Under the physiological conditions, OPTN binds linear ubiquitin through its UBAN domain, and suppresses NF-kB and apoptotic
pathways. B, Most of the ALS mutants of OPTN lost linear ubiquitin-binding ability, which result in the enhanced NF-xB activation.
Moreover, linear ubiquitin and activated NF-xB (P-p65) are accumulated in cytoplasmic inclusions. Then, apoptotic pathway is also
enhanced. The dysregulation of signaling pathways is a possible cause for ALS.

PALSICPDH B Z £ 2010 FFIC HARTHRE & h, ALS

Biochem 2012;81:203-229.

A B T & VST H B T kAN B s X 3) Kirisako T, Kamei K, Murata S, et al. A ubiquitin ligase
NTHBY, 413, LUBACIC L 3 Ak &%+ o4 Zc())rﬂné)lze;cfssembles linear polyubiquitin chains. EMBO J
FIRETT U A2 NF-cB LAl & 05 BBt & 1 5 2~ 4) Toku,nalg:?;, !;Sasli;ta S, Saeki Y, et al. Involvement of
SEBE &I, TOWEKEA ALS ST BIbH 5 1T linear polyubiquitylation of NEMO in NF-«xB activation.
HAIN U7z S8, LUBAC G FEBHE A A ALS G0k Nat Cell Biol 2009:11:123-132.
EOEMEAZEE, HiaffERAHREhs. X5 5) Tokunaga F, Nakagawa T, Nakahara M, et al. SHARPIN
2. NF-xB & PE 0 O 5 5 1Pt e MR B o Ade 53, is a component of the NF-kB-activating linear ubiquitin
Z < O, ARG, SR RN 2B b chain assembly complex. Nature 2011;471:633-636.
2T LRGN, EHRR 2 E T 08T U2 Sehn i & 6) Tokunaga F. Linear ubiquitination-mediated NF-xB
SN B IR O R I e B LA regulation and its related disorders. J Biochem 2013;
Tn3, 154:313-323.
7) Rahighi S, Tkeda F, Kawasaki M, et al. Specific recognition
of linear ubiquitin chains by NEMO is important for
a8 ik NF-xB activation. Cell 2009;136:1098-1109.
1) Hershko A, Ciechanover A. The ubiquitin system. Annu 8) Fujita H, Rahighi 8, Akita M, et al. Mechanism

Rev Biochem 1998;67:425-479.
2) Komander D, Rape M. The ubiquitin code. Annu Rev

underlying IkB kinase activation mediated by the linear
ubiquitin chain assembly complex. Mol Cell Biol 2014;



12

10)

11)

12)

ik

34:1322-1335.

Sasaki K, Iwai K. Roles of linear ubiquitinylation, a
crucial regulator of NF-xB and cell death, in the immune
system. Immunol Rev 2015;266:175-189.

Slowicka K, Vereecke L, van Loo G. Cellular functions of
optineurin in health and disease. Trends Immunol 2016;
37:621-633.

Rezaie T, Child A, Hitchings R, et al. Adult-onset primary
open-angle glaucoma caused by mutations in optineurin.
Science 2002;295:1077-1079.

Maruyama H, Morino H, Ito H, et al. Mutations of
optineurin in amyotrophic lateral sclerosis. Nature 2010;

X fa

13)

14)

465:223-226.

Nakazawa S, Oikawa D, Ishii R, et al. Linear ubiquitination
is involved in the pathogenesis of optineurin-associated
amyotrophic lateral sclerosis. Nat Commun 2016;7:
12547,

Weishaupt JH, Hyman T, Dikic I. Common molecular
pathways in amyotrophic lateral sclerosis and
frontotemporal dementia. Trends Mol Med 2016;22:769-
783.

Cirulli ET, Lasseigne BN, Petrovski S, et al. Exome
sequencing in amyotrophic lateral sclerosis identifies
risk genes and pathways. Science 2015;347:1436-1441.



