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Identification of a novel drug target for inflammatory diseases
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Fex i, REMROBENZ F 57 ENA UFIROF 723 7 F VsEyF & LT, copper metabolism gene
MURRI domain-containing (COMMD) 3 & COMMDS 7>5H %% % /37 #HE51 (COMMD3/8 E&1A) ZFIE L.,
COMMD3/8 #HAIAN B MILOBE) L G EGE A OB EICEEREEHEZ R L CWAEZEEHLMNCLE

(Nakai et al., J. Exp. Med. 216: 1630-1647,2019), Fx O Fif)7e a6, BERAICEEET Y U~ FIck4 262
PERTRENTWDHEIT A 2y vy (B, Tripterygium wilfordii) DN ToHHET A Fa—/Lh3,
COMMD3/8 #ERE RS, ZOMRELZ L ET 5 2 & CHRIEMEH 2 RET D alfetEnNrmg Sz, £2T
AW CTIE, B F A hr—/L3 COMMD3/8 #HAERAER S & L THRIEER A RBIEST 2 2 L 23 GET 5
ZLIZL Y, COMMD3/8 AN RIEMRBOIREIZIH T 2HHOAE Y — 57> MRV EL L amd 2 &
ZHE LT,

£ . COMMD3/8 A RN IRIEMIRBEDINIEICE G T 5 Z LA GRET 2720, B v~F DO~y AET /L
Thda7—r7 FatEE % (collagen-induced arthritis, CIA) (23T, COMMD3/8 SR DEREZ K &
% Z LT X D IREENYGE S D RS Lo, COMMD3/8 AR DORREIX COMMD3 & COMMDS O& A KA
%72, COMMD3 & COMMDS8 DWW iLin— & KIS %5 Z & ¢, COMMD3/8 A KD EEA KIS 5 2
EINARETH D, & 2T, COMMD3/8 HEAKRDMREA FHENMEIC KB EE L Z LN AMREe~ Ty AL LT, #EX
7 = EBEMED Cre U a2 B —B AT D Commd3x < 77 A (ERT2-Cre" Commd3'™/fox < 7 Z) ZAERLL
7o TO~ Y AT CIA ZHIE S 7% T COMMD3 Z R EHT2 & 2 A, BFEiROEITIMEIET S & L biz, =
T — I ATKT BRSNS AN S (KD, 202 5D COMMD3/8 EARMNBE Y 7~ F DOJFIED
W R 595 Z AR ST,

KIZ, EF A hr—/L L COMMD3/8 ARG AT L7z, E7 XA br—L (K2A) X, #v/37D
VATAVEROTF ANV E G/ EIERT D Z ENML N TS, Fixlid, COMMD3 @ 170 & H D A
TA UL (C170) 27 7 = Z@EH#H (C170A) §5 2 & T, COMMD3/8 ANt T A b r— Lz X > T
L b2 R LE (2B), ZOZ e, BT A hr—/L COMMD3 @ C170 & HHHEA 2k
% Z & T COMMD3/8 HEKRAMESE 2 Z ENFRBENTZ, IHIT, HTENFYIal—Tailly,

-8 Ctrl B
-8~ iKO c . D E
- 34 — 34— 09 ——  F3q ——
7] o) 2
o = 8 ] = o
4 (U] z ©
= o k= 159 4 (=]
£ 824 o 024 O ) % 20—
2 3- & 5 = |%o 37 o
) © o} a %] o
S 2 S 10+ <
0 )] o 5 + O
£ 2 3 g = © 3
£ 5 F 14 oo 2 S 107 o
& i o 0] 8 54 = o
14 b= o
© @ 2
[7] Q 7]
s (0] (_')
0 T T T 1 0= 0- £ 0-
0 7 14 21 Ctrl iKO Ctrl iKO Ctrl iKO Ctrl iKO

Days after disease onset

1. COMMD3/8 &AM RIEMEBDREICEAETHIEDIEE. (A M5 E)ERT2-Cre*Commd3™¥*(control, Ctrl) 8k U ERT2-
Cre*Commd3iox v Z (inducible knockout, iIKO) IZHIT5a5—7 U HHREESTROEEE (A), MEBEMEKL(B), a5 —~>
(chicken type Il collagen, TIC) & fli (C), FiE' >/ &E1IZH TS0 B #liiE (germinal center B cells, GC B cells) %4 (D), &8
(214 Bk E £ #IBE (antibody-secreting cells, ASCs) D% (E). Tib, tibia; Tal, talus; Cal, calcaneus;Nav, navicular. Scale bar, 500
um.
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X 2. £5ArO—)LE COMMD3/8 & HEDEAHEKXDOEMN. (A)ESAO—/ILDLFEEE. (B)COMMD3 0 C170A ZEMN+ES Xk
O—/JLIZ&% COMMD3/8 & ADMEEERICRIZTIHE. (C)tEZArO—/LE COMMD3/8 & ARDIEAHKICOLTOL FEILHE
L2alb—iay. (D)BEBERHICLDESANA—LDFEEEELDOFEE.

COMMDS & HAKRE L L7 COMMD3 @ C170 (T A b u— 3 EGARETH D 2 L AR S iz (K20),
ZZ T, BT A br— & UGS 72 COMMD3/8 #HEIKIZ DWW TE BT 2{To72& 2A, BT A hr—NR
COMMD3 ® C170 & EAFEE Z T D 2 LMD bz (X 2D),

COMMD3/8 HAEKRNRE T A b —VOIEN T CThDH 2 & &NFET 5725, COMMD3 @ CI70A 4 R AR

(COMMD3C!704) % Commd3 BAGTFENHFRELT 5~ 7 A (COMMD3CA <~ 7 2) ZERIL, ZO~ T RIZH
WTETZ A M —LOERERT D0 MG Lz, ZRUCEL->T, 7R e —na2R 552 LI2X- T,
COMMD3/8 B A IROBREL BIRFHNC KB S BT 5 L [FERIZ, CIA OFRENRKEIND Z L 2R L (X
3A 775 E), D E T, CIA Z3JE SH72 COMMD3CA <7 21tk T A ha—La&kb L7 2A, BT A b
0— /U X BB EEAISRRO Doz (K3F D D), ZOZ &b, COMMD3/S HAKRNET A F i
— VO FEEIRER ST ThH D Z E RO o7z,

LU EDOFER S COMMD3/8 AR RIEMEIR B OTRFIEANZ e 0 155 Z L WRE Tz, £72, AT, &
FTARNa—=LVOEIERDO A=A L% F LYV TR LT RICBWTOARER TH D, AR, KIE
Ba75E TScience Immunology | (ZH8# X417z (Shirai et al., Sci. Immunol. 8: eadc9324, 2023)
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3. COMMD3/8 & AN I AFO—ILDIZEM A FTHAHIEDILEE. (A M5 E)FERIOVRICESAMO—LERSLIZBEOIS—
TUBRMEEAMROEERE (A), REHABB), T UHKE(C), BBV /HIZETHES D B #laD$k (D), BEEICH 5
RELEMBOKE). (F N> J)COMMDICTA TR [CESAMA—IVERELIBROIS—7 U ER MBS RO EEE (F), KR
(G), AT—7UHkiE (H), FREU/\EICHITHEFD B #ian (), BHRICS T AELEMEDEK ). Veh, vehicle;Cel,
celastrol. Scale bars, 500 pm.



We identified a protein complex consisting of copper metabolism MURRI1 domain-containing (COMMD) 3 and
COMMDS8 (COMMD3/8 complex) as a positive regulator of chemokine receptor signaling. Our study demonstrated that the
COMMD3/8 complex plays important roles in the control of B cell migration and the induction of humoral immune responses
(Nakai et al., J. Exp. Med. 216: 1630-1647, 2019). However, the contribution of the COMMD3/8 complex to the pathogenesis
of immunological disorders was unclear.

Based on the important role of the COMMD3/8 complex in humoral immune responses, we tested its involvement in
collagen-induced arthritis, a B cell-dependent mouse model of theumatoid arthritis. COMMD?3/8 complex deficiency induced
at the onset of arthritis inhibited disease progression. This was accompanied by a reduced humoral immune response to
collagen. These findings indicated that the COMMD?3/8 complex contributes to the pathogenesis of collagen-induced arthritis.

Prompted by this finding, we performed a chemical screen to identify inhibitors of the COMMD?3/8 complex that could
be used for the treatment of autoimmune diseases. Since the function of the COMMD3/8 complex depends on the association
between COMMD?3 and COMMDS, we sought for compounds that disrupt the physical interaction between the two COMMD
proteins. After screening of a chemical library that was relatively enriched in natural products, we identified celastrol as the
most potent compound. Celastrol is a bioactive molecule extracted from a medicinal herb, Tripterygium wilfordii, and exhibits
anti-inflammatory properties. However, its mechanism of action had been poorly understood. Celastrol disrupted the
COMMD3/8 complex in living cells or in the purified form, indicating direct action of celastrol on the COMMD3/8 complex.
Using site-directed mutagenesis, molecular dynamics simulations and liquid chromatography-tandem mass spectrometry, we
revealed that celastrol covalently binds to cysteine 170 (C170) on COMMD3 to dissociate the COMMD3/8 complex.

We then asked whether celastrol reproduces the functional consequences caused by COMMD3/8 complex deficiency.
Celastrol inhibited chemotactic migration of B cells in vitro and in vivo. Celastrol treatment suppressed antibody responses
with reduced production of germinal center B cells and plasma cells. The progression of collagen-induced arthritis was
blocked by celastrol treatment started at the disease onset. Thus, celastrol treatment phenocopied COMMD3/8 complex
deficiency, suggesting that celastrol may target the COMMD3/8 complex in the context of humoral immune responses and
autoimmunity.

Since alanine substitution of C170 (C170A) on COMMD?3 rendered the COMMD3/8 complex resistant to celastrol while
preserving the function of the protein complex, we generated a mouse strain expressing COMMD3¢!794 from the endogenous
Commd3 locus and examined whether the effects of celastrol are abolished in these mice. B cells isolated from COMMD3¢1704
mice showed complete resistance to celastrol in chemotactic migration. Humoral immune responses and collagen-induced
arthritis in the mutant mice were not suppressed by celastrol treatment. These findings indicated that the COMMD?3/8 complex
is a major target of celastrol.

Having established the involvement of the COMMD3/8 complex in a mouse model of rheumatoid arthritis, we
demonstrated that celastrol exerts anti-inflammatory activity by targeting the COMMD3/8 complex. These findings provide
a proof of concept that disrupting the interaction between COMMD3 and COMMDS may be a useful strategy for the treatment
of autoimmune diseases and supports the consideration of celastrol as a lead candidate in that endeavor.

This study was published in Science Immunology (Shirai et al., Sci. Immunol. 8: eadc9324, 2023).



