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Interferon-regulatory factors regulate macrophage polarization and
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Abstract: Macrophages are highly plastic and heterogeneous. In different types of inflammatory diseases, or at
different stages of the same disease, macrophages can undergo phenotypic transformation to elicit different functions.
Hence, exploring new regulatory mechanism of macrophage polarization and seeking for new key mediators will
lay the foundation for the diagnosis and treatment of macrophage-related diseases, such as inflammatory diseases,
autoimmune diseases, and cancer. Interferon regulatory factors (IRFs) have been reported to play an important role
in the maturation and differentiation of macrophages. In this review, we will describe the structure and modulation
pattern of IRFs, and then further summarize the molecular mechanism and signal regulation network of IRFs in path-
ological processes of related diseases through controlling macrophage polarization. Our review will explore the
new therapeutic strategy and potential drug targets for related diseases.
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IFN-9)] AR Gl A= W i) g [ 3 22 2 iE 2 B (lipopolysac-
charide, LPS)] 175 3 /= A= 1) Ik 4t i Kk A 28 B3 A0 1)
L0 41 g (classical activation of macrophages, CAMs),
HFR A ML BGH A, Th2 B4 g Al 7 [ ZAH F 40
42 (interleukin, 1L)-4.-13] 354k () EL WG 40 i, FR oA &
A% AL 1) B W 4 . (alternative activation of macro-
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phages, AAMs), tHFR >y M2 B4 BG40 g . AR 1T, A= Bk
FWRBLRAE T, MR GH AT LAAE T ML M2 B 22 TR]
EERESN,

M 4 i ) I A o e 52 3 22 i i 4 T =R B
B0, 45 B DR s K Vi s S KT BRI RR S R B I
L2, IF HAH B A SOR 2 M 2% . i 3 B
S A ML AR A 1 S0 R 2 AT Toll #5244 (Toll-like
receptor, TLR) At 44 Al IFN-y2, o IFN-y fEH T B
Wik 4 B 7 5 5 AL T 28 R ) T P R 2 AR (IFN-y
receptor, IFNGR) 4 &, # 3% #% 3k & 1 Jakl (Janus
kinase 1) Al Jak2. Jak2 H &F i W2 16 75 46 5 W0 -
#; 5% [Fl ¥ STAT1 (signal transducers and activators of
transcription 1) F IRFs, il % 4 IRF-1 fl IRF-8, A% AT
flide kTRt . BEAh, TLR2.TLR4 SR ALE & 2 Ja Al LA
312 IRF-3. IRF-5 S5 H s R 7 0is Bl 55 —J5 i, 2 4
IR T A 55 M2 L B R 40 B Al AL, B9 IL-4/1L-13.
IL-10 4 % Jofi % 2% LA M FeyR (Fey receptor) Btk . IRFs
FERKZ 25 BEmM R, K IRF-1.-5.-8
-9 2 5/ 3 M1 AL E WA i 1) i Ak, IRF-4 2 5 M2
0 200 e P AR Ak o 45 T IRFs 3%k B L (6 AN TR 3 A
T [ A AT A 3o R b B R AR A B 1 R R R
IRFs 73~ ) Dy i 7] R A A D5 s 2 LB IR0 va o7 B B o
A SCHEREIR IRFs of 6 41 A 2y 6 LA K AN [) 922 95 9 222
BRI, TRR IRFs KIBE 5 1R AR 6T HEAR 1
TETE ] Be 1 S 2T 3t e

IRF-1 (P10914) _ W w w w w | |

IRF-2 (P14316) W W w w w |
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B B s R T AR IO, 22 5 22 b 4 92 40 i 1) 1) e A
W, AR DL SO EUIRAS Y R I A E B IRFSEE A
1 300~500 & L2 (amino acid, aa) 41/%, B A AL
(9> 745, JLE i (N-A) J9 057 B DNA S5 &5 45
418 (DNA binding domain, DBD), % [X 1% & 45 5 /M &
RIREE T (B 1 /- R), 51975 IFN )%
M 3 oG4 (IFN-stimulated response element, ISRE) £
A, 8 B O 3 R SR A, 7E DBD X 33 A 51 AH 25
i, K2 U IRFs & A #% % £ /7 71| (nuclear localization
site, NLS, 41 & 1 21 {5 45 #4) fir /i), #2144 IRFs iz 2% |
9 A% B W A S . H S R I T 45 A9 B (regulatory
domain, 411& 1K (45 84 R )C, 5 IRFs B3 1t 16 775 %5
YIAH K, IRF-2.-3-4.-5 DL J2 -7 38 & A 3 00 il 25 74 3
(autoinhibitory domain, AID, 11 1 48 {4 45 ¥ il 73) 791,
i ERAS I 7 s 3R L sim M, 72 S B S B4
G B 2 )5 W IRFs BTG R &S . Ho, IRF-3
FE N- K 3t F1HR FE 95 (C- K o) & A — A~ AID, IRF-2.
IRF-5#1IRF-7{X7E C- AR HA7 —A> AIDI9, IRF-4 C- R
Uity 1) AID g5 48 b B A — 8 B RGP, v DA Y Sk
[l ¥ PU.1 (PU box binding protein; PU box: a purine-
rich DNA sequence) fH . 1E H ] ¥ 7 25 & 11 480,
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Figure 1 Molecular structure of interferon regulatory factors (IRFs). IAD: IRF association domain
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IRF-6 41, H th IRFs 1) C- R i U &% IRF 45 & 45 14 3k
(IRF association domain, IAD, 1 & 1 28 &% 4 45 #) By
R), T H S AT AR, B0 5 AR 5K A AR
GBS At B S DR R R R R AR B S AT (S
S5, IAD 5 IADL AT IAD2 #5225, H | IAD2
PEST 4% #4 4 (proline-, glutamic acid-, serine-, threo-
nine-rich domain, & & & R - 5 2 R « 22 Z R A1 5 &
FR) 4L, IADL N T HoAh IRFs C- K ) — B A& H
180 & FE R 7k 2 (1 IR 57 17 715 IRFs il I 1AD &5 #4355
5 H A IRFs 80 s R 1 (191 1 PUL1VE4T 55) TR U
G, WSS B 5 8 05 1t It 5 H 05 B 45 50wl
IRF-5 1 IRF-7 B, # i {5 5 (nuclear export signal,
NES, 4 [ 186 €455 2% FroR), 75 SRS I K 2 B e r
EANA S, TR NES 5 NLS # HI A [FPIRAS T B A k% -
JRFAR LR, AN, IRF-1.-2.-3.-5.-7 fil-8 if &
ANTR] B TR AR AT A, A 8 o 5 TR A% i R 4 LR
HoH IRF-1 78 |AD FH 1 25 W 30 & A — DR Ak A
&, IRF-2 F11-8 i B2 A6 A7 i A2 T IAD [X 35K, 1] IRF-3.-5
FN-7 B B AL AL 5 A T C-2R B [ 0| &5 g g 15-471
SRR 7 e (R NS R B N S g viy
IRFs ZX i 85 (A 4 B I S i i R & &
WEAIRES . BRI T, IRFs BT B & 2571 DBD
G AL SR e PR R 42 8 B T B R A ISRE I 2R A
ek B, Hodr, IRF-1.1RF-3 P )2 IRF-7 7] DLEL &5 &
H 51, 1 IRF-4 5 IRF-8 i Zif i 1AD 5 HoAh #% 5%
K7 % 2 & ¥ 4 7] LA 2045 & DNA I )3 3)) #%
S 28300 A A 25 A B A 52 BI0 Ji A B At fes
55 5, ML IRFs 5 NF-xB (nuclear factor «B).
ATF2/c-Jun (cyclic AMP-dependent transcription factor
2/c-Jun)STAT1 Z5 4z K 1 JL [F] 5 ) T30 & LR AR %/
PU 98 4 P IR 7 1) 25 R 53 o R0 200, SR, ER T o3
93T UL S AN [, e 246 1) R (R B SR i 1 5 4 BT
ZE . PR, IRFs Y = E D ReA/E TiE i i 4 5 &gtk
A B 5 AN [ (1) 8 S DR 7 T RO B W0 2 )i TR BN AS T 1)
DRI i b R, DT flk A TR0 £ S 2 7, o AT A 1 3] £
FER .
1.2 IRFsFEMIATEN R IRF-6 4F, HAh IRFs 34
MR BRIA, TERE B AR v — 20 15 S R I1A,
FEAKTBE TR . SR, IRFs )/ B4 50 5 A &1
J BT A B A0 AR AZ S S A O R R IA, B E
HE M@ R ANz e, 1] Lod s 21k
5T R ELREME 5 DNA[SEFIPE . Hor IRF-3.
-5 Fi1-7 mr ik C- oK i Ser 5% 4 1 B BR Ak VS, IRF-1.
-2 -4 F1-8 AT TE W BR AL AZ 1M, (H i R IE S22 75 SR i 75
B PR T L 7R Y,

IRF-3 C- K ¥fii JL 47 Ser385/Ser386 fil Ser396/398/
402/405/Thrd04 % 25 B I Ak A7 mt, e AT [R]85 1 4 4
RE 5E A WO IRF-312, IX — fi R 1 ik 7 52 I8 AR TR
fitg 3t [7] 9 #%, 40 TRIF (TIR domain-containing adapter-
inducing IFN) i 115 = @ % $ TBK1 (TANK-binding
kinase 1) #1 IKKe (inhibitor of nuclear factor kappa-B
kinase &) /15 IRF-3 ¥ B B2 A0 W00% , 17 28 11 B R I8 1
(protein phosphatase 1, PP1) 1] LA B 4 Fl IRF-3 45 & fif
Ser385 il Ser396 Bk 5 Ak 2 1 R A0 T 47 4% LS
PR, b4, IRF-3 B4 R A0 A AT 47 ) i 4% 1 5 v
JRAS . Mstl (mammalian sterile 20-like kinase 1) /&5 —
AN R BT IRF-3 AT 57 3% 138 . MstL /3 IRF-3
Thr75 F1 Thr253 5k Bk i B2 1k, Ho v, Thr253 i R AL 1 15
IRF-3 }4) G = A 2 [ A B AN 5 L HE e, i) LR A8 — 23R
AT BEL T IRF-3 AN AZAT 8 e 5 (K D BE; Thr7b 2
BT A% 8 AL T FI B, X — 07 s B R AL FELAS IRF-3 4%
TENL LK 5 DNA 456242, IRF-7 5 IRF-3 45 #4254,
TEIG TR IR YL LR, IRF-7 ] LA i TBKL 1 IKKe
NSRRI Z )G S IFN-alp R IER520, BRI,
IRF-7 7£ TLR7/TLRO i 1 H 1 J0iE & £ 4K 6 MyD88
(myeloid differentiation primary response protein 88) #ll
IRAK1/2/4 (interleukin-1 receptor-associated kinase 1/2/4)
SR EMITN SRR, 1 4E TBKL AT IKKeR"21,
IRF-57E 4= 225080 A1 IRF-3 AL, B A TR0 P A
A FAIE . 2R BAE R 819 (receptor-interacting
protein, RIP) ZX % i) RIP2 Al IKK S % ) TAK1. TBK1.
IKKa IKKS IKKe 4 5 IRF-5 B iz 1k, 3 IKK g i
T 1k Serd62. Serd45 Bk F: 1 1R 4k 175 F IRF-5 4 £ £
A BLAZ AT A i s Dy e, SR, IKKa XT IRF-5 [ %
W& Ak 5 i 7] 38 i B A5 TRAF6 (TNF receptor-associated
factor 6) /1311 IRF-5 K63 72 &AL it 7%, #E i LIk IRF-5
INAZ, B 26 T 8O | BT H0 2 PA I 5 0E IR 1 R 410 i)
g&m[iﬂsz]o

R B ELZ RBOEE B2 KA G
MESZ REFEMN S =M N, E312 KiE#H
i A BT T2 =R, Hoh K63 T 2
EENZ RN 2 A 3 E A EE, T K48Z Rk
et A 3 B R R AR PR AR LSS, B3V RIEHNG
1 TRAF6 A1 pelino-1 1] 5| & IRF-5 () K63 fi7 72 = it .
Hodr, £ MyD88 & #i [] TLR i 12, TRAF6 4 5 IRF-5
) Lys410 I Lys411 47 s K A K637z 24k, 45 4 1X A
RIEIRAL R AR, IRF-5 8 ik NAZAT A e s T ey,
Bk, 75 LPS/IFN-y 313 T, pelino-1 8 7] DL B £ 45 &
T IRF-5 3 5 H ok A2 K63 iz R AL iE 1k, AT K B 0
4 A Ak Sy M1B9l, K48 T = I vz 2 Ak Ul i A 5
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IRFs 1) 25 11 i A 40 A oA A 280 67 8 2 3 PR 10 7
1975 B % YL 5 5 TRIM26 (tripartite motif containing
protein 26) i A\ 41 i #% A T IRF-3 7E 4% N K A= K48 12
FALFEME, T2 15 IRF-3 ) Zh g, B&A% IFN-o AT IFN-A
B A, T B — i FE R R AE TR A AL Y, A T4
A 1 IRF-3 B3 B 1R 16 7% A6 =X I IRF-3 3 W] |
TRIM26 1T K482 2 Ak bric Jm [ i, /DA% € AL 7
HI ) IRF-3 U AN BE 4 TRIM26 P& i, 3X fA£3F T IRF-3 3%
PR I3 I R ORS B ERY A, IRFs ] DA TR B 4T
BERRAAZ 240, SRR . SO, TE52 3
SR S5, B IRF-1 3 3K /KT I i T i R S AL
AN, BT, GSK3p /345 & T DNA 1) IRF-1 7£ T181
Pr R AR AL, X — BRI A9 52 R - A B i
Bk A AL A AF 5% 1) 22 AR 3R IR, fe & S EUIRF-1 B B
A ¥ Uy ae B B i) e A R e,

IRFs 7F J& B M G 28 R R SR G 938 J o Hp 357 2 3]
TR R, FCTE PR 52 3™ b TR 20 1R R 4%, AT R IEZE B
A4 57 B3 S B AR ) NARE B A A5 493 B JE B3 2 1T 7 A
ST, FFIRE G ANIE B IS X LA I R
2 IRFsXIEMEZATIAEREAEIZIER
21 BENSREXAREEREMAE (ML) BIIRFs IRFs
FEAH TR (IRF-1.-2.-3.-4.-5.-8 fil-9) Z 5 1
MG 20 A (1) W Ak ik 72, o IRF-1.-5.-8 fi1-9 2 5 /v &
M1 A R AL (B 2). IRF-17E i EUR S 1 1 0 40 i
HAb T B I R IE K, 15 52 B 90 A5 5 IR B
T A B 4 B S B A DG JORE IR R IA, ALFE 43 b
R 40 A 2 A 30 ) 75 (secretory leucocyte protease
inhibitor, SLPI). IL-12p35 A1 1L-12p40 2567391, i 4}
IRF-1 F1 NF-xB 5 [F] 34 5 & 28 40 Jf (R 1 25 R 3R 05 | fx
NG 1F EUVE A1 M A Ak Sy M RO S AN Sk
il IRF-LANIRF-2 T LL 5 -4 2R H 3 T 455, 7824
11-4 J5 21 BB I& P, T 40 1] W 40 it A2 48 S M2
FAe,

IRF-5 % TLR.RIG-1 £ % /& (RIG-1 like receptors,
RLRs) flINOD #£5z 44 (NOD-like receptors, NLRs) %54
LI A B2 4K (pattern recognition receptor, PRR) #H¢ %
PRI 2A 5 BRI 8 75 F B0, 12k 11-1811-6..11-12
A1 Tnf 25 ML AH OG5 R 223K, 41461 11-10 F1 Mrcl 55 M2
AH < 5 IR 2R, E ML Y [0 400 it A A o it 3 R
B FHU2-481, |5 g4 i AT LAE I TLR4-MyD88 i #% ¥ iih
IRF-5, J# 1M Al £k M1 3R 2101, Hedl S5 070 54 FH 24
FRT K SR B A 23 P BE 5k — K (muramy! dipeptide, MDP)
YEH T NOD2 (PRR ] —Ff) 2 J5 T IRF-5 1% i A6 I
T, WA I IRF-5 3E— 5 i I Wom Akt2 [F] B 38 5 R
il T AR T3E Wk 4 7 A A 6 TR, X — R BT e R

L,
IL-10R
BRI

Cytoplasm
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SRLRRIRED S D R O
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Figure 2 IRFs participated in macrophage polarization. TLR: Toll-
like receptor; IFNR: Interferon receptor; IL-4/13R: Interleukin 4/13
receptor; IL-10R: Interleukin 10 receptor; IFNs: Interferons; Ub:
Ubiquitination; p: Phosphorylation

FUACU 5 95 20 B2 2R A s A ELAE R LA i R 1)
KPR LE R

DLAE I 98 B0, IRF-8 AN AE 125 141 i 346 R
Ergg i i R EEEZEN, I B 5 REER
S M ) R AL I, X R T IRF-8 45 & T AN A Y
DNAFHI T 51 A2/ . 7EiF SRS R E R4, IRF-8
5 PULLTE B A W4 ) 4 7 15 05 41 B 2 A8 1) g
f 3 AL ) 2Rk 5 AR LPS M ¥5 , IRF-8 5 IRF-1. AP1
(activating protein-1) fHHAEH, &G 2 ¥ HET L, 5
SR 28 40 M R ) R A, AL IFN- B IL-12p40 Al
IL-12p35 %5, i Wk 41 ffw 32 W 9 {2 28 SR AL, 53 A T
5% & B, IRF-8 /& Notch-RBP-J (recombining binding
protein suppressor, RBP-J) i i 1 2 M1 74 [ 10 241 fifd 1)
U A0, Irf-8 ik R R /0N BR 0 A DG Sz B 45 R gk —
A IE S IRF-8 5% I 21 i 2 9% SR Y i 5 i, 5 B A Y
/NERAH EE, Irf-8 2 DRI R B /0N BRUAM A 48 B (RO 4 B I
JIEE N A0 JE I A2 2% 2 Y ) B A% 2 A R D2, T
AR B8R Ge 2 Ja, BN J0E AL I M1 Y B R
2 it 9, B L, dx e 2 LR B IRF8 IR IS A 5 B R 4H
JfL i) ML AR AL 25 5 AR S E i R 0S4

FE I RUFT 1 AY IEN 3R, IRF-9 5 STAT1.STAT2
=02 G, BR800 R B B R 7 3 (IFN-
stimulated gene factor-3, ISGF3), 45 & T ISRE fI T4 &
Hl IR (interferon-stimulated gene, 1SG) J& 3l 1 X 35k,
R R FRIABA, SRT, i I T R B, FEAAFAE
TR BB EARE, BRI IRF-9 55 STAT2 K i
SE&Y), 4R AR AR 1SGs FKIE KT IFN I IR
W5 FIE K ISGF3, 51 2 JH 3 1ISGs K IA P, 5] i F 41
FO4u iR A ML RS . 4, SCilR#RkIE, microRNA93
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A JE T 0 ) IRF-9 K i i P4 AL A 2H 32 31 11 15 e 400 i
WA M2 1Y, ITT 38 5 A1 i 2 Mk s A2 /) BB 30 Jik
&5 DL I F A,
22 BENSMRXREERMAE (M2) BIIRFs IRFs
Kk T EA IRF-3 1 IRF-4 2 5 M2 |5 105 41 i (1 i1k,
Forb IRF-4 /2 M2 [5G 240 i Al A0 1 G B 1 15 [, (HL A
A FA WL 1 oA 56 4 1 B

A A0 45 155 Y /N GRS KGR B LPS Tl Ak B W]
N S BOIRES, XL 31— & IR B, FERLH]
TE TR 5 LPS T4 2 2 S0 i P4 /0> i J5 41 B IRF-3
[R5 SR 1, MR IRF-3 07 51 B Pt 48 I+ IL-10 [ 3R
KK R, AT A A B W A0 B A 1k A M2 3R e,
e Ah, /NI 5 20 B IRF-3 38 7] 38 i B0 PIBK/AKL 15 5
O 4 K7 IL-1a IL-18. TNFa. 1L-6. 1L-8 1 CXCL1
(C-X-C motif chemokine ligand 1) ]2 3%, [ IR 14 58 47
R T IL-10 R IE, 25 Bk = 20 M1 &Y
Ti1] M2 284 [ 2 61

M2 B 5 W 40 B R B - IL-4 T IRF-4 R H
FB KRB R, R, M2 28 [ A R O 5 A
[ 2R I8 04K T IRF-4 [ 47 76, B35 Argl. Ym1 I
Fizz1 4508, IX Se it e 25 R B IRF-4 /2 /0 5 B VR 2 i 1
o M2 KA S S 1o T L, IRF-4 (1R R RIE KT
52 %) 22 F 4L i Jmjd3 (Jumonji domain containing-3)
e, Ak, [E] A O A A A A 1 D% B R T IR
IRF-4 % 5 IRF-5 7% 4+ 45 & MyD88, M ifij {1 i3k 4 it 4% 1t
M2 dE M1 R AL,
23 HfIRFs IRF-2MIRF-1E A4 HE 2
[FURPE, 72 B R R 8 30+ bR A [ 00 8 428 o4,
IRF-2 7] il i 55 IRF-1 3% 43X 28 A7 £ 25 & ok 30 il
IRF-1 A 3 (1) 35 [R #% S i #2000, [A] i IRF-2 X M1 g
40 1) B AR A — E B EIE F, JEXT IRF-1 5 5 1) &
i ROV A 45345 B A CR 4 VB FHEY. {H IRF-2 76 B W 41 i
WAl i AR BN 2%, — D7 T an Bk, IRF-2 i
5 IRF-1 5 4+ 40 M1 B4 B W 40 i ) iRk . 3 — Tl
WA IR E, IRF-2 R 2K 3 35 LPS Hill ¥ i 48 Jifd ™
A2 IL-1010L-6 A IL-12 S5 4R 98 IR sl /b4, e 4b, 75
SRR Y, IRF-2 {2 3F B W 40 i A 5 119 28 E ST, T
FE T6 B P 98 RE T 0 R B HR A R R, 5 2 SR,
IRF-3ifid % 5 TLR3.TLRA 15 5 il % 1 5% IFNS DA %
LAt 2 R 1A 3 B Wk 40 A AH Dy ML 2 2R 164681 SR g
IRF-3 76 L5 HL 4% A4 1 1 AT LLSE 1 28 R 1L-10 11
FIE, 6 E G40 R BN M2 R A, X AT B TR N
TEANE ) B 5 RIBCR, IRF-3 7242 7 AS [ i 305 1
2, TR H IR EE R 538 A A Fie 2253«

3 EMRAE IRFs X3 HH X ARt R RS20
31 RIEMER 7RISR MNH, ML B i
IAEHT UG I B, M2 Y B 0 4 i I 28 5E v 1R A vh oy
F AT, X PP R A AR R AE 4k H B T BUER S LA
S0 JEAR N AR T BAE IS S I I HLZ& B RSB E 2
20, % T IRFs X L 4 A AR A i B 2208 9 5 1, 4R
F IRFs [ VELHAE ML BTG P R 45 R A, R At ) L
WOE L, W RE N AH S SR T (VR T R

IRF-5 1] 3t i A 5 B R 40 il M1 WAk 2 5 20 1t
P 1) 975 T sk FE 266681, Dong 5090k L 22 BE IR 4 K
5 /0N BRI S A B S ) M AR S LA AR 44k, I HL
B o 2 E T, it I 15 Wk 4 o 5 28 5 D BT ] A it 2 1)
A4k, o, M1 RS GH i AH DG 48 FR 7E R S5 3 RIA 3|
T (JORERA), 2 J5 M2 B 40 B AH 5% 45 A BH 5 T e
FEFr SRR TR B R KT (SR 4E4L). AH R HE, p-STATL
AIRF-5 7E Il 2 J& 3 Kik B mi R IAKF, N R E R
90 H R Ak AR R R AL, Bl S R B T p-STAT3.p-STAT6
DL IRF-41E 3 R 2 Ja W W T, 4 B 4t i 185 4 o M2
R, FHEUNR AR LT 4E 4L, R, IRF-5/IRF-4 1)
¥ PRSP T B8 A M S RE — £ 4 Ak gk FE 1 DG B T A
Wei 5000 WHT A= )L IR BB /N W 25 W %% (necrotizing
enterocolitis, NEC) & & Jip & 2H 233 Vi 1) Wk 40 i
IRF-5 335 /K ¥ W] T iy, 10 HLJH i B IRF-5 45 &
Ccl4.Ccl5. Tnf LA J 11-12b 55 M1 Y 2 Jitd AH 5C 5 JiE K 1
Ja ¥, 15 5 W iE R IE B A0 R AR A M1 R AL, AR
Jip 3 57 B T e ; 1T A 5% 40 B RE e 1 R (rf-5 R R AT e
Tk ) e A 1 ML 3R TR 2 i S 56 M NEC /N BR T 4
i S, AR HL 38 R B ) e e B

5 IRF-5 AN [A], IRF-17E 98 JE 5 H %oF B Wk 4 it 1)
W N 2R R E &L RH G T (genome
wide association study, GWAS) [£] fiz # £ 1iE 52 IRF-1
F= REYE % (inflammatory bowel disease, IBD) 5%
FEEUF AT, 16 1BD £ LA IBD 7 /) 515 [ 20 b 4
RO 2 7 IRF-1 0 e AR B0 [F) R, Stk 7 bk 28 & AiE
(acute coronary syndromes, ACS) % 14 A 4 = ) ROS
3% PBMC (peripheral blood mononuclear cell) >R 5 1)
W6 2 b P IRF-1, IRF-1 3 T 3 ek 30T 4 A BRI 55 3
NE & 755 B A A T DL K SR M AL, (R R
Joa gk U, 7E IFN-y BB AR T, B WA i P % 5% ]
T HE A9 IRF-8/IRF-1/STAT1/PU.1 J ) Tnf. Nos2 % {i¢
2% R TS A2, 9l B 4E B ML Bl Ak, SR T, ENR
Y1 IRF-8/IRF-1 3 i 4% 2 ML K 1) % 3%, 2 5l 45 4%
S5 RGN LA S R SR I RORE MR BE AR

A, IRFs B RIABUEPE 7 W A E S s 2400
Je 98 PRI B R A e B AR O, TR NI 7T IRFs 1)
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DResr ml, SR E R AT R AL A, 9 RORE R0 1) Y6
ST IR SR
32 BEREMKR IRFSTEREARESHERM
928 J ISR I M g2 S B RS DG BEVE H IRFs 15 5 2%
PPN AT B B S R AR AL 2 — . B &%
955 11 5 0 B 45 IBD & 45 1 £1 B AR (systemic lupus
erythematosus, SLE). J5 X% % 5¢ 45 % (rheumatoid
arthritis, RA) Il 1545 & 1E (sicca syndrome, SS) %1731,
E VR R A B & R rm RSB 02
FE, IRFs X2 3 3F J& 1 s e 5 25 2 % . 18I GWAS
AHTCERI T 245 RARIFHLEIAH G 5 BRIk A
B R, IRF-5 2 H A0 B B — AN RA SR 35 A
THRZIENI E R (30%~40%) 1 T 40 i (29
30%), 18 M 2H 21 IRF-5 ik /K~ B & F i, M1 28 B g
2 i AH SS TR A 1L23\ DR5 1 B . 7y, I ik 5615 28 RE 1)
R, A BT E MEBATS, F— 05T, 16K
WHIE R, 50 REANBEA L, RA B3 IRF-5 55K /5 3)
T B A KT B3 T, 1 HOX — RRAETE AN [R] 7 R
R 4 2 ARG YT 1 i 2 2 R AN B3, R IRF-5
FE DR 22 25 11 T BE A TR0 g AU 1Y) 98 7E 48 AR,
SLE & # AR KB ST #8781 IRF-5 2 1205 1) 5 1%
FEAIUM, AR, SLE IR T IRF-5 &k A 4
51 M1 40 i A Ak W Th/Tha7 40 B8, ifn i %
JiE PR KT T, WA 2 SRS e 4, A e gk — 20
A,
33 BB ECREE ARV, MRASR ST EE KR
= I8 A o< B WE 41 B (tumor associated macrophage,
TAM), T H 27 5 5 U5 % UIAH 5¢, M1 AL E 2
Jif 5 M2 7Y [ 20 i 1 B ARk v, BB RS AR, AT
B2 R 9 M2 [ I 200 i A7 o e 4 i 1 42 28 R A% DA
S T e 2H 2R ) I A AR s, DT 5 BT S AN R AN 1
Wt el

IRFs AN A2 92 e 37 (1) S B 15 1R 7, .2 5 48
AT S U8 AN A0 S 7R, G o iR 4 B 1 IRF-1 2
— PR R N, 5 2 Bl NSRBI AE OC, IRF-1 4L (R A8
S I ) LR 2 — 0, S 4T IRFs = 2
WL BRI R R A S 5 IR R . 1SR
2, IRF-1 5 IFN-g W e A EM BAE M, JF HZ 5 IRF-5
WML 2 B A0 i B Ak, BE4b, 75 LPS I IFN-y 7]
BT, AL I IRF-1 803 IFN-4, W41 i 1%
7 b3 S ] g 3k ik e A B I B 1R 28, R W IRF-1 2
55 B 20 i i ML AR Ab I FR 9 B B i e o aele,
IRFs i m] DL i 1 3t B W5 &1 i 4 3 — 8 AL & (nitric
oxide, NO) 717 il 8, Nascimento Z5BUHE 77 i iz I
2 i XT 929 1 4k P YB3 41 i 2R 1) A P R A4 S 4 T 5 7

PE, RILAE G IRF-1 015 LT, R 40 B 7E A4k Py 4145
To vk = NO & BE i e 40 fi, 2% BH IR R 15 W0k &40 i o)
L.929 (1) B H 4% fih A 13 A ARG T IRF-1 IRIAZ7E .

IRF-3 F1 IRF-7 B A RIS PERRAE, — 35 AR 2 5L
58 [ IFN-0/ 321575 5 R 7, 1 IFN-a/p 7T LA B3 o
PR Th e, A Bh 20 R B R I R TR U -7
e L Je 4K W 4t T DA 5 A P R v A, WL
FIETRERT LB B S BT R i = 4R, i vT DL
Tk 77 A ) T B R S A G 2 A G, [R] B 4 ) R
e AL AE B A2 A DR R R 3Rk, 22 T VL B R0 4
A% e TR 20 L SR, R e s AL SRR Ief-3 T 2 T B
I 240 i P PR T, I IRF-3 1] g 38 3o He Atk 0 7 FH ML
il R HE PR T e ee e

Z A MR A B 1) — AN B ERAE . WA RN,
EZE4MT, B4 IRF-8 /KT8] & L, i S
1k Rl -F- CCL4 (C-C motif chemokine ligand 4) 43 i 1
%, AF F T e it 983 44 A 3% 10 1¥) CCRS (C-C chemokine
receptor 5) 24, i3 1y T K 5798 48 il MMP9 (matrix
metallopeptidase 9) &A1 £, 12 2868 Jy 3G 5, fE it 1
el R O U i I = g g - <3 (o N = )
IRF-8 1) 345 7 3 i AR B, IX — W 5T 387 1 IRF-8 1
i Jed 241 P — 5 e 4 S B S i FE P ) AR
4 ETFIRFsHZA R

FRIT, BT W20 i IRFs (VA )T SR8 I8 % 1E 2%
NEFHFIRIR, HA2, C& 1R 2 W IE L — ik R 2454
B NG A A ) TT LLIE I R 2 4% IRFS X 5 0 i
FIEAER o X rr LLd i /E T TLRs 8¢
& IFNRs B FIEE 590+, WG 54 S d i, 8
0 IRFs 5 HAhAE 5 25 1 AH BLAE A, AT 401 IRFs
RIFEDNREMY . HURE o I 2494 & i bk = Sz e A
AR R, TR S M S0 H TLR3-IRF-3 5 5 #5090, i1
A2 2 VYRR 28 0] DA /N i ot 48 B 9 IRF-1 (4% 5 o i
TR /N R B B Gy M A B8 28 870, 6 2 1A 1 71 SR R
KRR T LA ] £ 4 41 A IRF-1 f 3R 0, (H 2 X B
41 B IRF-1 1 FH AN B . (681,

JEAER, $REL A 18 SR B N TR A
B SR 2 1 00, Ho, R 2 E S YR IRFs
BA—EMIATER . SEERAE YA R B = v H ]
JINJGE T 4 B IRF-1 R STAT L B 6 s 0 1k, AT 050 38 i
0 98 B Ty L A R E ok R ) 4 B T TBKL #1011 IRF-3
(R P, S5 200 5 00 i 3 A A1 % &4 M DR 1200, LA
ORI 375 A 116 DO K R B A0 K JBR — 193 T 90 1) TLR3/4 38
5 IRF-3 (W0 i 7, A 50k 20 6 3 008 AF B2 1) 412 98
DR 70980, 4k 7 S A Hp 1 22 Fol vy P o 20 T e o 10 )
NF-xB Fl IRF-3 B A Bk 40 B 1) M1 R A, o438 /) BRL &5
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Jar 902, IR0k, X IRFs BEiHRR N TR A D,
BEL BT AH SGAS 530 2% 114 4% 3 1 5 A L R I PR S FH i
Sto BRI T B — B AR U IRFs I3 P 1 715 45 2 A
J 55 DNAAH FLAE F IR 25 K it AT IRFs 2 5 5 5
B (R VEARALAR, A IRFs 308 77 (O BIF 2 48 138 1%
5 RE

5 4 7 A R A AR 0 3t e il e v R IR S 4
P Ty B8 1) v B RT VBV, TR TE RO YR T AH SS9 18T
TEELE PO M, R B A 1T G 4 B e T 4 o e R
MR AT S ERLETE, BORBEZ W FTIES, —
BBl R 250 LRGP /N 73 1A & e DLE R 4 B
2 6 IR ¥ 1 5 1 0 3R 23X A S B AL T 5
MR IT WS . IRFs 5 AL ¥R E &M )G
4553 H B R AT E sk Yy Re, 55Tk, DBD AITIAD
A RE A TR P /N o T 1) 70 (Y BEAEDE FE AL i
J&, T IRFs o A BN iz, i tE TR e 2 48,
DN SRR R R R T — e . R, 18
T B — DRI \RFs [ 45 R R A0S 36 1 R AL LA &
2 5 105 5 il % W 4%, HERR TR VA IRFs 78 20
PRSI « B G 72 M 92 0 R0 e 25 e s 3t e b )
B, XK BT I0RBIF 5038 %8 AR 000 (1 BR A, [ I
DNFERIT R AN B B /)N [ BB ) 245 ) B Al

{E& TTEk: AAT Ik L 2R R 01 T SRR B SCHR S L BE S DA
B B g TAE; SRR 67 T SCae BB Bk B OoC B L.

FIEE S ARSI A AR 38 P AAEAER 2 PR .

References

[1] Ginhoux F, Schultze JL, Murray PJ, et al. New insights into the
multidimensional concept of macrophage ontogeny, activation
and function [J]. Nat Immunol, 2016, 17: 34-40.

[2] Gordon S, Martinez FO. Alternative activation of macrophages:
mechanism and functions [J]. Immunity, 2010, 32: 593-604.

[3] Wang F, Zhang S, Jeon R, et al. Interferon gamma induces
reversible metabolic reprogramming of M1 macrophages to
sustain cell viability and pro-inflammatory activity [J]. EBio-
Medicine, 2018, 30: 303-316.

[4] Miyamoto M, Fujita T, Kimura Y, et al. Regulated expression of
a gene encoding a nuclear factor, IRF-1, that specifically binds to
IFN-beta gene regulatory elements [J]. Cell, 1988, 54: 903-913.

[5] Negishi H, Taniguchi T, Yanai H. The interferon (IFN) class of
cytokines and the IFN regulatory factor (IRF) transcription
factor family [J]. Cold Spring Harb Perspect Biol, 2018, 10:
a028423.

[6] Escalante CR, Yie J, Thanos D, et al. Structure of IRF-1 with
bound DNA reveals determinants of interferon regulation [J].
Nature, 1998, 391: 103-106.

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Chen W, Royer WE. Structural insights into interferon regulatory
factor activation [J]. Cell Signal, 2010, 22: 883-887.

Remesh SG, Santosh V, Escalante CR. Structural studies of IRF4
reveal a flexible autoinhibitory region and a compact linker
domain [J]. J Biol Chem, 2015, 290: 27779-27790.

Yamamoto H, Lamphier MS, Fujita T, et al. The oncogenic
transcription factor IRF-2 possesses a transcriptional repression
and a latent activation domain [J]. Oncogene, 1994, 9: 1423-
1428.

Meraro D, Hashmueli S, Koren B, et al. Protein-protein and
DNA-protein interactions affect the activity of lymphoid-specific
IFN regulatory factors [J]. J Immunol, 1999, 163: 6468-6478.
Antonczyk A, Krist B, Sajek M, et al. Direct inhibition of
IRF-dependent transcriptional regulatory mechanisms associated
with disease [J]. Front Immunol, 2019, 10: 1176.

Li P, Wong JJ, Sum C, et al. IRF8 and IRF3 cooperatively regulate
rapid interferon-beta induction in human blood monocytes [J].
Blood, 2011, 117: 2847-2854.

Szelag M, Piaszyk-Borychowska A, Plens-Galaska M, et al.
Targeted inhibition of STATs and IRFs as a potential treatment
strategy in cardiovascular disease [J]. Oncotarget, 2016, 7: 48788-
48812.

Lin R, Yang L, Arguello M, et al. A CRM1-dependent nuclear
export pathway is involved in the regulation of IRF-5 subcellular
localization [J]. J Biol Chem, 2005, 280: 3088-3095.
Thumbigere-Math V, Foster BL, Bachu M, et al. Inactivating
mutation in IRF8 promotes osteoclast transcriptional programs
and increases susceptibility to tooth root resorption [J]. J Bone
Miner Res, 2019, 34: 1155-1168.

Huang W, Horvath E, Eklund EA. PU. 1, interferon regulatory
factor (IRF) 2, and the interferon consensus sequence-binding
protein (ICSBP/IRF8) cooperate to activate NF1 transcription in
differentiating myeloid cells [J]. J Biol Chem, 2007, 282: 6629-
6643.

Lin R, Hiscott J. A role for casein kinase Il phosphorylation in
the regulation of IRF-1 transcriptional activity [J]. Mol Cell
Biochem, 1999, 191: 169-180.

Mancino A, Natoli G. Specificity and function of IRF family
transcription factors: insights from genomics [J]. J Interferon
Cytokine Res, 2016, 36: 462-469.

van der Stoep N, Quinten E, Marcondes Rezende M, et al. E47,
IRF-4, and PU.1 synergize to induce B-cell-specific activation of
the class Il transactivator promoter 111 (CIITA-PIII) [J]. Blood,
2004, 104: 2849-2857.

Neish AS, Read MA, Thanos D, et al. Endothelial interferon regu-
latory factor 1 cooperates with NF-kappa B as a transcriptional
activator of vascular cell adhesion molecule 1 [J]. Mol Cell Biol,
1995, 15: 2558-2569.

Sharf R, Meraro D, Azriel A, et al. Phosphorylation events modu-

late the ability of interferon consensus sequence binding protein



946

222224 Acta Pharmaceutica Sinica 2021, 56(4): 939 -948

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

to interact with interferon regulatory factors and to bind DNA
[J]. J Biol Chem, 1997, 272: 9785-9792.

Panne D, McWhirter SM, Maniatis T, et al. Interferon regulatory
factor 3 is regulated by a dual phosphorylation-dependent switch
[J]. J Biol Chem, 2007, 282: 22816-22822.

Gu M, Zhang T, lin W, et al. Protein phosphatase PP1 negatively
regulates the Toll-like receptor- and RIG-I-like receptor-triggered
production of type | interferon by inhibiting IRF3 phosphoryla-
tion at serines 396 and 385 in macrophage [J]. Cell Signal,
2014, 26: 2930-2939.

Meng F, Zhou R, Wu S, et al. Mstl shuts off cytosolic antiviral
defense through IRF3 phosphorylation [J]. Genes Dev, 2016, 30:
1086-1100.

Gao L, Wang L, Dai T, et al. Tumor-derived exosomes antagonize
innate antiviral immunity [J]. Nat Immunol, 2018, 19: 233-245.
Sharma S, tenOever BR, Grandvaux N, et al. Triggering the
interferon antiviral response through an IKK-related pathway [J].
Science, 2003, 300: 1148-1151.

Ikushima H, Negishi H, Taniguchi T. The IRF family transcrip-
tion factors at the interface of innate and adaptive immune
responses [J]. Cold Spring Harb Symp Quant Biol, 2013, 78:
105-116.

Liu H, Zhou RH, Liu Y, et al. HIV infection suppresses TLR3
activation-mediated antiviral immunity in microglia and macro-
phages [J]. Immunology, 2020, 160: 269-279.

Lopez-Pelaez M, Lamont DJ, Peggie M, et al. Protein kinase
IKKbeta-catalyzed phosphorylation of IRF5 at Ser462 induces
its dimerization and nuclear translocation in myeloid cells [J].
Proc Natl Acad Sci U S A, 2014, 111: 17432-17437.

Ren J, Chen X, Chen ZJ. IKKbeta is an IRF5 kinase that insti-
gates inflammation [J]. Proc Natl Acad Sci U S A, 2014, 111:
17438-17443.

Balkhi MY, Fitzgerald KA, Pitha PM. Functional regulation of
MyD88-activated interferon regulatory factor 5 by K63-linked
polyubiquitination [J]. Mol Cell Biol, 2008, 28: 7296-7308.
Balkhi MY, Fitzgerald KA, Pitha PM. IKKalpha negatively
regulates IRF-5 function in a MyD88-TRAF6 pathway [J]. Cell
Signal, 2010, 22: 117-127.

Komander D, Rape M. The ubiquitin code [J]. Annu Rev
Biochem, 2012, 81: 203-229.

Wang P, Zhao W, Zhao K, et al. TRIM26 negatively regulates
interferon-beta production and antiviral response through polyu-
biquitination and degradation of nuclear IRF3 [J]. PLoS Pathog,
2015, 11: e1004726.

Kim D, Lee H, Koh J, et al. Cytosolic pellino-1-mediated K63-
linked ubiquitination of IRF5 in M1 macrophages regulates
glucose intolerance in obesity [J]. Cell Rep, 2017, 20: 832-845.
Garvin AJ, Khalaf AHA, Rettino A, GSK3beta-
SCFFBXW?7alpha mediated phosphorylation and ubiquitination

et al

of IRF1 are required for its transcription-dependent turnover

371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[J]. Nucleic Acids Res, 2019, 47: 4476-4494.

Maruyama S, Sumita K, Shen H, et al. Identification of IFN
regulatory factor-1 binding site in I1L-12 p40 gene promoter [J]. J
Immunol, 2003, 170: 997-1001.

Liu J, Cao S, Herman LM, et al. Differential regulation of inter-
leukin (IL)-12 p35 and p40 gene expression and interferon (IFN)-
gamma-primed IL-12 production by IFN regulatory factor 1 [J].
J Exp Med, 2003, 198: 1265-1276.

Nguyen H, Teskey L, Lin R, et al. Identification of the secretory
leukocyte protease inhibitor (SLPI) as a target of IRF-1 regula-
tion [J]. Oncogene, 1999, 18: 5455-5463.

Carey M. The enhanceosome and transcriptional synergy [J].
Cell, 1998, 92: 5-8.

Elser B, Lohoff M, Kock S, et al. IFN-gamma represses IL-4
expression via IRF-1 and IRF-2 [J]. Immunity, 2002, 17: 703-
712.

Krausgruber T, Blazek K, Smallie T, et al. IRF5 promotes inflam-
matory macrophage polarization and TH1-TH17 responses [J].
Nat Immunol, 2011, 12: 231-238.

Dalmas E, Toubal A, Alzaid F, et al. Irf5 deficiency in macro-
phages promotes beneficial adipose tissue expansion and insulin
sensitivity during obesity [J]. Nat Med, 2015, 21: 610-618.

Feng D, Sangster-Guity N, Stone R, et al. Differential require-
ment of histone acetylase and deacetylase activities for IRF5-
mediated proinflammatory cytokine expression [J]. J Immunol,
2010, 185: 6003-6012.

Lawrence T, Natoli G. Transcriptional regulation of macrophage
polarization: enabling diversity with identity [J]. Nat Rev Immunol,
2011, 11: 750-761.

Takaoka A, Yanai H, Kondo S, et al. Integral role of IRF-5 in the
gene induction programme activated by Toll-like receptors [J].
Nature, 2005, 434: 243-249.

Hedl M, Yan J, Abraham C. IRF5 and IRF5 disease-risk variants
increase glycolysis and human M1 macrophage polarization by
regulating proximal signaling and Akt2 activation [J]. Cell Rep,
2016, 16: 2442-2455.

Mancino A, Termanini A, Barozzi I, et al. A dual cis-regulatory
code links IRF8 to constitutive and inducible gene expression in
macrophages [J]. Genes Dev, 2015, 29: 394-408.

Xu H, Zhu J, Smith S, et al. Notch-RBP-J signaling regulates the
transcription factor IRF8 to promote inflammatory macrophage
polarization [J]. Nat Immunol, 2012, 13: 642-650.

Gupta M, Shin DM, Ramakrishna L, et al. IRF8 directs stress-
induced autophagy in macrophages and promotes clearance of
Listeria monocytogenes [J]. Nat Commun, 2015, 6: 6379.

Terry RL, Deffrasnes C, Getts DR, et al. Defective inflammatory
monocyte development in IRF8-deficient mice abrogates migra-
tion to the West Nile virus-infected brain [J]. J Innate Immun,
2015, 7: 102-112.

Kessler DS, Veals SA, Fu XY, et al. Interferon-alpha regulates



TRET IR A5 P2 YR 1 IR R 4% G A R A A B FETE 509 v 1 R AT 9 8k

947

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

(61]

(62]

(63]

(64]

(65]

[66]

nuclear translocation and DNA-binding affinity of ISGF3, a
multimeric transcriptional activator [J]. Genes Dev, 1990, 4:
1753-1765.

Platanitis E, Demiroz D, Schneller A, et al. A molecular switch
from STAT2-IRF9 to ISGF3 underlies interferon-induced gene
transcription [J]. Nat Commun, 2019, 10: 2921.

Ganta VC, Choi MH, Kutateladze A, et al. A microRNA93-inter-
feron regulatory factor-9-immunoresponsive gene-1-itaconic acid
pathway modulates M2-like macrophage polarization to revascu-
larize ischemic muscle [J]. Circulation, 2017, 135: 2403-2425.
Hayakawa K, Okazaki R, Morioka K, et al. Lipopolysaccharide
preconditioning facilitates M2 activation of resident microglia
after spinal cord injury [J]. J Neurosci Res, 2014, 92: 1647-1658.
Tarassishin L, Suh HS, Lee SC. Interferon regulatory factor 3
plays an anti-inflammatory role in microglia by activating the
PI3K/Akt pathway [J]. J Neuroinflammation, 2011, 8: 187.

El Chartouni C, Schwarzfischer L, Rehli M. Interleukin-4 induced
interferon regulatory factor (Irf) 4 participates in the regulation
of alternative macrophage priming [J]. Immunobiology, 2010,
215: 821-825.

Satoh T, Takeuchi O, Vandenbon A, et al. The Jmjd3-Irf4 axis
regulates M2 macrophage polarization and host responses
against helminth infection [J]. Nat Immunol, 2010, 11: 936-944.
Negishi H, Fujita Y, Yanai H, et al. Evidence for licensing of
IFN-gamma-induced IFN regulatory factor 1 transcription factor
by MyD88 in Toll-like receptor-dependent gene induction program
[J]. Proc Natl Acad Sci U S A, 2006, 103: 15136-15141.

Harada H, Fujita T, Miyamoto M, et al. Structurally similar but
functionally distinct factors, IRM and IRF2, bind to the same
regulatory elements of IFN and IFN-inducible genes [J]. Cell,
1989, 58: 729-739.

Klune JR, Dhupar R, Kimura S, et al. Interferon regulatory factor-
2 is protective against hepatic ischemia-reperfusion injury [J].
Am J Physiol Gastrointest Liver Physiol, 2012, 303: G666-G673.
Cuesta N, Salkowski CA, Thomas KE, et al. Regulation of
lipopolysaccharide sensitivity by IFN regulatory factor-2 [J]. J
Immunol, 2003, 170: 5739-5747.

Fehr T, Schoedon G, Odermatt B, et al. Crucial role of interferon
consensus sequence binding protein, but neither of interferon
regulatory factor 1 nor of nitric oxide synthesis for protection
against murine listeriosis [J]. J Exp Med, 1997, 185: 921-931.
Loi P, Yuan Q, Torres D, et al. Interferon regulatory factor 3
deficiency leads to interleukin-17-mediated liver ischemia-reper-
fusion injury [J]. Hepatology, 2013, 57: 351-361.

Kumari M, Wang X, Lantier L, et al. IRF3 promotes adipose
inflammation and insulin resistance and represses browning [J].
J Clin Invest, 2016, 126: 2839-2854.

Yasuda K, Richez C, Maciaszek JW, et al. Murine dendritic cell
type | IFN production induced by human IgG-RNA immune
complexes is IFN regulatory factor (IRF)5 and IRF7 dependent

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

and is required for IL-6 production [J]. J Immunol, 2007, 178:
6876-6885.

Steinhagen F, McFarland AP, Rodriguez LG, et al. IRF-5 and
NF-kappaB p50 co-regulate IFN-beta and IL-6 expression in
TLR9-stimulated human plasmacytoid dendritic cells [J]. Eur J
Immunol, 2013, 43: 1896-1906.

Ouyang X, Negishi H, Takeda R, et al. Cooperation between
MyD88 and TRIF pathways in TLR synergy via IRF5 activation
[J]. Biochem Biophys Res Commun, 2007, 354: 1045-1051.
Dong J, Ma Q. Macrophage polarization and activation at the
interface of multi-walled carbon nanotube-induced pulmonary
inflammation and fibrosis [J]. Nanotoxicology, 2018, 12: 153-
168.

Wei J, Tang D, Lu C, et al. IRF5 deficiency in myeloid cells
prevents necrotizing enterocolitis by inhibiting M1 macrophage
polarization [J]. Mucosal Immunol, 2019, 12: 888-896.

Guo M, Yan R, Yao H, et al. IFN regulatory factor 1 mediates
macrophage pyroptosis induced by oxidized low-density lipo-
protein in patients with acute coronary syndrome [J]. Mediators
Inflamm, 2019, 2019: 2917128.

Langlais D, Barreiro LB, Gros P. The macrophage IRF8/IRF1
regulome is required for protection against infections and is
associated with chronic inflammation [J]. J Exp Med, 2016, 213:
585-603.

Matta B, Song S, Li D, et al. Interferon regulatory factor signaling
in autoimmune disease [J]. Cytokine, 2017, 98: 15-26.

Karami J, Aslani S, Jamshidi A, et al. Genetic implications in the
pathogenesis of rheumatoid arthritis; an updated review [J].
Gene, 2019, 702: 8-16.

Muller-Ladner U, Pap T, Gay RE, et al. Mechanisms of disease:
the molecular and cellular basis of joint destruction in rheumatoid
arthritis [J]. Nat Clin Pract Rheumatol, 2005, 1: 102-110.

Ciesla M, Kolarz B, Majdan M, et al. IRF5 promoter methylation
as a new potential marker of rheumatoid arthritis [J]. Pol Arch
Intern Med, 2019, 129: 370-376.

Panchanathan R, Liu H, Liu H, et al. Distinct regulation of
murine lupus susceptibility genes by the IRF5/Blimp-1 axis [J]. J
Immunol, 2012, 188: 270-278.

Lazzari E, Jefferies CA. IRF5-mediated signaling and implica-
tions for SLE [J]. Clin Immunol, 2014, 153: 343-352.
Heusinkveld M, van der Burg SH. Identification and manipula-
tion of tumor associated macrophages in human cancers [J]. J
Transl Med, 2011, 9: 216.

Xie C, Liu C, Wu B, et al. Effects of IRF1 and IFN-beta interac-
tion on the M1 polarization of macrophages and its antitumor
function [J]. Int J Mol Med, 2016, 38: 148-160.

Nascimento FR, Gomes EA, Russo M, et al. Interferon regulatory
factor (IRF)-1 is a master regulator of the cross talk between
macrophages and L929 fibrosarcoma cells for nitric oxide depen-
dent tumoricidal activity [J]. PLoS One, 2015, 10: e0117782.



948 Z4%% %4 Acta Pharmaceutica Sinica 2021, 56(4): 939 -948

[82] Jefferies CA. Regulating IRFs in IFN driven disease [J]. Front through inhibition of IRF-1 and protein kinase C (PKC)alpha/
Immunol, 2019, 10: 325. betall [J]. J Biol Chem, 2007, 282: 15208-15216.

[83] Romieu-Mourez R, Solis M, Nardin A, et al. Distinct roles for [88] Jankovic V, Samardzic T, Stosic-Grujicic S, et al. Cell-specific
IFN regulatory factor (IRF)-3 and IRF-7 in the activation of anti- inhibition of inducible nitric oxide synthase activation by leflu-
tumor properties of human macrophages [J]. Cancer Res, 2006, nomide [J]. Cell Immunol, 2000, 199: 73-80.

66: 10576-10585. [89] Kao TK, Ou YC, Lin SY, et al. Luteolin inhibits cytokine expres-

[84] Solis M, Goubau D, Romieu-Mourez R, et al. Distinct functions sion in endotoxin/cytokine-stimulated microglia [J]. J Nutr Bio-
of IRF-3 and IRF-7 in IFN-alpha gene regulation and control of chem, 2011, 22: 612-624.
anti-tumor activity in primary macrophages [J]. Biochem Phar- [90] Aziz N, Son YJ, Cho JY. Thymoquinone Suppresses IRF-3-
macol, 2006, 72: 1469-1476. mediated expression of type | interferons via suppression of

[85] Wang Y, Liu T, Yang N, et al. Hypoxia and macrophages promote TBK1 [J]. Int J Mol Sci, 2018, 19: 1355.
glioblastoma invasion by the CCL4-CCRS5 axis [J]. Oncol Rep, [91] Fitzpatrick JM, Minogue E, Curham L, et al. MyD88-dependent
2016, 36: 3522-3528. and -independent signalling via TLR3 and TLR4 are differentially

[86] Zhu J, Smith K, Hsieh PN, et al. High-throughput screening for modulated by delta(9) -tetrahydrocannabinol and cannabidiol in
TLR3-IFN regulatory factor 3 signaling pathway modulators human macrophages [J]. J Neuroimmunol, 2020, 343: 577217.
identifies several antipsychotic drugs as TLR inhibitors [J]. J [92] Chen TF, Hsu JT, Wu KC, et al. A systematic identification of
Immunol, 2010, 184: 5768-5776. anti-inflammatory active components derived from Mu Dan Pi

[87] Nikodemova M, Watters JJ, Jackson SJ, et al. Minocycline down- and their applications in inflammatory bowel disease [J]. Sci

regulates MHC 1l expression in microglia and macrophages

Rep, 2020, 10: 17238.



