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T8I HO-1 i 15 32 4 1 | 2R 11t 320 DG 1 506 R Ao 8 0T 700 5 B ) HO-1 B 0 T Ui 7= W 4 b 5 i 4 5 | 2 FF) 4% AE A
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Progress on the protective effect of heme oxygenase-1 in viral infection
SUN Bai-he, WANG Yi-ting, LU Yu-fei, MA Lin-lin"

(School of Medical Technology, Shanghai University of Medicine and Health Sciences, Shanghai 201318, China)

Abstract: Heme oxygenase-1 (HO-1) is a cytoprotective enzyme that catalyzes the conversion of heme to CO,
biliverdin, and iron, which together protect cells from oxidative and inflammatory damage and play an important
role in maintaining cell homeostasis. In recent years, HO-1 has also been found to have antiviral biological effects,
and the induced expression of HO-1 inhibits the replication of various viruses such as hepatitis C virus, hepatitis B
virus, human immunodeficiency virus, dengue virus, ebolavirus, influenza A virus, Zika virus, severe acute
respiratory syndrome coronavirus 2, human respiratory syncytial virus, hepatitis A virus and enterovirus 71. The
inhibitory effect of HO-1 on these viruses involves three mechanisms, including direct inhibition of virus replication
by HO-1 and its downstream products, enhancement of type | interferon responses in host cell, and attenuation of
inflammatory damage caused by viral infection. This review focuses on the recent advances in the antiviral effect
of HO-1 and its mechanism, which is expected to provide evidence for HO-1 as a potential target for antiviral therapy.
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FER 7 AL R, HO-1 AT 4 i 5 R IA .

TENBEAE T, 53R EM HO-LUANUASRHE T2
PRI RN B AT BT 2 A F 72 HO-1 5 WL I A4
Y12 IhEg, X O KR 1 HO-1 Y 245 B 22 05 FN T it
R FEATIESEP T, 4R, HO-1 1A B 0 RE I 4 & 3L
55 G e VAT R R A KA U B AR OB, H
AT, HO-1 &4 & B mT 4 ] 22 o 755 52 ], 2 o L A 3¢
J#i 7 (hepatitis C virus, HCV). Z B! Jif & 95 # (hepatitis
B virus, HBV) . A 2§ 4 9% %k [ 5 # (human immuno-
deficiency virus, HIV) Z£024 it Ma 25059y ek
P HO-1 B A 4l i 893 2% (influenza viruses) & ffil] 1)
TER, JE4E R TR E AL . X R BLHE7R, HO-1
A RE AR AT B SR AT AETE 8 A BRI
WA R IRAT I8 e B R e o AN S5 3R E MR HO-1 75
Z P B R G R R ORI L, A o EEAE AL
i, A EE 0T R TAE = 2 IR A R E O
HO-1 50w 75 /F F BT R, I b 28 25 T K 3 it
TETERT E K .
1 HO-l1inwHIER

HO-1 J 43 filt 7= W R I B AT T 1y 25 4E
H, % 5 80 R 1E HO-1 2 7R} 2 Fi 28 284 1) 995 23 347 1
HIVEF, WS HCV. HBV. HIV. B #U% 5 (dengue virus,
DENV). 1 f# $3 5% 7% (ebola virus, EBOV). A %4 Jjit &5
& (influenza A virus, 1AV). Z&K9 8 (Zika virus, ZIKV).
B REIR 9% B (severe acute respiratory syndrome coro-
navirus 2, SARS-CoV-2). A\ ZEIF W% i & 7 28 (human
respiratory syncytial virus, hRSV). F % JiT % %5 2 (hepa-
titis A virus, HAV). }% 18 %% & 71 (enterovirus 71, EV71)
R Z TP IR R d . AR UL, HO-1 767 2 /%
e i F2 p g LR 15 F L2 10224
11 HO-l#iHCVH#ZR KEHF LR, HO-11 %
Feak v] W FE A HI HCV M E H, FEEE HCV 5] & 1 i
JUE R o I PR S T BOd Kk HO-1 88 H 15
FHO-1 @ RIE R MLLLZ, A 2 ] HCV £ 41 i b
WS, AR T A AR B H B 0 7R
— I0 7 00 3% N G (andrographolide) $7t HCV B 78 th &
B, 503 PG AT 30 Nrf2/HO-1 38 2%, 5 3 HO-1 7/
Foak, MITHEI HCV il . B FF NN, 0Nl
JLHCVEH 5 HO-1 R =W gk = 38 G 2%, 5
FH 7 AR BE BT 55 1 1 B3R & (interferon, IFN) <
L3 T 5 — 5 T4 ] NS3/4A B (B E 1, M iTo R 5
0 HCV 1 /E B, AH AL, miEER (caffeic acid) tH
Wl % B 38 ok S Nrf2/HO-1 38 2% A (1 IFN-oc L0 75
SR HCV &2, {E15F R 2, A RN
HCV & G i B A 20 24 Fh AR A HCV A% 0 22 1 FR T

i, HO-1 [ 3R38 /KF R %, IX 2 RN HCV #% 0 B
FI R DR PP BE L T 7R R AR AR T HO-1 15 SR04, 1X
TEWG R A BE 7R HO-1 3R I 1) R BE v REIY 3R T HCV 1)
S 0 E T R4, K B HO-1 X HK T HCV Jak 4
HARBEEHY, /T HO-11 S 714h, miRNA-
122 .miRNA-196 & miR-let-7c #% /& I 7] i i i 5 HO-1
F1 BTB-CNC & [F] 4% 1 (BTB and CNC homolog 1,
Bachl) J& [K R i&, ##1 B4 fg i HOV & 1|10, Jx it
WE AR, /N4> T A1 miRNA 25 () HO-1 5 577 35 7]
T HCV [ i, 45 58 R T 8 203 HCV Jgé g
T A5 45 P 78 E 37 S s
1.2 HO-1#i HBV #t5R 5 HCV #f 5t & & A A,
Protzer 2524 | HI HO-1 K 575 — i 5 770 & J5L Ak mhk
(cobalt protoporphyrin-1X, CoPP) % 5 HO-1 %%, K I
RE% 52 25 40 i) HBV & 1l IR 98 6 Sk HBV & e/ BRUBE
BRI R . HO-1 Bef% PR HBV 1% 0 B A A
P, R 406 A% A HBV L4 14 210k DNA (covalently
closed circular DNA, cccDNA) [ E . iX#& I HO-1
REWE T HBV B = A B P 2 4E FH o

Shen 2% ) 3L 98 41 M 2 5 T &4k 40 = 5
HO-1 [ Rk 38 i, [ 28 BT 98 99 B 3R TR L& (hepa-
titis B surface antigen, HBsAQ). Z AT % e )& (hepa-
titis B e antigen, HBeAg) 1143 i &% HBV DNA [t & i
Y152 BT, 28 HO-1 i R 1A S 80T HBV i 8 3%
B, AN, Hao S 70 45 ] BoR, B4R R A
REIE I T HO-1 (1) 3R 05 B 35 41 = T 4l i vs /1, #il
HBsAg fil HBeAg ¥ 7= 4=, Jf H. 2 % F# {Ik HepG2.2.15
4i fL - HBV cccDNA & & . SRR T 75K % 11 3,4-0-
oo R B S 25 IR R BE MY IR B RE A% 0 HO-1, BHLIE
HBV cccDNA 1) & B M T 78 44 P 4b K 5 Bt HBV i
PEP 534, BF 5 R — Bl R B AT 4R Ik GV1001 BB
5@ BE HO-1 M S T TR R A KT E
FITE R, RAIEPIHBY NPT, 50 hRER @ HCV
IR, HBV H R A A eI B o 2 1 25 B8
BIT 7% . B, X LB 5 T S 30 HO-1 % HBV 1)
PO FLE IR R B mT AE e N 2, R R HO-115 951 5
LA BT HBV VG TT 259016 FH 1) SR v] RE N HBV [ Th g
BT IR — R R .
1.3 HO-1HHIVIIZR  HO-1 X HIV 30 4 F wT
1B F) 1991 4 Levere ZEPU -G ME I 78 AR, Ahfl1 k&
PUK 20 2 5 BT HIV 259086 1 7 HIV 72 A28 4b
JE) L9k EL 400 i A0 HO 4 e &= R ) &l . Bifi 5, Devadas
SLPVE LN LT R S HO-1 = K98, BERE 7 it
] HIN 76 Bk 240 R0 T 48 it eb i 42 40, i L B0
BRI 245 1 HIV S0k R 2. o, TR A3
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Table 1 Protective effect of heme oxygenase-1 (HO-1) on various viral infections. HCV: Hepatitis C virus; HBV: Hepatitis B virus; HIV:
Human immunodeficiency virus; DENV: Dengue virus; EBOV: Ebola virus; IAV: Influenza A virus; ZIKV: Zika virus; SARS-CoV-2:
Severe acute respiratory syndrome coronavirus 2; hRSV: Human respiratory syncytial virus; HAV: Hepatitis A virus; EV71: Enterovirus 71;

Nrf2: Nuclear factor erythroid 2-related factor 2; IFN: Interferon; CoPP: Cobaltic protoporphyrin IX chloride; cccDNA: Covalently closed

circular DNA; ISGs: IFN-stimulated genes; CORM-3: CO-releasing molecule-3; CO: Carbon monoxide

HO-1 expression changes

Protective HO-1 activator and its

Virus . L . - HO-1 antiviral mechanism
induced by viral infection enzymatic products

HCV  HO-1 expression decreased™  Heme™, free ferrum™, biliverdin®, HO-1 induction inhibits HCV replication and reduces oxidative
andrographolide®®, caffeic acid®® damage caused by infection™: biliverdin inhibits HCV NS3/4A

protease®; accumulation of low concentration ferrum inhibits
HCV replication™; andrographolide activates Nrf2/HO-1
pathway, promotes antiviral IFN response and inhibits NS3/4A
protease activity to inhibit HCV replication®; caffeic acid
inhibits HCV replication through IFN-a antiviral response
mediated by Nrf2/HO-1 pathway'??

HBV  HO-1 expression increased®?!  Hemin chloride™, CoPP®4, HO-1 reduces liver damage in acute HBV infection mouse
isochlorogenic acid A, 3,4-0- model, decreases the stability of HBV core protein and inhibits
dicaffeoylquinic acid®, telomerase the refill of nuclear HBV cccDNAEY; GV1001 activates HO-1-
derivative peptide GV1001%" mediated type | IFN system to inhibit the formation of capsid

proteinf”l

HIV HO-1 expression decreased®  Hemin chloride®®, Hemin chloride inhibits HIV replication observably both in vitro
lipopolysaccharide®™ and in vivo by activating HO-1%; lipopolysaccharide inhibits

HIV-1 invasion and replication by activating HO-15

DENV HO-1 expression decreased™!  CoPP, heme, biliverdin, HO-1 inhibits DENV replication by weakening the antiviral
andrographolide™ lucidone®” IFN response which inhibited by DENV NS2B/NS protease, and

the inhibition of DENV protease is mediated by biliverdin®*

EBOV / CoPP™™, heme®, melatonint®l HO-1 does not affect the invasion and release of EBOV, but

specifically targets the transcription and replication of EBOV™
1AV HO-1 expression increased™®*®  Rupestonic acid derivative YZH- Overexpression of HO-1 can inhibit viral replication by inducing
106™!, 6-demethoxy-4'-O- IFN-a/p activation possibly in a HO-1 enzymatic activity
methylhydantoin®!,CoPP!, independent manner, and inhibit inflammatory injury caused by
resolvin D1, arctiini®® influenza infection*>63%

ZIKV  HO-1 expression decreased®™  CoPPP", HemeP, piperonamine®  HO-1 induction can inhibit ZIKV RNA replication®"*!

SARS- HO-1 expression increased®  Heme, ferrum, biliverdin®™, Heme inhibits SARS-CoV-2 replication by upregulating

CoV-2 quercetin®®, 5-aminolevulinic acid ~ 1SGs expression®!
phosphate combined with sodium
ferrous citrate*?

hRSV  HO-1 expression increased®!  CoPP13 Induced HO-1 plays the antiviral role by activating type |

IFN response, and inhibits the inflammatory response during the
hRSV infection processt

HAV  / Heme, FeCl,, CORM-3, biliverdin, Heme metabolites inhibit HAV replication depending on the
andrographolide, CoPP™ ! catalytic activity of HO-114

EV71  HO-1 expression decreased (in  COM® Overexpression of HO-1 can inhibit EV71 replication and

nerve cells )*!

attenuate the production of NADPH oxidase and ROS induced
by EV71H9

T I\ HO-1 A 44 3 1 3 6 41 il 771) 45 J bk (Tin-
protoporphyrin, SnPP) iIF 5 1 Ifil £1 25 X HIV 1 41 1] &
T HO-1RIAMIES . Ib)5, % T HO-L X HIV 14
H1E 2t — B RIE . 40 Zhou 5Pk B 3@ i S 2 B
(lipopolysaccharide, LPS) 5 5 5 W 41 Jiid b HO-1 [ &
ik, AT BH B HIV-1 6 gi i 42 N, T B A T HIV
FEYNML A (= . BEAh, HO-1 5% HIV S 4 K % 5

S 0B IR F (transactivator of transcription, Tat), Tat
XFTHIV FE TS T 40 i A A7 36 R 5 2 e Al /b (1)
HIV-1 Tat 7] [£AIC HO-1 36 ¥, S EUMAL R AR R, T fE
RS R B, HEI R HO-1 Rt i
B Tatvdi M, IR HIV-1 (1 2 4P,

14 HO-1#TDENVH#IZR | BT IMERGM LM 5%
R 4 9% 7E HKAH DENV K e b 47y 36 2 32 A (0070, 4R
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1M, DENV T3 A4 H 16 38 2 K G 928 225 1) SR mes, L A
# NS2B/NS3 25 [ /i /& DENV 1 8 8 5l K% G0 92 (1) & 22
FB. O ER HO-1 Al @ i 4% & [ Bk 2
e RKAPENZ, T DENV HIE . Tseng M % 8%
S 84N I 0k HO-1 g 5 45 R4 i DENV ¥ 5 il
&2 B @ I R U ) IE S 5 AR 5E 4 PR HU 4D i) DENV
NS2B/NS3 £ [ i, M1 Pk 5 0 1) B 509 2 1IFN R
Moo 75 2 W (lucidone) 7] i it 5 5 Nrf2 /1 5 ) HO-1
Feik, BHWr DENV NS2B/NS3 25 [ B 11, 33k i S0 1
DENV il (1 P8 28 S B2, 7E 44 A A3 R I B35 1
i DENV iEH R, Su 58T 5% % B, miRNA-155 A8
ToE #0 1 #EBR R 7 Bachl, i 5 HO-1 A 3 I H1 £ IFN
SN SE A ] DENV (1) 5 i) o 35X $2 7 w] DL i 38
mMIiRNA-155 [1] 3 ik K #% #il DENV B 4% . [A ik, #8817
HO-1 kN5 5 % vl H T % i1 A1 HF & $it DENV
2.

1.5 HO-1$1EBOVH#E EBOV & —FiE Wik dE4)
B EERNAREE, TT 5™ HE L. 5 DENV
—FF, EBOV Tk H 163 2 K G 2 (L, L g
AH 2K H H VP35 A il 4 & I 15 B 1 3 (interferon
regulatory factor-3, IRF-3) fiff & 1k >k 4 24 Pt IFN il
T, BT RN, HO-1 1% S /A1 HO-1 it ik v] & 3%
I EBOV [ & il o X — B 5t & - H Hill-Batorski
SRR 8, AR B CoPP %5 i HO-1 i 26 38 AL ki
T B HO-1 i R A ¥ 7 EBOV Jik B 7E Vero 4 g
A HEK293 21 Ji (1) &2 il « 3k — 25 #F 78 & 7%, CoPP X%}
EBOV & 1 B # A A5 1€ H, H CoPP X} EBOV 411 il
W F HO-1 [ M ik o 1%t 7038 R I HO-1 AN 52
EBOV [ NAZ SR Ji%, TM J2 i 5 L 51 6F EBOV ) % 5%
AR AT (HAREREM I, HO-1 X% EBOV 41 4k
T AL EE .

B8 J5 , Huang 553 () B 70 [8) £ GE B9 7 HO-1 4t
EBOV {EH, fibfi 118 F HO-1 I R 4R S/ 41 55 5
HO-1RIA, K INATE 2 Fi 4 i o ifil 2128 7T 7] 5 4 ot b 417
il EBOV & ], HAMH 2 =T 90%. B4b, FHF 5K
HEEE R BRI N HO-1, 40| EBOV & HI. %
J& E EBOV & JL 1) B 4E 26 1] 1y ik 90%, H H A A —
RPN R T 1R 25 inmazeb FR L TR T FLAR R
145 19 4 955 75 (Zaire ebolavirus) 3] A2 iR 4y, Bt E
BT T I R 16T EBOV | i Hi YL 254 B A B 5
SHEME, [EERE TIEE P IRER.

16 HO-1#tIAVHiZR REHO-1#KIEAHZ
T 85 HAE L, SR B FEE M ] 1AV & 6] B 7t TAEIR
RRAEHE . Hashiba F1 Cummins 5 N 1 75 [ A58
FEEN IR A FIATE 783 B R, HO-1 5 T LAV B 1 7 R,

AR EF, B AR 15 B HO-1 i@ B4l 1AV &
HFRAL R E L, AR E R AT RESRE B T HO-1 I Ht &
ML EAAE . 2016 42, Ma %50 & Y & I HO-1 %F
LAV F MR, HE38 7R T HO-1 45 1AV #l 1 i 7] g (1)
SEVE ML . AR HO-1 /N3 735 S 570 AN B A
135 HO-1 & 3L, HO-1 7E MDCK 41 g A A\t 5z 411 fi
AT L E F IAV (S, BLHE 2 RPN 2 24 Y 24
MIIAV B bk . [H 3R R, £ HO-1 41 1AV 1 HL il
W AR R T 5 HO-L i i 3 AN R L] . HO-1
XF VAV [P A (R T F A s v, T2 i S IRF3
g, (R AL AL, 3 1B IFN R 4 IFN-a/f I 3R
15, AT B IFN B 3L R (IFN-stimulated genes,
ISGs) [ IE, I 4] 1AV & ],

I JE, JUASAH CHE FE it — 2 E 5L 7 HO-1 X%t LAV 411
il 4 FH . CoPP A1 6- 23 HI 48 5k -4"-O- HY J& T [k 1 Ji7 il
(6-demethoxy-4'-O-methylcapillarisin, DMO-CAP) % &g
% 38 1 BOE HO-1 4 5 1 IFN- o S N R 0 i 1AV B
Hi1e34 kAL, 7418 % D1 (resolving D1, RvD1) i& it
Nrf2/HO-1 & 12 {4 W W 3 B¢ [ 40 52 H3N2 it 26 9 2
51 A S 90 Je BBV, AR 3874 (arctiin) tH RS
JE 3 B Nrf2/HO-1 15 53 B 401 1) HONI2 65 i 8% 5
AT JRE S NP, T A, IR T A ) 2 R Bax 40 i 71
1 (Bax inhibitor-1, BI-1) fi¢ % i i 41 1 i K Bt Jm
ROS 5| 2 1) 48 il 5E T, &) I 300% HO-1 #1181 W 12 s
BT, R, K LA 5T A 2R B I S HO-1 1 11 R
75 3 IFN- ol B 22 1k 540 1] 98 i S04k 45 195 7T B =& X Bt
LAV AT (18T W
1.7 HO-1#i ZIKVH#Z  ZIKV & — P isg 2 55 0 7,
FH BH 14 255 JE (R 20 RNA 4L Rk, T 1947 S35 IRTE 3 T
BT ORI ZIKV B BRI, 7T DURE SR g
N 06 L P 0 M, S S0 6 N i ) L A g o 4
HAEC, SR, B AT AR A 2P TR T
ZIKV YL 4E ok, — B2 25 % B HO-1 X ZIKV
I 15 BLAT B A SIE F XN ZIKV &G 259 1) T
R T YIS H M E 2% . Huang 2% 3L HO-1
NG F 5 S RN 3 A 1 2R IA HO-1 AT B 2 41 i) ZIKV
£ LLC-MK2 F1 MDM 4i g o & 1], 17 HO-1 38 % f B
B B Nrf2 P R B T3l e /N oy 7 5 5 R I P 7
YERT . AEALHE, R FE % (piperlongumine, PL) ] {35 1
IIHO-1 R0k, H 3] ZIKV 75\ B L5 P Rz 4
it F AR A2 T 6 HO-1 F 2 3k AT sk 55 PL Yo 28 9
BB A0 HIE Y BRAk, 75 ZIKV B G 1) 41 i
HO-1 [ 1K /K S 8 35 PRARRT . X e R B3R B, HO-1
TEBH 1 ZIKV B A 43 v = A A

1.8 HO-1#1 SARS-CoV-2 fiff3% HJjif COVID-19 LA
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Y R 7 KR LRSI ARHIE, IFR 2 4 B Ak
WP I8 25 A AE, ST AR N, COVID-19 &
FOREIET:, |WERSIRIT RIS . T HO-1 1] Jak 2 4
b AT IR Rt 453 47 A B sk o P RE VE B0, I ELRE 6%
I O T 2R R Gu i E ], R A HO-1 /)
15 S e 7E SARS-CoV-2 Jik e i %o 4 o 47 (it {3
P4 RSO 30T 1) A A0 RN PRI 8 925 30E 5 71X —
HEW . MR R AT S HO-1 /) &, IF il #1 SARS-
CoV-2 | 58 2 I /E 41 i i (1 2R 1K1Y, Kim 2500 0 2
F HO-1 3k 75 5 771 1f 21 K 8l ik 3208 HO-1 7 72 {4 4b
M) SARS-CoV-2 )& #il, HO-1 ) I Ui {4k 7= W ek K
JIH % % [F) kB A 1 SARS-CoV-2 A i, Ff4IF Sz ifn 40
F A SARS-CoV-2 & il (1) # il /E H 5 HO-1 _F i 1 8+
MEFEFINISCs MRIBF XK. TEIRKMH L, #FFA
R I 5- 2 B 4 T T R % IR (5-aminolevulinic acid
phosphate, 5-ALA) 5 7 1 B2 V. €k 84 (sodium ferrous
citrate, SFC) 45 & g% il 1L 5 5 HO-1, 4# %5 COVID-19
SOME W R B R AR, X sk IR B, N N
COVID-19 fHF 4 8 &, HO-1 /N7 115 S50 ] gy /&
TR R EN, AP RER.

1.9 HO-1inHMHREFIMRE I ERB R Z W
A, A5y WA T HO-1 %6 FHAth s 2 1 40 1) 7E
I, A3 hRSV.HAV Al EV71. HO-1 1% 557 CoPP 7]
P hRSV K& ], F1F hRSV B HL /1N 5 A o W 22 2]
| T30 2 IFN-alp B, IR0 T 9006 O MH, Kim
SR 58 5o HO-1 60 HAV [R5 6114 #0086 /5 FH, 22 Fib
HO-1 i 5 71 8l i ¢ 15 HO-1 35 7T 491 1) 241 i o 1) 95 25
RNA & il 5 8 B Rk, FF &I HO-1 % HAV (1 41l w]
At 5 A0 % PR A 2%, HO-1 B M# 7= 4 b 2 40 i 71
HAV (1) & il .

Tung 251} 7% 2 B, HO-1 ()i %32 g % 78 SK-N-
SH 4i ffd H # ik EV7L (W & 1], FEIEES EVTL BT i 3 1
NADPH % L1 K ROS (1) 4 Bk, FL40 90 55 250K /e 05
HO-1 [ {4 4k, #11 #1] 771 £ = 1R Bk 1X (zinc protoporphyrin
IX, ZnPP I1X) Ffidt 4. [F W, HO-1 f i fiE 4k 7= 4 CO
W] {0 EVTL R & H b ROS B R . AN, EVTLR
Y w] J0 1 A 2 41 B HO-1 1 7= 4, T 5 B ROS 7
g AR R, 51k B WS R T,

Ak, HO-1 £ B W)k G 353 5 T IR 1 FH 0328 7
B8 s o AR B M I V5 9% B8 (bovine viral diarrhoea
virus, BVDV) A 5 #2 4 . 2 JHF 11 B firh 1k A% G
Zhang 25k IR 73 5 A 5 50R B CoPP i 5 1 HO-1
FIk A AN BVDV & i, 1 HO-1 3R 1A B# I ) 2
BN BVDV B E . 54k, HO-1LAX i 74 CO FljH £
L EE A0 BVDV 1 & HI7, HO-1 /2 5% Z 5 5 1

Wy 4345 fiE 993 7 (porcine reproductive and respiratory
syndrome virus, PRRSV) & 4t (1) Hi 5 55 K 1, i 1A
HO-1 Af 41 i] PRRSV 77 &5 [ 44 41 52 1) °3, #F 52 3K 0,
R CO A5 T HO-1 % PRRSV (4 411 £ FH%,
Zhang Z57NiE B it % 3% HO-1 & 1] ] CoPP i % 41 i) J&
YN 10 15 4E K995 9% 7 (pseudorabies virus, PRV) 1 &
#, KR4 CO MBLL RIMBLER I A5 T HO-1
X9 2 AN VR o X T A % B g e ) 680 409 75 1T
JiEJpi £ (Spring viremia of carp virus, SVCV), HO-1 i it
CO /1 T 1) cGMP/PKG 5 =i % 4101 ] I &2 #1107 %
T G 3 Hp T A K BT R TS 4845 7595 2 (duck Tembusu
virus, DTMUV), Wang Z5£"5iF 8 i3 % 75 HO-1 85 F1)
CoPP RE®S PR M Rl i) L& 1), H AL 7= Fe™ RE %
N FHO-1EFHIPIDTMUVAE . XL R BRI, 5
5 HO-1 5l 5 FH FL A S5 B 7= 4 ] R 2 A S5 3l 47 ek 4
99 B A BT AR T R o
2 HO-1#ufRSF{ERMLE

VE N —Fh 4l i AR 47 B, BF 78 38 I HO-1 £ 2 Rl
B YL B P RE O R AR L, JLAE ML R 25
WeaE R, EE R 351 HO-1 & R i 7= 1 B 230
11995 25 A ) 8 AR A0 1 R IEIN e )3 3 1
A1) B A ) R G 5 R I 9% A A
21 HO-1REEUFMERMFIFESES Wi
BTk, HO-1 LA T REHU% B 4F F, o) Bt S 75 m] 7=
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Figure 1 Directly antiviral mechanisms of HO-1 and its catalytic products. mMRNA: Messenger RNA; BVDV: Bovine viral diarrhea virus;
SVCV: Spring viremia of carp virus; PRRSV: Porcine reproductive and respiratory syndrome virus
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Figure 2 Indirectly antiviral mechanism of HO-1 through activating interferon system. ARE: Antioxidant response element; DMO-CAP:

6-Demethoxy-4'-O-methylcapillarisin; IRF-3/9: Interferon regulatory factor-3/9; IFNAR-1/2: Type | IFN receptor 1/2; STAT1/2: Signal
transducer and activator of transcription 1/2; ISGF-3: IFN-stimulated gene factor-3; ISRE: IFN-stimulated response element; PKR:
Double-stranded RNA-dependent protein kinase; OAS1: 2'-5'-Oligoadenylate synthetase 1; IFITM3: IFN-inducible transmembrane protein
3; IFIT1: IFN-induced protein with tetratricopeptide repeats 1
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