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AR E--Bi R S B R B R P HER

HRATT

(R TR 2EFERE R4 BE, FL 650500)

WE  HA-o-UmR I A B (glucose-6-phosphate dehydrogenase, G6PD) J&BAR MR IS8 — BB, AN{BELESRFA0
ML SR RVEFIT (nicotinamide adenine dinucleotide phosphate, NADPH) A& A B H K (reduced glutathione, GSH)
P, 17T LA 2 0 P AR T h e 2 AR . PSRRI, GOPD & 1 IR AR T UM P 1) 4L SR -
Ik, i FAAE, AU S FEANNAERIE LRI, MR EEE . i, Hio¢T GePD 14
A 7 g T S (1) B W SR I R G ORI . AR SO T Bk L 5 GOPD Z Ml (1 SC R A T47IA

KA HIUI-o-MEMR I AN, TR, AR, b R

hESES R373

A B -o-BE R A B (G6PD) WML A
1% (pentose phosphate pathway, PPP) HI % —>
PSR, AEAL I AZAE-S5-BEIR (R-5-P) ik 7Ry
HBFIL (NADPH) A9AERL ", J&7/E NADPH ) &
ZORUR . NADPH 2AEY) & U T b wg iy, &=
AR, PUETER . IRIERE . IR AR R A
Y& P AT SR T [RBF NADPH #E
5 20 B P9 G AR JRUIR S bl k15 2 T EAE
FH ™, T RN A0 P 0 A T A I IR Ak R i
JRAIABEH K (GSH), BOE40iE ) 2 éa L
AL T LUA SRR AEHEESE (ROS) . ROS AT L
IR 0 . ZRhi1A DNA FIJE R 2 DNA SK s 4
MIEFET: 7, B, G6PD &= i S B wkme Ik
Wig e S v NADPH (194 320, ([EALAEAS
REA: B S BT AL AR T S AL R R 0L, NI
i LA E A7 . GOPD Bl = i & —Fh i TLHY
NEBEB AR , RERAAG 4f2F Y, TE
GOPD it = it V- 34 A% 7.03% 0, 2004 T
I ERSERERIE AR V. . BN DY) AE
Ho U I IRAER R B MIANEE . PP SGH L B
A LEESE, PR AT AR R . B
B A I AL R AT

Ak, G6PD k= T2 ROS B AT REFE R 7
BT R EEEEEN . AREI, RIER
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2% 0 40t BE % T A Rk M S BRI i i 1 71 AR
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F8 5 B 2 SR e B 75 o i S A SR PE AN O
SR H AT L BEAT GOPD 5 15 UL AH G B9 RGEMELR
&, PRIHASCR X GOPD 1Rk RIS T AT 5 2 Ji
HATER

1 G6PDTEDNAREREEHRIIER

1.1 ZBBFXHE (hepatitis B virus, HBV)

HBV J&—F BN K Sk sl ME T 58 149 i
&, [F B2 5] & 40 M (hepatocellular
carcinoma, HCC) A FEFHZ—, 48K 78% 1Y
JiTseE s, Horb 539% i HBV L1 i, 25% A
RIFRFEE (HCV) BRYLis Ak . HBV & E i
FEEMEGIRZ —, Mg EE " X 10 626 4 WS
RKXT 1T T 4811, K GOPD k= 41 HBsAg
FHPE L] (157310, JERYL 30 4.84%) J& G6PD IE
HL (228/10 316 A, JBRYLR N 2.28%) HIWIFE,
P<0.005, I8t X ; Zhao % ' X} 124 406 i
B IE (20~49 %) #1751, KIGEPD =
ZH Ht G6PD 1E # £ /&Y HBV il KUK /7 71%; Sl
S 1N X) 85 286 44 WUAE B TS, KA LT
G6PD 1FE# 4H, G6PD ikt = £ JE Yt HBV #Y XU =
20.4%, HEAREZER ., KU G6PD = AHfn]
REXT HBV ik #5 51111 5 2%

G6PD 25 [ R I & 12 2 A i 2 W0 (1)
WERTR, IFRIGEERE MRS . BRI
TR AR IR 468 W 106 2 of 348t A A IR RIS W 9 2B
B, MR SRS B 1 A2 0 Lin 5§ 2 (5
KIN, HBV YL K BT A140% GePD = 3Rk,
It BAEFF4 P IE R T HBV 4 HBx 4 8 1 %
N7 E2 M 212 (Nrf2) K58 G6PD iy %
ik, MIMHERFEEERIZ . Chen 45 2 S L AF 5T H2
th, #0iH G6PD BE i 4f ig I3 ¥ th HBV DNA,
HBsAg Fll HBeAg ¥ B [ AI% . 7F Hu %F ' pyF5e v
AR, G6PD Filss B ENMEI HBV A, Wl
/b B X6 B B A K F 14 20%, I H G6PD 1L
BR T RE S 5 STAT3 3 12 e [ 41 ail JHT- 96 41 B 11 1 4%
MR ZERE ST . X $E/n, G6PD ] fge— - Hr A BihT
R A5, GOPD FEAL iyl W b & AR,
H A B 55 T GOPD 1l 57 F 9 i 36 7 1 SC
Bko 2 THH GOPD X THlfil I 2B A%, LUK
TIRERE B, ARIR T B ANARIARSL . SRl
NI PR 47 2 143 56 08 PF- i GOPD 411 il 351 FH F

HBV B4 [ i BT 2 PR R 350k -
1.2 AZ k7% EF (human papilloma virus,
HPV)

ABRAVERY S —H WRIE 2 S (cervical
cancer, CC), Tl CC &R H e T2 A9 IR 2
AFLkEAGEE (HPV) ., HPVJE T3 LR 2R,
JE—FPERIRTC AL AR A XUEE DNA 7%, & ot F 3
S ne i DL DR, AR e A o A RIS
PERE A ER N 2 — 2

Hu %5 24 X} 48 5] HPV Jik Yt 535 1 63 {51l {ak B £
PESEAT T A, ISR, GePD /K5 CC
AR IEMSE, JF A & B, G6PD ik
PG 2 2B CC A MIAFNG TR AT 20
1500 Chang 55 12 755 208 20 2V AN 56 3E T
G6PD 1] 3% ik 5 HPV16 E6 /K - 5 i 35 1F 41 ¢,
HPV16 E6 J [K 32 1K 19 85 1 J5T 2 1F 5 240 A 1) Jie 28 240
e AL AN R HOB PR IE T T 1, JF HOOLE
2 4 3 PRSI 5 R g 0 BT A 2 D0 UE B R B8 IE -
HPV16 E6ifiid 5 G6PD i 8l B 445 6l G6PD
HE IR B e 5%, R T 1 5 GOPD [l #3k . 1M £ Cui
S L A LY =0 RPN B S e TeE A i)
B S 21 miR-206 Rk T H, G6PD Rk i,
1M G6PD = Fe A 2R ifE M i 34 %8, IF H miR-206
5 GOPD 1Y 3Bt X 25 A R A ik, IER T
miR-206 5 G6PD 2 T #H5C . HPV i 8 il 1 | 4
G6PD [ ZRIB S I F B e 5E , I HLn] AR J& it
miR-206 A 4% G6PD [k, A1tk G6PD W] g /&
— BT PR B A EH R AT SR X
G6PD it = AFE X HPV 5, LA M G6PD
FEIRN 5 X HPV & il A 5% i A 543

2 G6PDFERNAJFH B FHEH

21 N % &% % ®R B /" F (human
immunodeficiency virus, HIV)
HIV & — M A e i 5g , Ss80h ARy

RIERG, WAAEWEANE ., TS, Wil
i ERRIE S PR L, RAG RS PERR
o HIV J& T 005 5% Huik RNA B, H RT#ior
RPARNEAY, SCWEE 1A (HIV-1) 22 ERiAT
AN TR R ; T2 B (HIV-2) $0AH
BURPERAR, FEAEVGARRAT >

R e — 2R ERAPURR A0, RN
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W FET AL SR I S A A R AR Y
ifig, AMUZHURRSRBE R EZHLH Z—, 1mhH
PR S M U I 28 5 R Y Tt ke 2 G B
o AW a0 i AE & #5AE - ks 25 77 4= ROS, i
1 ROS WA 15 BB A AL 71 2 7 19 18 Mz & 5
FEAERIN, ASLE IR 9 F1 g2 2R G4 i
AT, ARVt HIV &2 7. i NADPH 7 4
Frd A AR RS h & 455 EEUEN, 24N
FEMBUAR], BRI 5122 NADPH 1) 32 %
KR, GOPD S MR MM & 2 b i PR . DRt
GO6PD 1l HARH AT AL N R 1, &
FRAILA AR B, T AR A I O HIV & i 09 30
FI, FELLHIV B GOPD it = 3 W 255 Kk e 3
P . HETSE T HIV 5 G6PD ikt = JE (B 75 428
b, & GOPD it Z fB A X HIV 5T 5 8% 1) £5 4 4
il . {HJ& Tungsiripat & " 1445 7R 295 4~ HIV
H % GOPD Bl Z SE B RN 1%, Serpa %5
AR SR 11104~ HIV 235 H GOPD fik = JiE 1)
i KON 6.8%, T 4 BR G6PD Bt = 4F H o R N
4.9% Y, ULEH GOPD = 5 HIV 5y B DI G

HIV B E T 2z A A 25 n . AR 2
W -fiff e /e (TMP-SMIX) . @ AIEIAYT, (B
fE GOPD it = FURYL HIV (&, Xeezyyy o=
AT E R IS P fE HIV & I G6PD it
ZMEET, 0 NMEHAEALGYE, SN (6.7%)
WL T R E N Y, (HEA Gei R GOPD Bk = (1)
HIV B A 259 )5 B BUAE A 5, DL 2
P 150 B i 26 2 4 EL AT T A 0 SRR P L DR HIV
BH VAT GOPD Bl iE (1 i A LM T2
2.2 [XEBBFXRFEE (hepatitis E virus, HEV)

HEV J& — i 12 7 18 15 16 19 5 1E 4% RNA I
B o HEVIEY— e A RN, SR, FERrED)
REAR T A9 A8 Th T S 3008 M 98 & AL
HRAE B AR U e, SEREAEZAA 2010 77
NEBYLHEV, JFHA 7 AT, KAy
AHE, CHOZE MR, BBk 30% B,
SR ERIE TR ) — B I R R 2 i AR
IRk 23%, SRIMTE G6PD k= H & P # vk F %
() R R R A T3] 70%~87% 5, AR
B, G6PD k= (B HXTHEV B g sk ',

£ GOPD Bk Z SE T, EALTEZG W 5 R Y
ML B K ML 2T 2 P IUAE HEOE B AR = 105 L

I, JEHAEHEVEY ARt T, GOPD =i fg
B R R TR A A AR RN, B A
%5 ARRBIRGE, — 2 B GOPD = i H
YT HEV WY, AEHESZ RGE AT R 3R
BEF i i B, Abid % BT RS T R B, S 4
G6PD = e T HEV 0 H 5 1 51 i 1M 4%
W, JF 4B EkE T AT hae s
(ARF), X il G6PD ik = JiE n] GE 2> il F HEV &
R AR LAY, (E E T B AT HAAR A SR ) i
G6PD £ HEV &L J5 S WMl FEMLAAR b B 45 A I o
23 FITHRESRE (influenza virus)

TATHEEE TRIPRIER, iR R R n R
YLPERFIRGEBSN, E T HAT. IEiRIE, S
T A S G E AL Tk 14.8~16.9 J1 ) %, ek
W R U RNAWGTE, B TIERNEERE. i
JR G T B L i 1o TG 4 ML PN GSHL A9 5 1 RS
ROS (/K2R 175 S0 E A A AL, DLk F|
A EEE ) H )

De Angelis % ™ W5 &, TER RIS A
G6PD M GSH [/ 35 F 18, I HLYE A549 41 iy v i
i G6PD s R 2 T B4 it 8 15 2 il 38 hn DA K A8 AR )
P, IXURRAAE 20 ) SRR S A A R B
. [RIET Kwon &8 ' (BF 9T B, it 8 7 Jak
YLl a] = A= (1) ROS RE U TE NF-xB {5538 %, Tl
G6PD HINrf2 ik, (AL ST E Ak 5T T R
i, DO mpE e . SeRinptsrh 2 &ukll,
NF-«B {55 5 [ 2 B 20 3t g 2 &2 il T 0 75 1)
Kumar %5 “Y W iiEB] T NF-«xB {5 518 i ] DAJE 3 i
JBIRETE RNA A G, XEEiFoE 4 &, GoPD Gk
= FE A AN B A T B R R A
B BRI, (RIS SCERIRGE, 7F GOPD it
= HJEGS it B 25 1 20 i NF-«B {5538 %, LA
KABKHUm R R AR 1L
24 EFEAMTFRESMEBIRFEE2 (severe
acute respiratory coronavirus 2,
SARS-CoV-2)

2019 4FEA SARS-CoV-2 [ H B 30 T @Bk A
RURATERIA o X PP o5 B i 24 hy el R s 2 Jak
(coronavirus disease 2019, COVID-19) . SARS-
CoV-2 W AT 5 | B LARH R A8 hy F2 SRR 1 2k
fEgegy, FPEEFH T FHEIET. SARS-CoV-2J& T B
TR REE , R PRRIESE RNAFRRE, EHlid s

syndrome
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Sy KRR SRR S . GOPD = E & S 8L an
Ji R A S A, DA 7 A IR S 5
[, —SeHFsE LB, SARS-CoV-2 A LI I £
EMIMLZLEH (haemoglobin, HBG), S zkn
LN B AT ), X 5 GOPD ik = JiE 19 55
FHIE. BRI GPD = Y A FIHEE %S5 8 SARS-Co V-2
JERy

A 2 [ 5 4 e I COVID-19 F 4 il
FHRYZGH ), SR GOPD ik = 1y H 3% i % 254
Ja o FECAMR I . Beauverd % ' HE T — 44
G6PD L[ 1 8 # 7E B SARS-CoV-2 J5 tH L T &
PRV MBS, WAl ] 254 3% s y7 200840 T 9%
1. MAh, Aydemir % “ 5T A L, SARS-CoV-2
JE&Y GOPD it = iF 8 5 W] S ECH A AR, IR
T AR T JSG R a0 f AU, o PRI EE A COVID-19
BH T N GOPD = AR, M A HHZ,

25 A®BIRK® S 229E
HCoV 229E)

HCoV 229E J& M A Y B H 2 43 B4R 2 1Y —
Fi B A2 2920 89 nm (W5 EE /. HCoV 229E /2 a
TR 78 A IE B RNA G T, T B R
TE A FERESR T, FEMRE - E AL, S
Bl P T R DL R BTN AR T R R,
G6PD fit = 23l HCoV 229E fih iy [+,

S B 1) S A IO Y82 R T B T 1 BE RN B M
Wu 5 5T & B8 . 7E HCoV 229E (/e it 72
Wi, G6PD 3 DR i o 20 U BL 1E 40 A A T 22
ROS, JfH GSH &R FIEH 4iffl. 7F G6PD ik
Fa/ 5 DR il 4 200 . o HC oV 229 B 25 ik PR £ 34 1
AR = X IRAL, il PR R (BioemR) bR
J& . ROS (7= A B AR I FLJ 75 10 & il 55, X
AU, GOPD it = W] 5 85 4 A Ak i SRR A ek
Az, #am T EAE, XA FF HCoV 229E &R
Wl Wu S BESEIE B, AE AS49 41 i
G6PD i % J5 , NADPH & & i /b, S5 —Fh
NADPH 1% J@i #% HSCARG ik 34 i1 (HSCARG
TE NF-kB {5 55 S i h L HEE EEAEH) , i
A IB (B BRI I NF-«B (136 M, ibiis i
FE N TNF-o, MXI FiRUk /D, fe T S04 M xF
HCoV 229E 5 8% 14 i LA K o 53 56 PR ek B
S, K SE B SE IR W A 35 A b AR AR N TR
HCoV 229E J& QL Ph iy — PN EHZEHER, WL UL,

(human corona virus,

G6PD i 4L AE AR SN R F HCoV 229 Y& il
2.6 EEHHEE (Dengue virus, DENV)

DENV J& 7 3= BRI %R K e sl 3 F S s
LR TE, 8 T B8R TR — P B E %
RNAJKEE ', DENV &5 | & B S B 1 #4
PLRBS FARTELE ARSI, FLUG P I 5
FET RS Y R AP, GOPD = B il
FZ A X DENV-2 (4 Z B3, H7E G6PD itk
B RN, DENV-2 iy & il 68 51 1 8w T X

TE Al-Alimi 58 ¥ B9 58 ', DENV B4 iy
GO6PD il i AR LU 1 5 >4 5 3 B8 v ) B0
It H G6PD it [ 8 2 Y B A i ™ A= i — AL A
(NO) FUEBELY (0) B WAL T IEH X HEAL,
AL IR T IEH R IR, SESE T 4 A A Ak Ik
AW A BT DENV B & 6l 1™ & 1Y DENV /g
Jenl e s NN 4 &AE , LU a2 20 s b A
I, {HE B B IR A 1 S AR D
Khan %5 5 i i T — 44 G6PD ik 2k 5 3 78 & Yu
DENV 5 &4 TH M0 . 76 D755 5 (4
s B0, B AR A e W B) IR HGB 5
G6PD & iF A X, H G6PD = 20 HGB F [ I i 15
T G6PD IEH 41, [RIEFA 141 GOPD ikt = fif F & 1Y
Il PR % 30 Sk T B8 3 I o 3K 26 5 f51) 4% 3 40 U B
DENV 5 G6PD it = it Z [BIfF7E —E BIAH G, 75
B R AR TERA BB

3 2 %

2019 4EL)3K, SARS-CoV-2 7E4=BR U il N A K
PR HAGE TR A, R AZE
HRFE RS EYE, GOPD Bk £ S B ROS (17
A=, 1 ROS B BRI & T BB, LA AL
TR, FHRET, HUAE RS EREA
1%, G6PD [ AREXF HBV, HEV, SARS-CoV-2,
HCoV 229E Wil J&%; it/ 57 UL I GOPD 4
KT, IF HAE A549 41 ik GoPD 23 3 2
JRCE 1 S I s GOPD [ AT Y B 41 i
DENV-2 F A5 8%; 18 HPV @3L i & b G6PD (197K
V5 CCEERIEMI, ARCXT 5 GOPD A1y
WREIET TSR (R 1), IA A I I
TG B 5 (0 B 3 B e B0
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Table 1 Relationship between G6PD and viral infection
#1 GOPDERFBRLMAR
Wit GOPD-5 i HH I YL % R £ AR AL/l AR SR
HBV G6PDHL = H 5 (JHBsAgIPE X NGEPDIE  HBxASEIENI2 K1 5 GOPD ) £ ik [16]
w215
HPV HPV16 E6fEM% I 5RGOPD1 KA HPV16 E65G6PD R IEAHZE, TMimiR-2065 [23]
G6PD £ fufH %
HIV HIVFATEKIGOPDH = 3 50 5y J Je G ik VAL [28]
WALR AT
HEV G6PDR = 3 T 5 JRHEV M AL, 2 TRe R (5]
AT E i (influenza virus) GOPDEE [ g 5k <3 34 MR AT PRI B W 5 10 03 RE RS e W8] 7= 42 (I ROS I WA NF-«B, T [42-43]
Sl TG6PD. Nrf2ff1ik, AT HE s 2 5 il
SARS-CoV-2 G6PDE Z 4 1] 58 5 &) X SARS-CoV-2 8 T LA TR S AR AL 7 X2 [42-43]
HCoV 229E GOPDHE i 2> IR EHCoV 229E & G GO6PDR % Jii» HSCARG i, #MHINF-«Bf)  [48]
TV, S EURE R Rk gD
DENV GOPDER K B I FAZ A 5 EDENV-2 ¥ IR E I [52]
JRRFFEHE R . Bl BE 2R 445, 2013, 13(12): 1553-1556
4 % tEé LiX C, Zhang W, YangF, et al. Journal of Tropical Medicine, 2013,

GOPD it = JEAE b —FhIE R B, Jikploe
SRR, GOPD = g HLIE W N 45 %8| ZF
7 B W St nT RE S ™ 5, Akl G6PD
B RE BT A TARIRA 2, (HRFEANANE, N
T B &R, FEES . COVID-19 i f 1A s
Bt TAE, it k4 A o, H% G6PD
B E FR IS e UG LR XU o i i ke
G6PD it = i Ui A5 I A T4, Ri%ZENEHA .

I 2 JEk YL i Ao ACAR i T 40 M I G6PD 1
H, ETE E AN A AR, TR T
. S A R RS BT GOPD Bl 4 A AT
BESERIFRIBI/D, NI R = 1) ST 2R (5 5
W, 5T SN AR G e kiR A A UE R R
YA RGHEST (A0 HCoV 229E. EV71), {HIRA
VI8 5 GOPD Z [l Y JC RN BHA . VERALHI
MR RE, R GOPD 5% B 1 & R AR ik — 4
5%

z % x W
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Abstract  Glucose-6-phosphate dehydrogenase (G6PD) is the first rate-limiting enzyme of the pentose
phosphate pathway, which regulates the production of nicotinamide adenine dinucleotide phosphate (NADPH) in
cells, and plays an important role in redox reactions. In addition, NADPH is necessary for biosynthesis reactions
and is an essential hydrogen donor in the biosynthesis of cholesterol, fatty acids, and sex hormones. NADPH also
plays an important role in maintaining intracellular redox homeostasis, converting intracellular oxidized
glutathione into reduced glutathione (GSH), which is the main intracellular antioxidant. Therefore, G6PD plays an
important role in maintaining intracellular redox homeostasis. Studies have shown that the decrease in G6PD
activity can lead to a breakdown of the redox balance in the cells and tends to the oxidation state, which not only
leads to dysregulation of cell growth and signaling, but also makes the host more susceptible to viruses. Previous
studies have focused on the molecular characteristics of G6PD, anemia caused by G6PD deficiency, and the
relationship between malignant tumors and G6PD. In recent years, more attentions have been paid to the
importance of G6PD at the cellular level, development, and disease progression. To explore the effects of G6PD
on viral life cycle, the relationship between G6PD and viral infections, including the clinical symptoms and virus-
host interactions of hepatitis B virus (HBV), human papilloma virus (HPV), hepatitis E virus (HEV), influenza
virus and dengue fever virus (DENV) will be reviewed, which will benefit the antiviral drugs development. Many
studies had proved that patients with deficient G6PD are more susceptible to HBV infection. It has been reported
that HBV infection activates the glycolytic pathway, promotes pentose phosphate pathway, and accelerates citric
acid cycle to enhance nucleotide and fat biosynthesis, thereby promoting viral replication. During HPV infection,
miR-206 up-regulates the expression of G6PD to facilitate viral replication. Thus, G6PD may be a new target for
anti-cervical cancer therapy. It was reported that patients with G6PD deficiency are more susceptible to HEV
infection, and more serious HEV infection-associated diseases are developed. However, the mechanism of why
and how the deficiency of G6PD affect HEV infection is still unclear. The oxidative stress caused by G6PD
deficiency provides a suitable environment for influenza virus replication. Furthermore, patients with G6PD
deficiency are more susceptible to SARS-CoV-2 infection and lead to more severe clinical symptoms with a
higher risk of thrombosis and hemolysis than general population. There is a correlation between DENV infection
and G6PD deficiency, which increase the risk of hemolysis, however, the pathogenesis is still unknown. The
deficiency of G6PD promotes HCoV 229E infection, possibly because the NF-«xB signal pathway is suppressed
when G6PD deficiency, which results in decreased innate antiviral immune, and increased susceptibility to HCoV
229E, finally leads to increased viral replication. Thus, the deficiency of G6PD play an important role during
viruses’ infection, especially the susceptibility. More studies should be performed on the relicationship between
G6PD deficiency and specific viral susceptibility, and more attentions shoud be paid to G6PD deficient patients,

which will benefit the treatment of viral infection and the development of antiviral drugs.
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