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Abstract ALD (alcohol-associated liver disease) is a hepatic disorder caused by chronic excessive alcohol
consumption, characterized by a spectrum of pathological features including hepatic steatosis, inflammation, fibrosis,
cirrhosis, and hepatocellular carcinoma. The development and progression of ALD are influenced not only by the
amount and duration of alcohol intake but also significantly by an individual’s genetic background, which plays a
critical role in disease susceptibility and the diversity of clinical phenotypes. In recent years, SNPs (single nucleotide
polymorphisms), as the most common type of genetic variation in the human genome, have attracted widespread at-
tention for their mechanistic role in the pathogenesis of ALD. This review summarizes recent advances in the study
of SNPs in genes closely associated with the initiation and progression of ALD, aiming to provide a crucial founda-
tion for constructing SNP-based genetic risk assessment models. Such models are essential for enabling early screen-

ing of high-risk populations, guiding personalized interventions, and improving prognostic evaluation.
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RS AH 5S4 9 (alcohol-associated liver disease,
ALD)s& tH 5750 Bl N 5 WL g PR e A 2 —, \f
SR FIEAR DT ASYE . AP 4 (alcoholic hepatitis,
AH). PR A AK (alcoholic cirrhosis, AC) A B #%
AH 4 A4 B9 92 (alcohol-associated hepatocellular car-
cinoma, A-HCC)™M. M &A% & ALD KA 1 B
FHJFEF . 20004 2220204 8], LS TAE AL 05 1515
9469 6401, e r 55 RS A FH-ASE A AR 5% 9 91 4 3]
71 77941, W VAR TR A (95% B4R X TA] ) A9 471
1 6 12.57%(10.50%, 15.16%). e H, B
ENEEREE R4 LEINE] 7.2 L2, 20214F
[ ALDJ5 1 £ 29140 73 1], 15 4 2R 21 %5011 46.35%, &
%15 98.7/10 77 Ao J2000F20214F, H[E ALD
S REIGKT 38.68% ). XKW, ALDCHUNTRE
wEEMEETR—. HBRMEEZE 80697
ALDIZ54)

ALD PR A2 & & 22 Fhovs 38 A8 BEAL B[R4
FMEE R, B —id fivr, AR 22 s e = 5
JR YA BOCE B M, LR ORI
baE 2 1 HoRAE ALDREFUH R, B8N 5138
Tk 4= FE R 41 SR 7T (genome-wide association study,
GWAS), CE AR EE 245 ALD R A K
PIAEk Bt 2 Fh e PSR SEE B E R 2
A (single nucleotide polymorphism, SNP)f7 s, A<
LR TSRS ALDKRA . KA G 2 Bl SNP
I ST, B AR A 3 TSNP st A% AU PR A 5
B, PRGN RIS AMET LTS
W, LARTE R AN TT 2708 L B AR 55 o

1 JEREFRNREEE

RS B4R AR 32 R A T IR Y. S A AR
YENE g, 2 MG E TR Bk, MBS
it fii Z ¥ (alcohol dehydrogenase, ADH)JA 86—
AR BL, $ OBEAMNN O . AR R T it R
s BRI, HH OBEI S 2(acetaldehyde dehy-
drogenase 2, ALDH2) = A N 2, JG B HEN=
BRIRNEA BAE AR S 5 IR S5 A AR, 1Ak,
NI A% O B4 I 64 3 P450 2E1(CYP2ED) T /i
HITCR AR 2,2 5840 22 48 (microsomal ethanol oxidiz-
ing system, MEOS)/JR i] EL{ESA M 4B . (HARF
A&, 128 AN T]_FE CYP2EL R IE S5iE 4,
T34 I MEOS AU I8 &, 4 17 b a2 e Bl i 12 2

(reactive oxygen species, ROS)P A A, B\ N2 R
R 1t A A I B B L 2 — o I SR A A sk
AME M (catalase, CAT)E K 11 s 87 I 75 A5 RSt v 1A
B, A B SCA PR

AEA AR B AR B S AR I 29 1%~2%,
HVnp = A B B S I PR SO .
w, I, WS TR L85 Fl (fatty acid
ethyl ester synthase, FAEES)ff: 4k, 7 2 ¥ Jlg Wi & 2. B
(fatty acid ethyl esters, FAEEs)#{iiE S AT 4 i B A B
B BEPE RN 5 11 BB D(phospholipase D, PLD)M
FHRE (A0 B i 9% £, % (phosphatidylethanol, PEth),
DRI e, OO A R &
PPl AT BV R BN B AT SE AR bR S . B
FiR 9 AR AR B o

2 ALDHY & mHHI S HmIE 5 25

TR, CEEARUERE S H =42 3K 5h ALD
KA R FEIIZ L o

B, AR A CRERE S AN BE
. NEBADNASLM &G TG, B 40
M IR R A 0E M. ADHAT ALDH2 [ A4 5 b 5 54
JFF4 s N NADH/NAD (A S 3% Fh i, 41048 i 117 2 B-
At FREEH I =R S R, Bl IE RS 7 AR
MEOS& A% 1 5™ AL )i B ROS M Bt R Gt (4
JDEH IR ) B RS , AT E0™ B IR S, a3 T o
RNIEG L YA B

FLUR, TSRS BAIR i T VR R RN b B B
FEE B RS2, 2 KB B R 2 88 (lipo-
polysaccharide, LPS) 5y 7 A\ Ifil 5| /& P B 25 MILE 2,
LPSHY T AE N FE 3540 i (Kupffer cell)iR ], =4 i
R PR FEIA F--a(tumor necrosis factor-a, TNF-a)). H 4l
A2 -1B(interleukin-1B, IL-1B)ZEAE K T, THE X
PR R, I AN A, RS T HLDNA K
T T A SRS RAE LS, A 4550 i
Rl21415]

ALD R B R AFE AN B, 5 —FrBeA
TREVERR I I, R AE 2 40 B g B A, ToiH B 98 A
AT ZEAL, MR fE T, M35 5 R EE A AR, 3
N W BSR4 I8 W PR € (alcoholic steatohepa-
titis, ASH), 4 2 SBRFEAR L v R4 s i A
Mallory-Denk/MAZERFAE , by i 00 ) 4R 40 K
JE U, B = BONIF T 44K (fibrosis) S5 HAEAL . 41
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a D |

H,0, H,0

YA AP A7 (1 2B I Bl 5 7 T oA R O 41 B 2 25 P450 2B 1(CYP2E L) BA Rt S8 AL Wi s o 103t A AL AR, 392 5 TR RS I S A AR 2B
J SR K B W o %N i B BRI NS A% T ER(NAD) IS 5, NAD 32 A B 1408 JR WNADH. i S A0 Sl AU A P RS 1
HRETEN S EA(H0,). CYPEITE LB FET i), 45 CREARS N Q. 2 3 52 dh B R A v (1) 8 i A2 (ALDH2)HE— B4R, 2Bl 2
ERFINADH, 1 HE N Z SRR AIE o WOHS th m] i 1 R 2 8 45 B A 7 A IR DT IR 21, Bl e B IR I DAL 9 B IR 15 ¥ . FAEES: Jig i
T2 < W5 FUE; PLD: BERASD; ADH: LB Z0AS:; NAD': S0 BUAINE RS — I IR R NADH: I J R AL R IR e — A% 1512 CYP2EL:
AL (2 3 P450 2E1; NADPH: i JF R MR R RS — A% PR IR NADP ' UL BB IZ IRIR S “ AL IR IEIR: CAT: IS LA, H0,: &ML
2 ALDH2: Z i UHs2; FAEEs: 5 il 2.1 -

Ethanol dehydrogenase present in the cytoplasm, CYP2E1 (cytochrome P450 2E1) located in the microsomes, and catalase in the peroxisomes all par-

ticipate in the oxidative metabolism of ethanol. Ethanol dehydrogenase converts ethanol into acetaldehyde. This reaction requires the participation of
NAD" (nicotinamide adenine dinucleotide), which accepts two electrons and is reduced to NADH. The oxidation of alcohol by catalase requires H,O,.
CYP2E1 metabolizes ethanol into acetaldehyde when ethanol concentration increases. Acetaldehyde is mainly further metabolized by mitochondrial
ALDH?2 into acetic acid and NADH; the former enters the tricarboxylic acid cycle. Alcohol can also be catalyzed by fatty acid ethyl ester synthase to
produce fatty acid ethyl esters, or it can be catalyzed by phospholipase D to form phosphatidylethanol. FAEES: fatty acid ethyl ester synthase; PLD:
phospholipase D; ADH: alcohol dehydrogenase; NAD': nicotinamide adenine dinucleotide (oxidized form); NADH: nicotinamide adenine dinucleotide
(reduced form); CYP2E1: cytochrome P450 2E1; NADPH: nicotinamide adenine dinucleotide phosphate (reduced form); NADP": nicotinamide adenine
dinucleotide phosphate (oxidized form); CAT: catalase; H,O.: hydrogen peroxide; ALDH2: aldehyde dehydrogenase 2; FAEEs: fatty acid ethyl esters.
Bl ESRERIEEGRESE CE 0112250

Fig.1 Schematic diagram of ethanol metabolism (modified from reference [10])

At an T b Jeip bk R B, B85 21 4 IA) B 3 A8 A L
R, BT 4k, fE I FE b IR Tt
SERIR A 0 ) P AR 5T AR, TR R A4 16T
FFREAY, £ 25 2 2B T 40 i % (hepatocellular carcinoma,
HCC) ) AR 2 TH i 1), A-HCC /& ALDIFI SR DAY
Bo g7 b, SRRk R 1) 22 2 IR AR AL, 3 R4
5 7 ALDMFRAG AR T 1) A 5 £F4Efb . FFRELL
PRERN B i E NI BULSsid

3 SNPXIFALD%* % B HIS M

HT GWAS. B[R4 4 24k & (The Genome
Aggregation Database, gnomAD, https://gnomad.
broadinstitute.org/)!"* & 71 B[ i {g 2 A= 4 & (China
Precision BioBank, CPBB, https://cpbb.cn/)" {1 [¥] {5
B, IR BRI TORIE S, A SRR A

NFHE AR AR S B 6 5 gy HL 4% 52 T IH) SNPAV. £ S 6
ALDKA K g2 .

PR IX L SNPFIVE ML, A S0K 53 B BLR
VY 7 THI 3R AT B O - RS QB SE R 2 3. IR AR
WS IR AR YA OCHE IR 2 M. RIES SRy
RN 2 A DA T 44k 5 DNAB E M SRR 2 &
P
3.1 SALDHEXHERRHIBEEZSM
3.1.1 ADHIB ADHIBZ#ht () .5 i 1 B(ADH1B)
WL, A OREAAN O I — PR D R 1) O
g%, ADHIBY ALDM K ) 2 VAL je ADHIB
1s1229984(chr4:99318162 T>C, p.His48Arg)!"", i%&5A7
FEERILE A B R I 2474 29.02% . 1% 7 R
BT CREREREEE, IITINE T ZRE N L
FRAEARPO, [FJI, 12 B3 EUH 4 i W NADH/NAD*
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BT &, 51K BN, PR Rs .
P EEA L (R IR AN, PR S5 25 TR 20 TGl 3R AR T
LTI AL L SR ZUANE SN o 3X i e AR
R —Hp A B R, 3 RIS TR A BT RE AR
RS A B R O R, 2RI T 8 i ALD
() S A RS20

3.12 ADHIC  ADHICYwh4 . FENi A E§1C(ADHIC)
W3k, ADHICY ALDA R Z &AL & ADHIC
1s698(chr4:99339632 T>C, p.Ile350Val)'*!, %% {7 % [l
72 BB AR LN 8.47%1) . %748 it 5 8L
ADHICEF IS VMG, JREE QIR , K LA S
X 240 PR P e mE PR AR P ()5 53 4h, AR Rt fef
13 T WEAR 7K T FRAR, I35 I I 0 B AN T %, A
T T R 36 0T K ik P R A4 it ) XU, 5 B K I Y
RS s 00 78 AR AN TR H BT L350 IE S
WA iz Al &7 B R B AMA AR I REAL 1) R
I ¥ 2 T

3.1.3 ALDH2  ALDH2¥Wi%GE ik 2,15 i A iy
2(ALDH2), %M 2 1 51 # 31E SRS N SR IR
BB, T HTNE B RIES ., ALDH2'5 ALDAI R
2 SYERL SN ALDH? 1s671(chr12:111803962 G>A,
p.Glu504Lys)!"™ ., %55 {7 5 R 7E o (BN (AR
297923.86%"", Homt RIRGE V™ R L 2 e 4
sk, ALDH?2 rs671%F ALD XU 520 5 31 & 24 1)
P % T4l &1 (A/A)ME, YOBE G 2B 2R
B, TR SR FUANIE SR, 3R A PR AR XS
I, AT FEAC A A ALD RS, SR, B2 A&
T (G/A) M, AT AT a2 24, (Hixk
Mg — BRAETRIEH, T CREERRRE 240, H
FAR ST 2 6T JH- 200 3 il B 5 1) B4 DN AR 1%
A LES YN I 57/ S i e I N 19 G BB ) A 1
T 52 ANE , (H I 2 AR R i (1 2 27 5 56
B, SEELR A ALDFI A-HCC I XU [ 1M

T EF A RIANMARS K, ALDH2 rs6712 — > [F] i
S RAT 9 (PR )R 20 25 1 (RURS: ) R SRR AL
FLAR ARSI T i DR AR 5 i A = 5 e 22 B
Mo R PR NI R B R 2 50 5 ALDR) <
&

3.2 5ALDMEXHIEE B S Rs AT M S E
EZY K

3.2.1 PNPLA3  PNPLA3%#i%% patatinFe i il 45
FJ 48 55 13 (patatin-like phospholipase domain contain-
ing protein 3, PNPLA3J), %4 [ F B NLIFAEA
2Rk . PNPLA3EE 25 1l =5 (triglyceride,
TG) & B 7 A, LA K g 17 82 10 715 1 A
RE, TR AR Y 5T, 4ERE PR AR o R s
PNPLA3 & L 7E A A B AR e 1, 1428 A i K
NG E, RIFIRT KA E N, B kAR B R
RO, HErCR IS ALDM SR 2 S MEAL 5 B
PNPLA3 rs738409(1148M). 152076212,

PNPLA3 rs738409(chr22:43928847 C>G,
p.Ille148Met), X FK PNPLA3 1148M7A5 581, %2547
FEPRIE NP R 200 37.04% . AT
FALL, FF4HHLH JPNPLA3 T148M K [ i Jof Pk J2= K i
BEE T B 2 80% 7, Whiz 2 A0 AN 2 1 g e e 4
AR SR T o O, (HL 5 S R 7 B A A )
V%) 58(comparative gene identification-58, CGI-58)
(RSN 0 42 2 v T AR AR . X L[R]3 O AR R
KR RN, I 50 G IE 0 ) 3 205 o g s 17 H ik
—iE i 7 B (adipose triglyceride lipase, ATGL)H )
A, AT B FEAS H il = AR AR 7Y g R R
2P 0 i M O R T AR MR, E RS R R T
IR B R AR B T RAE LT A R HE R P 1
A, AEARUAH SC AR 7 P 7 (metabolic dysfunction-
associated steatotic liver disease, MASLD)JAH <
FOH LS|, PNPLA3 1148M5 MASLD I KA1 %

R EERHBEEESSHESALDRIX AR

Table 1 Association between alcohol-metabolizing enzyme gene polymorphisms and ALD

I P WL SALDY% % SR
Gene Polymorphism Mechanism of action Association with ALD References
ADHIB rs1229984 Enzyme activity?, may reduce risk of alcohol dependence Overall ALD risk| [5,20-21]
ADHIC rs698 Enzyme activity |, may increase risk of alcohol dependence ~ Overall ALD risk| [22]
ALDH? 15671 Enzyme activity |, may increase risk of alcohol dependence ~ Overall ALD risk| [24-25]

ALD: REA SRR, 12 The; L FEAR.

ALD: alcohol-associated liver disease; 1: increased; |: decreased.
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eI R B, PIHH 1) A ASE 22 AN AN G 17 1 4 A, t 458 LPIFE

PNPLA3 rs2076212(chr22:43927090 G>T,
p.Gly115Cys)!"SIE /i [ (1526 24 9 4.85%11)
HHLH EE R FiHPNPLA3 mRNAFENME 5%RIL,
JEIAEAEHE T T B, AR5 1 PNPLA3R [ K& HE
FUT REW R 1, PHAS R 2 AR, 51 & 4n i oK
BIRTHER A, —J7 T, S8 HERR IR o0 1
ShAnM, 51T RENS Y S5 R R Ty — 7 T, RS AR
SR ROS 5748 57 (1) PNPLA3 £ [ 4L [ i =2
PR L3, 13— DA 9REAS 5 1R A, AT 33K
AR I 5 R4 4R
3.2.2 TMG6SF2 TM6SF 23 PR 9 i 1) 175 15 6,748 2K
R 2 245 1 (transmembrane 6 superfamily member
2, TM6SF2), FEIyfe AL d AR FE R SR (very
low-density lipoprotein, VLDL) {24 HC & 73 , 4E+E
JFFFOE P B4 IR I T A

TM6SF25 ALDAH K I 2 &M 1N TM6SF2
1s58542926 (chr19:19268740 C>T, p.Glul67Lys)"*, %
S PRE A A AR 208 7.32%M . 1R
S TMOSF2H H I &, 33 TM6SF2 1 H i i
P12 R P AR, LT REE R . L& R AT 4N
MIVLDL /32 BH AR B K& AR, 235 RN RS 5
SR AR P K A B I A SLOK S, 2P
ORI RS o IXAIE N T R A2 AR XU, 5
ZARTE T 3R 9 A-HCC K XU 4391
323 MBOAT7  MBOAT74w 5 I i 45 £ O-Pk H s
345 #3% 7(membrane-bound O-acyltransferase do-
main-containing protein 7, MBOAT?7), & —F & A T
VTR S () B R o B 1 SR BT R RN 22 AN R
RE W , ¢ ) & 16 2E VUM% IR (arachidonic acid, AA)F%
% 3| 1% i E AILE (1ysophosphatidylinositol, LPT)
|, FEIEEARIMENLEE (phosphatidylinositol, PT)f i i
SH R, AT DASZ I H v = 0 s AR, 4 6T
JIE R A At 75 SR IEAT B FRAR B,

MBOAT7 5 ALDAH R 2 AL 1N MBOAT7
5 TMC43E [ [R] () rs641738, ‘B AL T MBOAT73E[A 3!
AR EIX R FZI500 bpHIA &, [l 5 & 7 TMC45E
(AN 1, SR TMCAE A 17 Z MR H
RAIRAE NG AR (chr19:54173068 T>C, p.Gly17Glu),
AN AL MBOAT7 B 5 1 4fidh 5 1150, %55 A BE K]
7EH BB AR L 75.43% " ZA S T T
MBOAT73%3% , 2478 T PURI LPIV Fh () BESE 4L R, i

YHf AR 2R, SRR R ARG T R B, B
FLR W], MBOATT7 ) e ) 55 23 I1 JEINPT AR 75 = 1) JH
RIEGL Y4, $2TFACHIA-HCCH R, ARE T
XA MBOAT7 15641738111 i35, MBOAT7 156417385
PNPLA3 1148M. TM6SF2 E167KILAF 1) 4 k4
HCCH G 22— B TP,
324 LPL  LPLYwSEIE S A HE N B (lipoprotein
lipase, LPL)@ 7K & H- il = e 1 OC B g, 724 5
I8 3 o3 B g s R S A O E P

LPLY; ALDAHR 1) 2 25T 55N LPL 113702,
KEF LPLIG 3 BRI X 25 1 67147, #E L& %45 T
2 J5 (chr8:19966981 T>C)!'8), %% {7 3 PRI 7 of [/ A
FEP IR 28 19.96% " . %38 FAL T A [X
WIS TP RNAP ST, $25€ LPL mRNAJfE
BRI, Wi B ALPLRIARY, fEALDE 5T, &H
15 19 LPLYE 1w e A 2k 41 T 197 43 e A0 A o35
B, A BT3RS 5 Ay o SR RLBORT 2RE S
N, H &R IUN PR IRA-HCCHY & A RS
3.2.5 HSDI7BI3  HSDI7BI34atm 1) 17-p¥2 K
P H6 & 13(17-beta hydroxysteroid dehydrogenase
13, HSD17B13)& —FJIF It & 4 IR AR G B 1, ]
BEAE VA JFT FRE R 378 P A A 0 o2 A R v 4% L LA
FHEO, WK BL, £ MASLD H3% Al MASLDFE AL/
I R HSD17B13 3R A & W 3 n, #EMH 5
JFF JFk g 77 38 1 A D

HSD17B135 ALDAM X1 2 & YA S 2
HSDI17B13 1572613567, £ T %3 K 4 & 1 X 15
(chr4:87310240 T>TA)!'®, 1Z%5E 47 5 K 7F o [F A\ BE
HH IR 218 19.40%" . 248 St ie 4 1 R I
XF ALDR 38 [F8A% CR AP R 2 — , #5206 1 ] %
K29 42% 1 ALD XU , T 2l 1 I AT FRAIR 2 53% 1)
RS 9, 2748 3 S mRNABT 3 & AR 2, Al fESs
FEURFE R AT, A D) RR ks Bl R, 12 PR
flRAC. A-HCC % HiAth ALDR & A RS 40, R A
A5 AL i R 58 4 ) B, (HE i A, FLDhRE AL
Al eI I O AR B 5 k> R A
BEPEAR T A ()44 () AR, AT 82 i 2 14 R0 4k 2 1
RIEI, JEBIR R o
3.2.6 MARCI  MARCIHaHSH) SRR &L )5
i & A W45 1(mitochondrial amidoxime reducing
component 1, MARC1)E 7 T 2R R ARSI, 5 2 pifA
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AL 5 BB UIAR OC W4 I RE N AL N-52
ENEMREE RN, 5HEFERE S
FE W B SE AL AR H il = B A, TR T T PN i B P )

MARCI5ALDAH I 244 i FEEAMARCI
152642438(chr1:220796686 A>G, p.Thr165Ala)"Y, 1%
S ik R AE N R AR 290 80.91% s %748
S A PRI MARC LB P AL 5 12 1949 TSR, L
AT RE I8 I 98 A 1 R AR A T R R R AR TR P
AR, MNTT R 3 B I s 0 IR AR AL R, FF IR 4
FLRE AR ), R, B el RS 28 R, 24
s RERIE ORI VER , FRIK% 2K ALDI KA St g
SN A P = 0 R P = W/ b VAR 5 YA S = B R
ML T RS T AR T RE . i D R A A B R
BRAAM IR O, R EARNLE] B AT v AR 58 4 B .
327 FAF2  FAF2ZRt5(%) FASHHC[H T 2(Fas as-
sociated factor family 2, FAF2), 3= % 2 A T N Jii 4 fi
b, FE 5 R AE G B [ (ER-associated degrada-
tion, ERAD)i# 2% H K 45 G H 9. ERADIE 25 171
T I B P J5E R o R AT B BRI 2 R 1
wER, B2 R -E AR RGO R, U4ER:
211 . PR 1 O 1% JoR A R PN R P AR S S AR
PEFR A, FAF230E R, T ) FL 380K w9 e i
AR, S FL T el I VR s S B T e A
- 155 16 03 & il 2% 2 5 5 1 R

FAF25 ALDM KK 2 S YENL s N FAF2
rs11134997(chr2:226220620 G>A)!', X5 AC

PR 9 K B 5 () SNPAZ i, FF e A N st A% XU 1T
Gy AR rh T 42 S A i DR o O R A AR
43.76%". REHA TN EFIX, BARDRebL AR
B, AEHED & AT e I (i i FAF2 1) 308 B 5 T
RE, NI RG 75 - 1) PR I 9 2R TR Jo 5 s 2R
VA, AR TRRG 75 3 P JHF R A7 2 1 R R A PR R A
2P A e BUAR S 5 MR 7 A 1t A DG R R 22 A5 1t
ALDI R R
33 SALDHXMIRESRERATERZSM
3.3.1 SERPINAI  SERPINAI#it5ijal-HifEE A
It (alpha-1 antitrypsin, al-AT), & —F £ ZHFIE A
FSCIR) 22 22 IR A 1 AT AR 771, A% O Ty e R 4 o) v e
L4 i st B 1 A5 AR B TS, AT R AL 2R
G52 T E R, JUHL R AE M 0 A R

SERPINAIS ALDM KK £ &S WAL SH
SERPINAI 1528929474 f11s17580. SERPINAI
1528929474(chr14:94845747 G>A, p.Glu342Lys)!"I7E
HRE AR R N1.26%1) . %A R S8 al-AT
HERYT S, AR 20 M- 20 B 5 P9 Joi 9 A 25 3
22, e A REHERR . X BOE S — T
[, M5 DIRENE al-AT/KFA R, SRR AR
TEPEIRES , T AR ORI D Re s 55— 71, 4
WG RAR G R RFEE B N BT R 28 hE A2 i
PR, AR RO RG S — kAT v e UK, B HG
ACHIA-HCCHY &A= ARG,

SERPINAI rs17580(chr14:94847287 A>G,

#2 BERAHSREMEMEXERZSESALDIX R

Table 2 Association between polymorphisms in lipid metabolism and steatosis-related genes and ALD

B EZ 7S s pL HALDX % 225 3CHR

Gene Polymorphism ~ Mechanism of action Association with ALD References

PNPLA3 1s738409 Reduces TG hydrolase activity, promotes lipid droplet accumulation SteatosisT [27-29]

152076212 Increases mRNA stability and expression, promotes lipid droplet ac- Overall ALD risk? [31-32]

cumulation

TMG6SF2 rs58542926 Reduces VLDL secretion, promotes lipid retention ASH risk? [33-35]

MBOAT7 rs641738 Downregulates gene expression, promotes pro-inflammatory lipid Overall ALD risk? [30,33]
imbalance

LPL rs13702 Enhances LPL expression, promotes lipid clearance A-HCC risk| [38-39]

HSDI17B13 1s72613567 Loss of function, alleviates lipotoxicity Overall ALD risk| [41-42]

MARCI1 1s2642438 Reduces enzyme activity, alleviates steatosis and oxidative stress ASH risk| [43-45]

FAF2 rs11134997 Speculated to enhance gene expression, promote ER stress ASH, AC risk? [47]

TG: Hith=18; VLDL: A% B IR 8 (; LPL: IRE5 (G Wil ER: I, ALD: SRS A SSME P, ASH: R9RE Mg i 1 B 485 AC: 09RS T FFAi4k,

A-HCC: FRS AR SRV T2 E: 1: T L: BEAIK.

TG: triglyceride; VLDL: very low-density lipoprotein; LPL: lipoprotein lipase; ER: endoplasmic reticulum; ALD: alcohol-associated liver disease;

ASH: alcoholic steatohepatitis; AC: alcoholic cirrhosis; A-HCC: alcohol-associated hepatocellular carcinoma; 1: increased; |: decreased.
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p.Glu264 Val)!'I7E v [F A HEH (5150 2.89%", X
ol -ATIE ISR R . AR, 7K . AR R BIoh
PRIG A 1 IR IS OL R, & n] REAN BRI ) i
AR AN A AEAL AR, HAE LS ] §e 5 SERPINAL
1s28929474540), H.-5 P4 5T I S 5 A Gk,
332 TNFA  TNEAZHISIITNF-o, A& 90 [ M H b
FAZ O B R 98 20 B PR 7500 JFF I P ) Kupfer 2
MR LPSJ5 5 3 — R A1 R AE B, 755 W TNF-afl
IL- 135 KA 28 41 B K 7 A th R F= AR JX 4k
B DR A4 BT R OK ) A R VAR AT AR, A B R
I 55 S A IR T, B S B 4E R 44
FIBET, TSR B ALD 3 fEl2

TNFAS5 ALDAM X1 2 &AL 5 /& TNFA
1s361525, 37T TNFAR K J5 8)) ¥ X 38 (chr6:31575254
G>A)Y o 2 A R Hh T H 49102 2.00%,
DASGUPTA% PO 20234 1) — Tiff 7t H & 30, TNFA
rs361525 5 K )7 3l 7RI B 3 T B A B i
SR, TS AL R R A, B IR AR
TNF-02 187K 5 35 T4 1, 1X W] B 23 THOK FH B RS A1
TH PN BE 2R MR (1) 98 I S R, B FR 4 A £ N
333 ILIB  ILIBYwRSIMIL-1B, &5 TNF-a bl [F1EH
FI A 25 X, 16 ALDR) JORE SR 1% oR 3 1 55 2 A
i,

ILIB5 ALDMFCII 2 AL 1 A& ILIB 151143627,
BT IL1BREIR 3 2 F X 45 (chr2:112837290 C>T)!Y,
S RN E A N AR AR 2 53.02% ). AfF AR
FW], ILIB rs1143627 [AIFF RERSIE T ILIBINHE T 80R
ST RS IL-1BR AT E Y, XAl 5
TNF-o 55 K 7= AR W [RI RE, 38— 20 I A 75 5 1
PRI A SR
3.3.4 CDI4 CD 144 b5 1) 11 40 B 5 AL Pt i
14(cluster of differentiation 14, CD14), & LPS/AE
BN B R A3, e DA &5 A T Bl n] I 1
AAEAE, FTTZRLPS I H 245 TLR4, MM fE 3
U RAEAS S0

CDI145 ALDAHIRIN Z A1 K2 CDI4 152569190,
KT H R 57 X 38 (chr5: 140631614 C>T)'Y, %4547 3k
DRIAE A [N AR AT 39.96% 1) 12748 Sl it 2
BRE S PE S 1 1(specificity protein 1, Spl)¥% 3% A1
GEAAT AN, B/ E YN R CD14 /R IASY, 1
ALDH 5, IX B T Kupfferf g % LPSHH

DR, BE08 fi A TE 98 1) TLRA(E 5 @ M0,
Foi AR 2 R, IR RS P4 A A
3.3.5 HNFIA  HNFIA%RS ) 4% 1 1o
(hepatocyte nuclear factor 1 alpha, HNFla), & —Fh7E
JHF I s A G S R 7, R AR SRR MR A
()2 1K R R 4 B AR 2, [] 2 R 4 U
BRI o A U I 285 B A% Lo 2 S R - 2 — P30,
HNFI1A5 ALDA K 2 &AL f & HNF 1A
151183910, 7T FELE PN 251X 5k (chr]2:121416619 G>A)™,
LA EERAE A BN R 80126 839.97% . GWAS
Bl B, HNFI1A 1311839105 11375 C b 85 /KT B%
G AR OG, AT A i 0 B 7 JRE IR S SR K
FESOOT ALDIIORA EFH A, SR, 2748 St 5452 1)
i iV 53 (A R T v VA 5%, T HNF LoDl RE 25 L
A BT SEAR B R Y, {H HNF1A4 1s11839105%F ALD
R EARNLE] H AEARBFIE R . RIPTRNRIES %
PEW TN Z A S5 ALDI K R .
34 S5ALDHEXHIAH LS DNABEHXER

3.4.1 TERT TER T3[R 25 0 i s I 306 %% S 1ifg

(telomerase reverse transcriptase, TERT), 1% 1%
Oy T fE L L A B b DNA FE & 41 SR 45 15 e o
PR v (AR, AT LA i 32 22 DR e A AR e
PER, B FUHROR, TEALD/N BB ) R S T R
it EGFR-BRG U5 5 fli K fif B it TERTHEIE M,
MR FE ARG AE R, 5 M i A I TERT 23 7™ 56
TR T AR R AT B LR R YL,

TERTYH ALDM K Z LI S A TERT
12242652, £ T TERTHEER [P N 75 X 35 (chr5:1279913
G>A)!"8 o 1% & A FE DR A o BN AR 2
16.94%. IImPRA 78 KB, 1571 TERT rs2242652 1)1
Tl Ak A, H 40 i AR A R R 3 e G, HoMR R
HCC A B AR B0, L ELAAR S F- ML i AR 56 42 B, 4
D] BE I8 5 TERTHE IR (1) 2R 15 Bl b BEG 14, 38
se A B E G BV RS 2 B T BB R AR e v, AT
FELE A0 B PR Ak
3.42 WNT34-WNT9AXA R % Wntf5 SIEEZ —
AMESHE ERSFINE S, 2S5 sy
iz, Hp s, LIRS M Wny/p-1EH & BT
SO, R IRBTHCC R A [ ML 2 —B7,

WNT3A-WNT9AR %5 ALDA K I 2 &
PERT AL T WNT3A-WNT9AR: R #5 () rs 708113
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Table 3 Association between polymorphisms in inflammatory and immunoregulatory genes and ALD

HFe A EZ A MR HALDX # SR

Gene Polymorphism Mechanism of action Association with ALD References

SERPINAI rs28929474 Alters product structure, promoting ~ AC, A-HCC risk? [47-49]
rs17580 endoplasmic reticulum stress AC risk? [48-49]

TNFA rs361525 Promotes product expression, up- ASH, AC riskt [50]

ILIB rs1143627 regulating inflammatory response  ASH, AC risk] [50]

cD14 152569190 levels ASH, AC riskt [51]

HNF14 rs1183910 Unknown; may inhibit inflamma- ASH, AC risk] [52-53]

tory response

ALD: IFEASSIERT I AC: IEREYERTAEAL; A-HCC: SERS AR S VEIT AN ASH: SEORS PEIR I PEAT 2% 12 T | B Aiks

ALD: alcohol-associated liver disease; AC: alcoholic cirrhosis; A-HCC: alcohol-associated hepatocellular carcinoma; ASH: alcoholic steatohepatitis; 1:

increased; |: decreased.

(chr1:228005052 T>AY'™, %557 B 7EH BT A 1)
WZEL1 4 65.22%" . 1278 T K AAE WNT3A-WNT9A
e DR A% ) AR g 05 DX 8, IR AN BB 203 mRNA AT
MIFY] . WERE, WNT3A-WNT94 15708113 5
A-HCCH A FEAC G2 ARG, (HaX Bl R4 /E FH A AL
T AT AR AL B REAG I R AR K R BY. £ ALD T 5%
W, BRI A AL R R A, IR R 2
PR IR S SR AL - TL-6/TAK/STATE S 1438, CI
B KT P& B SR SR IR e G 0. (R
I, XA A U MR- R B R AR DY H AT
WNT3A-WNT94 rs708113 5210 ALD & AE K e i B Ak
B 18 A B
3.43 HNRNPULI  HNRNPULI¥Y#HS 5 i PERZ K%
85 FIUFE 2 [ 1 (heterogeneous nuclear ribonucleoprotein
U-like protein 1, HNRNPUL1), %K 1 )& T 5 i 1 4%
WZEARE, &2 — RN RNAZGEH, |
ZZ5RNAMNT.. DNASIIER . K E DL
LRI 2 5 22 A% AE ) I R
HNRNPULI15 ALDM K12 &AL BN
HNRNPULI rs15052(chr19:17633769 C>T)!", 1%
S L PRE BB A 1.70%1 . 278 S
55 TR A U 389 0 96 B2, HARAL ] i A5 13 B . {HL
BT HNRNPULL I S R0 T &g, MR 5 0T e il dn
HNRNPULI ) RNAZ; & RE 7T, FEUIR A G
AT () B 4z B ik 2R, AT P EL I A B AR s B
b2 Ak, AE 2 DNA$ 15 12 5230 #% (0 S sl i, L)
AE 32 45 A] e I 95 JH- 40 A2 S 00kS . £ T 3L DN A
THRIRE ST, E1F AR SR AR, T 2 - 4H

HBE T AT AL,
344 XRCCI  XRCCI¥mhLit X565 28 L H Ap

5 M 1(X-ray repair cross complementing 1, XRCC1),
L) B2 (base excision repair, BER)iE i H [
B SCRRE A, TR S i A N G B
DNABSFEH

XRCC15 ALDHIR N Z &AL 5N XRCC
rs25487(chr19:44056126 G>A, p.Arg399GIn)!'™, 1%
S A7k PR N R A T 72.38%1 . AR
FUE TEAMR, HI5S 7 HS T B SR
TEF, AT R T BERIE HE BEAARRR @), 7E ALDTY
ST, XME R DhHE R HI 55 158 75 T 40 i 3 DL R0s
BRIPGHS S CEACH ™ £ 1) DNAIN&H, S8 R

N BRI E RN, 24T ACHIA-HCCH)

ARG,
3.4.5 ERCC2  ERCC24mR5 I ClE T R oAb
ZH D(xeroderma pigmentosum group D, XPD, ERCC2),
FAZE R VIBRME & (nucleotide excision repair, NER)
I TR S0 B DNAMR el , 9753 7E 551005 10 s30T
DNAXUR e 414, LMEVIBRA4% B

ERCC25 ALDM K 2 &AL RN ERCC2
rs13181(chr19:45854913 A>C, p.Lys751GIn)!"®, %
S B PRIAE v BN P B 8.13% ", AR
A REIE I 20 1 C-am Al R AR AR E P B R
[AAHEAEH], SBINERDIBEZ . AR BAREUH
BLEIE RRER N B, (HAZAL R CRIE 5 2 Fg v i
WA R RS, Hig b, RPN RE T,
7 ERCC2 rs13181 KUK 4 R M, JUHHERR 1B A2
LT FHIDNABUIIRE 1 T FE, R KA RAR T, A
TR MG [ 2T 410 T 22 A-HCCRIZERE . K4
PR R 440 5 DNAB EAH SRR R 2 515 ALD
ISR AR
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Table 4 Association between polymorphisms in fibrosis and DNA repair-related genes and ALD
B 20K MBI HALDX % 7k
Gene Polymorphism Mechanism of action Association with ALD  References
TERT 152242652 Unknown; speculated to enhance telomerase activ- A-HCC risk] [56]
ity/stability
WNT3A-WNT9A gene  rs708113 Speculated to inhibit Wnt pathway and enhance im-  A-HCC risk] [34,58]
cluster mune surveillance
HNRNPULI rs15052 Speculated to disrupt product function, affecting AC risk? [43]
RNA binding and repair
XRCC1 1$25487 Alters protein conformation, impairing base excision ~ AC, A-HCC risk? [60]
repair capacity
ERCC2 rs13181 Alters protein conformation, impairing nucleotide AC, A-HCC risk? [60]

excision repair capacity

ALD: SRS SR ; A-HCC: W9RS A SR F 4, AC: WIS PERT AL, 12 Fhan; | FRAR.

ALD: alcohol-associated liver disease; A-HCC: alcohol-associated hepatocellular carcinoma; AC: alcoholic cirrhosis; 1: increased; |: decreased.

4 SNPZ[EJHEAEIBNR

SNPTE ALD K AL K R A i 2 R 3555 R4tk
WFEAE o I e 35 % AR S5 ANl T 5 M O B e e
FL[F] Y e AR 5 2 B S IR R R AL, S i A
B RSP R L, D8 T ALDIIAE
YIEEHOE 5IRIRES J . B, SR fEHT SNPZ ] J¢
HEWE R R Z AN, A3 T#H~ ALDK
AR R 1) 2 JE IR N 45, F DA g TR A 1R XS
TIPS TR A AL T TR SR I S AR Sl
4.1 PNPLA35HSD17B13

Z 1A KX AHE A-HCCE ALDIIF L — 33k
B, HSD17B13 R4 AL 57 1s726 1356 7HENS Wil 35 11| 55
PNPLA3 15738409 RS S5 32 PRy SR (AR 52 g 142610,
A EAE R RSB FALE] B ATERR AR, IR
VA A E AT AR ELVE A R AETE AR A% O FR
F, —F A E R R, PNPLA3 rs738409i@ 1 {2
HEVE G0 H = S e A A O BB R Ja] 45
15, Wi HSD17B13 1s72613567 1] fig il i o2 g g b3
b B 1 119 2 P B M o oA R A2 8 P T TR R A 1)
AR, Ve HH 5 U B A
42 ERSRSIEEEREUDHIB, ADHIC, ALDH?2)

WIRTSCRT A, WAV M6 L&, ADHIB
1512299841 ALDH? 15671 FI4H A FEUA N LK
SPIGE T R, R R OB AT ST
FAESE T IR P E RN . WFFE R, R S
PR DR AR 2, I ST A2 ¥ DN AT 557K
S 2 v TN R — XU DRI BT R R R (1 A
M, P8R AR SR S Bs  TAEE Y EIAE ), 40

BT SCHTIA , BREFR 2 £ 88 R 2 5 i B
AT, M T AR RN « 2 T 580,
ADHI1B 151229984 1] =i PE Y (A/AFE R AL ) 82 PRAIK
T EEPEE B AHRACHI KGR, [R2, NFE
LR B e S IR A 5 AC KU TH AR 5%
X AT R A2 DR DA 3k Fofr 2 A1 43 A i o Y R T 52 1
L SR RIS, e SR, AN
B KR 5 ADHIB. ADHICY R 52 R 4H 4 4>
HBE— I ALDR RS, $2- AR B IE R 55 1 5 45
155 B IR 2 IR AFAEAS AR F 199, 4R, X LB IEHE
Z oK HIRATIR MG 22 M B o, s> B M
ok 5 DR et ok s A R s B 1 5 A ELAE I S0 ORI 512
1% e SNPTE ALDY BEAR TR i [] RENE (1) 44 PN S 56 UE
i

4.3 HtnEH

TM6SF2FIMBOAT74 % 5 PNPLA3— [RIBE 40\
2 BER KB VP 20 A A rp T DA A 7 0 1) A
PRI A AU 165681,k SR 508 8 o, 1K LAN SR A
{187 JR I8 S8 A7 s R B Bl 22, /% R B R 11 XL
AR, BRI — RN . X RS AN e
TEAN5E 4 S (H I AT e 1 BB g o £ R 35 6L 1 38
Fok AL R E IN ALDI 5y 8 . AR HIRIF 78 7 BT K
A B (1) A B SR I8 T AT 2 TR 2 75 A7 A e A
DIRERY (22 A FH, BB [ 3808%

[k, MARCI rs2642438F1 TERT rs2242652%;
R ALDAS R B R4 R0, {0 H RTAT 6k =
SEGAE B 3 2 A& TS A A s R RS . TNFA
ILIB. CDI4% 3[R ¥ SNP AL [F] ¥8it T ANt 4 5
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FORII RS 400497 10 0 R S e LB o R, AR D RE A7
7E BR i Al 2 DG BK, (H H T AR A W R A Tk
BN 2 B EAER . A, 5 DNABE R
FARIIXRCCIFIERCC2H M A A % TiZ 7 TH i &
GUIEREFL. LPL. FAF25 FAWR AR AR G HE I 5
HNRNPULIF WNTZ 55 5 4 464 X DNAfE S
I 25 B4 SH Atk 5 DR D 5 g5l = bk T FROAF 7S 5 1 AR I FH
TR AR IGTE T 75 285X L SNPIE R Gt
PERIEFCE A5 T U B A SR R I B, DR 2
T AT ALD R AL 0 2 457

5 RESRE

ARG L5R |7 SNPLEALD K ARk Je (1 4E H
SHRBEFEHEE . B RUH90 75 ALDE UIAH IS Y
RBFE SNP, Hf il & 1 HAEZ KUK 72 Jg L2 Tt
Ja Ve S P, e T EATZ B R EAER

RAE AT C#R 24> SNP5 ALDH) &%
IRUK, MH I3 T HLE oK e 4 i, 28 E5 IR 2T
WAL RIR T, Sk Z IR AR ThRESRE . BLAh, A1)
YIRS (07 8O AERRAU 28 ALDJ BRARFAE J7 T A7 1
JRBR, BN, /) Rk = O BEE Y R 4T A A T
CXCL8M CXCL6™, & H A B R ik 5 N 2K A7
FEWI 22 5 . XL R R 5 22 S BRI 7 LI B 7T %
WAHHE, T BT 2T 70 I PR 4 AL N HE

FERR T 1H , BISE i JF R 1 —Fieks A 07
F i 41 g (human adipose stromal/stem cells, hASCs)
IRAN A T 2R 38 B (hASC-derived liver organoids,
hALOs) 712, 12458 G 58 47 AUl A4 A T34
Bi, fEHATH LS, CETRE S NI T Rm
ALDFHIIREARAY, . TFR 5 NARRIR 5 58 Bl 1 A
R BT @ AT SNPS2 I ALD ) A4 4y -1 % 5 41 i
(AR ELAE L, 3 mT DAt — DR FESNP 5 G,
R KSR RN EAER, PO
TER MU AL 4% (W DNAF B4k JESmTS RNA)H )
A, AHERALD K AR 2 Z IR N4

TE I R B FH J7 1H , ALDAH 2% SNP H 1 78 I IR
R Z T RS 590 &, PNPLA3 rs738409.
TM6SF2 rs58542926. MBOAT7 rs641738. HS-
DI17B13 rs72613567% 3 K 1) X I 48 5 O il ik
A )18 ALD 5 BE A bR 59 V. 454G ADHIBA
ALDH2{#) 5y BY 20 5 UL K 30 FH 2 2 BR XU 1F- 73 (poly -
genic risk score, PRS), A 22 S I X} 55 & TR N\ Bt

AT FEREHA I AR 20 2, AT 5 T 7 % 905 1) 4 T A
WA . HAr AT K T X ACIHI PRS, 3
R 7 HREE A AUX 4 s AR B B, B
FESRST A AR B 76, HFIEE ST I
PRAE B B . — R 2 0L B A7 75 2 5 22 K M i s
PERF TR B RS WPk RE . Kok, BB A T
REMRAE R K Rzl ane . B S T E A M.

TEANRA SR G T SRS ey T, RE
SNPAS I 1 A B2 T 11 PR & R I, 9 FE DR B 1 357
ZHIE R IE RN ALDYR Y7 sk L A eI Al o
S5 % PNPLA3FIHSD 1 7B1 3141 #E )7 1 © M il
W 5628 1] I PR AR B8, Tl 45 2k T AN 8 % 15 50 )
ALDFEHEZ T B ARRLKE B0k o Xof 22 2 DR JXURG PP 70 A5
RUTEAT KA AT BEPEIRAIE , AR AR 0 ¥ [ G 4 I
R AN PEA YR TT 29 I R RS, A B N AR R )
HERFF I

Zi TR, SNPHFFE IE 1B 2548 7 ALD st f4 3
W50 TR, VBRI R R AEY)
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