Med J Chin PLA, Vol. 51, No. 4, April 28, 2026

W HiHR

] SLC31A1 FRIR I WA/ BB RS P RE R AT 22 B9 25
T H AL

AT, FZae', AR, AW, Keb ', Zmet, RERT, BB, s

WA R R R S B A SR R B, W RIS 4710005 2T RS R BE TR TR RS L, WG IEBH 471000;
S R A IR R 2B, MRS FH 471000

[FESES] RS7SS [XERFRAERD] A [DOI] 10.11855/j.issn.0577-7402.1623.2026.0228

[FRA] AT VR T R 45 rhoe

[SIAA] N, 2=, BOHE, 45 ] SLC31AL R IR I8 75 H A2 2R XT/IN BIPRS00y JFEi 22 104 52 ) S HEAIL I (7). el 2 B 2 R s,
2026, 51(4): 567-575.

[WFsHEA] 2025-08-06 [RABH] 20251123 [[EZ&HH] 2026-02-28

AE] BR BITIIHIE B AR SE 31 85T 1(SLC31AL) Y 138 1o I 55 4Bt /1N BUPEAS MRS 107 T (AFLD ) 2% 1)
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[Abstract] Objective To investigate the effect of inhibiting the expression of solute carrier family 31 member 1 (SLC31A1)
Thirty

healthy male C57BL/6N mice aged 6—8 weeks were randomly divided into control group, ethanol group, and plasmid group (n=10).

on alcoholic fatty liver disease (AFLD) in mice by regulating copper homeostasis and its underlying mechanisms. Methods

Control group was fed a control liquid diet daily, while ethanol and plasmid groups were fed an ethanol-containing liquid diet daily.
Plasmid group was injected with 0.2 ml of SLC31A1-sgRNA plasmid (2 mg/kg) via the tail vein by hydrodynamic injection, and
ethanol and control groups were injected with an equal volume of normal saline via the tail vein. At the end of the 8th week, the mice
were euthanized after ocular blood collection, and liver tissue were harvested. gPCR and Western blotting were used to detect the
mRNA and protein expression levels of SLC31A1 in liver tissue. Immunohistochemistry (IHC) was employed to detect the expression
of SLC31Al in liver tissue. Colorimetric assay was adopted to determine the copper content in liver tissue and serum. Microplate
assay was used to detect the activity of superoxide dismutase (SOD), and the contents of glutathione (GSH), malondialdehyde
(MDA), total cholesterol (TC), and triglycerides (TG) in liver tissue, as well as the activity of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), and the contents of TC and TG in serum. HE staining, Oil Red O staining, and periodic acid-Schiff
(PAS) staining were conducted to assess liver injury, lipid accumulation, and glycogen changes, respectively. Western blotting was
used to detect the protein expression levels of nuclear factor E2-related factor 2 (Nrf2), cytochrome P450 family 2 subfamily E
member 1 (CYP2EL), adenosine monophosphate-activated protein kinase alpha 1 (AMPKal), peroxisome proliferator-activated
receptor alpha (PPAR-a), nuclear factor kB p6S subunit (NF-xB p65), inhibitor of nuclear factor kB alpha (IxB-a), c-Jun N-terminal
kinase (JNK), and p38 mitogen-activated protein kinase (p38 MAPK). Results The results of qPCR, Western blotting, and IHC
showed that SLC31A1-sgRNA plasmid could effectively inhibit the expression of SLC31A1 (P<0.001). Compared with control group,
ethanol group had increased liver injury scores and lipid droplet area ratio, and decreased collagen area ratio; the SLC31Al-positive
area ratio, mRNA and protein expression levels of SLC31A1, and copper content in liver tissue and serum were increased; the activities
of ALT and AST, and the contents of MDA, TC, and TG were increased, while the SOD activity and GSH content were decreased; the
protein expression level of CYP2EI, and the ratios of p-JNK/JNK, p-p38 MAPK/p38 MAPK, p-NF-«B p65/NF-«B p65, and p-IkB-o./
IkB- o were up-regulated, whereas the protein expression levels of Nrf2 and PPAR- o, and the ratio of p-AMPKal/AMPKal were
down-regulated (P<0.05). Compared with ethanol group, plasmid group had decreased liver injury score and lipid droplet area ratio,
and increased collagen area ratio; the SLC31Al-positive area ratio, mRNA and protein expression levels of SLC31A1, and copper
content in liver tissue and serum were decreased (P<0.001); the activities of ALT and AST, and the contents of MDA, TC, and TG
were reduced, while the SOD activity and GSH content were elevated; the protein expression levels of CYP2EI, and the ratios of
p-JNK/JNK, p-p38 MAPK/p38 MAPK, p-NF- kB p65/NF- kB p65, and p-IkB- o/IkB- o were down-regulated; and the protein
expression levels of Nrf2 and PPAR-q, and the ratio of p-AMPKa1/AMPKal were up-regulated (P<0.05). Conclusion Inhibition
of SLC31A1 may alleviate ethanol-induced fatty liver lesions in AFLD mice by reducing copper content, thereby attenuating oxidative
stress injury, lipid metabolism disorder, and inflammatory injury.
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1.2 SEEGIH] SLC31A1-sgRNA R Al (G 5158
bk & YR PR A, % A 1R R (Lieber-
DeCarli, TP4030C). <, [ {4 15 ¥} (Lieber-DeCarli,
TP4030B) (P 18 45 1% AL R BHA FRA R, A Hidk
ZM(AST) . FFNFRBM(ALT) . HI =M (TG) . &
HEBE(TC) . ALY B AL (SOD) . i k2 e
HIK(GSH) RG] & (R st B A BR A7),
P o 32 A I AR 8 (R DUDP 3 B 4 A ) R AT BR 2
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(YR A RHA RA R, TRANS L (HE)
e X ) & . TRIS-EDTA $LJF & & Wi (50x) pH 9.0,
- RS IR - 2R N A T I BE IS HL VK (SDS-PAGE ) £
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&6 & (178 Biosharp A FRA W), i flR-T5 K
(PAS) J¢ 01X 7] & (AL s R ERHHL AR A A),
SLC31A1 S AL (THC) Az i 1057 & (L st P AZ B
ARG R T, BCAK MMk E A e i
BRI & . RIPAZUHIE . = @YY H o bn i
(Marker) (_F- ¥R HERE A= ) R 25 RHBC AT BRAY D), BN
B AR & (LI R HER A BR AR,
S 98O R R A i U N (qPCR) 5 1 4 (AR R
), 8 min PR BRI/ & K 08 B gLk
7% qPCRAG I3 70) G (R 5 R A= W R BB 3 A5 BIR
/N W), StarScript I — 8 Ak 25 J A 2H [ % S PR R
(At BEE Ol A= MR IR A R, S 4t SLC31A1
Z o BEBLIE . R PT cJun 2 BE K U A (cJun
N-terminal kinase, JNK)FHPTIA, AT pJNK HAIHL
T St p3s 22 BT AL & U (p38 mitogen-
activated protein kinase, p38 MAPK)EZHHiA, fbii%
K+ B2 #H & A+ 2(nuclear factor erythroid 2-related
factor 2, Nrf2)E AL . St B-WLEhH 1 (B-actin)
PR I =LY HARA IR A A, BBt R
F kB p65 MV H: (nuclear factor kappa-B p6S subunit, NF-kB
p6S)EATTRER . BT p-NF-kB p65s S i FEHIIA .
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EREPUIR . BB p-IkB-o FRTTREDTIA . BUPL p-p38
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G SR a(peroxisome proliferator-activated receptor o,
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1.5.6 Western blotting K AF2H 2R SLC31A1. EAb
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5% A F [Nrf2(1:5000) A1 CYP2E1(1:1000)]. Jig 5 £ ¢ i
#H 2% K T [AMPKa1(1: 1000) . p-AMPKa1(1:1000) Al
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H FH PBST P74 3 ¥k, JIIAKT M HRP FRic Ll 2E 5T f
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MDA & i . R BRI % 532 nm 4045 L. OD H -
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g, AT ILE R ROERZLERRTE, A
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MIZEHARSIAFIN, SR ANE M, ALB AT Ul
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W i R (P<0.01 B P<0.001) 5 O£/ N AR 2 A
YA, BRMZ 1/, FFB A5 E 50 FN g AR

oA C 2 W AT, e D AR o P £ T2 W it
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TSRS, kil /NS ALT R AST 1 14 B b
Ik (P<0.001), {H 55X} B84 36 M43 (P>0.05, K1 1B),
P/~ AFLD /NIRRT
2.2 AFLD /DRIP4 SLC31A1 23k fl4 & i A8 1k
HC KM g5 S won, SR tbdr, Zmdl/NaUF
2140 SLC31AT A 1 A 7 Eb B S T R (P<0.001) 5
HOEH W, FURL4/NEUF 41210 SLC31A1 FH
I R B B A (P<0.001, 8] 2A). gPCR Al
Western blotting fi il 25 K s, SXTRAZL L, LB
2H /N B 4H 21 SLC31A1 mRNA F17E [ 3635 K -0
TH (P<0.001); 5 ZEEA Lb#E, ok /N RUF4 21
SLC31A1 mRNA FIEE [1 3% 1k 7K F- B i f# 1K (P<0.001,
[12B), e BURARENE] T SLC31AL 3KIA

SXT R LS, L /N B 2R i 35 4 2
A RN (P<0.001); 5 R A, TR/
JH-EH R 1M T4 5 A R R I (P<0.001,  K]2C).
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Identification results of AFLD mouse model construction
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Fig.2 Changesin SLC31A1 expression and copper content in hepatic tissue of AFLD mice
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