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Abstract: Selenium (Se), an essential trace element, has attracted increasing research interest as the vital role of
micronutrients in human physiology becomes ever more apparent. Its biological functions are primarily mediated through
selenoproteins, in which selenium is incorporated as the 21st amino acid selenocysteine (Sec), forming the active center.
These proteins are indispensable for regulating key processes such as oxidative stress, immune-inflammatory responses, and
metabolic homeostasis. The liver, a central organ governing both metabolism and immunity, serves as a hub for systemic
energy and material exchange and is the primary site for selenium metabolism and selenoprotein expression. Accumulating
evidence underscores that selenium status is closely linked to normal liver function. This review systematically explores the
intricate relationship between selenium and liver health. We begin by summarizing the dietary sources and metabolic
dynamics of selenium in vivo, along with recent advances in novel selenium intervention strategies. A key focus is the unique
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biosynthesis of selenoproteins, particularly the sophisticated UGA recoding mechanism that enables the precise incorporation

of Sec into polypeptide chains. We also discuss the hierarchical regulation of selenoprotein synthesis, a crucial adaptive
strategy that prioritizes essential physiological functions during fluctuations in selenium availability. Furthermore, this article

provides a comprehensive overview of the multifaceted roles that major selenoproteins play in maintaining liver homeostasis.

We examine their involvement and potential mechanisms in the pathogenesis and progression of various liver diseases,

including metabolic dysfunction-associated steatotic liver disease (MASLD), viral hepatitis, liver fibrosis, and hepatocellular
carcinoma (HCC). By evaluating both the potential benefits and limitations of selenium supplementation in clinical practice,

we address the challenge posed by its complex “U-shaped” dose-response relationship, which complicates therapeutic
application. Finally, we offer perspectives on future research directions, highlighting the need for personalized and precisely

targeted nutritional strategies. This review aims to provide a theoretical foundation and novel insights that bridge the gap
between molecular research and the chmcal application of selenium in liver health and disease.
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AR, Wl SRR P A8 P, 38 W LA 0l 21 3R S 5 Tl
1 (heme oxygenase 1,HMOX1 ) fl#% & H Z 1K
(transferrin receptor, TFRC) 21k , i/ i N ER B,
TRIERTET , BRI R

2 MEANSHRSEIEINEE

2.1 WEBHERLE

T2 RN RILIA A F 45 ol B 2 A WU DI RE AR 20
TR, NI 25 MR 1, KBRS IEA — 3L
R AR A AT P AR 2 D e A — A B D R
(Sec). SecHiR A HE2 IR HERR ", HA Ky Z Ab 7
TG HAAT AT — Ff 2 L R 2 500 1 i
¥ “UGA™ FH 5% M Sec, 4 A IETFE A B4 JIKEE o
TEARERY B AL B e, “UGA "l AE 4 1% i
T AR IREE S A AR . SR, FERN S T A mRNA B
B R CUGA™ 805 1 B E 25 5 Sec, L
B E A P B LR B T S 5



1432 LAl AR R ()

H38%:

Selenite,selenate

Gut lumen

Gut epithelium { Sec

i

"

Sec lyase

!

Semet

wiTransporter

Semet in met pool

Transsulfuration
pathway

Selenide —» Selenoproteins(SepP etc.)

/

Excretory
metabolltes

Liver

/

1 WA P B AR L
AR £ AR ER A MR A £ Qo e Z AR A/ N b B S e AR A ZEITPRE i 45 Rl AR LR ALY, A S 58

SRR EE 1 IE 00 B 4 B A A 4, mliA: o iR I 3 A JRGHEE . Selenite, WARRREL ; Selenate , iR £ ; Sec, A2 B & R
Semet, li{ 25 2R ; Transsulfuration pathway , iR 1% ; Sec lyase, Wi bt 22 247 /i ; Slenide , i /L4 ; Semet in met pool , 25
SRR AR A 25 &R ; Selenoproteins, filiZE [ ; SepP , filizk 1P,

Figure 1 Overview of selenium metabolism in vivo

Selenite, selenate, selenomethionine (Semet), and selenocysteine (Sec) are absorbed in the small intestine and subsequently converted
to selenide in the liver through various pathways. Selenide is then utilized for the synthesis of selenoproteins which are distributed to

tissues throughout the body, or converted into excretory metabolites for urinary excretion.
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RNASIS | 5E i Ser-tRNA SIS i | 7E Bt 22
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L AR BRI R SERN A LS ISee e A AR AR 5,
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PR AE X R AE T PO ST 2, 1 32 T R 5 5 e
R FEBMARAET 08 A R R N AN 2
A BR B Al 23 1 D0 Fe B T BB SR 1, A IbE
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Figure 2 Incorporation of selenocysteine into the nascent peptide chain

During selenoprotein translation, the selenocysteine insertion sequence (SECIS) element acts as a scaffold to bind SECIS-binding
protein 2 (SBP2) via the G-A quartet and recruits the Sec-specific eukaryotic elongation factor (eEFSec) through its apical AAR
motif. This complex enables the eEFSec-recruited tRNA /5% to recognize the UGA codon and insert its selenocysteine (Sec) cargo
into the nascent peptide chain.
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W2 LT, M SelMANSepP Xt A A M AN BIUER , ik K
ST 2 AR AR TR BTG A AR N T R RE AR IR )
P B3 AN, 202248 B— ISR 1ok R I 4
L A1 5 I W (selenoprotein W, SelW ) , /& i 5 W 4]
Jifd B A7 4 48 (reactive oxygen species,ROS) 7,
HIGPx1 . GPx4SFHT A AN 11 1 BEAMEE M 1
FIR KT B3 FE2 D WIS B S A A
A DL e dE AN i SBP2 e EF Sec Bl IR 2 ik I
WA, SRR v B2 R s il A i 3Rk . (H
KF AN AL T A ROSIL AR Tl 8
RSP HE A& )i InTVi 1A o T e e E st U 2R A &
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F 2020 SOARARAD , 1l 19 78 37 N A= 2= T g
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T AR, G B IROSIE NG 540 F K 4%
YERL. SR, M2 8 Ak RGENEME 2 0R THiE b &
it , AR ARSI TR , A0 & 2B A A N . 2
AIROS 2 FEAANI R 75 (WIDNA | H AR
Jo) KA SRR, T | R RAE R SRS — R
R AR

e H KIS B ALY (glutathione peroxidase,
GPx ) Z 2 e P9 R IR e i A Al 2 1,
LA BEH K (glutathione , GSH ) A i AR AL LA B
H Ik (glutathione disulfide, GSSG) , ¥H,0,% i3 %1k
Wi SRk K B, T A v AR PR 2 B
HIAZKA 8FPGPx, H P GPx1.GPx2 .GPx3 .GPx4
GPx6/ZMMER 1, T PEH AL 5 Sec. GPxLZf s LT
GPx, | IZAEfE T AT, F 2 TG R AT N
H,0,0 5T 2RI, HyO A0 FE S , 41 P9 GPx LB AE o
A K i 25 T, T GPx VR AR kA 8 i m 3 i 0 1
L4815 5 F-1a(hypoxia-inducible factor-1 alpha,
HIF-1o) ML N B2 A4 A (vascular endothelial
growth factor, VEGF ) (9335 , 4l 45 4 1. #F
FUILHGE , ik = 253850 T PGPk 1T 1, FE(H,0,1
Z % I FxB (nuclear factor kappa-light-chain-
enhancer of activated B cells, NF-«xB )il %, 52 |74
B HIE I 55K R 1T 178 (angiotensin 11 type 1,AT1)3%
A 3t RN R, B T Bl ik = K B Rk
P I 20,

GPx4/ZGPx K G i) — R EZ A M Ihe
FIAT B L, B ok 2 TR 40 S Bk BT (ferroptosis)
MIAZ Lol o BRAET 2 — PR ACHS I 1 A 1 &4t
PO, HoR O AR A REAE J2 M N 22 S 16 FN S D5 T2
(polyunsaturated fatty acids, PUFA ) JG LI 5 B
REHE G, i — 2D Sk AR iU B e, [R) B 2
JHL PN T PR (R R R ) 5 H R AR SRR N
JEBN/OR A R, Bl AR At T
ot R A U 57 30 kR A G S B A
514 (acyl-CoA synthetase long-chain family member
4,ACSL4) FIRE B A . ACSLAfE WAL T /56
R SR A, TOR I N AR AR DR R L R R S
PUFAs{fifk, Jf-2: FH LPCAT3 45 i 1k, , 15 41 it il
& 5T ¥ 85, B il 7 9 A AL I PUFA®EIE (PL-
PUFA) 280 Bt 5 15-J5 %84 i (15-lipoxygenase,
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Figure 3 Physiological functions of selenoproteins

Various selenoproteins play crucial physiological roles in processes such as oxidative stress, immune-inflammation, metabolic

regulation, and other physiological and pathological pathways.
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YIef, — H GPx4 ik JFEBE ) Z 8k 55 T 15-LO-
FEBP 1A ALEE T , 240 9 i I S S ey R s vk
S, o LT IR A0 o A ik e BRI TR
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100 pg P 2H 1250 2 20 B B P T A0 M i AR 0L, (A B
AT 290 60 0 B T 40 5 e e 2 TE A 23
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IR IS A, A N BT MRS . Ak SelSEg
SelK ¥ i 35 41 il ER A D i ¥ [ e 01 o LG 40 Jfd 3%
F138) . I, SelS T TR AL 1T B (4 2K 11 T 1AL R
W2 3 B A0 BT A TR A L 0T 5 5 4 B 11 1
o AW E AR A 5 S AT, & P SelSAE
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RAIMI T FAFL W S AE N, SelK[AIFES
L A R B A, DR Y S A A R T
T 5% A ISR 2R 41 Y (immature dendritic cells,
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11, Rho A5 538 U , 4 U8 g ) 3 i {H A2
ThEEwES 38, T ah, SelK AT A3 4k 345 JH i 2K 1
(14 A R TG A A2 i R I8 50 248 T A S S % T g .
SelKif 1 HSH3 455 4k 55 A5 Bt e A% B DHHC 612
WA, AR #ECD36 M A7 A Bt A 181 S HAECOPIL
PR B s , e 2 CD36.7F 4 A B 14 22 £
T 40T AR/ AN P a2 ik Sel Kl A JEUkb

FEAR A A AR IR A I MR 2 i CD3 65 RE 157, M TTT IS
SiR /NS ST A X SE R 2 1 BRYATEAE ), i BT
IR PRI ERIR (Alzheimer s disease, AD) /) ER A IA %I
BRI ST T Sel K4 45 R, i R
DHHC6 HAE , & FIMyD S8k Bt Ak i & ek /b, H R
Ji¥NF-xB/p38 MAPKIE H BN, & IR K215 T 1Y
MASLD/INUF I WA 3 it 42
2.3.3 REHAT

I FR AR MUK ZERR IF 5 A= A 16 sh i A% 0 5
filt, — ELRA o 24 o AT R A PR A
RE R A AH DGR U PR S RN 2l B ks A Al A 55 22 F g
PRI R E R . ALARAR KT 5 Z2 R8P
UMK

HUR IR IR i 5 AR IR R Z R 456, x4
ErBE R AR A S A R R SR e )
IR AR J 22 R i AL ¥ (iodothyronine deiodinases,
DIOs) % ji% , 114 DIO1 . DIO2HIDIO3 , &2 15 i 47 F
ARIR I ER AR 0 SC BRI 2 19 B B . DIOs i K 8
TEPERIATR IR AR 2R (T4) 3 Ak A i P i — it
AR JFE R (T3) (DIO1 ,DIO2) 8 # ¥ T454 4k J I
A T3, MR IEHR IR R (DIO3) , 77 R R4
TEVEFF R R Z e ). DIOT 3= BEAE AFAE R Ak e
eIk, T8 3 50 JRE ) FROPR IR ICR TR e , I ST R
JiE BT AR, A3 465 AR s A0l =R A 5 T
BR14T. DIO2 3= B AR (I i 41 4R s L v 3
ik, Z 5ReEIHFER AT . mBRDIO2, /MR
B AR N L A2 AR B A A KR B

SepPHE Al 8 1 20 rh 0 B R A Bt =2 — , U
Pz IhRET I NTEH o SepP4ita R, 55—
Al A AT B Sec AN a] , HAN U AEN i D) RE B 4%
i —4~Sec, Clii U REHE 2 = JE W 4291 Sec. XA
2 Sec4i {1 SepPREAS 1P G U , VE N EZEAY AT
FARBE WA S8 L 2 A B 2V, AN 4
FrJripaifa s . RS UESe e 3 S N AE g
A B, SepP M HAR S B2 BE 2 1 32 AR ¢
# F1-8 (low-density lipoprotein receptor-related
protein 8, LRP8) &AL, B T &L Hlis% iz
THREAL , SepP ik Wk S Vil 42 LA A -7 7y SC Bt
JFRE /IR F . ZEMASLD AR FIsh YAl o | AT
FML3E SepP/K V-3 i 2 T+ , I H.SepP I fig 38 1+ 17
P i 2R AR U IR WAL A& g AR e
SepPid 2 IR I 55 o & 2 A PR B8 R
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A E LN FZ—. /MR TR iESepP s
S BECH IO T e 0 I 2R R R 1T R SepP
WUAT DL 2 ek N B IR 5 S TR R AP T
H/NEIB I ARIAE 4T AR FHLRI T TS 2,
SepPifl i} Z2 H IR AR H S R AR Sk, —Jym,
SepP A LA B H24 il 9 &% 2% 5244 (insulin receptor, IR )
J T Y AKCT R A , DA T BELA: 210 i %o 7 25
WIS A R, TR L Pek 1 FIGOpe 5 A 5
A OCHER I ERIR . 53— 7T, SepPiE A NI 45 &
JFZ ZARLRP1 L JAPP2CIE M , 1M i AMPK LR
PRZRIE o T 1Y AMPKON AT GLUTAXS #4511
PRI, 30 2538 1 PR A CC2 B R AL K | B X
W2 BG4 o 2% 2040 A N B H A ph
2R R A A BB BT Rl ) R, 20 iR SepP
STTR/AK T 538 ¢ (g 3 iy 01,
2.34 Hfth

AN A WIS 5 T B A
R e AR R R 91 A R AR A AR O i g
(thioredoxin reductases, TrxR) % . TrxRFE G &
A 1 A 80 (thioredoxin system ) A9 AT £
fif , Secfi T TrxR A CAR vig i P 7 25 o TrxRAEFL
NADPHARRS 8 [ A7 A 2 1 (Trx ) , il H A AL
A5 (Trx-Sp ) i U PRI RS (Trx-(SH) ) o 1SS
A Tex b MDY , il i i — s S 5 Z R ik
TR, ALIEDNAS R L 20 4 58 R AR AL B 2
TrxRUE M8 40 M A 1 R 0 il , LR R
Z23ERRE T R, A e A4 A L LA AR ) I A
WERZ AR, W /R0 ) Trx R A9 30 1500 7] RE 23 R
EFERIPUIE W) o TrxR2FEZR A H i i 346 JF Trx 2
PRI LR AR G 32 S A 07, X T Lok D e A 4 g
FETE B CHEE . TrxR2GRFAE S F BRI A AL N
ST, B AN RE A Qi BE T S A A T

fifi & F1H (selenoprotein H, SelH )43 57 & {37 T4
A%, e — i A BN 9 R AL R DN A 2
HEA, Eilid AT-hook % ¥ S5 DNAM HAE A, 78
SR NI AT DL VR AR 2 I b R A B (-
glutamylcysteine synthetase,y-GCS ) I+ bt H k-S-
H: ¥l (glutathione S-transferase, GST)mRNAZKF-,
DASE e M B AR T RE . RIS R Hvl fig
SR ZBAT TR B A A & AR C ST

FH A% 22015 VWA 5 1 (methionine sulfoxide
reductase B1,MSRB1)J& sy ME——FpJg Thili

PR R S 2P S A i il 2 I 1l B, B R RO =2
B S I R SR e T A S A P e R 1 [+]
PGS . MSRBITERT 5 il v s B ek, ik ik
iS5 M E BB VA C . A UES
MSRB 1 &3k Bl /N B 20 Bk 2= L 3175 1) 2k
R AR

3 WS FTAERRRIER 5

JHFREAE 4 B AR b b A% O PR 7R
B ALY A LA T B R AP AR 285 g e i
FOR U, HH B IR H A B RE A 4R R S i B S A
Ko —TUHTG12 9758 M FBHE 73 B 2R B
PR 8 (98 HFREAL ) AR /K F- 12 251K
T HALE OO | i 7 2 T IR (kR ST 7
AT BEAEAE SRAH G
3.1 RGIThEEFERSHH X AE A 1% AT% (MASLD)

MASLD & 88 42 3K P (018 iR o SRl 1Y
ST B R , MASLD 2R LA T EL #1838 %,
oA AR ) B B 5 AH OC i U7 M HF & (metabolic
dysfunction-associated steatohepatitis, MASH ) i f TR %
5.27% 1, SAMIESIT , B20404F , 2 BR AT REKA
2 A FEERMASLD 3, MASLD 4 5 2
JF I A 177 72 1 £ B 2R G A S, (436 6 EE sl iE
B B 5T 55 50 (body mass index, BMI)>23 kg/
m? 2BOH PRI , LA B >2 T2 A A A 1 L
Hih=EESE . BB R R, O PNl AE M
ali VR 5 2887 % ' IMASH , IF ml gEiE— 20 %4k
I FFREAL AT . HATFDAIE A AER & T T T8
JYMASLD/MASHEAT £F 4 AL (1 2451 HAT20244F3
H g AYResmetirom, Resmetiromff A —Fi HUR AR
1 Z 5214 B (thyroid hormone receptor beta, THRB )£+
PERSI , AT AR TS PE T35 AR T R 4 AL,
T 00 BT TR D5 28419 . % T Resmetirom , FI iif
AT —BE A AT THE SN T 22 EMASH ., 5T
HAEHLHIOESE , — WS U T THR B SN et
AN M A=K [HF21 (fibroblast growth factor 21,
FGF21) 2% | 9 & I8 25 48 iR 1 32 4 383l 37
(glucagon-like peptide-1 receptor agonists, GLP-1Ras) .
GLP-12 R ANz ok S APy 5 AT S K
(panperoxisome proliferator-activated receptor, Pan-
PPAR) S al157 X SPHHL KA MASLDRYT R, 45 2R K
MGLP- 12 5 50 77 52 it JF I J 7 722 M e A3



1438 LAl AR R ()

H38%:

FGF2 1 L1y ek JH O s B2 17 8 il 2, THRBIAK
R E Gz 0, B TS 25
T, FRFAEMASLD 6T H %) 31 2Pt 20
. WVE N R EEN LT MEITRZ —, A
MASLD TP Rl A4 3 A

FFAE AR B e FEMASLD AYAZ CRFAE , e R A
RIER) S — o JFIENRE DTG 05 sh g i Lok i
AL AZ B sk A1 E R T R kg o 2 (s 2
iR AR RS 2 , S BUH AR PR , i — 205 &
SN B A B A 67— T Fimeta /3T B A
AR A RFSE o, kb T LA S 2 AT I
J& ig 25 F AH [E B (very-low-density lipoprotein
cholesterol, VLDL ) 7K, &L IH [E [ (total cholesterol,
TC) FIMIK % 1 A 85 (1 IH [E 5 (low-density lipoprotein
cholesterol, LDL-C) B R BATC g & 25 5%, (HAE W 21
Sy Frd iR F200 pe/del T E] K 24
i, TC fit 2 P& IR LDL-CZE <8 J 1 S 10 1 i Py b 2
REATK, TAF B AP 1 F5 X6 A g 52 4 Qi A2 7E — 22 5%
w8 el TR PR A RE Y R BRI, —
SR T EARRNE T, IR% T HXTHLARE B4 G
(R SE 0 o i SCHR R i R AL T JLAR B 8 2 N
MASLD 4545 (% AL, MASLD 82 T IE 4K
SR A I ROS 2 AL BB IR BT A2 2 AN
T FIRE TR , T8RP A i ™ A, eI 4
JELMES 1 52 B, Fre R TP A BT T 1% . GPxafE
R AR VR B 52 th il A (1 2 — , W] LLGE
I BEA R R B S A IR BT, e A ST
MASLD B # AT A A G700 e Sk R R PP
AT & 111 (selenoprotein 1, Sell) AJ fii 525G /N B
W BRI T A, B S Tk AL AR o iy 5l R I 2 T e ik
b RIS R AR DG LN Feak 3T BB gRITSE &
PR, ERE M AT DL i SelHA 5 AU PPAR a-FAO#H , fit
HEIFERE D72 S8 Ak , T8 22 IR B2 15 IIMASLD/
MASH/NRUFRERG I R 72 BARIR A
MASLD & 1K R AAFAE—E e, (A C A —
BB 5% A AR I A5 HAth ) S5t i 2 T FIMASLD .
558 AR A L, B AR T LA S AR o R
R /NRILIETC .LDL-C/KF, F M SREBP-Ic,
FASZE g 76 A G HE R, T PPAR G #E i 17 R
AL VB R A TR AR ) A B
(Se 0.05 mg/kg-bw+Mg 5.83 mg/kg-bw )k H [FAE AT
D3 2 9] R s g R i B i e 5 e v Mg

PR R BRI S BRI RERE AL AR 5, 4P T sl e 7

R T LR AR B, A T L i 9 AL
RS RIPUEMMASLD A & . FH & A S Tk
JERTi(0.01, 0.04, 0.07. 0.10, 0.13 mg/kg ) BYFRARHA
FR/NREFZE4 A, A9 Y iR Hil e Ji2<0.10 mg/kg
B, /INER 2 B L B P W N 2 0 FT R 2 R , IE
A Wk B (AT AT R4 BILAA I o A BRI 22 00
) (AR S S AR L RO
AR 7 A L AR G TR 2 I o & Ry U Rl
RO, K7 PR 5 BB i . e,
il 3 0 308 o 22 B A 400 ] S8R 38 B T I A%
FE R o FIH B BB TC 2 T 44 K i T 30 s i R
B FIMASLD AR BUR AL, & IR BUIFIEINK/p38
18 B I A IL- 1B IL-695 A AE R 7 /K - g 3
TR,

25 LR il 5 MASLD % B () O B B 7
NI A AAEAERF S5 Y B VA G (1814) o
3.2 BB HER

H S DA ZURGE W, B4R 5 T 40% 1 T
P SN AE G, SR LA I E R GSHE
B, S TE A R A S A N A GSH, 77 A=
KEROSHIA B ™) LB, 2 E0™ 5 1 FH b
PR IR D BERE AT, E— 20 77 A RAE AR IE S
PRI T, RAIFSE R TEAS YRR (alcoholic
liver disease, ALD) 34 Il i G i 35 10 (et 5 X6 AR
A, GPx I P B A A A 501 A A W TN
(malondialdehyde , MDA ) Fl & [ Jii F %& ( protein
carbonyl, PC) . 3& Ft 17 , K5 /8 ALDR 2 1] fiE -5 G A
SelT8) A T A AR SRR R, B ik
TGP A B R R 175 5 0 T A A R e A -
I G R e 3 Ak P 2 T S 0 4 ) S AR L, e B
5 3 e R L G T g Ak B A S R T AR AR
Yy Caspase3, [F]H} [ 1740 f0 4775 8 B p70s6k , A7
TG W E ST s S S0 1 — 0 IE W Al AR e 4 v
DL S 23 ALD /N B SR D5 A8 P L AAE 1R S
ANMIIRBE 70T, PN B AR A v R R 2R 1 Ak
PHRIRG 1755 450 07 %) JHF D AR A48 e A /08 B, ] OUR
SN A M TE 7 181 F /0N BRI 95 45 F0 g o ME AR AR
BRI & ARG W] DIVE M ALD T 0K
W SOT A A 0 G R i 2 T AE 38 o
P Al [ L A DG P 1 Y e
TR A T ) 12 98 TR KT 45 2 3R A% W 2 A0 T A
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Fibrosis

Active hepatic
stellate cell

Lipd syn’ihesis

El4 #MAZEZEMASLDE R I ENLH
B A IR A AT 2R, A, T S 5 9859 R D5 1 A BB B A Mg B AR ol A 1 s MA S LD E R 105 28 4 , 3 3 TR o g
T A A0 ] 40 M AR BE T A I S RE VR T AN BB A7 , B 30 W] LS S B0 ok 2 bR A0 R 5 e 2 A, AT S 20 4B
ZMASLDi# . Hepatocytes, HT- 4l Jifl ; Selenoproteins, fifi & [ ; FAO, fatty acid oxidation, J&/ifik &1k ; Lipid synthesis, J§Fi&
i ; Hepatic steatosis, iFEE A5 ; Lipid  peroxidation, i iitid %4k ; Ferroptosis , #k#E 1= ; Inflammation , 48 5if; Active hepatic
stellate cell, /G LAY HTF ARG ; Fibrosis, £F4EfL ; NF«kB, Nuclear factor kappa-light-chain-enhancer of activated B cells, %K
kB,

Figure 4 Potential mechanisms by which selenium supplementation ameliorates the progression of MASLD

After being incorporated into selenoproteins in the liver, selenium can ameliorate the progression of MASLD through several
mechanisms. It suppresses hepatic steatosis by regulating lipid metabolism (e.g., fatty acid oxidation and lipid synthesis), inhibits
ferroptosis by eliminating lipid peroxides, alleviates hepatocyte injury by suppressing inflammation, and mitigates liver fibrosis by
inhibiting the activation of hepatic stellate cells.

PRI 75 — I IASAF I B XTHBY i A TR AR BE VT T

33 REMFX

LA R TE (HBV) MBI R EE (HCV)
FEF 53 1L DX V2 AT, A2 08 e P 0 R s 1) 2
WK Z— o SR EETESNE N RS ] LA S A i
I 75 1T 7 A R R B 2, B 2 BRI INE
AL TR AR AE SR S M0 0348 RS, IR
S PR AL B 25 PR 520 i SC L 204 S il 22 Bl i
5 R A0 A S i R G D) RE K E BLUEAHDG

UEHH, 5 TO ARG AL BRZEAH EL , 4 Ml 2E A TR 9 g 2R
FEAK35.1% 530, 5 — IR 58 X5 R HB VE 18 Bl
PR £ A TR M AL B R PR ko R ZE A L, A MiTZH
FITHBVE i {7 R 3 T125.8% 54 HAS f5 ALk
ML AT BE Y S Al X HB VA% 53 A1 A2 il i 72 A 410 okl
SR (ZN=RY STy il N
3.4 BFEF#K

JF£F4E4k (liver fibrosis) 4245 #0445 405 1)
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H38%:

IeRMEE N, AL AT 4E AL 2R B B, AR B
YRR IR AT, S5 D Re E Az . ARk
B £k 5 FRARAAE S T AR 41 Y (hepatic stellate cells,
HSC) WG AL AN 40 e 7N L Jifi (extracellular matrix,
ECM) i BEDURR , i S8 A6 R HUR HS CTG AL A S B
AN R 2 — 0], T T 5 [ A = R KA R

S EFIHA BRI & IAEMASLD 5, 1l
A5 LT e Ab A e 87 A IS & BBt iy
RE R R BT IEMMPs ik EFHRITIMP1/38 5T
W PRI T D0 K X HH B S T Ak 8 B S iE
AMATAT LA ) P S A 75 1N BRI IEH S Cs T Ak
IFEMRHTEFAEAL s 8045 2 3 T LA i 18 5 154k
FRTES C A T MBS 36 DU SR A B S O T 2T AL
BEAb, a0 g A TR 7T 3 3 9 DR A B R 1
“F1(silent information regulator 1,SIRT1){5 5, #Ii
MAPK(5 5, i — LB LT 4L .
3.5 BrempafE

41 993 (hepatocellular carcinoma, HCC)J&fF
S AH DG 1) e R AR T i A, 2 2 R P e 1 ¢
RO BE . 18 9 5 AR AL W S B DN A 1 Al
B PR 2H A F o R R A B T B L g Al
SCHIT AR AR 55 AH DA 2 1 E AN SRR S i S0
IR AE R il 5 HCC & R AFE DT AT FUI 1Y .
SIEH AL, HCCHFA 2L 1Y SepPRIB /K- i
EREAR, 10 S E SepPAK Y- X5 B ARG 7K F- w55 B2 AH
S8 BT XA AR S R R R 1A BIE SR
SepH kK 23 S HUZA - DI HE 2L , i@ T RPLS/RPL11-
MDM24 i p53 , V5 S 41 i B S B A 704
3.6 Hft

T — 26 T J0E Ay 20t 30 40 1 T vt A T AR A
Mo TERFEMERPUA: R 307 8 AR JHE
PRRE FTA Q25 AL A/ B b ST AR S A R 9, 7T
DIE IR T R, g IR A, i 2= S50
Ak R PERTFH ) AN i R AT LAGE 3 miR -
155/TRAF3/MAPK A 40 LR FEAE T, DA i
FR NG 2 8% (lipopolysaccharide , LPS ) 55 A X9 i
WESRAE , $ 7 # Ml 58 7] LA A LPSHH e 463493 (4
ARG ) 167 S I TR g 8

A ANASL 2 52 ) U A A PR SR 38 25 DI AR
Ry A 2R B DR RS . A R
N SepP & £ BRIz 5 H , N 21> Sechk
B TENEG BUG 430, A 24 B2 20, S HA A

YU A R4S SepP S AT HE/: 4 B
A AZ ORI A Y EE A | JFE Sep PR IR BRG 2
51 kA B KIS, G| R A 288 E A
FEARAL . RSP RBR T AN HESepP i , L% SepP7k
SR8 25 1E H A A0 4% 5 [R] s 56 A B A6, /0N BRUFE A
HR AT A AT LA A 2R B | SE MU B i S RRAIG,
TP ™ E AT R R AR KR TR, B
KA FAN, KIE 4 B U oy
ARG e AR S R A = o A B PR SR
SepP /&, /N FRUIG At 7P 45 31 J& GP x4 Fll Sel W 1 ik
BETEIRAETEMSRG R EET Y. f
RS2, 7 HAMAI S b R 5 P AR I IE Sep P, 1 3%
SepP /K V- i E FEA , {H At 7K AT BB 4R 7 — 7K
-, Bk T BN 37 B3 RE I, 165 7 ISR U 1 SepPAS
SRR F M — U G PP A SR R R

4 PEKSRE

25 TR A A A 4 B T R A2 B
M AERE 2 OCH 2, /I Z A X 45 Al 2 11 D) fg
BLHI IR SE 5 F K4 7R T I AEAL AR A G +F
T S E T . SR, B ATE & 2R il
5 f B 1 80O 2R 0T IR T B A TE AR OG T2 S
“U"TEMEL, BN IE f Ml 25 38 ML 2 11 225 7K
R AR (R M 2 e A R E . Il
il 7K -5 2B B s 2 s RIS 18 R DG B 5 2 4 M
SEMESOCRER UL IERZ—, —
it meta s B A 2 LB PEAZ 4 1 4 Mg O AR
WP R R AR SE A, K IR O A i
5 EE I (100~200 pg/d ) %8 1AM+ 15 (4~24
J ) AT LA A R Y i i AR i Ak
— WK IR TAE 1Y 38 R S UE I, B R AR A 200 pghif
AR 5 00 BRI (B AL TSR0 ) A L, 2 BB PRI
SR Jo e B 100 DA R A e A A
R 2 UM g A XU PR 2R o A, b M i 23
VR NEYE & R 2505 LA S U R
U A B 40

T Y R B HEXE B & (dietary reference
intakes, DRI ) 1 7] fif 5% % =1 8 A i= (upper intake
levels, UL) , 2BRJUHE NI I05% —dnifE. 7E9EHE, 5
PEHELE B REEAANTS png, Ve RN
60 pg, XTI TR TAEH SN DRIBRHE : 531k,
AE T34 pg/d; ik, AETF26 pg/d- . #MfibRiE
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Xﬁfu% (1) 32 2 i PR N AP 5 2K PR b s, ol i A1
A2 5 o AN, 7578 )7 S5 R T > 15t Y
E% , HPJH*)\%‘? Le i, A R AT RE R T
AR IKFE SR AE I 1 FFFIE Sep P& B , 45 2H 2l 5 AL 17 o
1%, BRI 5 1E 5 AR LE, IE e 8 5 T RE R 22 B =y i
BRI ATKT- LA ZERE 42 B % AH U A 1 A5 K-
%ﬂiﬁﬂy}“b 101]
N T HES AR RANAH AT — 2 RN S AN
FH AR B9 0 5 £R i RAMITE A B i, S8
FEHERI A ML T T, (1) FF A R AFHERIHL
AHIT AR 25 75 0 DA T B et sz W AL AR P PR 25
MsrB 18 A A2 H il fie 2 AR S Ar &4, X
ARV LRI AT = A Rz P8 SepP R HL RS
ZH LGP R AT DA A AR AR S (i iz AN
E{ﬁ%é{%@ﬂjﬁ@ﬁ@% AR AR B PN 5
Y7 R RIS 3E AR S R B . (2)
FTEBEIN A R W B Sl oK 1 1 s AR Ak iR R Ab
T HEYT B S o B AN A B Bl R A —
FE 25 I IMMASLD I SepP 1 SAC LA T 5
DI I 0 , i & e LR B, i I A6 %
RS | H TR I A SepP/K - i A 14893 7
18 M & AR R A, RINAR T DA o 9 ) A A
P B ST KT, 20 2L 8% 5 AR AR 4 e

E““O” 2 PO &R AR G B, AN & A
AR B R R SR AZ ARSLCTA 11 R 151

ﬁﬂﬁﬁ%ﬂ&%ﬂﬁﬁ%éé‘ﬁmﬁdﬁﬁ AT g i 92 4
T AFIE IR g1 10— o ] f i ot
2 P 20 1 N SR A SRR, 0 R AE T A 2
T PR AR A A AU R o {H YA e A i
SR 7 A RE AR P, SRE AR SRy gm0t
DR, 3 R ] Rt 2 A IS P 3 A TR ¥ T PR PR A
T3 58, X BT 1% IR X0 A e i R i 2 P RS
s R
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