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Abstract

Metabolic dysfunction-associated steatotic liver disease (MASLD) is now the most prevalent chronic
liver disease worldwide. As an upstream hub for nutrient delivery and gut-liver signaling, the gas-
trointestinal tract influences hepatic steatosis, inflammation, and fibrosis through the transmem-
brane transport of glucose, fructose, cholesterol, bile acids, and fatty acids. With the recent update
in disease nomenclature, expansion of gut-liver axis research, and rapid accumulation of therapeu-
tic evidence, gastrointestinal transporters should no longer be viewed merely as “absorptive chan-
nels”, but rather as an integrated network linking “nutrient sensing, metabolic reprogramming,
disease stratification, and therapeutic intervention”. This review summarizes recent advances in
glucose and fructose transporters, cholesterol and bile-acid transport systems, and fatty-acid
transport-related proteins, with a focus on SGLT1/SGLT2, GLUT2/GLUT5, NPC1L1, ABCG5/8, the
ASBT-FXR-FGF19 axis, FATP, FABP, and CD36. Recent guidelines, meta-analyses, and representative
clinical trials are incorporated to evaluate their mechanistic and translational relevance in MASLD.
Current evidence indicates that SGLT2 inhibitors improve imaging-based steatosis and some non-
invasive fibrosis indices; GLUT5-mediated fructose transport is closely associated with insulin re-
sistance, fibrosis risk, and fructose-driven steatotic liver disease; NPC1L1 remains a key mechanis-
tic bridge between intestinal cholesterol absorption and hepatic cholesterol burden, although
ezetimibe has limited direct benefit on liver fat; the ASBT-FXR-FGF19 pathway represents a major
post-2017 expansion of bile-acid transport research; and FATPS5, FABP1, and CD36 further connect
lipid delivery with lipotoxicity, inflammation, and fibrosis. Future studies should prioritize organ-
specific intervention, patient stratification, and combination therapy to promote precision treat-
ment in MASLD.
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Table 1. Overview of major gastrointestinal glycolipid transporters associated with MASLD and their research progress

1. 5 MASLD XM EE B BRI E AR EMRRERMT
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YL 3 g R A A B, 33— D B S SR AL FE . A F TR R, YT R-FXR {55 AT 5 LA GLUT2
HNRERI B R E P IE, JE ARG R A RS, FR, 7iE FXR IEMIE A] i i SO 8 B 20 ofn s
JoE W W R R P R BT SRR [8]-[14]0 E—PE, Em B AR 5, GLUTS /3 1 R b
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PXR Fll PPARy S22 PR 245 4% . [Ktk, MASLD H ¥ 5 1718 3% 18 57 8 B0 G A W B AR O 22 KL is kgt [R]
Z 52 RAT, A RAE TAL5 1 I F R N[12]-[14]

3. AERESREREK
3.1. SGLT1/SGLT2

SGLT KM AN 2 T AL 0 )i i 5ok, b SGLT1 FE A T/ Mg bR, 2 E
TN P ZLUBE RS A% O I8 44 s SGLT2 M S ZESRIA T B il il /N, 725 WE Efioh 4% 3 SAERI[15].
ME WGIE 12 fREE, SGLT1 BEYE &5 ik i, 1M SGLT2 i MASLD & X 2 A R4
WS AR 25

2024 FRGIFMGIN 18 TFEHLAT HEIRES . 1330 152 30E , 45 R Box SGLT2 il ) v] B35 52 45 5
ZH(CAP). JHIEAE &5 (LSM). MRI-PDFF }% FIB-4 Z&4E2 APEFEFR(Z 2) [16]. X478 SGLT2 I
A SR 2 R AR Ak B e, T SARE N IBEARI U . R IR AR ON R B R A SR
SENURILFEAE . SR, H RTIEEA = A T 6 9F 2 AU R B RER B2, A2 SR AT
FHORES A A Rt — P BRIE

3.2. GLUT2/GLUTS

LUT XEJE T Wy 8012k, GLUT2 25 g b B8 & HE AR S XU R #5328, 76 mpE g R ol R
AETHRAG N s GLUTS W /N iz R 25 e 3 S0 SRBEIG A8 AR [ 17]. fEm RBERE B 5t F, GLUTS /2R
WEE RN, ATOE kR R RN TR K, 4R 5 S AR A R T AR R RER AR B SR SN i B
P41

De Vito Z5[ 12176 ABERF 78 7R &L, NAFLD %+ 38 GLUTS KVTt e, H5RRESRILPTRATLF
PEAL G AR DS o JE— B RINLEIRT 7 B, BB g e 0] GLUTS wl s i SR 5 10 g 1 1 s 25 7Y
[13]o FIRUEHRAE GLUTS M “IR B fak R Zm A0 70+ 7 #A8 A B F T i 43 2 0 i 1 B o) P 9 )
AR AL Z N, GLUT2 BEIE G AR AbE ffar S22 5 W IR PR IR A e 1 B B [RI AL ) 4 R

Table 2. Representative transformation evidence of MASLD related to gastrointestinal glucose and lipid transport
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Semasluid 20251k % 6 MASH ZRRAANSETIT  $on kSR B0 5%
cmagiutide /AASLD Hi[21] FEL IR T R IF MASH 45

4. BEEESEEE RS
4.1. NPC1L1

NPCIL1 ArF/NizhiltRE, i AR [ B A R SR AH [ B R OB 1, o Ak T 22 A (i 22 g
221 NG b RERE ]2 ACAT2 figfl, JFAE apoB48 FITRLfA H il =feFiz HAIMTP)Z 5 N
FRFLBERRLEE NJEFR . K, NPCIL1 FRARGR M AR S — 23 T4, 1 fi T L ] e oy N\ P e 20

&R ., MOZART FEMLIALS W, MRITZEAT S Ae PR IE [E B2 Rl LDL-C, {H7E MRI-PDFF Jli#5
(Y i BT T IR A S 35 0 T 22 JEERI [ 18] 0 X Ao “HL IR 7 FEANSE [|] T~ “ B2yT Rz ar 7« JRAE W,
NPCIL1 /52 fif ¢ JH [ B AU AL MASLD FEE BT o AR IR o, PR il g e M I e 5 B A D
Tz JE DR e TA T Yk I i 7 AR R AT Ak [ 23], 306 A i L 3 e 3 7 e e R AT L OB E A

4.2. ABCG5/8. ABCA1 53LBER

ABCGS #1 ABCG8 PR — AR ARk (S B/ HE, %41 NPCIL1 M~ FHI$HG: ABCA1 25 [0 [#
B [e) apoAl M, S0 I ) IH [E BE iz [24]. #E A bR IR I i — P4 ACAT2 Befb IR el 2
apoB48/MTP S 4514, WIEE 5 & s FLBEWORL FEE NJBFE . BHUbmT L, 3T @ AR A [ B R B 1), o “ 45k
. AhHES BRGS0 BEAKEBR RN, AR — KPR K.

4.3. ASBT-FXR-FGF19

[e] f BE i BR B35 AR (ASBT) A S BR R, Bt J AT 0% I FXR IS FGF19 (Wi ik 258 Fefl5)/™
A, JEF RGNS IERR VT R A R, R SRt RS . 2B E “UiE” MBS R
TR” WEJEME, AR B s A 75 i - FFET 70A B Rk A 0K .

2025 RGN RN, FXR Bsh7 243 ALT. AST. GGT £ MRI-PDFF %535 ¥5, (HJ%5E M R
FHORAN R AT BRI IL T2 B [25]. HUbFEIES, SR, [l FXR @ el i i sos eyt meis f
B A 22/ MASLD [26]: 53 —IT 7t SR, WRECCR BT ksl FXR-FGF19 30 Al e 2 5400
HFE27]. IXUEgERRI, BRIV RRIEEE T IR E X 5 U FXR 51418 FXR. X4 IR RIS R 45
PESZARRN, o SR B AT A A 17 2H 434k 43 1k A 6 s A A T 4

5. RRFER¥EHEXER
5.1. FATP ZRJi%
FATP 553 B g i Be 5 1o AL IL 4 A & RIh At . BT 50 22 5675 FATP4 76 /N RIIR ot i £
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JUE P P A ) B L, T A R A A WU A 7 1) 2 B RR St FATP 2% A L0k Ml Joa 4 RSO I 2 12 1) 5
M [28]. 2025 FMHFFE RN, FATPS Sk nl @i s I o 2 . FRAIRAR R 0 T2 IR o 40 i) AH 5 AL
0, MR MASH £ A[29]. X UiH] FATP 730 FAGE W IR DT RN &, B IR 25 W iR B2 4 1%
gl B 5 2 ik

5.2. FABP &

FABP X %% 5K R I 61% . B FIARHME 544 . FABPL £ & %1k, FABP2 Ul
FEWT /Mg ER[30]. FEHK, FABPL FIRGZMESZ BT 2 00 . 2025 A4RE 1# 8 FABPL )ikl 77 7E 1
Il K MASH #5578 i BRAR AR R B8R JOE 2R 44k BRI 3R [31]. Ik, FABPI A 3 B AE YR
EARE T HE s AN

5.3. CD36

CD36 BEZ 5 KB BRI AL, 58 AR BRI« JORE O AN 20 f BBk % o 22 dLifF Fe R, CD36
J& LXR. PXR Fll PPARy 5% 52 AR IL RIAFE I R s, Al {E st AR [32]; LAE MASH i Fific
59T RAEMA4EEVIMR[33]. Hai%t CD36 AR antl, BIILEUR BN S5HER 5540 4
HISR ARG 0 M 2 A 2 DA DG . (R, KRS %5 FE L) CD36, B8 & FI A SR AT A PR i) FL A 5 4 2R3
FEMY B R B0 TR, 1R R AT 4 B P

6. IRRFEHSIBITRIR

IEAESR L AESUE MASLD/MASH 89T A% S5 10254, AR st v 3 — B i i s ik, medid
BEI - FHACUR 48 T TRl e s M A DSl % . 2024 5, resmetirom #& T 11T #3645 S 3k FDA #itE, HT
PR EE AR MASH B, BONE AL MASH 1697 259[34] [35]. 2025 4, semaglutide 7F
ESSENCEIT #ia{5s  [] 1 15 1] MASH 22 il FAF- 4EA0 235 P I 222 55, [l 5 FDA ik F T MASH,
AASLD 78R A T %% semaglutide 797 MASH f52 B 45 5 5 H7[36] [37].

X e AN, MASLD A BTG T “— gk Eidrd” , i s B i DUE A 3 S0
ML AR 1) 5 BB T

WM E, i CRESE” ARIUFE TInKRRZ I, TR BELE G SR E 1 Il B A G
(A 356 25 Wb B U BEAT WL 20 o % TRV BR #6438 J% FXR-FGF19 AIJGIEE, A% & IJEPR FGF19. IfLiE
7a-hydroxy-4-cholesten-3-one(C4) LA J2 IfIL i BE AT HH BRUEAE ik Fabn, T I BAHHBR A B— [T
BRA . CABIFA LR, MASLD/NAFLD 8%, JUHARLFYEbE ¥, A7 7E M5 M ISRV BRIE 22 C4 1
5% {H FGF19 fEA RIS 10 2R IR A — 8, I E A SRR RS B A fd i, iR sl
VER 5y JZ AR [38]-[42] 0 KT Hptie I [ B s %, 7T 2% & DL campesterol, sitosterol 45 [H [ B £ fig b &5
PR “ @R, 9 NPCIL1 AHKR TR AEpL il r BUKHE . (HIUA R STIerR, X FST8hr ERE St
B [ P R AR 2, X AR AT 2 A1 45 245 ) B S ) TS (BTSSR 8 [42] [43]. % T bR AL I il ik, s Rml 2
FRRHIE &+ 48 GLUTS RIEH @ nE IR R EE R O IR S35 hl$éR, GLUTS F
1145 NAFLD J AR 4k AR B INAE G, AT R e 30 GLUTS M mT a4 i S pE 175 5 100 I 107 P JHT s 2 284
[12][13] [44]. &K E, XEeFabr H & S /E AR RATIE DT SRS B Wk P EIE AR EY, 1
g AN A2 DAAE A F 2 R s R FH 245 T L o

FEMCEER b, X T SRR 2 B AN R A IS T BRI B3, AT OQVE GLUTS AHOCHENE s Xof JIHL [ 1 47 £ 2% LY
H, AIEFE NPCIL1 M@ M W& IFAEREEE 2 BUE R &, SGLT2 17, GLP-1 2B sh Al
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