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RIKBEPIIF AT B M. MRSt MASH BE8Y [ #5HTR ( palmitic acid, PA) /IR (oleic
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A RIA, SRR P gt MRBGIN (Hm =88 ) PSRRI R o Ji ik (AR A S DN
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P BL YL fh ( immunohistochemistry, THC ) S 2 GG (A vk DT A S B e AR . A A
KL T (RNA sequencing, RNA-seq) s-#rfCifii . &R el 16 A~k 2 7 5 K
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NN Ik Ubd 22N PA/OA JIRF AR BOMEAR, MK Ubd RERSIAS PA/OA 55 IR
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[ Abstract] Objective To identify key genes potentially regulating metabolic dysfunction-associated
steatohepatitis (MASH) through comprehensive mining of the Gene Expression Omnibus (GEO) database,
validate their functions in vitro and in vivo models, and preliminarily reveal their potential regulatory
mechanisms. Methods Transcriptional data from mouse [choline deficient diet (CD) group vs. high-fat/
high-cholesterol diet (HFHC) group; CD group vs. methionine- and choline deficient diet (MCD) group] and
human (healthy vs. MASH) in the GEO database were integrated to screen differentially expressed genes and
conduct enrichment analysis. In vitro MASH model [palmitic acid (PA)/oleic acid (OA) co-stimulation of mouse
primary hepatocytes] and in vivo model (adeno-associated virus-mediated liver-specific gene knockout Cas9
transgenic mice fed with HFHC for 16 weeks) were constructed. The expression of candidate genes was verified
by quantitative reverse transcription-polymerase chain reaction (QRT-PCR) and Western blot (WB), and lipid
accumulation was evaluated by Nile red staining and lipid detection (triglycerides). Serum indicators including
low-density lipoprotein cholesterol (LDL-C), aspartate transaminase (AST), alanine transaminase (ALT), and
lactate dehydrogenase (LDH) were detected in vivo, and liver pathological changes were assessed by hematoxylin-
eosin staining (HE), picrosirius red (PSR), oil red O (ORO) staining, and immunohistochemistry (IHC).
Metabolic pathways were analyzed by RNA sequencing (RNA-seq). Results A total of 16 common differentially
expressed genes (Ubd, ANAX2, TREM?2, LGALS3, CAPG, LPL, CCL2, TOP24, CD52, EMP3, MKI67, TMSBI0,
CCDC884, S10044, CRIP1, TAGLN?2) were screened, among which Ubd had the highest expression level. The
mRNA expression level of the Ubd gene was significantly upregulated in clinical MASH patients and mouse
MASH models (P<0.05). Overexpression of Ubd in primary mouse hepatocytes aggravates lipid accumulation
which is induced by PA/OA stimulation, while knockdown of Ubd can alleviate PA/OA-induced lipid
accumulation. In the in vivo MASH model of mice, compared with the control group, the liver tissue of the Ubd
knockout group shows significant improvement in lipid accumulation, with a significant reduction in liver ORO
staining, a significant decrease in CD11b+ inflammatory cells in liver tissue, and a significant reduction in PSR
staining positive areas. Mechanism analysis based on transcriptomics indicated that knockdown of Ubd could
lead to significant activation of the fatty acid metabolism pathway, thereby effectively reducing MASH-related
lipid accumulation and lipotoxicity. Conclusion UBD significantly promotes MASH, possibly by inhibiting fatty

acid oxidation and aggravating lipid accumulation, thereby accelerating the progression of MASH disease.

[Keywords ] Metabolic dysfunction-associated steatohepatitis; Ubiquitin-like molecule; Fatty acid

oxidation; Transcriptomics
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PRI ) B B 85 AH OC i 107 14 AT 28 ( metabolic
dysfunction-associated steatohepatitis, MASH )
i g A5 2 RE B 5 AH SC A8 W5 £ IF S ( metabolic
dysfunction—associated steatotic liver disease,
MASLD ) B/ HIE =, F SRR A AR 5 AR
Z RAE AU AR e IRATIRE A R
MASLD % 5 AE A BRI N IE B 4F BT, 520
TAER 25%~30% N H, B BRI
18 PEIFAE 0T, JH7E 20% (1 MASLD f 3% Fh il gg
BT MASH™™. 75 JIF JUE %9 1, MASH 3k Ji& Hy
JRERE A . P 2 08 AR 988 1 XU 3 vy B0, 2024 4F
3, REEMZGEEE MR (Food and Drug
Administration, FDA ) #t#E T B 3 &F % MASH /Y
HUIR BRI 2R 32 1K B B I 37 Resmetirom, H:
A A T TR AR A B JE S I i s 41 i Ak it
T2V HRETE I R MASH o] (i 88 1 25 0454
B, P, SR AR L AT IR AT A B
TN BT RGN

HETHFEN Ny, IR A S i je MASH &
Jr iy B, R R SR IR 1Y) 5 i R
FUSAUEEAL, o mE R H Il =18 (riglyceride,
TG ) $E AN LGS FE o (B =K
PORAET ), SEUIENT 5 ABNIR ( nonestesterified
fatty acid, FFA ) $i ABGIN"" 761 5 ALk
KA G WEAT, HIE SREBP-1¢/ChREBP
S, et S BEATEE A R LT (acetyl coA
carboxylase, ACC) #1 g i BR & W (fatty acid
synthase, FASN) ik, JI# A5 kG AL (de
novo lipogenesis, DNL) , i — 25 a2
DURLUOL A FRA SRS k£ &
B0 ", FRA R ARG . B H I AR R

IR AR O C R NF-xB O #, fil & 4R
MOPRT . SR0E R Rk b B AR B A TE AL, HEShIIT
R - LFUEACRIR RN ", R FFA T 38 5 PR
FERR % A2 1 ( carnitine palmitoyltransferase 1,
CPT1) Jr FHILORIA B- E AL i AE, N
BEAHTE A (ACC ™4 ) X} CPT1 Y R As 3 i B ik
A A0 W i A SR AR IR AR 1Y 5 PR 4 (reactive oxygen
species, ROS) A a2 I 71 TG AR
AROCHE (AnH Il -3- BERRMESLAE RO . Bt H il
WS RSN ) BRI, BRI s S-PATRUIR,
KRB FFA LLfITes, ORRRREEME " #8m)
JR I RRA NG T w0 45 1Y s IR D R i 4k, 4
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T A A Y R A SE S V0T 52 14 o (peroxisome
proliferators—activated receptor &, PPARa) , W [
i CPT-1 1 3R3k, fEiE FAA fEZRi k1) %4k,
I NEREE, sl LIRS BORT A, 4810 ACC 8
FASN I/ DNL, FEARATAIHI A FAA f G "o
FHIBTIE REVEAS 5 AT A R AAE FIEF4EqL, DA
ZEff MASH i E "0 ik, #RITIRIIR A1
ST LA SN MASH AT 7 HR LT 0005

72 % D (ubiquitin D, UBD) 4% 7 & %1k
M i —F Y, BEAERFSE 4R R T UBD 4y
FHRA ZEAERNLE . fERIZRSF, UBD
AEA B E L, I X e R
1A R A2 R %™, UBD 34 i 3 2o R F 4
i D Re R T R FEER], S 5N 2
A4 3 K B RE . BLRTT R, UBD REfE 5 ¢
BN (40 pS3. NF-kB %) LIAESA4S &R
XM ESY, BUEMS, AR E M aiE
PP UBD i Al 5@ o JE A0 S5 5 1 A DGR
( microtubule-associated protein 1 light chain 3,
LC3) K [ - i EgiAE R ™ 534k, UBD
Al LU S 2 ARG (NZHEE 2 Sl )
AHEAER], e e 050 3 FEL R 5% s 45 5, T
Jivged At L Ay b AR A LI R A A
PRAEBRAE IR, SR, S8 UBD Y Z R IIRED
Wz W, (HATHM T UBD 76 MASH B
ARV FH AL 1 oA 58 A BTl . ARFST 5L Tk IR 3R
iKZEE (Gene Expression Omnibus, GEO ) B s
OIMTES PRI AE R T2 MASH B SCEEREN Ubd, i —
RS, RFATFAIEN UBD ££ MASH
TRRZHRE S AL, LU il € MASH RO NG
¥ RS S LT B
1 EREFE
11w
111 EBFHY

S i I Sh Wy sk B 1AL DU AR MR AT
FRNFE], TEICHRRE R (specific pathogen free,
SPF) PR TSR, A dgoKBER, AT
W1 6 J i e B A A0 CSTBL/6) /N . T i
BRI/ BRI 6~8 Jl i | 20~26 g B4 BF A T
CSTBL/6] /Ml AT s Se i i 2 AUH kAT, A
WSS B A A g BT -5 e A R 0 5 B S 3 sh )
TR B 2t ( GIMI-K2024082) .
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1.1.2 IR RFA)

AR ML (36 Gibeo ATH], $85 A5256701) |
DMEM & # 15 3% 36 ( 3£ [§ Gibeo 28 H], ® 5
12491015 ) . #H % K - # % R ( £ H Gibeo 2
A, 55 15070063 ) . IV AUGEEE ( 921 Gibeo
oAl BT 17104019 ) | HiSeript T 386 4% 5335
& (P E B 5T Vazyme 24 A, 575 R333-01) |
BCA # M & &= i #] & ( 32 [E Thermo Fisher 24
"], 5795 23227) . ECL k2%t B H] (Bio-
Rad 2% ), %% 5 1705061 ) . TRIzol if 7] ( 2%
[ Sigma A F], 5 T9424) | G HLZH (£
[ Sigma 2y 7], 5 A0650000) . Z& [ Marker
( 2% [ Thermo Fisher 2y ®], 5% 5 26616) . —
AH B (EZYER, 1785 10006818) . —H K
(E 2GR, 595 10023418) | J& & 21 4L ok}
( 2€ [ Sigma 2~ H], %5 19123) . g U5 4
(dbmt& IS, %5 LP0033B) . DEPC /K ( I
WA T, 485 B501005) . —PuHE B (L
AR, P25 P0023A) |\ KRIREL YR (Jb
FIKTF, B9 S8060) . TR (I
AWy, B35 E607317) . BT ( BRI DL &R
AW, B2 BA4025) | FEMEER (951 Sigma 24
Al, %45 P0500) . YR ( 35 [® Sigma 2\ A,
P95 05508 ) . 4L 0 Yt W (3 [ Sigma 2
"], $5 09755) . PVDF & ( 3% [ Millipore 2
A], IPFL0O0010) . FEAEHE ( R IE R A Y,
525 TSJoo1) |\ R EAE A 1R (db &3k
5 C8062) . RIPA R fif W ( L3 =~ K, %
5 PO013B) . — LR SE h R KW (TBS)
(EZGENR, 575 XW120842961 ) | =2 HI %
I H e (Tris—Bas) (BRI AY), 85
60105ES25 ) . Krebs—Ringer 2% Mg ( I3,
735 PB180347) . L M LR (EDTA) (H
EEZGER, 585 10009617 ) . Hanks Vi £h i
W (3£ Gibeo AH], 5875 14025092) .

1.1.3 ik

T Pi-B-actin, H¢ FT anti-HA . g T —Flag
¥I [ 55 B Sigma 22 ®], 5845 430 O AS316.
H6908 ., F7425; #fit —CD11b Wy [ 27U H A+ {54
Yy, %58 BM3925,

114 RERIRF>

SREEAL IR BRIk . pHAGE %%

K H Addgene A F], $854 ZT1665, MAH

B DU A Rl A
115 mhie%

HEK293T. HEK293A My [ Hh [ Bl 2 e 1L
B2 s A, H s 000h SCSsp-
5209, GNHu48.

1.2 KWHE
1.2.1 AR B S AR 2 AR AT AR X
Jig o PEAT K AR % K A

M GEOEHEJE ( https://www.nebi.nlm.nih.
gov/geo/ ) R MASH AH 3¢ 17N BRI ZE 41
LU A BRAEIL 17 DX LLZH Y GSE Bl . i
EFRUE: 74 (Normal vs. MASH) HJ GSE, %
FH R 4.3.3 B A% 1 () limma {9 5% DESeq2 {0 ¥ 47

SO HTe 255 BB SR AL EE GSES1432,
GSE53381., GSE93132, GSE126848-FALD .
GSE109345-24W . GSE35961. GSE126848-
MASH ., GSE194346, GSE195483, GSE109345-
18W . GSE137449 ., GSE162276. GSE156918 .
GSE119340., GSE207856-8W ., GSE120977.
GSE207856-16W. fifi F R 4.3.3 %X {4 1) DESeq2
AT 22 S TR B 22 e kik il . A48 R I
FEARFME R, PR 4y 12 8 fdi ]
DESeqDataSetFromMatrix PR B DESeqDataSet
X4, H i countData 2N 314X 6 %6, colData K
B FEAR S B EEAE, design=~condition
R AR FE N Z T o i . #
JH DESeq P& B DESeqDataSet X 2 E R
FIKHE, M DESeqDataSet % 42 42 BUbx i fk
J& W B . B S A GSE35961, GSE53381 .
GSE51432 BYME, it R 4.3.3 89 oligo £ %}
il e B B A TR UEAL AL 3, PR ] ¢ A i
ITd m ey R g, THE PAE, RHYIEZ
223 M ZH (Normal vs. MASH ) 1Y 22 A5 44
it upset() BREON 17 DL 1.5 45 22 5+
U H PAEATE A S T30 5, sc B HE
B bR FE353 P RCEAS (Py,) < 0053
WH P < 0.05, 10g2FC > log2 (1.5) . £ 174>
B A ) 22 SRR 1 v O 2 Y 0 3 SRR 22 5
FEPR S HE 22 AR HL [log2 (Fold Change ) |o 1T
HEATTE 17 DR P18 22 AR, 1= IR
Ry AT RS, A5 3 e 3k [a) 1Y) 22 S KL TE 17
AR AR TR AP 22 AR RIS DL, TR 433
A pheatmap 12 il #4 &l 7F 17 4> GSE B9
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IR v 1 I R D] 1 S 28 25 A AU,
PR RIRREL, [ FC 5B R SR bR,
GSE £ 7 J& 9 il /s TR F IR 22 BR— S AN
TR SR RO RS 2K
1.2.2 D RBRARIF e 835k

YEH] 6 A C5TBL/6Y METEEF A RN, (1K EE
20+2¢) , ZMEBEVIFFARGES TN HEE RS,
BAREAEWT: &M E#HKE & 226 24 (BD
Biosciences ) , E4ZEfHIR (37 °C) ¥E3hZE ( Harvard
Apparatus ) #EFTHREEHEVE . B 56 LA Krebs—Ringer
P (505 mM RN ) #EAT T K
HEE (AL 5 mL/min, 722 10 min ) , FFFHE M
WIEERG, S 0.1% IV R R R Hanks
A R AT WAL VE TR (B 3 mL/min, £F
215 min) o YOS E T IE B . 41800
Hi B AR, ST AR BRI R A R B 10%
Jifr 45 Il 3 79 DMEM = 0 35 77 B b ARk £ 0k
100 pm A1 70 wm 20 i1 i 9 X0 3k 98 4R 45 5 4 Jif
B WAL (50xg, 4°C, 3 minx 2K
FBRAE S R AN M K A E B, A S 1% B
- B R Y584 DMEM B 5% 3L 30 4 40 it 2% )i
2 1x10° cells/mL, 4% F IV B I J5 43 8% 19 1%
FIL, BT 37 C. 5% CO, fHiR K F46 (Thermo
Scientific ) H#EITIRICEEFE
1.2.3  ARIMAEADBR / iy BR 4L 32 16

FFFEREAEIR ( palmitic acid, PA ) /R ( oleic
acid, OA) BEA I (PA : OA=1:2) X} Ubd 7
/N U N 2k i DL B2, 5 B G/ B
AR 40 s 4 AT R S 1 7S L 4 B
FA%, BEFLANMECE R 60 1A, it £ tE
SR, YRR PA/OA I 0 h (B R s oot
BE) | 3h, 6hF112h PUSEFE] A
1.2.4 it ik Fe sl Ubd Wgm A2

i Rk TR AL DA/ BSR4 I Y cDNA
YEMHHR, FIAH KOD FX Neo [, 38 5% A BisE
2 W ( polymerase chain reaction, PCR ) FoR
P H L Ubd K55, ¥ AN BYS
BamHI i 5 Xhol g XX i V) J5 1Y) pHAGE-FLAG it
TP AL R AN RS2 S i R8s
I, FEBUTOR T 6 ARV YT LS TS
W IE B SR UTCR . IR Ubd B35 1900
5'-CTCACTATAGGGAGAGGATCCTCCATAGAAGA
CACCGGCGG-3', T390 5'-TCGAGCGGCCG
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CGTACGCGCATCGATTCAGGGCAAGGCGG-3',

g AR R A B T U se 51 W LLIR K
(1) 77 =X i £ BB EE . A T ESP31 g XT 18 0 B
CRISPRv2 Jim b #E 17 il U) (37 °C K ) , 58 B
Je X =y A AR B AT R, AR K I R
sg 7 4 A BT 52 A% ) CRISPRY2 #5044 H Ligation
high M FEATE#E (16 °C) . 3% 358 UG #HAT#%
fb. Gk, R EEL, SeUbd L 1iF 514 ¥ 51 R
5'-CACCTTGTCCGTTCAGACCATGG-3', I #if 5l
YIF5 g ~AAACCCATTGGTCTGAACGGACAA-3',
1.25  UbdAeX oy B e 7348 % fig by AT K
P T A 3

BERb i 2638 / R Ubd B4 B 278 /N BB
FRAFZH L, FIFH PA/OA (PA : OA=1:2) P 7EME
BN s 1] 55 S AN [V FE PAJOA X/ BRJSATH
YA TR
1.2.6 RNARRE L&A T ZEHERR
B ik X R

AT N, B AN A B IR W, O R R
b R (phosphate buffered saline, PBS) X} 4 g
% % 0L v 35 A 38 Ji5 J A TRIzol 385, $2¢ FR 138 9 -
HEAT 40 B RNA A9 $2 5, 052 RNA 19 4 32, A
HiSeript TIT 33 %% 55 1271 & #F 17 13 %% 5% i cDNA J5
A SYBR Green PCR Master Mix i 5] £ 47 PCR.
JIr A 3L mRNA 92235 DL B-actin NN 2, FEASL
BB WA AL, 2725 B 7 B xt PCR Bl b AT
SHTHE mRNA PAHX IR, Acel V5 19T
51| b 5—~AATGAACGTGCAATCCGATTTG-3', F ¥l 5
Y% 51} 5'-ACTCCACATTTGCGTAATTGTTG=3";
Fasn I Ji7 51 ¥ ¥ 51 H5'-GGAGGTGGTGATAGCC
GGTAT-3', i 51 91 ¥ 5 5-TGGGTAATCCATA
GAGCCCAG-3"; Cptla 7 519 ¥ 51 15'-ACA A
TTCCCCTCTGCTCTGC-3", e8I # ¥ 4 H
5-TACACGACAATGTGCCTGCT-3"; Srebplc I i 51
W ¥ %) 5'-GACCCTACGAAGTGCACACA-3',
5'-“TGTCGGGCTCAGAGTCACTA-3"; Tnfo - it 5
Y %) 8 5'-CCCGGAGAAGAGGGATAGCTT-3',
T 518 ¥ %) H5'-TCGGACAGTCACTCACCA
AGT-3"; 1I-1p L ¥ 51 ¥ ¥ 5 h5'-CGGACCCC
AAAAGATGAAGGGCTG-3', N7 514 )7 5l 5'-
AGCTGCCACAGCTTCTCCACA-3'; Cxcll0 | 51
Y %) h 5'-ATCATCCCTGCGAGCCTATCCT3!,
W5 WIS 5'-GACCTTTTTTGGCTAAACGCTTT
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C-3',
1.2.7 &G R TA M R G £ ik KR
fifi F RIPA 290 (3% 1 x 85 1 Al 46 70 A0
BERRBEED®I ), UK 24 30 min, H[R]R EE
% 31K, 4°C 12000x g &.0> 15 min, B F .
K H BCA VEMEWREE, JHE AR, Hed:1
F TR A FIREM 5 5 x SDS FREZE mhi, 95 °C
Ak 10 min, VK LER% . BLHEHE (10% N
WERE ) FH S0 uedi e, WEVERAMN, FiRE
4 30 min, [FRER: 20~40 pg/ FL, [RIBHINA TG
HE [ Marker HFATHLTK . FRUKSRMF: WAL 8OV,
ST 120 V, EIRMETE BT FIHH
FEG AL PVDE B 1 min 5565, FE ARSI 2 B0 -
TG U IR A B IR AR 4 — 1E
Moo FERRAEAE: 4 °C R HEREHE, THIT 250 mA
FIFH 5% BEIE WSk T TBST, 25 IRFEREN A 1 he
HH UG T —Pt, —PoRmRE: U0 L
FHEAWR R, 400 4 °C KT LK (8=
HE2h) o TBST M 3K, 4K 5 min, HRP
PRl =Ht (LR 1eG) , 1:5000 Wik, == iR+E
R 1hJEoeEaIE B, ECLAYH (AW B
Wo=1:1) WEEERER, HLHE 1 min.
22 UG ACR AT =, LRI Ta] (1 s~
10 min ) . i JH] Image] 2.14.0 ZKE43Hr 255 IR FE A
PANZ: B-actin FrifEfL HAREE &k .
128 WRFaFEeE

FIH 4% Z2 5 W 1 5 Jim A FH e % 20 e i s
A 24 FLANREEE SR A (FSE AR )
FE 10~15 min, A PBS Uk =, FFIEH B,
T4 0 DAPL 9 G AZ R G b HE] 8 i 3 83 v b AT
SN
1.29 A&

AR S BEHL 53 B NC-GFP . NC-Ubd-
seRNA . HFHC-GFP, HFHC-Ubd-sgRNA P4 />
A, HHHS 6 H/ANR, H NC-GFP Jyxf R4,
BT IER R (109%~12% FEA R, 3%~6% JE,
65%~T75% WoKALAY) ) 3% HFHC 410 =5 &
JIEL ] B 4] 75 2 (40% Rg i L BE . 20% FLAE i 2%
JEREEE) , AT/ MASH AR i Py
JE 43 91 5 AAV8—GFP 1 AAV8-Ubd—sgRNA .
16 JAJ5 HEATREAEOM , BN BRI R 43 B 03, 4
Wk JEF IO 2 0 ) % A 1 E MR T s BEAR AR . OCT 2
L) [ 5 2 B AR S R R 8 - A ) 2 A

b
1210 Ao if AALSHT

A S i AR AU R LR B R
JE 3 oA I S0 ) I e B A R R s A 1 L

(low—density lipoprotein cholesterol, LDL-C) . K %&

IR & FE % %% W (aspartate transaminase, AST ) |
NE R E R4 (alanine transaminase, ALT) .
FLBR A i (lactate dehydrogenase, ILDH) , ff H
ADVIA2400 b7 R G AT A T 0 AT .
1211 AREFESH

D7 A K - e G 4 3 (hematoxylin—eosin
staining, HE) : 402U & 4F J5 F A i A,
H 5 um PATIEY) R, RIS R - B - KA -
ARG (TR ) - o0k - MR Ge (0, (BHEL ) -
K — B AL BR AT e (0, B0 58 iUS 1E BAME
TSI QIHLL O (oil red O, ORO) Heff;
WAERAE OCT "R HLTE VKR R HLh U e, il
B8 um WIVKEZRYI Fr, 12 HR 4% Z R E - =
M - R ~ORO YL fd, - WKG 401k - TR ARER
Ytz - Wl s i AP BRI T, TERBEE T
MEETFHAIR ;. QFIMELL (picrosirius red, PSR )
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steatohepatitis

FE: ABIVTIANGSERIE S £ ZF R B AR L; B JR L he917TANGSESIE AL LM £ 7R R A FCIBEA KA, C. Ubd# B E T i A&
KR D. ARARER/ i BA R ) B 1) ) g 21 15 s R LT 4 B Ubdeg mRINAK T Gk H oL ; E. ASARER/ b B2 12405 BRI 20 15 34 BG 2T 4m oL P Ubd & &
KT ik 84 o g PP i B R KRR L (n=3) . ns, R%IHFEL; P<0.05, "P<0.01,

https://slyyx.whuznhmedj.com/



HIBEAFAE 2025 F£8 A 38455% 8 H J.Math.Med. Aug. 2025, Vol. 38, No.8 588

JeF A YOS, 5 R, PA/OA BB 12 h
SR Wi i IR SR TS N B =37
Ubd 1 40 B b g o 0 ME ARRE B I 2 v T 0T R
(E2-B) , XEB/NEHMEERIE Ubd GEfE
P2iE PA/OA FITEIA S ARG BT A HERR o 3 e XA
Jei /N Al =5 Ctriglyceride, TG ) A5,
KB PAJOA RIFLS /N AR LN ) TG 7KF 5
(E2-C) o HeAb, EEXT mRNA ZKSFEHEATAG
KILFRIE Ubd REWS 1.3 18 PAJOA 3% )5 I
LR A 3L K ( Acel | Fasn ., Srebplc ) K,
i Ag A AR SC I ] ( Cprla ) ¥ 5 K-k [
ik (P <0.05) . Tnfa. II-18 }% Cxcll0 ) mRNA
KA B ETE (P <005) (K2-D), £H
1 RIE Ubd AMUEHE T REFTAYMERR, I8 7] GEid o
TR 3 B R A S 3 PR ) ek SR I & RE S
2.2.2  SARUDP -EAZAABR / i BR 5 5 09 AT
2m LG R HEAR B K IE R
hy it — 2 Bk Ubd 78 MASH W i TR, %
THIER T R IE Ubd W R 3 (Ad-shUbd )
Hor Ad—shGFP fE b S50 X B, I A T 44 4
R (E3-A) o @R Ubd B s s e /N R AR
FFANAL 24 h )5, S0 PA/OA Ha1384 LA g ST 95 g A
Rl e et st BB, Ad-shUbd 41 191G
] AR RN R /0 T X IR A, B RAIG Ubd BE %

A B

o AdGFP © AdUbd

/> PAJOA I SF5 3 1 JHF 200 B 46k 10 7= A= AN AR
R (E3-B) o a4 5 5 S AR A G SE A
1) mRNA FKIKAKF- LI, 78 PA/OA B, Ad-
shUbd 21 Tnfa, Cxcll0., II-1B #) mRNA /K- g 3
ETXRAL (& 3-C) , It H g A s e
AIFL K Fasn., Srebplc. Accl ) mRNA 7K F-HH i
G X HRAL, 1 i 10 R S A i) SC B L ) Cprla
FEETHIEH (P <0.05) (F3-C) ., & A,
WA Ubd REWS A S8 /0 PAJOA HI07 S 14 1T 41
LTI FoR S R RN 200 0 8 i 7 A
2.3 REMBRUbDIZEFRINRATRHTR
231 MRS S-SR U, Y ) RITE R
AR

F IR AMFSY Ubd 76 4455 MASH H (946 FH
BT IF R EE T FR S A e E DR (high—fat/
high—cholesterol, HFHC ) 75 5 ) MASH /)™ §i, 5
R A Ubd FFNERE SR REBR/NEL,  JFXT R sk
RUEAT TR 4-A) o TEXEBIET 4 J8, /)
SRR DK S T S R R A R O B, AA V8-
GFPAE R IEZ , AAV8—Ubd—sgRNAE N =LK
DURESEE RS /N BUIFIE R Ubd 19363k, BlfS 51T
16 JE1) HFHC 385, e st di i SR Sk
Bho X/ IMIEREASSEAT A=A b, 255
N, SXTREAA L, &R /NI LDL-C 7%

AdGFP AdUbd

© AdGFP © AdUbd

g * BSA 3
i’ 400 AdGFP  AdUbd & 3 o
2
£ 100 g ns
3 s 1
2 1 PAOA °
s >
g 0 g o
& BSA PAOA
( D
o PAOA-AdGFP o PAOA-AdGFP
o AdGEP © AdUbd o PAOA-AdUbd _ o PAOA-AdUbd

s 2.5 - s 20 . g 3 "
‘D 5 * *k o
g 20 < 15 < .
‘5. 1.5 4 4 2 *
o £ 10 . ¥
E 10 ns E [ 1
g 2 05 2
E 05 l_gy_l B K

° [7]
2 o0 2 00 g o

BSA PAOA Cptla Srebp1c Acc1 Fasn Cxcl10 Tnfa 1-18

El2 fFsMERiE Ubd TER I T BEFERSHE S AS A AT ¢ 9 Th B
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Figure 4. The impact of Ubd knockout on fatty acid metabolism and |nflammatory response in mouse liver tissue
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Figure 5. Relevant pathways affected by Ubd
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