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A 3¢ B 4H (si-Cyp2el LNP 4L \LNP 3t JE 20 An £ 4 % 40,210 d 49 TEFR AR ARG
3AdM LB E R A AT W EM AT B D RALA . R &L P A
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W T e KR AR AP AT I % TBE I ARG AR, A T S B AF AT B R T —
Fr AT 69 $e @ 0697 ik o
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[ Abstract | Objective: To investigate the effect and mechanism of lipid nanoparticle
(LNP) delivery of small interfering RNA (siRNA) targeting Cyp2el gene on subacute
alcoholic liver injury in mice. Methods: siRNA targeting Cyp2el gene was encapsulated
in LNP (si-Cyp2el LNP) by microfluidic technique and the resulting LNPs were
characterized. The optimal dose of si-Cyp2el LNP administration was screened. Forty
female C57BL/6N mice were randomly divided into blank control group, model control
group, si-Cyp2el LNP group, LNP control group and metadoxine group. The subacute
alcoholic liver injury mouse model was induced by ethanol feeding for 10 d plus
ethanol gavage for the last 3 d. Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities, and the superoxide dismutase (SOD) activity as well as
malondialdehyde, reactive oxygen species, glutathione, triacylglycerol, total cholesterol
contents in liver tissue were measured in each group, and liver index was calculated. The
expression of genes related to oxidative stress, lipid synthesis and inflammation in each
group of mice were measured by realtime RT-PCR. Results: Compared with the model
control group, the levels of liver index, serum ALT, AST activities, malondialdehyde,

reactive oxygen species, triacylglycerol, total cholesterol contents in liver tissue decreased,
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but the SOD activity as well as glutathione increased in the si-Cyp2el LNP group (all P<
0.01). Hematoxylin-eosin staining result showed disorganized hepatocytes with sparse
cytoplasm and a large number of fat vacuoles and necrosis in the model control group,
while the si-Cyp2el LNP group had uniformly sized and arranged hepatocytes with
normal liver tissue morphology and structure. Oil red O staining result showed si-Cyp2el
LNP group had lower fat content of the liver compared to the model control group (P<
0.01), and no fat droplets accumulated. Anti-F4/80 monoclonal antibody fluorescence
immunohistochemistry showed that the si-Cyp2el LNP group had lower cumulative
optical density values compared to the model control group (P<0.01) and no significant
inflammatory reaction. Compared with the model control group, the expression of catalytic
genes P47phox, P67phox and Gp91phox were reduced (all P<0.01), while the expression
of the antioxidant enzyme genes Sodl, Gsh-rd and Gsh-px were increased (all P<0.01).
The mRNA expression of the lipid metabolism genes Pgc-la and Cptl were increased
(all P<0.01) and the lipid synthesis-related genes Srebplc, Acc and Fasn were decreased
(all P<0.01); the expression of liver inflammation-related genes Tgf-B, Tnf-a and II-6
were decreased (all P<0.01). Conclusion: The si-Cyp2el LNP may attenuate subacute
alcoholic liver injury in mice mainly by reducing reactive oxygen levels, increasing
antioxidant activity, blocking oxidative stress pathways and reducing ethanol-induced

steatosis and inflammation.

[ Key words|  Subacute alcoholic liver injury; Small interfering RNA; Lipid

nanoparticles; Oxidative stress; Lipid metabolic synthesis; Inflammation; Mice
[J Zhejiang Univ (Med Sci), 2023, 52(3): 306-317.]

[ BB | 48 he & % P450 2E1 (cytochrome P450 2E1, CYP2E1) ; RNA F 4 (RNA
interference, RNAi) ; 13 4 RNA (messenger RNA, mRNA) ; /> F #& RNA (small
interfering RNA , siRNA ) ; g fit 44 K 4% (lipid nanoparticles , LNP) ; ¥21%) Cyp2el #9 siRNA
(siRNA targeting Cyp2el ,si-Cyp2el) ; 7 B2 4% & B4 (alanine aminotransferase , ALT) ;
R A 5 B2 3% R B (aspartate transaminase , AST) ; #2 B AL B AL B (superoxide dismutase,
SOD) ; & 4 B 4% R B (polymerase chain reaction, PCR) ; A 1K, BF B8 % o 3% 75 &
(Dulbecco’s phosphate-buffered saline, DPBS) ; 7 K #5 —4# £4x 4 &, (hematoxylin and
eosin staining, HE 4 & ) ; i B -3- 8% B2 BL S 8% (glyceraldehyde-3-phosphate
dehydrogenase , GAPDH ) ; 4wt % -20 49 Tris £ ¥ i& (Tris buffered saline with Tween-
20, TBST) ; & bt H Bk 3% J& B4 (glutathione reductase, GSH-rd) ; & bt H Ak i3 A AL B
(glutathione peroxidase , GSH-px) ; i& B AL B R IG FA M E AR y H M E A F-1a
(peroxisome proliferator-activated receptor-gamma coactivator -1, PGC-1a) 5 P B AR
A Bt J& % #% B (carnitine palmitoyl transferase, CPT) ; B B2 8 7 LA 4 &% & lc
(sterol regulatory element-binding protein 1c, SREBP1c) ; Ag B BR &~ p& B (fatty acid
synthetase, FASN ) ; Z Bt 4% 85 A #1055 (acetyl CoA carboxylase, ACC) ; #1404 K A -
(transforming growth factor, TGF ) ; i¥ J& 3 3¢ I -F (tumor necrosis factor, TNF )

ORGP I 2 — ™ B G 3 N RR B (RS ) J5 90% LI L A B2 e P Al ,
LA R AR R R BT R WAER R E AT AR, AT A K R AR T IRBE,
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H CYP2E1 1l 57 2-%(-5- 58 F B wgms v] LAyl 55 £,
P 5| 1 kO sh 454, 7R CYP2EL 2 5
SN BRIBDRG P 403 1y S PR 222

RNAL YT V5 & — BB B R A YT ik, S48
FEE A B s LR ST | o RURE RN A 175 4 114 [R) U3
mRNA = 2R R S . REE 1 siRNA
H5HHEWEASA LR RNA FFHUTERE &
Yy, H DL siRNA J7 51k B3 A 24 A H bs 56 Y
mRNA, D\ T B UK L 25 4, 5 24 fifi 2 br 5 A D0
RO, T siRNA BA 70 FARFRUR RKPESR |
A7 BF S LT SRR AE R S 0 A A, PN I
ANE 25 25 B AR SE B 261 LNP i 3% R 40 2L
A AR G T AR DA R A i P i A R AT
BB 9E 45 0 B, 3L T LNP i CYP2E1 #U[] &
S5 REAT M /N FRASERY e IV 22 RS I s )
e JEle A 5 3 i il % si-Cyp2el LNP, W2
siRNA 2598 3ot $8 5] Cyp2e ] Fe PR AR /N B 2Pk
TR T SR 0 A 28R R 35T LNP 1 si-Cyp2el
e S ETORE PR R 005 P B VR AL

1 HE5T®

1.1 SEshy)  E 2R S5

HEPE CSTBL/ON /N L (6~8 Ji] %) W 11 b 3 4
ARSI SR A RA R, A/ R 7
PR UEFR I 25 F T 37 < IR (22+2) °C, A X
(55£5)%, IR 5 ARG 4 12 W35 . S SC
PR BV K F s (e P2 61 S L R 7
(UJS-IACUC-2020091501 ) FI{ 525 5l 4y 3+ B Al
FHAEFE )T

4-(N,N-Z L0 TR (i 3%) F s |
PR TS T W TR L T e - B £ U BE 2000 1

B i 5E 4 i 1 ELAAK A 2 [ Sigma 28 w77 i 5 I [
M oy b LT A AR B A RS T 7
10 mmol/L ZTRENZZ il AL st R FE R A PR 2
77 520 000 8B 31 B i BT 4l 52 15 Spectrum
N ) P s Quant-iT™ RiboGreen RNA I 5 3471 &
h 2 [ Invitrogen 2 A 77 i s Jefth 227 S 11 AR 554D
2 A R )77 it s CBERATRDRL Ry 3 AR P Rt
o (Fe®)) A R 77 i s BeyoRT ¢DNA 2 —#E&
A7) 65 R BCA 5 1k 8 I e 1R & o 3 = K
e W RBFSE BT FS  s ALT AST 5 8% .SOD . 2%
O L = B Tk R A R 3 AT 2 S e
A W ARG i 5 3 T ARG D 1)
g b DL AR MR PR R A A
CYP2E1 Py BEHLIR (BML-CR3271) 1 3¢ [ Enzo 24
F s AT SIS EST 1A (10427-2-AP)
1 3 [# Proteintech Group 23 &) 7= i 5 $1T F4/80 H1.73
REBTLIR (ab16911) 9 Abcame 23 7)1 i o
Spectra Max 190 %Y i #7543 A 36 [ MD 23 w] 7
i3 Pic017 £ 20 O AL .NanoDrop 2000 A6 E
71 . NanoDrop™1000 43 Y 36 & i1 & 3¢ & Thermo
Fisher Scientific 23 7 7= i ; TE601-1 1, T R kb
SRR R ANAS R G PR |7 i 48] B s
i H A Nikon 22 w77 i 5 Light Cycle 96 ¢ ) 5E &
PCR A it == %7 TG W] 7 i s Sl 453 S i &=
K Precision Nanosystem N H) 77 5 s Nano Brook
90Plus PALS 7 4%4% 7 25 [ Brookhaven Instruments
8 A 5 8 L AR A H AR Hitachi 23 /7™
rift 5 SK-1 PR TR 2 85 A VL 75 Hh KA B BR 2
AP i LUK SO AU T S — A T 7 .
1.2 si-Cyp2el LNP A9 £ A ZRAE
1.2.1 45 si-Cyp2el LNP  ZFESCHR[ 161 Ay
J7 ¥R U e siRNA Y 91, B 3 J 81 UL 36 1, H gk
RNA 1 4 87 i 28 ) BF 5By A BRA v A2 77
siRNA & 2'-0- I AR MG FI dTsdT 3" &5 (Hvp
s RN BLACBERR R ) , LI B HAE R N AR
FE P I G e R . LNP p b A 5 KR
Horp AR B 2 R 4- (N, V- RS TR (3
M) B R L R A P i T AL AR [ R
2 5T Tt Ml g T £ el — 3R 0 8 2000, LAPE K L
50.0:10.0:38.5: 1.5 TTL/K LI B siRNA I
fi#AE 10 mmol/L L FRENZZ thigs il b ol FH G 4%
EEORE IR B A IR WA FN S AT siRNA K AH TR
WAk 1:3 1R G, LAEH 3 42508 i LNP, 4R A
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R1 L Cyp2el 1) siRNA T3]
Table 1 Sequences of siRNAs targeting Cyp2el

AN T ZE R Lieber-DeCarli i
WA, a3 dBERFER S g/kg

siRNA napiigd!

Bl 37

si-Cyp2el
siRNAXTHR  cuuAcGeuGAGuAcuucGAdTsdT

7K o si-Cyp2el LNP 41 Fil LNP
XTRRZHAESS 1 RN T K53 5

ccAuGuAcAcAAuGGAAAAdTsdT UUUUCcAUUGUGuAcAUGGATsdT
UCGAAGuACUcCAGCGUAAGATsdT

SIRNA : /N3 RNA ; Cyp2el - 4RIl 7 % P450 2E 1 ;si-Cyp2el - L[] Cyp2el i siRNA.

it , B0 Ji5 14 1 20 000 % B3 43 12 1B AT A4S AE 25 °C
T2 h DL BRI R AR B OO OB

1.2.2 R A Zeta B KOKE BE 23 A1 AT 28 si-
Cyp2el LNP fURIA2 | Z 43 HUAR AR Zeta L7 WK
B 10 pL si-Cyp2el LNP ¥ , {# F DPBS #i ¢ 100
¥, % FH Nano Brook 90Plus PALS 7 £ A ] & si-
Cyp2el LNP [{RiAE | 253 WS BUR Zeta HAAV o
1.2.3 BT WA RIE si-Cyp2el LNPJEZ
gERY X} si-Cyp2el LNP JEAT G gL (o BB i 28
TR KA B I BT AA T 1, FHUE4RRR - 2 R0
A, SR J5 B G 1 B AR e a5

1.2.4  BIRDCHALTENE si-Cyp2el LNP 142
& ] 1% TritonX-100 &b 3 ] £ 4 19 si-
Cyp2el LNP W, Bk th i siRNA. 1]
Quant-iT™ RiboGreen RNA il %2 i 5] &5 I 5 #% ik
S S AR BFLAT AR 208, IF e R AR
R AR = (REIR R POGIE — R FLAZ R
HOOGIH ) LS IR T 9OGIH 1X100%

1.3 si-Cyp2el LNP 525 3 4 07 1%

16 HEE CSTBL/ON /N L, BEHLS: K DU,
B4 1 Y RUKTEARMERREE AT A i Aba .
25 [ 6 B8 21 7 5 DPBS, Hi 4y = 41 4 51 4% 0.25 .
0.50.0.75 mg/kg 2 FE #it Ik 13 f si-Cyp2el LNP, BJ
Hsi-Cyp2el LNP/ o KGRI, S A 24 h,
A o S A 33 4 S PCR AR 11 o 6 38 B 6 4G )
CYP2E1 1 X H: mRNA A 23k , e £ ffd: 57 i
HATJE L5 .

1.4 SCR A

T HL40 HUfEPE CSTBL/6N /IR, BEAL 4 R 2
O R 2 AR A XS B 4] | si-Cyp2el LNP 4] LNP
XTRAL A Eth 2 A, Bl 8 K, FEIFIR L5
B, BR2S A HRZL A0 45 /N BROB S %52 10 d Y
T W R, Tk B DN TE 78 W 1 % 5%
AR S Ty B Sk (19 1 SR 17 et BPBR 28
FI X BT A1, Ho A 45 2 B R4 32 S WUk I
5% B9 Lieber-DeCarli ¥ /A 1X & , F72E 10 d, fc )5
3dBERHEM S g/kg 1 418 5 25 G BRZE ) 25 7~

i Bk 7 8 0.5 mg/kg Y si-Cyp2el
LNP 1 siRNA X B8 LNP, 2 fih £
T RFEE AT 150 mg/kg B L. 1EE
i FE /N B AR FER S, IR iE S B
HAER . WG — KRGS 9 h 5, /N T
PR, HRAE IR . B S5 &b A6/ B, 350 U E 47
1.5 PR M I3 03 4 O A A 8 B 1 A

H WSCAE B /0N BR 4 I AE % 3R U 30 min, DA
1000xg [ 3 5 B30 10 min, (-0 F 2 I3,
oK FH RS 50 R AR W T AR BIE S T I 7 A
ALT 1 AST 54

/INER I 0.9% vk 2638 LA BNA TS
Ve, T R ER KAy E O ST FR R, 1A
JFRIE 8 55, BV FF I 46 = B0 o et/ BRUAA
FREUFLLZI25 0.1 g, LA (g) s AR R (mL) A 1:9
() F A9 A oK B 258 EAL IR T . B
21930 s, L 1000Xg 50> 10 min, £7 400 4 F)Z
AR, il 25 L 25 S b A, >R FH 3R] A i i
WE SOD 3 1 B 18 AR e H K . = BEH b AL AR
[T it T FH /D BT 0 P PO 2L A A G DU 3 42
Ao HLBVRAS PR R £5 28 vk i, FREUITF 20 21
290.1 g, AT (g) AR B (mL) A 1:9 A LA A
SR ML, LAY 21 . 100xg .4 “CE Ly 5 min,
B 9 V2 P o e TR P ARG T3 5] 10 B
G I v 35 P A i
1.6 JHFAZURHE=R A
1.6.1 HEZEMEFALUR AL K
3 I 1 72 76 10% 9 AR R EhAR R vl v £
SRR PIH (5 wm) , HE e (05 {162 Wi

pUE =S8
1.6.2 Mz O YO MEENFHLURIIERREDL  #5

4 e B 2H 2 He A R A, IR —80 CF
POE R, VA (10 wm) , JHET O Yo 5 fifi 2
B

1.6.3 L F4/80 Bf o [ i 14 fo 93 5 S Yl £ L 5%
S R ST R 8 WS P Al R IR IR AR
(5 pm) J& , B0 F4/80 B sw EHUAR HEAT S0 05 5
Y b 3R 2O WA %
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1.7 SEH % s PCROKS I 4201k 17 8 L B 3£ 3
B B S AH L R 1 238

BN B4, 48 1 TRIzol 3257 T 2H41
FEHUE RNA . #i ] NanoDrop™ 1000 43966 B i
I RNA VR B . M4l BeyoRT cDNA 55 — 4 5 Ak
R BT, 0 S5 i cDNA . LA Gapdh 1
NS LI e B0 & B B HRE . PCR
21295 °C 10 min; 95 °C 30 5,60 °C 305,72 °C
30 s, 45 M. CEREE R, SR 27 ik
HEATEE 3BT . B IR 2.
1.8 HEAFEI AR CYP2EL 8 3Rk

FH G A B — 88 22 v DT 4 2 rp B2 U
WESICRLAA , T — 80 “CAHAF & M. LAFSER R (1
HHCRAR NS B Y. FH BCA 8 PR I ik
TR 50 X5 08 4 HCI P PO A A 1 v B R AT
i, SRJE LA S 1R B fn A SDS 5 TR s Tt i v Je
LUK B AR 2 R B TR VS RTBCAE ok K
AP 7 min, (1A BTSRRI R T AR AT
FE—20 CHAF o B AR 208 1Y 2 143 500 Jn 3
10%~12% 19 SDS 5 PN s Ik e B 1 FR K 58 e I
HL Pk 45 R R A B B e R M I . A I
T HE H SR B A 1 h, 3T CYP2EL i 278

F2 LRSS PCREIYIFI(5'—3")
Table 2  Primer sequences for realtime RT-PCR (5'—3")

FEBHLAR(1:1000) 955, IF7E4 CRES K. H
TBST & — KB, FH AR o 44k ) Bl 245 6 i B B
ZHi(1:1000) T, IFEER TR 1 he B,
FH TBST % =K, £ K 5 min, # ¥§ ECL # f 1k 2%
IR S UL, 1 FH £ T RE U AU b2 &
AT T AT AT AL 3T, SR )5 18 FH Tmage J 14
AT IR EEAE 5347
1.9 SGileFnek

K H SPSS 13.0 A AT 581150 o IES
A T RO DL BB e i 2 (3 £ 5) /oK, 4L 1)
HEHR AR 28 5 22 50T, P<0.05 R 22 5 BT 40

PR
2 7 R

2.1 si-Cyp2el LNP ¥ FERAE

si-Cyp2el LNP ki 42 4 (79.91+0.35) nm, £
Sy EUEECN 0.1420.01, 433554 (94.90+0.01) % o
5 LT A W85 si-Cyp2el LNP HERIE ,
— IR DX ] S T 2 2R — 2, LA 1,
2.2 si-Cyp2el LNP 3207 i 0 v 45

S S 45 R, Ffi % si-Cyp2el LNP 5
/N, CYP2EL 25 I Rk i 3 i (&1 2) , J 5

% K ERF5 i 47
Cyp2el GCTGAGTACTCCCTGGATCC CATGGGTTCTTGGCTGTGTT
Sod1 GCGATGAAAGCGGTGTGCGTG TGGACGTGGAACCCATGCTGG
Gsh-rd GGGATGCCTATGTGAGCCGCC TGACTTCCACCGTGGGCCGA
Gsh-px GGTGGTGCTCGGTTTCCCGT AATTGGGCTCAACCCGCCAC
Gp91phox GGGAACTGGGCTGTGAATGA CAGTGCTGACCCAAGGAGTT
P67phox GCTGCGTGAACACTATCCTGG AGGTCGTACTTCTCCATTCTGTA
P47phox ATCAGGCCGCACTTTGAAGAA CCAGGGCACTCTCACTGAATA
Cptl CTCCGCCTGAGCCATGAAG CACCAGTGATGATGCCATTCT
Pgc-la CCACTTCAATCCACCCAGAAAG TATGGAGTGACATAGAGTGTGCT
Srebplc GATGTGCGAACTGGACACAG CATAGGGGGCGTCAAACAG
Fasn TATCAAGGAGGCCCATTTTGC TGTTTCCACTTCTAAACCATGCT
Acc GCCCTTCTGAGTCGCTTAATATG TGACATCACCCCTAGAGTCCT
1-6 AGACAAAGCCAGAGTCCTTCAGAGA GCCACTCCTTCTGTGACTCCAGC
Tnf-a CCCTCCTGGCCAACGGCATG CCCTCCTGGCCAACGGCATG
TgfB CGGGAAGCAGTGCCCGAACC GGGGGTCAGCAGCCGGTTAC
Gapdh AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA

PCR: B A BEEE Y 5 CYP2EL : 40 i (4 2% P450 2E1;SOD : #8484 1 A i ; GSH-rd - 25 1t H K328 S s GSH-px : 45 D6 H kit 4810 il 5
CPT : PABSAF AR BESEFE RS 1 s PGC- 1o 20 S Ak ) I AAC 1 0 0 90 32 AR y JETE P - 1o s SREBP Le : B B3R 5 T 145 5 B 1e; FASN : g s
PR A5 LT s ACC : L IBRATHE A R AL s TNF : BRIIRSE R 1 TGF : e Ak AR K IR 1 s GAPDH « H Il i -3 2 i &l .
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A 100+

ik (%)

1000

A:si-Cyp2el LNP HYRI42 4317 5 B:si-Cyp2el LNP 7£ i
S AR T AR EEIER (B =100 nm). si-Cyp2el :
#1) Cyp2el HY/NTHE RNA s LNP: JIR B8 AR .

1 ARUF5EHER si-Cyp2el LNP R A 3 A FllEs
SR T R
Figure 1 Particle size distribution and transmission
electron microscopy images of si-Cyp2el
LNP prepared in this study

si-Cyp2el LNP (mg/kg)
DPBS 0.75 0.50 0.25
CYP2E] T s s ss—mGe 57 000

BHICTRE] o— W— — S— 00 000
DPBS : bk [GHERRSE v h 79 ; CYP2E L : 4l (4.3 P450
2E1; si-Cyp2el : #L i) Cyp2el /T 4 RNA ; LNP: g i 44
2 A si-Cyp2el LNPEF 5 /N B IE
CYP2E1 8 H # ik HL UK %]
Figure 2 Electrophoresis of CYP2E1 protein expression

in mouse liver after different doses of si-

Cyp2el LNP

0.50 mg/kg si-Cyp2el LNP 24 h 5 CYP2E1 & H /K
SRR 70% Zi47 , Cyp2el mRNA 25 T 90%,
W3, I, % 0.5 mekg 1F N 5 L2525 v
si-Cyp2el LNP {3 417 & .
2.3 si-Cyp2el LNP XS RIS FUTFIESNULFIF 2 fig
FE BRG]

25 P 0 B2 Al si-Cyp2el LNP 4 AT E R /NG

£3 KA A si-Cyp2el LNP R H 5 /N BUIF BE
CYP2E1 HF1 K H mRNA 3Rk 1§ 5L
Table 3 Expression of CYP2EI protein and mRNA in liver
of mice after the effect of different doses of
si-Cyp2el LNP

(x+s)
A n i S| mRNA
X 20 4 1.01x0.06 1.01+0.03
si-Cyp2el INPRKFIEL 4 0.28+0.03”  0.06+0.01"
si-Cyp2el INPHRFHE4] 4 0.31+0.037  0.12+0.02"
si-Cyp2el LNP/NFIEE4] 4 0.39+0.03"  0.37+0.02"

5% B2 B, P<0.01. CYP2EL: 41 it 4 % P450 2E1;
si-Cyp2el : #8] Cyp2el /T4 RNA; LNP: IR B KA .

T LTI ST R A TS TR X HE 4 R LN X
FE 2 U 2 € 5 2k R b R A L 2 IEDRELRE (K1 3)
MR AT LA, 528 O IR A, O RES S
/N B T JE 38 5088 i (P<0.01) , 1 si-Cyp2el LNP
1 JHF I 4 B R X B 20 I (k3% (P<0.01) , 5
25 IO IR 22 S E Ge T2 X (P>0.05) o ALY
X HEZH 1Y AST AT ALT 7K1 278 1 25 R HREH (3
P<0.01) , 11} si-Cyp2el LNP ZH 1 4 37 45 s 4 A5 150
Xof B ZH 27 B O ol 3% (44 P<0.01) , L3R 4. 4541
7N, si-Cyp2el LNP 0] LUAT 80 5% ff £ BE 155 3 11 30
S

2.4 si-Cyp2el LNP XA FUFA ST A fLRE )
HG 5K - 52

525 O R U A, AL REZH IF2H 2L b i
PEEUFITN 1 & T, A e H RS = A SOD T
PEFEA (241 P<0.01) , T si-Cyp2el LNPZH b iR$847
BREALT BR A W] B 5 (8 P<0.01) , L3R 5. 45
HHIR  si-Cyp2el LNPAEHJG /N BRI B 2 AL fE
WIRCEI RGN

525 (0 B LA, A5 AR X R 2 4 4
=T IR [ o R (8 P<0.01) L 1T
si-Cyp2el LNP ZH Hv = [ H 7 70 G I [ Pt 7 f K
ERIEFMELERE, WES, 4587 H#7R, si-Cyp2el
LNP A7 Bl TP 52 V. 200 0 K5 M I 402 005 5 e A
PIBR B A ZE AL, By 1k IR B A
2.5 si-Cyp2el LNP X7 FUFF41 400 B 2= A8k
(14 5 W]

HE e85 5 7R, 25 O BT 40 i R/
B4 HEVEEST P SUB S S5 1E 7 5 BRI IR
2T A0 M HE B 2L 200 e A 6 L AT KR R s
WAL 5 si-Cyp2el LNP 4L SE At £ 41 ] 523
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si-Cyp2el : #81] Cyp2el HY/INTHE RNA ; LNP: g B KL
B3 /BRI ST 2

Figure 3 Morphological appearance of the liver in each group

b S AN o0 i I = R e s A B (= Y R A
Table 4 Liver index and serum biochemical indicators of
mice in each group

(x+s)
4 Gl n H?fjﬂjﬁ ALT(U/L) AST(U/L)
25 AN IR 8 4.25+0.20 19.06+0.43  30.52+9.78
R R4 8 5.15+0.36" 59.52+14.95™ 97.39+12.62"
si-Cyp2el LNPZ 8 4.76+0.14" 23.45+8.11" 33.40+11.80*
LNP X &2 8 5.02+0.21" 53.11+12.16™ 94.53+12.24"™
Tl A 8 4.66+0.15" 37.88+11.51" 47.56+7.21%

528 X RAL LA, T P<0.01 5 SR TN IR 20 L A, MP<0.01.
si-Cyp2el : #1[1] Cyp2el I/INTHE RNA; LNP: JE 44 K KL ALT : 15
GABRYE TR 5 AST : AR R 2 i .

P10 HRZH T S ARARL , (H 56 fth 225 20 WL 52 3 /D B
ARz i, LR 4,

ML O Yz R BR8N IRAL AT A4
TR % S L5 AR AR X B 2 B R A K e i i AR
F 5 si-Cyp2el LNP 4 H O£ 21 B /D 5 (1) 5 T -
FER MR BN, 525 FO RG] A, AR X
FECZH I 1 5 A AR T AR 23 M 10% (P<0.01) , T
si-Cyp2el LNP 2 iR 17 7 f2 B AU B2l T
M, 525 FIXTIRAIAEY . ULEl 4 .3k 6.

Pt F4/80 HL e BEHUIARSO G e A4 R oK

®5  HAUNRUFHLU T AT BUKRF-

si-Cyp2el LNPZH

LNPXHEZH

ESIEE7]

5523 P BA L LA, A5 o) R 20 9 Y i 3 T g 1
5, BRVEE N I (P<0.01) , 1fij si-Cyp2e] LNP
2H F4/80 F 35 B i di /b (P<0.01) , WK 4 . F 6.

IRZERHE IR, si-Cyp2el LNP 2525 1] LI 4E+F
JF 4 M 2548, 9/ iR T BSR4 3 e
REAR S AE IV, Y £ Bkt JHF O A 40
2.6 si-Cyp2el LNPXJ#AY B S 10 0 i i
T BRI 4 i A DG 35 PR 3R 36 1) 52 i)

5523 U0 BT LB, A0 E 2 3 1 45 1
FHAEALFE K P47phox . P67phox F Gp91phox B3
IKBG I (3] P<0.01) , it S8 AL AR OC B A Sod 1
Gsh-rd 1 Gsh-px [ 23K 98 /0 (35 P<0.01) 5 5 HY
Xof BRZH LA, si-Cyp2el LNP 2036 M 21 AR it
A R TRl D, T 470 AR A Tl A G B BT 1) 2 A 4
(¥ P<0.01), 5755 AXT IR 22 7 g 2E 2 X
(¥31P>0.05), WL 5,

5523 U0 BRAT LR, AR X BE 20 B o A AR
FeFe A Pge-Ta, Cptl B9 mRNA 23k 20 (1 P<
0.01) , g it A& B AH S FE K Srebplc  Fasn Fll Ace [
mRNA 2% 31k 540 (¥ P<0.01) 5 5455 50 %} JR 49 [t
B, si-Cyp2el LNP ZH g 5 A 35§ AH OC JE P 3 3k 4
i, g A 3 PR e 3k b (34 P<0.01) , 555
X2 22 S T ge i B (B P>0.05) , ILET 6.

Table 5 Antioxidant and lipid levels in liver tissue of mice in each group

(x+s)

N — = i} o]

4 " R ﬁf’ﬂﬁf (Sﬁ;) (nﬁr\:]njl/%g) &%g 8 n?i(l,ﬁl]/f

25 FIXT R AL 8 1.01£0.01 9.83+1.43 88.13+13.22 0.46+0.10 0.17+0.03 0.07+0.01
LRI XT R 2 8 2.15+0.15" 3.87+1.14™ 53.50+2.44" 1.65+0.40" 0.32+0.04™ 0.17+0.04™
si-Cyp2el LNPZH 8 1.33+0.19% 8.23+1.16" 82.65+7.82" 0.51+0.10" 0.16+0.05* 0.0720.02*
LNP X HR 21 8 2.41+0.30™ 3.98+0.78" 57.44+4.60" 1.74+0.56" 0.31+0.03™ 0.13+0.03"
Fefth 241 8 1.42+0.14% 7.51+1.55% 75.28+8.55% 0.86+0.16* 0.20+0.04* 0.09+0.02%

S (AN BRLL HLEE , T P<0.01 5 SR BN BRZH HL 4R, #P<0.01. si-Cyp2el : $LIH] Cyp2el (/N T4 RNA; LNP: I§ B 4Kk ; SOD « A Ak

I AL
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"”EIXT fiZH R0 B

si-Cyp2el LNPZH
kY

LNPX R4 ESIEZe

A HEZE L5 B LT O YL (25 5 . HU F4/80 PATT e HLIA Sl e e Y

S5 GOSN FA/80, Bl 47, 6- KL -2- R k|

W WR=100 pm. si-Cyp2el : §1[1] Cyp2el (/N T4k RNA;LNP:ﬂaﬁﬁéW*f.

4 SUNTHLURPLEAG A 2
Figure 4 Histopathology of liver in each group

F6 A H/NRUMELL O G (L BH M 1 B2 e e H 21K
= R2BOLE
Table 6 Areas of positive oil-red O staining and
cumulative optical density values of fluorescence
immunohistochemistry in each group

(x +s)
a R
73 I R 8  2.78+0.92 120.62+37.07
R Xt R 2 8  9.21£2.16" 293.46+86.93"
si-Cyp2el LNPZ 8 3.20+1.33" 114.14x21.51*
LNP X} f8 21 8 8.77+2.54™ 281.18+64.93"
EIEZ| 8  4.85+0.93" 151.51+24.04*

Has A AL E, 7 P<0.01 5 AT R4 LA, " P<0.01.
si-Cyp2el : #8[1] Cyp2el H/INT-HE RNA s LNP: JE BT 44 KM .

525 FO0r B2 b g, RS AR IR A HF D AR
A I Tef-B. Tnf-a F1 11-6 1) 2 3538 Jin (35 P<
0.01) ; HHIRUXS AL L 442 , si-Cyp2el LNP 4 2 4E
AHOGIE P A k08 (34 P<0.01) , 545 X IR 4
ZSIegitaE R L (B P>0.05) , WA 7.

IR ZE IR PEIR | si-Cyp2el LNP 45245 1] DL 45
AL R 0T BRI 9 9 AH DG R Y 2235, A
A2 A 5

2 O R R AL
B si-Cyp2el LNP4 B LNPXHEZH

Gp9l1phox P67phox P47phox

#

1.0F

mRNAFHR ek
N
EES N o]

(=3
%]
T

0.0
Sodl Gsh-rd Gsh-px

A TSP EY AT HE R A mRNA A R k7K 5
B YA AL P mRNA AN kKO . 545 (I IRGT H
8,7 P<0.01; S B H 4L, *P<0.01. si-Cyp2el : $E i)
Cyp2el W/NF 3 RNA; LNP: I 5 44 K AL ; SOD : 48 A 1k 4
AR 5 GSH-vd : 48 I H K34 JRU 3 GSH-px: 2 I H kst 4
L
5 si-Cyp2el LNP i 48 fk 17 J0HH 56 356 F 325K 1

Al

Figure S The effect of si-Cyp2el LNP on the expression

of genes related to oxidative stress
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I 0 A
B si-Cyp2el LNPZH

TR AL
I LNPXEZH

#

Srebplc Fasn Acc

A I AR A 5C JE R Y mRNA AH X 32 357K 5 B g
T MUAH DG EE A A9 mRNA AHXT kK- 5725 HA BZH LT
5,7 P<0.01; ST X HR A H 48, *P<0.01. si-Cyp2el : #L[7)
Cyp2el HI/NT-4L RNA; LNP: JIF B4 KK 5 CPT: 1A B A
Tk 2 B il 3 PG C-1ou s ao 40 0y il A2 1 00 08005 2 A y 3
PSP 7~ 1 SREBP Lo [ BSE 35 LA 45 A F 1T 1o FASN:
B G U s ACC : S BEAH T A R LT .
6 si-Cyp2el LNP X BT CIIFI-G nUAR SCHE (K
SEN:5h A ]

Figure 6 The effect of si-Cyp2el LNP on the expression
of genes related to lipid metabolism and

synthesis

201 S R AL
18k [ FiEipoyEe
16k B si-Cyp2el LNPZH
i m LNPXHEZH
) 14+
ﬁ 12}
% 10}
2 o
£
4+
2k
0

1l-6 Tnf-a Tgf-p
5oz (X BRAL AR, T P<0.01 5 SRR X BRAL A, M P<
0.01. si-Cyp2el : #L ] Cyp2el B9 /N T-4f RNA; LNP: i i 4
KR TNF : IR AL 5 TOF « Fe b2 S I
7 si-Cyp2el LNP X JTJUE 4 E AH OC 5 R 3R 35 1Y
A
Figure 7 The effect of si-Cyp2el LNP on inflammation-

associated genes expression

3 it i

CYP2E1 A] DIAG B b oS8 B il ) PR 2
AT S BOFRE# 4522 . M R WU i LB 29

95% PEIMCRLIR O FESA L R G AL . TIOREIR 2 B4R
b 22 e A0 RIS il LB A CYP2E T, 2= ZE7E T it
ORI OAp T R S NN R (15 = R X o 2N 0 a1
B mRNA FIER 1335 7KF L CYP2ET . &
BT CYP2ET B35 n] S UM R s 22 ) 7™ B R JiE
BT, DA 2 Y P ORG E TE R 05 B 7 AE
RNAG YT AT LU % b 4 2 e 5 A1 14 A
FiK , (H RNAG A5 0 56 0 BR 75 2 7 il 2 b A=
HRRRERY , LU AR R N A 8501 32 siRNA P

559 AR LA, A A R 1 PH 5 1 B T 1k
P18 B ST RN M S8 R R AR, ik R Th A i
(14 B I A 245 49326 12 22 6 v 3k G o I YA TP G POk
AR A AR PN e 28 48 5 0 2H G B DI e A
Mt | f 28 24 OB B DT BR >, 2R ¢ -
BERR AT A PE M AG LNP AT LA EMA N KA A B
(), TG I 25 W 7 A 2h i SR 4 $R T MR Y73k
JT L ARWFSE o LNP BT AR | n AR A R i
P A5, si-Cyp2el LNP ZE/NEUR IG YT 19 B A5
IR 0.50 mg/kg, A I PR30 R 5 55 5] 90%., [A]
Bf, AR 3 BE AL BF 5T 45 3, si-Cyp2el LNP ZE1R N Y
SEDR AT ) o] DA 80Rr 2 7 ' ORI R e B
— A=K 2R . A5 R R | si-Cyp2el LNP
ZH /IS BRUFFIIE (8 S 08 5 25 vt HE A TE B d 22 5, 34
RIFA RGN, SRR 208 6 T ReA 1k
& B A I ZH 2O B2 R A 25 R R | si-Cyp2el
LNP A LAREAR AST ALT 16 1 , 4ERF AP 8B 545
FIIEH 3R si-Cyp2el LNP XV 2 PR 1
Uit RAF A EA

A AR A I 2 P T A M I 4 T i %
BEH, 12 22 10 196 R A0 nT A0S T 400 6 1 i o it
AL ARSCERHE AR, si-Cyp2el LNP AR [
R 2 PR PE 3 80 /N R 2L g o —
W i, $E e SOD T ME A4S e H K & i . NADPH
AT — Fh B SR, 78 1A R S8 AT
A MTE R, HiH Gp91phox . P67phox Fll P47phox %5
FEE2E 5 1) S AR L B2 o R R v R R A R
4 Pt AL EEZH A, U GSH-rd . GSH-px F1SOD1,
2 J3 BT AR AR VEORE DG R TR Y A A X R
20 Gp91phox . P67phox Fll P47phox ] mRNA 3
IRHE I, [ BT A A T A DG B DR ) 2R s e b i
si-Cyp2el LNP A] DLy 2> Gp9Iphox . P67phox il
PA47phox ) mRNA 33K , 34 /il Gsh-rd . Gsh-px Fl Sod 1
[ mRNA #3530 28 BEAS 6 1 S0 AR i, ZE Rl
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PRI RS T T 50 03 1 DR 0 4 FH AT BB 5 si-Cyp2el
LNP (40 8 b6 A G
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