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Abstract

BACKGROUND: Excessive alcohol intake can lead to many liver diseases, but there is currently no effective drug to prevent it. Previous studies have found that
antler stem cells can significantly improve liver fibrosis, and it is speculated that the therapeutic effect may be achieved through paracrine effects.

OBIJECTIVE: To investigate the preventive effects of antler stem cell-derived exosomes on acute liver injury in mice and its underlying mechanism.

METHODS: Forty C57BL6 mice were randomly divided into the control, model, bone marrow mesenchymal stem cell-derived exosome prevention, and antler
stem cell-derived exosome prevention groups (n=10). The prevention groups were intervened with exosomes for 7 consecutive days, and the model group
was intervened with PBS, followed by 50% alcohol (15 mL/kg) gavage for modeling of acute alcoholic liver injury. At 24 hours after gavage, liver indexes were
calculated; liver injury and redox indexes were detected; the pathological lesions of liver tissues were evaluated and the expression levels of inflammatory
factors and nuclear factor-kB signaling pathway-related genes were detected.

RESULTS AND CONCLUSION: (1) Antler stem cell-derived exosome significantly reduced liver injury, including increasing body weight, decreasing

alanine aminotransferase and aspartate aminotransferase levels in serum, improving liver histopathological lesions, promoting proliferation and division of the
hepatocytes and increasing antioxidant levels (increasing glutathione peroxidase and superoxide dismutase levels and decreasing malondialdehyde levels). The
effects were stronger than those of bone marrow mesenchymal stem cell-derived exosomes. (2) Further studies revealed that antler stem cell-derived exosome

significantly reduced the mRNA expression levels of relevant inflammatory factors (interleukin-1B, interleukin-6 and tumor necrosis factor a) and protein
expression levels of nuclear factor-kB signaling pathway-related genes (p65, p-p65, IKB and p-IKB) in liver tissues. (3) Overall, our results suggest that antler
stem cell-derived exosomes can play an important role in protecting the liver by reducing the damage caused by alcohol, and its effects may be achieved via

targeting the nuclear factor-kB signaling pathway.

Key words: antler stem cell; exosome; alcoholic liver injury; inflammation; nuclear factor-kB signaling pathway
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TPORE PR T AT AR PR AN mT i, i P 1
2295995 R SRR T B RS SN, HLDABORS 1 243 B
25 U RS M AR AR L AR B B AT 4 A B g AT
WORE PRI 28 LR 4Edl . WA VR REAL, 7 3 ] 3 35U 28
MIRAE. FFsEomE 2= R AP U7 H AT, RS PRI R OO
R NS e — K E ) R, R, RS TR G 2
JRCA 2R B AT 4 05 S EUTF B3 1088 O IR By R RN %
RIEE S, TR A0 W A2 PR A 5 2 2 (s IR e T G
PEIF B9 &0 2B A 7t SR H ORI T G 52 T R 1 405
MIEEE IR, FER DRI N E, WA BBR 2.
LA KB RS TR ST B R, SO e A
KEME BN, SBUFERRARH R RAER
TR E R B R B R P IF T R B NF-kB 553 2 1
ERSH LR EA TN EENEZ —. NF-kB & —Fh
R T, JLVPAAET AR, #ERET
FE M AR S AEAE ;. 40— B2 BB, B,
T K 8 5 255 A B 50 4 5 B R Ve 7

REER AL SRR, w8 R “GmdizE”, A
AU E . FemarE I RN AE R R A 28 32 2 55
FIT . WHICIESE, FEH IR BT 305 A B (AR W s 1
FEAHDG . REE A H AT R IR ME—7E 2% 25 5 10 e % J8 1 1 578 4
P SIa s EPCEAKE, BEMNEKEE A
2.75 em/d®, BF 7T IR R AR 0 1 1) 75 R 4 R i oy 2
BT A A K P R TR B A BT I SR I, A
75 44 i L VR B 40 B RD Ak T A SR SR P, BT BASE X
HOUREH T " T ANMAE VR YT T LT 44k 7 T R B
TGRS, BRI IR IR HE TR PRI AR . J8E
R, UL REAE T S BT 4 i A AN s A o A s Y. Tl
Wi C BN E T IR B FB ™, [FR, BTk Z %
N2 P 2 B 3o 5% 7 WA BN R AR IT AR, TR A2 2
A B 25 T Hilh R B2 AL .
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IS B T T A R R 55 A WA R o —— Ak A
(AnSC-derived exosomes, AnSC-exos), il i 1 & 14 JHF 4% 55
ANERABE RSN 7 T ORI AR AR T A G AR AL
il TR — R 2 5 3P B I A PR b SIS 1
JHAR A0 RE Rl L 22 0 AR AR A AR I AR R R A

1 #¥BFI55E Materials and methods

11 &t ARAMHPRES IR RAR N TR SR04
MO EAT SR BRI S 58, PN A A I e v S Y
FIENDNRARA (ELE 7 d), @RS B 17 RS2
BRI, TS 2 R G IRERE . M EEAR
[L ¢ A8, AN A L BCR SRR R 7 Z 50T

1.2 BFE) ARk E SEIG T 2021 4F 8 H & 2022 4E 5 HEEKE
B Bt S E R 5 7= iR FE T 56

1.3 A#f

1.3.1 SEEOAUAE  H-7650 &5 HLEE ( HACH L ); HS-1000 H
LR WIKAL (W AETH ), BN-802A 1l L HEAL (AL DL )
RM2255 £ 17] AL ( #5E Leica); BN-803A A=W 41 25 v )%
FrAL (98348 DL ); MY-CD5026P Hi & % (1115611 ); Evos
XL Core f8] # & 1 5% ( 52 [ Invitrogen); M8 i 7 4= 12 fift it
B 549 (#5[E Precipoint); DNM-9602 B 5 73 X ( Ik 5T BA
1 ): VORTEX-1 Jiit i i ¥ A (U A BRSE 14 ); 3K15 ¥ R & O
ML ( 3[H Sigma).

1.3.2 SR 40 g/L 2R HFEE (48 Biosharp, BL539A);
DMEM 3 fitli B 7 3£ ( 25 [H Gibco, C11995500BT); [fLiE & M
R BRI (PR, CO09-1-1); 2 MUk o By I & (e
SR, CO10-1-1); 23 Bt H JDR s 48044 Wy g Ao N & ( P ot
&%, A005); S AL P AL B AS I & ( B9 AU K, A001);
P R B (P Rt R, A003-1); 1 I ([ Leica,
39601006); 75 A A — {1t 4 4% 1 3R 5 & (b 5T Solarbio,
G1120); A& (A ARE T, Kit9710); ki 3k
& ( H A Takara, RR047A); RIPA ZLf#E W ( L #F Beyotime,
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P0013); BCA & A & & Il & & 7 & (b %L Solarbio,
PC0020); 30% A Ji fk % 1R A ¥ ( I i Beyotime, ST003);
10xSDS-PAGE i3kt ( L-ifF Beyotime, P0014D); 5x &[4 LFE
22 wh Wi (I ¥fF Beyotime, P0015); 10xTBST( t %¢ Solarbio,
T1081); 10x Hi %% i ( Jk 5T Solarbio, D1060-500); NF-kBp65
Pt fA (CST, Rabbit mAb#8242); p-p65 T {& (CST, Rabbit
mAb#3033); IKBa i /& (CST, Mouse mAb#4814); p-IKBa Jji
{4 (CST, Rabbit mAb#2859).
1.3.3 SZLeEhY) 40 H 7 F#S C57BL6 MEME /N, M & (2242) g,
W H LT RKAEEDMERE DA RAF, FAHES: SCXK
(1L )2020-0001. 54677 AR 7 KB FHE % B 5250 3
YMEEEZE o B T IR (S : CKARI202104).
1.4 FEBJrik
1.4.1 YRS B8 b

(1) BEH T R AT IR A 78 B4 21 (HURE 7
VEILSCHR [14]), 8 SREG = B /) T (ZL 201420335401.8)
K200 5 0.7 mm [¥38 Jv, SRS £E 200 U/mL (1) T 24 % J5
B 1 E 4k 30 min, BB Nl WAL HBLED. BHNAT
DMEM 5 35 72 5 (SRR 80N 10% JiG 4 MLiE ) kAT R
MR FR (37 'C RT3 HN 5% CO,), A4 il ¥ 2H 24
PR A N I, B 46 FR I, 15 40 i 85 P K 42 70% I, FH 0.25%
(1 1 5 GV A6 1 min J5, 590 SR 48 A (1 000 r/min,
5min), SRJE7E DMEM 58 48 7R3 b A7 A6 Cg 37

BETHEBRIEFREE

SRRRIR : JEETE 1] 78 R 2 41

BRREFRGE:  MRHAERTR

St 8 DMEM 77

I ZE SERBEFRIE RN T AFRS B0 10% R4 0% L 1% HHH . 1%
HERR

FERIETRRE:  FAR MRS b S B Rk, 25 2d H9 1R, 40
WL F) 80% i EAT R4

RfEK SRR A 2 70% N 1 mL AR ARG, 21 0 3 LhpifEAL,
#13d 16 140, JEfE 5 AR

REE : KT AAPIA S DTt BE [ B | G55
AT 552

REBEHE PR R B SR B M BE 2 R S L

(2) /BB B 7R T 4H R AR T E SEIe R A7, 1
Fr ok A (RSB TH L
1.4.2 SMMARISEE R ECh 3-5 RIMEE 41
L 0 5 ) 70 )53 T 20 L T DMEM 58 4 R 7R 2 v 5 9%, A5 4
% K28 90% B, FEi’y UltraCULTURE TG IMyE RS 753 (&
200 mmol/L 1) L= 232k iZ ), 72 h JEUscsE BiEw, RAEMR
TR 7 L BRI i AR TR, SRS IR IR RIS SR Ak
WAy B ) SRR 5 VR IR AT R 1 20 R SR R A/ A A R B
7] 78 53 T4 PSR IR AR s Uo7 A i A ik — b kAT B it
FE B AR A2 40 BT A% (NanoSight NS300, Malvern Instruments,

UK) 73 Bk .

143 o0 LB & ¥ 40 ) C57BL6 METE /)N B BE AL
g4, R 10 H, % IR RN R B A 43 00 4 R R K E
S5 PBS, iy B [A) 78 Jod 40 B SR U5 A1 6 4 T 4 (BMSC-exos)
25 JF2 i IOk T S B 1) 7 O T 40 Sk R AR A A (50 wg/ R ),
B B 40 I SRR A WA AR TR 2H (AnSC-exos) 28 2 i ok 2 55 R
B0 R IR SR (S0 ug/ R ), B4 T d. Rk
H2hJG, 4T EBDHC0N 50% KIS (15 mu/ke) #EH 11k
(XHHRZHBR AN ), L BV IR AL, B JS 24 h
BRERICL ( T4 B ), AbFE/N B HUH 23 (43 il [
MIEAT ) MREFUE, THERE, HHE% = HERE (8)/
K57 & (g)x100%.

144 BRI i i TEIRSE 2 h, AR5
3000 r/min £§.C» 10 min 73 B ML, 4 HEBRI G Pk A2 SR
B L T B AN N L = K

1.4.5 SEALIEJEFR PRI e BT PR 1 B 40 A ) I i
S RN N i S SO =R /1 N SRR ) s AL N S
ESCJFF JUE AH TR) 5B IR 482 0.2 g, IHN 9 £ 12 2E B 35 /K 1) B
10% JFFAHZ%19%, 3 000 r/min B§.0» 10 min, B EIEW, %K
bl AT o TS N NN 1 SRR R et 7)1 N e R /] T
WK o

146 JRAKS - e gets BUNRIFAZ, TR EN
10% A [E 58, BRE CEEIL K, 20— FH IR AL PR AE 2H 205 B
FUS ISV R (JF 5 um), BEATIRARK - R, T8
B T IR

147 @At AT B S AT R PSS B
1B4E 10 min KE £ =5 PBS P ik Ja i i FH KT Py JE T A
Yillg, SEIEE 10 ming PSR INEARR: R AL O RE], =
A 10 ming 75 LR ELIER N Ki67 fiik, 4 CEE A
Vel S WA FARICH) 186 R &4, =IERE 10 min;
W EMABERIVAEYREA - LA YEE, =iRTE
10 min; PRSI DAB (AR, TRAKE Gy, R
fEHEE, T RaE TSI,

1.4.8  SEIF 26 E B PCR(ART-PCR) K A7 AL T A
Tt % 5 & T RNase-free [ 25004, NN Trizol(1 mL) JR 2
HLi RNA, SRJ5 Takala J 8% skl fl & & A cDNA. A1 gPCR
Master Mix(12.5 pL). Forward primer(0.8 uL). Reverse primer
(0.8 uL). RNase inhibitor(8.5 uL). ddH,O nuclease-free(0.4 pL).
Tap DNA polymase(2 pL). cDNA(2.5 pL). Total volume(25 pL)
FSIAR ZHEAT aRT-PCR AL e rb (4l A 35 1B 514751 A
5’ -ATG GCA GAA GTA CCT AAG CTC-3’, 3’-TTA GGA AGA CAC
AAATTG CAT GGT GAA CTC AGT-5; 40/ 2 6 51 WIF 51 h:
5’-ATG AAC TCC TTC TCC ACA AGC-3’, 3’ -CTA CAT TTG CCG AAG
AGC CCT CAG GCT GGA CTG-55 fgRSER F a 51T 5 A 5
-ATG AGC ACT GAA AGC ATG ATC-3’, 3’-TCA CAG GGC AAT GAT
CCC AAA GTA GAC CTG CCC-5’; GAPDH 5| #) % %) N: 5 -TGC
CCC CAT GTT TGT GAT G-3’, 3’-TGT GGT CAT GAG CCCTTC C-5',
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MREZE

i 2% {590 H 55 mRNA A R IA &, SeIhEE 3 .
149 AR AL (Western blot)  HU&2H /N B2,
TN B 1 1) 5 AN B R BRI 1 R0 1) RIPA 2400, RS
12 000 r/min &.0> 5 min, HEJERCAE A &= E AN
buffer & &F 5 #IF HEAT BERR HLIK . WRAFI (80 V 30 min). 4y
B (120 V 60 min). %55 (80 V 120 min), 5% JiIS 4K 4 C
PR, EVEJE NN p65. p-p65. IKB, p-IKB. GAPDH —
PUEERE 2 h, EWREIA P (EPUNR 1Gg-HRP FIZE T
% 1Gg-HRP) Z il ¥ H 1 h, ECLHEJ, BRI H Image )
WAF b S EE 3 K.

1.5 EZWRAAE OPRAEREMFIEREE: @/ Rk
BRERAN. BHEEREE. N B AH K A s
M ENYEACEE K G/NRIFHS N /. A H
AN, SABEA BB @FFAKRE - Jra e e
SN AR NI G sz H AR/ B2 2 Kie7
Fik; © Western blot £l /)N U 2H 23 p65. p-p65- IKB. p-1KB
HAMKIL; @ oRT-PCR KM/ R 4/ 3= 18 1
UM 2 64 MIREIABEE T o (1) mRNA 7K.

1.6 %itF ot SLIHIE K Prism Graphpad K fFET 4t
THEED T BANFEARTLEH ¢ 4050, AN A 20 (7] EL 3R FH s Al
R ENNT: SR xs B AFIR, P<0.05 NESFH L
EMER N XEGIHETECLBLKERB SRS ¥%%
K.

2 258 Results

21 EBRshMBELSN SRR EE 40 H, FENLY
N4, £ 10 . 40 HUNRIIBEANSE BT, R Thivs.
22 BREFmMIKRIN AL LR BH RN ER I
WAR A RS, TR A MR 2R AR AE, LE 1A, HL
1253 BT O i 45 SR 7R A WA R (R A% 43 AT 7E 30-150 nm 2
], UERSETE 140 nm 7247, JLE 1B, ixegh R ORI
53 8 R T AT SR YR A A

2.3 BE T IR IR I AR Bt B AT TR ) ST IS
BT aeeqon  WORE B 5 10/ BRI & 535 D (P <
0.000 1), i FFAE+8 409 To .3 41k (P> 0.05), JLIE 2A, B.
BRAEEBS TN RS SR KT 5% T (P<
0.000 1), 2 ANAMAAKL IR 25 5 3Z 40 145 T #E 2B /KF- [ 7
f (P <0.05, P<0.0001), HJEFT4H KRR S A B4 2
SR 25 0 TR R) 78 5 T 4 M R YR S s A4 (P < 0.000 1), WLFE]
2C; AR, T4 M RIS A NIAARIE B2 0 T R R K
ST (P < 0.000 1), H 0 i) 28 R ¥ 35 5 T B ) e o T2
Hsk SN (P < 0.000 1), WL 2D, X$E7R, FEH ALK
VAN IR B PRSP I 0 B A G R T 1k R R
2.4 JRIH T AR IR BARIT b B AT AT ARG ) R A
TR BACTE B AR AT Frm AT/ RIS IR — K
g J R R T Y K CF B3 = T X R 4E (P < 0.000 1),
2 AN IR 2 3 B 2] T N K R FE s (P < 0.001,

4 | DERATREWAR | 582745 | 20234F

P < 0.000 1), FJ& 34 M SR &0 A T 577 2H )4 1) 8 R ¥
T R A 70 0T 20 B OR YR A A AR T 4 (P < 0.001), WL
3 JE 7 PTG Sl e B
TR, A R TR T 43 /N BRI R T AL

G3 BT /IS SRR B P 2 e st 48 A A i A SR A 0 5
OB K, 28 L TR AR 4 45 i H A ik S A A g R R 451k
VBB K 2 P (P < 0.000 1), 2 MMIAMAZ Y &7
T A IR H s S A A Bl R R AR A A B A B K (R T (P <
0.000 1), H & 75 4t i Sk 5 40 W 44 75 577 2 1 42 a3 28 2 o =5
S R B 1) 78 5 T A R U A MR TS 4H (P < 0.05, P < 0.01),
UL 3, 7 R 2 PSR Y A1 A Ak ko k2L 2R ) R A A
BAEAMORER, feftmFIEbiEibae /1, BRI
MK, A R E AR A
2.5 BRI ik IR S bRt S b B AR RS ) SRR R
B ENF ST/ EE ) 75K — e gh
B, WTRRA/N RN EEIE R, AR R BSOS,
JH 2% P TG g R T 43 A S AR P 4 ) o AL S5 9 B AR
BT ZH /N B /INE S RIRBR, HEDIAEL TG, 20 ff (] BRASERYT
RZHIFHMI K, I B MR NE RERNERBOE, HIR
PEZH MR IE LR (P < 0.000 1), 3 B T RS o JH 2H 248 R
SR R 0 o B8 1) 7 ol 4 B SHe 8 & Ak T 975 2 G
ST SR 7 S 577 2L /) B0 P 40 s 20 2 A A Y 2L 35 A
VIR R 2 EN =2 = e Y 0 P SR U N R 2y oy Nl
JH AN ISR FERE FE B AR G e, A R A5 45 A oK L J S
A0 e B, ARGty —, [AIBRIAE T, 2 P e K 22 g
J AR VEANBA S, PR B A AR D B T R, /i AR A
JiE, 4 B Rk (P < 0.000 1), W.[E 4. iXLb25 LR
71N B 40 SRR 47 A T 577 4L AT DR PR M A8 A /0 R
PR A 4L R 45 4

M /N B S AR ER D) B, S A PE M8 1
e R Y A, DA BB ERAR B R R B
) BT, A0 RAZ IR O BA N RS, ) Image ) THEL
Ki67 PH PRk 45 R, B 20 08 Szt Ik T-% 26 (P < 0.000 1),
B B 1) 70 o A R SR U A A A T 577 4H S5 A% B 2H i) K67 PR R
BTG 2 5 (P> 0.05), {H 32 B Sk U5 7 s R i
H Ki67 PBH 3R IA SRR 4H 5 3 T (P < 0.000 1), H i [A]
7058 2 R Y5 4/ IA A T 77 2HL -5 4 R 4 A T
A EFEMEZER (P<0.000 1), IX L7 FE T 40 B KI5 Fh s
PRTEAR 3E A 2G5 75 TR AT 235 R, mT DLIdE i kA2 41
IS EE RAE AN Fe 2 ALY, AR ATIE, HACREER T
() 70 o 4 R R A s A, DL 4.
2.6 E T IR IR AR xt B T M b AT AR A (1S ST IR K
JERFREGZA /N B4R 18, B4
6 FIIRIRIER T a Rk, 45 B R /N R IEH B4
fEAE 1B, AN 2 6 FIBRIRSEIR 7 o Fiki m T HE 4
(P<0.000 1), AHELAEAILH, i H 40 AR IR S A T BT 4H 98
R 3Rk 35D (P<0.001), DLE 5. X i H 4 R IR
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Figure 1 | Identification results of exosomes derived from deer antler
stem cells
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Figure 2 | Body mass, liver index and serum liver injury index of mice in
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Figure 3 | Influence of exosomes derived from deer antler stem cells on

redox indexes of mice in each group
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Figure 4 | Effect of antler stem cell-derived exosomes on the pathological
morphology of mouse liver of each group
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Figure 6 | Effects of antler stem cell-derived exosomes on the expression
of p65, p-p65, IKB and p-IKB proteins in liver tissue of acute alcoholic liver
injury mice
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