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Abstract

BACKGROUND: Radiotherapy for head and neck tumors can easily cause xerostomia, seriously affecting the quality of life of patients. In recent years,
engineered stem cells and their paracrine factors have shown therapeutic potential in the repair of salivary gland injury. However, there is currently no
experimental study on the application of amniotic mesenchymal stem cell-derived exosome in radiation-induced salivary gland injury.

OBIJECTIVE: To preliminarily explore the repair effect of exosome derived from human amniotic mesenchymal stem cells on radiation-induced submandibular

gland injury.

METHODS: Human amniotic mesenchymal stem cell exosomes were extracted and identified by ultrafiltration and ultracentrifugation. SD rats were randomly
divided into a control group, a radiation injury group, and a radiation injury+exosome group. An in vitro model of radiation-induced submandibular gland injury
was constructed using the submandibular gland tissue of SD rats irradiated with 18 Gy of radiation. One day after radiation modeling, exosome derived from
human amniotic mesenchymal stem cells was injected into the submandibular gland in situ. Samples are taken at 1, 3, 7, and 14 days to detect the resting
salivary flow rate. The structure of the submandibular gland tissue was observed by hematoxylin-eosin staining. The expression of glycogen particles in the
submandibular gland tissue was observed by Periodic Acid-Schiff staining. Fibrosis in the submandibular gland tissue was observed by Masson staining. The
secretion of salivary amylase was detected by enzyme-linked immunosorbent assay. The expression of aquaporin and tight junction proteins in submandibular
gland tissue was observed by immunofluorescence staining. Real-time fluorescence quantitative PCR was used to detect the relative expression levels of
aquaporins and salivary amylase mRNA in submandibular gland tissue. TUNEL assay was used to detect the apoptosis rate of submandibular gland tissues in

each group.

RESULTS AND CONCLUSION: After radiomodeling, compared with the radiation injury group, (1) hematoxylin-eosin staining observed that the submandibular
gland tissue structure in the radiation injury+exosome group was restored, the nucleoli increased, the number of acinus increased, and the acinar atrophy
improved. (2) Glycogen staining observed that the number and density of positive zymogen granules in the acinar cytoplasm of the radiation injury+exosome
group gradually increased. (3) Masson staining results observed that the number and density of positive collagen fibers in the interstitium and around the ducts
in the radiation injury+exosome group gradually decreased, the degree of fibrosis decreased, and the collagen deposition decreased. (4) The salivary flow rate
in the radiation injury+exosome group increased (P < 0.05). The fluorescence intensity of aquaporin-5 was enhanced (P < 0.05) and the gene expression was
significantly enhanced (P < 0.01). The fluorescence distribution of tight junction protein 4 was weakened and the fluorescence intensity decreased (P < 0.05,

P <0.01). The content of salivary amylase increased (P < 0.05) and gene expression were significantly increased (P < 0.01). The number of positive apoptotic
cells decreased (P < 0.05, P < 0.01). It is indicated that local injection of exosome derived from human amniotic mesenchymal stem cells could improve the
pathological morphology of submandibular gland tissue, promote saliva flow rate and amylase expression, and may play a functional repair role in radioactive

submandibular gland injury by inhibiting acinar apoptosis.
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EFHEaA M —E LISk, BURGTT SR R 4 A g
FPBNRIT R EE BOCEEER . SR, 8 70% [k
S0 0 f DR: 40 B B TE B 52 S I U VR T I R R R AR
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S AN BRI AR I Ah, S AT Jak G oG R AR . B, F
Wi MR IE R AL A ™ B (Y T RO s
H A, 6 0 535 E00E Y 53 Wl T i e 5 1 L AR AL 1)
PIANTE 2, Forh SCERFROE R RS BIR, Ing i) Z5EL
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5 H il 5 SO 453 TR T B 2 S S M A R K T A
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5. REERE N 4 0] RETEBUR 5 MR IR E O Hh R 0%
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A ML, EEXFTRER G 250 B A K TS
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RAE, WMEUEYE. AR ME. A SRAR . RIS AL B
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FH P A AR TT HRE N o R R ) R R S )
By A RITE R L.

AN AN A 5 T8 AL A5 SR 2 B AR )i PR T
U1 DNA. i/ RNAL ZREAA RNAL KB 4R 20 5 RNA, 5
i& RNA %52 {5 5L A8 A i 5 52 U4 41 it 1) 35 Folt 26 28 2 94
S, 10 H AT 2 AR RN KR T R i R E A
Bi, BRI R, AR, e i,
ML PLEFdifh DL & R d il Rk s E Bif 414 ™,
TR R 22 (1 2 38 AT R I 40 BRI 12 A1 3 A T TBUS e M 45
iy BB Pt B, B RS L R S
Bt &7 T AR 7 B AF T 2 M ISR L T 4
L TARIETT, A A A B A T A TR 453 47 Mol R IR T e B
S AWK BIGIR SR 7, A1) Z 0 A0 T Mk e
W FLB E RS, BAETHREL MRz,
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FER YR, BIEW AR SRR IR BRI AT A& 4k 1)
WS Ak T A ", filln, CHANSAENROJ %5 ™ 74k
AR5 % 1R B 1 e IR A 2 B A AL T B IE TN B T 4
SRR 04 4/ A7 8 ok AV 3 TSRS 45347 P A T R AH 44 B 4 4k
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TR 450 /I BRBE AL, R BN R V5 A 4 R U s A i
ABOE BRI WNT 18 8175 5 I o-kit” 40 / tH 20
7, LB E R TIRE

W 78 3 BN 3 % 18] 78 B 1 48 g (human amniotic
mesenchymal stem cells, hAMSCs) /£ y—Fh 54k T 40 i,
Fo¥G. SERTRE M RE,  FA AT B SRR 2 1) A Ak 0 e Ry
AT BT R U M A R A i 2 i
B PURIE. $UAF4Etb. ST SAER " A4,
hAMSCs ACRIEFE . & T S ffr. @/, 6
ot AR, T H AR E 55 0 WA, RERE
Gy b2 A R AR KR, B H AT 4R RV T A A
SEMHE Y, K, hAMSCs £ 82 kN —Rh B AR 1 Fh 141
b 7 e YA U 2L 43 TR Ak A B R SR I e IR SR
6 L hAMSCs 4134 14 (hAMSCs-Exo) iyt & s, 3l i F 9T
TR I AR f AR R D RE R A S N S B2 . 40 WA R YR
R EARAE, WEPERFUE T RO 145 5 D se i AR,
B A 9 VR IR AR Th ReAs B AR BLR (1 07 11 5 25 1R

1 #EFN53%E Materials and methods

1.1 3t BENLHESISLES, ZAMEAREBCR A SRR
Ji 253 HT o

1.2 BFR A E SCEG T 2022 4E 11 H £ 2024 £ 1 HAE
1.3 A

1.3.1 SEIGEhY)  6-8 JEWS SPF il SD KR 60 H, &
Jii & 270-280 g, W H i X ERRFLG Y L, T
AT IE 5. SCXK( ¥ )2019-0004. 1% € I & (2522) C, #H
XTIE P (45+10)%, 12 h/12 h SRS AE & JE A 1A 7% 2% 1
SEIG 7 AT B SRR K AR B 5y e (S
YJSKTLS-2019-2021-020A), FH & #REMFEE R

1.3.2 FEMEL WHSMEE AERIER R A i
SCEERR 5 M e B e B R = AR, SEER T R A
SRR AR B A 22 A ek (kS . YISKTLS-2019-
2021-020H), 7 & #/ERFE 25k, DMEM/F12, fiG 4
i 0.25% JEHE FIE. 25 ARG 17 (Gibco A H] ); R
JFEFIIA, HEREERWEW. MRGEFER. 1% %R
CLYLIR. L O BUy « MRV UE By I I S 2 R . RIPA
R . SDS-PAGE IR PRl il % i F & BRERE
B, 40 g/L Z R W ( Z3KE Al ); CD9. CD63.
CD81 HiifA (MCE A 7] ); RNA $£HUH . & 07 B A7, RNA
IR LSRR (RS R AR AR A A );
ST Weigert [R5 AKSH . EDTA(pH 8.0) Hit i Z K
Schiff Reagent Ji {4, Polymer-HRP $i i, / % il FH & — Hi ik
& (7AW ). DAPI 4L {3, CD44, CD90. CD73.
CD34, CD19 i A\ Pifk (Biolegend); & 2L 224} (Sigma);
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SRR I AR & (BT EUE AR TR AR );
—hUKEIEEH 5. B IERE N 4(Servicebio AF] ); W
2 (B-actin Hifk ). KRMEERER EETUA ( REEAH );
ECL AL 2 ROBRT A & (BB K )s EP & ELIRIRE .
B0 B IR, AN RRATE | T25. T75 40 o8 77 i (Nest);
IEBE O RMET. B8 %6 BB (Carl Zeiss); 44Kt
i B AX (Millipore); 49 2K i ki B i 43 BT 1% (Particle Metrix
AH]); E BB (Hitachi AW ) AR 7M. SO0l
(Thermos Fisher); LYHL. FEETI AL 18 AL (8 L
BERHE ).

1.4 Z¥7 %

1.4.1 hAMSCs ¥r = 5% H BIIEI N F IR SN 544
FR—MWifir 0.05% X EE I8, 300 H WS 1) 4 8 4 i i it
T 5 4k S B0 SRR TE I 2RI, KT GG R R SR A
SR T LA, N — P R AR e i) 1T 284 fie 5 g
DNase | i (10 : 1 /i), 4kaiftb, I8, HIEmIk
LREOE S, MG IR IRk, 1000 r/min
B0 5 min, FFERIERE, WERE FIRE B ITEE A
hAMSCs. &) = K43, A5 40 i fil 5 74 80%, HJ 0.25%
JiE TR AL 1 min, SRS SE A EE R AR AR W AL,
1000 r/min BS.02 5 min , 3F B3, IR EEIRET ITE
WAL, %1 0 3Bl e R T T7S QR BT RN, DA
P,. P,. P,ft hAMSCs.

AFREFRTARBEIEFRREE

RRESKIR NN

REEEE RRBmRGERE

BaERE omewucomuHoE

SRMRL L (10 mL)+ BPERAFAEATIE KT (100 ng)e SR (L m)

RS RIS 57 d B, 2R =KL, BT 4 TP
(LN

BER AN A % B0%-00% IEBINILIEE F I K1 3 AR,
£ 7d 1k 1R, itk 3R

AREE  RMRAA. RAREA. KRR

P e e

8 H Py A hAMSCs AT U4 E , AL/ 1200 r/min
B0 5 min, 3¢ EBiE, H AR5 EL 3% G 4 i (1) PBS
R H, R R JE & 1x10° LY, HY 200 pL 41 B
WO\ EP A, 43 AN N % ' B A Bt 4k CD44. CD73.
CD90, CD34, CD19, 4 ‘C it Yt ¥ & 30 min, 300xg &5 >
Ji FH 250 pL PBS P B &, b i At ksl

hAMSCs 22155 5504k 3 Jil J5, 207 O Juii gt 3 B 2
B ™ MLEE hAMSCs 7] i 7 44t it 2344 B R ¥R T B 18 5
BT S 3 G, FvE R AL 4B hAMSCs 347 4L (4,
315 W ABE T %2 hAMSCs T2 45 5088 I P AR A 4 T B i
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1.4.2 hAMSCs-Exo {14355, %5&

(1)hAMSCs-Exo [1] 4+ B5: 50 mL 55 > &5 Ui 4E P, %
TC AR WA PR I3 £5 77 B IS T 37 CC I, 1.000xg B0
15 min, B 2 000xg 550 30 min. /N G G
WA EHH E0E T, 4 'CF 10 000xg #0» 45 min F1{X
LBk BB SEA MR A s S S IR e R
1 _F 35 W 51 N Amicon Ultra-15 #f JE 35 B, 4 000xg &[>
25 min DUKSE B BiEW. B EEIWRERZ 0.22 um T
R I IR A 2 S BRI K FE VA Je e o, WO IR R B
) EP &by, DL .00 100 000xg 2.0 70 min, 2218
W IR 58 IS, AN TTE I 200 pL TRA 1) 1xPBS
i, W10 pL H T rsNES, 10 pL Rrikifs, 20 pl 4
WRE A, FIRINLAET -80 CLRAFHH

(2) 3% 5 B 55 % %F hAMSCs-Exo TEZS: W B b v 40 Wik
PRE S 10 pL % 0 40 I T 2o Bl FH 8 40K 4
W10 25 2 RAVEI 2, K T4 R % €4 10 L 22155
THAAT MW E 1 min, JEACE IR LR, HIER TR
10 min. & TR 80-120 kV A5

(3) YK IR PR R 43 BT 1% %5 7 hAMSCs-Exo i 4% Tk
FE K AN IAA R ERE B 10 ul & AR REF] 30 pL, X 2% LA
R I EK (100 nm) FEATRZHE, WS 40K BURL ER 7 43
AT A & A AT 0 5%

(4) Gl 2N H A %5 58 hAMSCs-Exo R bREY): il
i1 200 nm AR REG K BRI A W SR A HE 53 55 135 Al 4k
HY 20 pL AR AR BE 42 90 uL 5, 4r 7l n A\ CD9. CD63.
CD81 Kot hric I Hi ik 20 uL, VR 2&), WEH37 CHEH
30 min J&, HI50 uL #iA ) 1xPBS EE, gkt diiix
KM AFEhR 4 53 (% hAMSCs & H ZERETAE N RTRR ).
1.4.3 K RBCH PRI T B0 £ 1 18

(1) L His s R AT O 2 38 SD KUK
BHAUT BB E AR T Y, R, BRI T VR AT IE SR
S, P 60 KO SPF 4% 6-8 Al KEME SD KB, 1% MR g
T ECFRENL Y N 3 4, RIS RRZH. U 8R4 2 U 4%
15 + ShRAE, AN 4 AT, n=5. T8 LERK
20 JB o R U BT SD K BRBCHH A U AT B A5 1
MR, T 12 h KERIEEKEE €, Ll 50 mg/kg 75
Fs RS 1% B LG BN RRIEE, £ R R AL T RIR S IS
DA BT A IR HE B, LT B2 I B8 B e AR S (—
Mk 18 Gy BRI EHAT I, BASH: 6 MeV HI T4k,
H R FE 100 em, BRI E# 3 Gy/min), BRGSIIFRZ) R
4.0cmx3.0cm, fiFX N 1.0-1.5 cm ¥R, HHR K
BRI A AL 0 HEZH KRR BRI A O, AR K RO
Je TR IE R R oK T 1, 3, 7, 14 d X 4 ANHE A
AT % 2H K R PR 9 A DR

(2) TSI ) R 7 e BOHIERE 1d, il JE A

TiFAT R E T BR P SF: 1% 132 B EL 224 (50 mg/ke)
BFCELS, RTRRZH . O A AL B S VE S 100 pL
TG T PBS; S 45 40 + A W A A 2 RS Ak B R i A
hAMSCs-Exo T-7iii (100 uL PBS £ /MNIMAYTIE 200 pg).

(3) BUFE: Job K BRRRIE o AR &, 7EMEVRSCEE S B
JERAERE, TVESE 1, 3, 7, 14d, IVSLRIRES
EURE, YRR R VIO B R AR, SE R EH KRR
XU AT R, B 2 IR Ak o Bl G 07 2 44 4 23 o B 5%,
K E T 40 g/L 2 R B A SUE 2 Wb = B AR A7, B
AT fa 255
1.4.4 WERUEMINE 5 AIAESE B hAMSCs-Exo VEST 5 1,
3, 7, 14dIERHRRMER. 4 H LT 9-12 /), %4
50 mg/kg MRS ST 1% S L ZANRRIE R BR,  Fr IR
AN, 40 uL BIRZEF ( FTEWKEE 2 mg/mL) &5 NE
SHE, 1 min J5 RS B MERR 73, SEAE TR EREGE K
BT PR AR IR, AR5 KRR TS 9 B NTS TR /A
I (1t /N R BRI ROCE o R B BT, - 7E 20 min Py
e DR AE, TR VAT T S R 0 T /R R
w72, RGNS AR E. MRS wE = WEEL
fity EP & i = - WAR AT CEG EP &, LA X g/mL AL
He S5 7515 MR R R 7 VA2 X uL/20 min, HCFI4E .
P4 £ MR 2 U5 R 3 000 r/min R B0 10 min R 228
Kk, BT -20 COKFEH R & .

1.45 ZpubmEE A EREG SR BOERRASREE, &
L 15 min(200 r/min), U4E FiE. J %1% R ELISA 77 &
W BR 5 AS I %- 2H M VR R I ) A, R R AR AT &
YLD IRAT o WA [R5 USC AR 11 45 4 A AN SRR b o
HEAT 5 fEFRE, BT 96 fLARH, =IRMFH 60 min, H4
FEARS B 3 ANEIFL, RO 52 L iE €5 B E i 7. RIAE
FEEAR A 450 nm A AL 2RO BE (A) M. s N & ALRE )
A MBI ELTTRE, FRESARES MR E X8, AT
Gt

1.4.6 AT RRLH L% B AE R AR 1k,

(1) 8N ARA LTS ANG - Yot G0N ARA LD F
R 2K, RO Y)W T IS, BKa
BE T LB ANTRAKE GG 3-5 min, A6 1E,
VevbiR WEMOREE; R E)s, BE O, A
Jey gt WK, AR R A, SR AR A2 2 rh
SER AR, .

(2) T i 4 2103 iR 35 K K (Periodic Acid Schiff,
PAS) Juth: & T IR VIR B T 52 ) 10-15 min,  FZE1#K
BEAT AR e 2 Ik, MR, E AL 5 min J5, I
Schiff Reagent 1478 i5 2041, & 4% 15-20 min, F L L
NI TGS 2 IR, ARATEPEE 2 min 5, R H AN
Mavyer R AKE G a3, HEATAZ S 2 min, JKPETEE, MEE
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JiRAA T PAS [RSEFHIET ( MBI R ) RIS,
I oG S A il SR RO A 30y M RORE Ay 41 B A

(3) #il T MR 2K Masson Jeft: AR A7) A it 22K,
T 37 CHRA N TH 2 he JKPEJEE Weigert [ T3 ARG Bk
TAEVE M GAZ 5 min, 7K 5 FARAR 40 2 1% 1) Eh R L 7
WA 15 s J5, Fe43 Pk 10 min. [HERZL Sh 4l fe o
10 min J&, 2% UKBEER/KIE0EYE 1 ming JKBEGIE 1%
B8 AH ER VA WAL FE 10 min, K1) TBON 2RI B 7K T R e €
2 min J&, 2% UKEEER KB WGE A Z1: oK. &L ik
W Jied [ o A 2L S8 A T O 5% U A T Joit % 3 L e
JE IS €0 X3 (IR IR AF4E ), DASR VAl 48 440 g BEAZ A,

147 PR N IRA LA hKEIERE 5. RKEiE
BEA 4 EARE GUFRASY A Bks 2K, MikEsE

5t 15 min, 53, 30 min, PBS Wik 2 YR, LA
AL, EREE, WIKIEEN S, R

HEA4 P C S0 FERE )4 CH R IR FINARICH
PLH 1gG(1 1 100) —HTIF R (1 © 100), PBS Pk 2 Ik,

TINGLR TAEM, HiRF TS, N# AR buffer fitlk
b 3 min, InFA 15 min BUH, BHRREN AWK S,
RPN DAPI B E S min, %4y, RENIE. BH,
TROGRME TME/KEE R A 5. BEEEEN 4 EHH
S AALE . Image ) BRI KIBIE & 5 KR HEEE
Ha4EAREMmERE, SHU A BEVLER 4 10 3
ITEAL I, B

1.4.8 RT-qPCR A il &l T R ZAvh /KIBIE & ) 5. MERE
MEEFER RIS KA T IR ZIFRE (2015) mg J5 i E T 6
B 208 N, P 28T FERE 5 i\ 500 L Buffer RL1 %
AT E AT ER, B I F 2 Ui BB O - T H A5 K
WEEAE . 12 FA& 48 Trizol 357 G R HOCS 460 T gl 23
&SLURNA, H2HX 2 ub RNA I35 DLSS UE LR BE R 4l . A 4fa
BT G N 20 ul )RR BifA R, WE 37 C
15 min. 85 ‘C 55 2k 5 A cDNA, [ifi J5 %% 2H cDNA 3
17 PCR Y IG [ B, [ BEAR RN 20 pL, [ s&AF 2 95 C
5min; 95 C 10s, 60 ‘C 30's, 3t 40 NMEI AR AT
VLA T. DL B-actin FEECAN Z, 51T A LER 1.
il 27 VR AL E R KB B & 5. MR R
fif mRNA FHXT HRIL & .

1 | RT-qPCR EF 51457
Table 1 | Gene primer sequences for RT-qPCR

FER AR GlEZ 2

JKIEIE 1 5+F 5'-TGG GTC TTC TGG GTA GGG-3'
KIEIE HE T 5+R 5'-GTC CTC CTC CGG CTC AT-3'

e Y A g +F 5-TTT ATG TGG ATG CGG TCA-3'

W Y E ) fF +R 5'-TCG AAA CCA GAA TAC GGA A-3'
B-actin+F 5'-GCC AAC ACA GTG CTG TCT-3'
B-actin+R 5'-AGG AGC AAT GAT CTT GAT CTT-3'

7808 | DEHERTIEHR | 5529% | 5365 | 2025F 128

1.4.9 TUNEL %y 8k W 0~ B 4 23 b 8 o4t i A
TRRA L) R B 2K, AR UKD R BN R
(10 min), JE/K ZBE WK 434K (15 min), SRS V1A fS R
JE N K CAER (20 pg/ml) B i 428, 37 CHiE
20 min, - PBS HIR LUk 5 minx3 ik, Y 4k 4 A
TIE MBI TAE R A S 14, W& 20 min, BH/EINIA
TUNEL J 3% (TdT AT dUTP 4% 1 @ 9 it & ), W) H i E
T 37 CFW¥E 2h, DAPI Ykl AT A IR% = g, eI
F 10 min; ) PBS 32 15 min 5, MIATLH G K
HE A, MG RMEMEIEREREG, kY FbE
BLIEHE 4 NHLET, Image ) A EAT e vt 20, AR T
2 =( TS E /212 )x100% .

1.5 EZ2AR4EAF OIS A KRS SRR @7
ARG — LT YL SRR B R LS5 W i et W 52 A5
TR LA RE IR R R IE ;s Masson Gt 0 52 6 T i 2H 24
LFYEfk; @ ELISA K6 73 i Ve K G & B @R ot
Jeta MEAN P ARALIFKBIEE A BREREARL;
© RT-qPCR il &l T i 4H 23 /K Gd i a1 Pl e o Tl i
DR R AR G 22 B (D TUNEL A0 4% 4450 A 4 23 b 1 4
M T,

1.6 %it® o4 KH GraphPad Prism 9.5 4514k {4 52
WEARIAT AT, ITAEEEEL, xes KR, 24
FEALLECR BRI R 7 2290, P < 0.05 %A &M
BN o CEGT 07 vk O Al i SRR A R O
R AEM ST =T T .

2 Z5R Results

2.1 hAMSC. hAMSC-Exo &4 4 & %2 Ik 9256 % H i
THALE3RAS hAMSCs, P,. P, £ hAMSCs 4t il I 41) 5 %,
MHEFN, BAY—, 2RI EA K (E 1A, B).
hAMSCs 7E IR 7 s S TR Bk BUE 01 5 S 5 7R 2R
RN, SR B4 G A 21 €0 1) g i ORI s
SRHEET3EE, HRIOREGER T LA L34
P IR TR o0 AR AR L BRI /N, IEBE ST O A
TER (B 1C, D)o i x4t i 53 B A3kl 2 3 hAMSCs BH
%15 CD44. CD73. CD90; [HIE#K 1A CD19. CD34( [&] 2).
FAL 85 ML 4% 5] hAMSCs-Exo g 2R [5 JE2 I XU I 46 44, v [] 1]
f, 2 TR MIRRDIRA A ([E 3A). K ERER 1T
FORBEATRIAR 73 Hr &45 R W RURLRLAS E 30-150 nm 2 [H],
FERiAE 0y 80.8 nm ( [& 3B). A AKX 4H ML A 5
Xf R ZH (hAMSCs 25 [ 2 fif i ) AH EL, hAMSCs-Exo fiit |2
5 cD9, CD63. CD81 %1k iz % ( & 3C).

22 FHpFRELER

221 FHRRMAEREDN S0t FE iR & 4R R R,
S 14 d WA R LS R B, T XTRRA, S5



Kid: B A, B OYfSIE R B TS P,y Py A hAMSCs (RTEZS (x50); 4 C,
D i 4L O Gt (x200) Rl LG4t (x100) J5 MLEE hAMSCs BAE AR Y
LRETT

1 | AFREEFERTH (hAMSCs) £ 7E

Figure 1 | Identification of human amniotic mesenchymal stem cells
(hAMSCs)
A B
400 =
300 = CD44"
99.1
a0
CD73"
g 200 = E 997
5 8 200 -
100 =
100
o o
T TrRf T T T T ™Y Tref ™ ™Y ™
) 10° 0t 10° 0 w0 i et 10°
C
250 =
CD90"
200 = 87.0
§ 150 < E
100 =
s
L] s
™ v T t
0 10° 104 10°
E

B
hAMSCs K [f Bt i, FHPERIA
CD44, CD73, CD90(A-C); [
Pk CD19, CD34(D, E).
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Figure 2 | Surface stem cell
marker identification of human
amniotic mesenchymal stem

cells (hAMSCs)
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3 | NFERREFRTFABERIREINDLA (hAMSCs-Exo) 87
Figure 3 | Identification of exosome derived from human amniotic
mesenchymal stem cells (hAMSCs-Exo)
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Figure 4 | Effect of exosome derived from human amniotic mesenchymal
stem cells (hAMSCs-Exo) on body weight of rats

LB, 14 d i, U RT + SR LI AL S R KO
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A XA TR TR + AR
I \Q 8 & TR e

T

Bl B A & ALUREUAT N IRALZI0 AR - JHAL g4 (x200); B %4l
K BUATL R BRZHL 21 PAS B (5 x(400); C Ay4% K BT B4 £ Masson 4t
(x200),

5 | ANFEEBEFERTFHAEERIRIMDA (hAMSCs-Exo) XK FRAUT ME 1545
AT BRLA LRTRERRL S RSN

Figure 5 | Effect of exosome derived from human amniotic mesenchymal
stem cells (hRAMSCs-Exo) on the pathological morphology of submandibular
gland tissue in rats with radiation injury

PAS JL {25 R UNE 5B Fiox, 55 3 R, UM B4
PAS [SH 11 Il JEUURE &5 B AH O Uel /b B8 7RI, TR 4 75 20
JBR I LS5 PN R DL e ORE  A AN KR AR D
M55 14 RN, TR IR IT IR ML 240, S5K0TREL,
o R, Bk B JRURORL Y R BB A
BORLCH R 563, 7, 14 R, SHUHRAHEE, &

7810 | PEERTIZHS | 5529% | 553651 | 20255128

SR + A1 s 2E H 1 Wl T ORI T £
Masson Lo 41[E 5C [, 257, 14 R, JRUR45 45 2H 1E
iK% SR R A e . B, 4L
U R 2, 1 5 R AR L, RO 5 + Ak
SR J B B R AR e B ERD, 4R
ZUHAAPEAR .

223 HARRMERAERL HE 6 A, {ERURES
1 R AR A A LB S5 22 5 U IS 26 3, 7, 14 K,
U5 27 4 A B i ] Pl Y 7 e S0k A (P < 0.05,
P<0.01); %7, 14 ki, SUHGrEL, U Hi0 +
Gl A 4L MR S T 5 (P < 0.05)

B A 3 OBURRE O3 SO+ SN

b a

—_——

30+ a a a

WYL (1L/20 min)

1d 3d 7d 14d

KliE: *P<0.05, °P<0.01, n=3.

6 | NFEEEFEFRTFHAFIRIMNDA (hAMSCs-Exo) XA R MU MR
ST BRMERUR IR A 220

Figure 6 | Effect of exosome derived from human amniotic mesenchymal
stem cells (hAMSCs-Exo) on salivary flow rate in submandibular glands of
rats with radiation-induced injury

LA Mt 2H 23 76 T ) /KB B 1 5 9 A
AL DL 7A, S 4KEIE R 5 R 9O BT
B 7B. 3, 14K, BURBGAUKIEEREAS 5. %
e R FE R LK DRSS (P < 0.05); T 14 REf, 5
THUR B A B, TR R A + A A 2H 0% e e R
FoE (P < 0.05),

4K B 2 11 5 mRNA £k /> i A8 4k L& 7¢,
13, 7, 14d, BURBMHAKEIEE A 5 mRNA RIARIX
WrBEAK (P < 0.01, P<0.001); 2 14 KEF, 5 #ifm4l
FEL, U + ANBAAKIEIEE 9 5 mRNA KX 2R
T4 5 (P<0.01),

AN RS B R E O 4 PO A
8A, FAHEAKERESNIE 8. HE 1, 3, 7,
14 K, SHBGHGH P EEERE N 4 504 2O6E
R R IR (P <0.05); M3, 7, 14K, &
U AR AR B, U 4545 + SR R A e =
SRS LA RS (P < 0.05); HL2E 14 RIN, B
BE 4RI EeRsE R E R (P<0.01),

2.2.4 354 KRR VI UE R K T LS ELISA 45 R WL [E
9A, 1, 3K, FAMERIEREEKTAR MBI 5
7 RIS, TR LR R B K F I AR PRI (P < 0.05);
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B B A S E R R IR ZUKEIE & 1 5 %Ok Y fh (x800); B A
AR RAEEE A 5 RO R O E R CORSA RN
K E & [ 5 mRNA A X KA B . °P<0.05, °P<0.01, °P<0.001,
n=3,

7 | AFRREFRTFHMRIFEINDIA (h\AMSCs-Exo) X% 4B A R AT T AR
LRLAFIKIBIBEER R 5 RIAMEZI

Figure 7 | Effect of exosome derived from human amniotic mesenchymal
stem cells (hAMSCs-Exo) on aquaporin 5 expression in submandibular
gland tissue of rats in each group

14 d I, O 45 05 4L e Y A7 i K ST I I TR HE RS R 25
ik (P<0.01); 7, 14d, SUHHALE, OB +
Bl AR 2H R Ky /K- T (P < 0.05).

B LA i 4 20 Y B E mRNA R 5E A2 AL L[]
9B, JEUNJEEE 3 R, BCH 45405 4L ME E A i mRNA 3£
EEFFURFRAR (P < 0.05); 7, 14.d, JC5 4 49 2H M Ve ¥
g mRNA FRIAEFFSEFEAR (P < 0.01), TMT%5 7 RN BUBUH
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Bl 18 A S 2HA P IR AR 3 1 4 TG (5 (x800); B A
ULSREERE T 4 SO YT BT, "P<0.05, °P<0.01, n=3.

8 | ANERE 7 BT HAEsKIRINL A (hAMSCs-Exo) Xt %20 K FRAR T BR
HATREERER 4 TIENFI

Figure 8 | Effect of exosome derived from human amniotic mesenchymal
stem cells (hAMSCs-Exo) on tight junction protein 4 expression in
submandibular gland tissue of rats in each group

A mB XA 3 EUERid R s + AN R

— 407 2 a b a

-

£ | o | | L

> 30

=2

& 20

?S

& 101

= od : . : ;

1d 3d 7d 14d

3-

[
L

MR E B i MRNA R o

b b
a a — —
——
2-I I b I a
0= T T T T T T
3d 7d 14d

BlE: B A NS MR e B &5 B N &2 A N IR 2H 23 p R e
fiff mRNA fxt & ik f . °P<0.05, °P<0.01, n=3.

9 | ANFERRE 7R T HERIRINE A (hAMSCs-Exo) I K RS 14545
BT BR53 L E A BE RS20

Figure 9 | Effect of exosome derived from human amniotic mesenchymal
stem cells (hRAMSCs-Exo) on the secretion of amylase in the submandibular
gland of rats with radiation-induced injury
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TG AH LG, TR A + A0 WA A4 25 0 U K0 I mRNA 3£
EEEEFE (P<0.01); 14 FHF, MHEREHET mRNA
FikE T (P<0.05).

225 HA KK NIRAS P T R dd
TUNEL %L i 0022 521 6 R ARdl 40h g oot od, o
PPV s T RUON S B SR, WE 10A, €&
MrUlE 108, 25 1, 3, 7 K, JECR$R 5 2 BH M T 40 A
IR H T A (P < 0.05); TATAE 14 RIS, TR 4549 4 BH 14
T A R B T (P < 0.01); 557, 14 RIN, 5K
SR L, TBON A5 + A A A 4 VR T 4 i Y 2 Ok
/> (P<0.01, P<0.05),

U EEvEVEE] TSR + SRR

0 s + AN R

B mm x4 =3 sUEHHGA
b a
304 —
a a b
< —/ i
5 20
a a
0- T ’—T_‘ T T T
1d 3d 7d 14d

BIVE: [ A A 280 R IR 21 TUNEL 3465 (x400); B %41 TUNEL Ztn
e, °P<0.05, "P<0.01, n=3,

10 | AFRRIBFE R T AR SKIREINDR (hAAMSCs-Exo) X &l T AR £E 4R
HAAT RIS

Figure 10 | Effect of exosome derived from human amniotic mesenchymal
stem cells (hAMSCs-Exo) on cell apoptosis in submandibular gland tissue

3 1i£ Discussion

W 73 A1 A I P i i R 4L 4 ) EE B AN i R, IE AR
HURA N, 24 h AR 23 7 ) A 24 1 000-1 500 mL,
oo AT IR ER SOIR A R AR SR M Y 4 W 1Y 60%-

7812 | PEERTIZHAR | 58294 | 583658 | 20255128

65%"% . EI BT, kAT MR AL ) 15 )T CLEUIE B B
J&, ARG URHE TT TR AN AT G b il IR AR R 2H 2R
FIHRIEAH I (acinar cell), FE L (ductal cell), L& itk
EE, HEELREIZEMENLRCThAE, 5 80E AR
REJRR, K10 5] A B D S WOA S0l 7 R R &
FOME 5 ThRE 0,

3.1 hAMSCs-Exo *t K R4 MR 40 T IR B2 A5 7k
3.1.1 hAMSCs-Exo XJ K B BUR V457477 60 R4 2R 45 74 1)
SO ESEER R INES 7, 14 R, UM AL T R gH 2N
MBS AL, MREE4E, AR, FEEHTIY;
U A A, TR A + A A A 2H v T IR 2 1
SEMWRE, AW E, BRSNS, B GE.
45 R B hAMSCs-Exo RJ A L5 TSR 5 BT AT i 2H 45 1)
FAWAE, X 5EMTEY R Rg R85

3.1.2  hAMSCs-Exo X A B JBUR 1 45477 6T i 4 23 v g iR
BRI RN AR, BRIV RS P AT LR E et
FR) 3 VA RBURE , - BRI JEUROKE (zymogen granule),  DLIGER A B
Ji B AR A A7 R IRV B T X 3, 32 BRI VEN T
Fo i P R T R B (O R B A b, RIS A
FLJ5 5 d ZE45 1 IR 4 R P R R JEBOR AR SR, A AN
AR, 14 d WL P9 PAS BH 1 i 5 R B 2 820
BERRAR, HCSE ORI N A R, R R
B 453 55 o WA IBURL I D 6 R o VRSB KB 3, 7, 14 d,
JHCSRE 453 47 2L F 4 Tl AR ) S 9D B R R T
Ry AN L RT B A P AL ) G 2% 5 S0 24 17 - 4
RIS, 5 SRR UL A, IR R KRR A
REBN T, i B A i o Bk i s U R +
AMIA A V%% 3 FE M B TR AR B i A A IR TG £
B hAMSCs-Exo FJ Bef& 578U 175 5 I i S Ok s ot
YRS A HYE 25 P50 120 it 55 40 30 [N 1 238 il J e
B, B2 TR

3.1.3 hAMSCs-Exo X K B JBURH P4 03 6T T BRZH 2R b 4R 44k
F- AU R e I Y RS B R A et
I T A 4540 F o B bR 2 P R A T Y1 5 hAMISCs TR
PLAEAE B C57 /N BRI IR S PR AR A A2 o, g T o
i — Bt R B hAMSCs 4 BRI gt %, 20 R
SRR s D R B 578 ) Bl 2 4 A 45 21 B I i,
B hAMSCs Ji A7 B2 A8 AT B C5035 O 5 S0 IR AR 41 4 ALk
FE P FEURIEAL B, R SZG HE— 0 R BUBUR BT + A
WA 2055 TS A 2E LB, RO 4 40 + A ik A 2 TR 5
Jo 5 T [ Masson B Jie 5 47 4k £ & o>, S5 R R
hAMSCs-Exo A] fE EL 4§l 41 LT S fb i B 72 . (A,
DA b 45 5 W] hAMSCs-Exo 1] fE L A7 #0461 2T 4 {1k 32t Jig 1 48
F, LI R S 56 540 40 T Ak B S bt 4 AR 47 26 A A A4
(I 7 45 SRARST 29
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3.2 hAMSCs-Exo & K R A AR5 A0 T Ao sk ) B 69 35w
3.2.1 hAMSCs-Exo 5 K Bl JEUSS 14 452 403 6 JiR 2 Y6 Ty BE 52
My MR T AR A B A% U e BT S AT R D RE AR A 1
FERE P RS RN 3, 7, 14 K, JURIRGHE KR
BE (R RS, R RF S (P < 0.05, P<0.01), &
RO 1t TR A S ), X AT RR S U S S R
MM AR LA E A O, AR
AR, SERES WIS, HESWET
B OE 55 7, 14 R, RIS + Sh b 2 v
WO = TS B 4752 (P < 0.05), KB hAMSCs-Exo 1 2
LI EIEA, IE BRI $H, DU o
B K R O TREZR MR, X5 XU 25 P 5 70 b Sox9 FE K]
Tk R 1) 40 L P A2 M R TR PRI 4 SR AR T
(1)hAMSCs-Exo 7] fiE il i 7K I iE 8 1 5 /55 2 &
AR MR IR AAFDIRES T/KIBEE RS 5 FE M
T R 2B 53T /)N R A N 5 5 4 L P 2 T g (X
S, LK W 43 A R TR TS AL AT e 2 DA B B 7
oK Fid iz, ik mtok o il R, g
FIR T 4T B S 9 AR KRB B IR 2 B LA &5 B OR B R &S
KAEEH 6 X AKEERA S BAAMIFAEIEH, 4E%
ARAEH6 BN, KlBEED S KE T, 5]k
W WA TS BEIRSKAEER 6 N, KEEEH
5%iA B, MWIMATHER b s . 54h, KEEEH
5 PR IR R OB B R T th 2 5 4H i N is S R TS .
RS AR LG, AR ZH /N BRI T KB E &R 5
FAL K B A RT B 2l i SR RR JIR 1 (cyclic adenosine
monophosphate, cAMP)/ 25 [ 15k A(protein kinase A, PKA)-
PR R N Te R 45 4 B 1 (cCAMP-response element binding
protein, CREB) {5 5 3 % 1 -1 1 Sk B Mok v A% 1 ik A 20
HYE %5 B2 %% SRS B 97 hADMSC 55 43 1 i 4k 4 % 7
AT MW EAEKE T, HgifiN 3= 6 IS =
A TR 1 i B TS ST 437 47 /N B 2Ry e R 4 23 v K
W 5 Rk, ek e E G N, I R TR 4k SRR )
hAMSCs-Exo 145 7K 38 18 &5 [ 5 1 H T M V3 388 114) 521 o
IR 5T K ) S e e A R 7R B 3, 14 R, URHR
HACHEEEE 5 704 POE B A 2 OB S (P <
0.05), H 3, 7, 14d, JBUH#HILH/KEEEH 5 mRNA 3%
LR IR TS (P<0.01, P<0.001); HEMIH 5 A AT GE 2
W FREIC M A IR, K@ EEE 5 RikfE
15, 4k, fRST AT AL T DNA H3E4k, 51K R
PR AR KR E B 5 MR m) AN R A, A K
H|HS HARE, MAKEE SR E 5 7E MR ARk
% B 14 RE, SHUS BT AL, U + s
WA A e Yt i B iR R W 5 (P < 0.05); Ak, THUN
1+ AU AR 4 7K 38 B 5 mRNA R IA & W2 i (P <

0.01), K H] hAMSCs-Exo 1] g il it i #= /K dIE = 5 3
5 2 O A K ST M VR U A, (E LA PP R B R,
PR
(2)hAMSCs-Exo 7] e Jl it B EHEH A 4 N T 1%
Y it G 3 AR (1 O PR R IR S PRRIRBR () UK A PR IE S K
Claudin & F /- S 155 /- ME &R, B IERED 4 1F
NEHEREARER R, HFEAETE EEEt 5
fiv RIE, TEMREAM P IVERE, @A B M
FERBERE” Thik, F£25 bRz e FH R R0 55 40 il 23 ik 1445
(I B8 WEU R, USSR 5 S R A Y ERKL/2
5 EBEE, SRR EERED 4 KAEBRIL, Ja
it B-arrestin2/clathrin {5 55l & A2 iz AR MR, A% %
PR 4 NGB R o0 A B, R AR RIE A AT,
TGRS R U BHIE R, PRI R s iEE, R
HEMETR > B ORI TR FH s e et M e RS
B ERE A 4 RIS BER B, RIUEE 1, 3,
7, 14K, FHBSRGAH P ERERED 4 504, 2Ot
JE R S8 I A 0 (P < 0.05), 1EE NN T IERE
B 4 AT BE MG A R A B A, SRR
HEATE LEPRIE, AL, G bR EHE O,
BRI T B e P, R W 2 s RIS 3, 7, 14
K, BISURIREARL, JEURE + MR T A
JE R IS (P < 0.05), HAE 14 Ry, B%
ERED A VO, EEERERERIK (P<0.01), K
UEHEN] hAMSCs-Exo 7] G I N "B 2 & B8 11 4 7E AR
FR YR ERIE, AR R PR A, TR R I
BHAEE AR RN R B, R — PRI
3.2.2 hAMSCs-Exo S K Bl JBCS 1 452 403 G~ Jik 2 Y6 Vi o il
MISZIA UE R B AE A MEVR 4y WA Dh R e LA AR MM & A
JiE, FRALARAR R R BE A 0.04-0.4 mg/mL SEKY
HAE O P KA S A EEAEA . 5
b, T i MR E R K TR A AR AT IR D) BRI 1
MARPR, W TR DAERR S 05 )5 ik 12-36 h 2Pl %
i B, PR VR o A S A TR T 52 B, AR SRR
TELZR ) R B A, VLA i O 2 7 AR T K 1 R
73", SHIN &5 ™0 % Bl 0k #h 15 F7[¥) SGSCs3D ik wh fisi i 1k
PEEFRR T A MRIRHE S E TR N . R AEKE
T AR AR DR AR B B R A K TR 186 55 40 WA T T
AT R 5 5 B VR A B o WA VE R G T e . LR SRR 5
FEIRBUR JE 5 7 RIF, TR 35455 415 B i /K P R B
ik (P<0.05); 14 d B, V& 7K1 B B 18] 4 7% 47 2 B AR
(P<0.01); F34k, 55 3 RIS IRIFE K LTS 451 5 2 e 5 g
¥l mRNA £E BTG FEAC (P < 0.05); 7, 14d, JEklE
MRNA ik B FFEE(K (P <0.01), XA]HE SR S RrEH
SR BRI M A O, R SRR gk, 43 WA TE # I
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BEJIIRES, SFEEMERKE FHAR ™ 7, 14d 5K
SR LR, U + AR TR B KT T (P <
0.05); Ith&h R B hAMSCs-Exo X il T il v A Joit 4 iy Ji7
WAL A EER, I DR e B . Sk,
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