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Protective Effects by Umbilical Cord Mesenchymal Stem Cells against Noise-Induced
Hearing Loss
LIAO Kang'?, PAN Mingjie', LI Meihua', HE Sihai', ZHU Yuanping’, JIANG Hongyan®
(College of Clinical Medicine, Hainan Medical University, Haikou 571199, China)

[ Abstract] Objective To investigate the therapeutic potential of human umbilical cord-derived mesenchymal
stem cells (hUC-MSCs) in mitigating noise-induced hearing loss and cochlear hair cell damage in mice. Methods
hUC-MSCs were isolated from human umbilical cords and cultured, and a cell population with mesenchymal stem
cell characteristics was established. Fifteen six-weeks-old male C57BL/6J mice with normal hearing thresholds were
randomly divided a control, a noise exposure only and a noise exposure + hUC-MSCs treatment group. Auditory
brainstem responses (ABRs) were tested on the day before noise exposure and on days 1, 3, 7 and 14 post-exposure
to assess hearing thresholds. Following the experiment, mice were euthanized by cervical dislocation, and the cochlea
was extracted for fixation, decalcification, and basilar membrane preparation. Immunofluorescence staining with Alexa
Flour 488-Phalloidin and 4',6-diamidine-2-phenylindole (DAPI) was then performed to assess the damage to auditory
hair cells. Results The MSCs isolated from human umbilical cords demonstrated adherent growth characteristics
and met the criteria for identification. Following noise exposure, ABR thresholds were significantly higher in the
noise exposure and noise exposure + treatment groups than in the control group with no noise exposure at 8, 16 and
32 kHz (P<0.05), although thresholds in the noise exposure + treatment group were significantly lower than in the
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noise exposure only group at 8 and 16 kHz (P<0.05), but not at 32 kHz (P>0.05). In both the noise exposure and

noise exposure + treatment groups, outer hair cells (OHCs) were neatly arranged without significant loss in the apex,

but showed partial loss in the middle turn and substantial loss in the basal turn, with the remaining OHCs showing

irregular patterns. Damage to OHCs in the middle and basal turns in the noise exposure + treatment group was less

severe than that in the noise exposure only group. Loss of OHCs increased exponentially from the apex to the basal

turn, and was less severe in the noise exposure + treatment group than in the noise exposure only group (P<0.05).

Conclusion Intravenous administration of mesenchymal stem cells effectively improves hearing function and reduces

cochlear hair cell damage in mice exposed to noise.

[Key words] noise-induced hearing loss;umbilical cord mesenchymal stem cells;hearing protection;cochlear

hair cell

Mg 75 P4 H-#2 (noise induced hearing loss, NIHL) &
LAY RCE A A iR R R —, R
[E1] W8 7 2 5 3P - 40 i e gt 1 AR
P tH DA 221 2021 4F A 23K Ty ), 42
BRAA 15AZ N2 BNt 38 e i s, Wi g4 2k 2
R R FENBIRN R Z —, 2520% YW 14k
Je MR R TP UEHR A, I g R
% T INEAE I AR OCPE T 1R I, 51 R AL SRS SR
COBEAR, E SN NG S BT, RN A Ls 2
PROFE O T I A S G A R R o e E
T A RIRYT ik . (A FE BT 4 (mesenchymal
stem cells, MSCs) j&—ZSH IR 2R IR A ZHE T2 i,
LGB RE SR B GRS, BgZm it
TERE AR U R 2 PR T BE T, WA 2 AR T i
P33R, R AN TR A ZUE A 1, MSCs
I3 WA Z R AL R 7, T ORI AAE | il L
CEAR G A 2R AT A e U SR, R A
MSCs Jif F W 75 v H- 22 Bl i 07 T AR OGS o i
T H L s S s A, HARBUR AR
AL, N2 AR A e, N JBE T ] 72 5T T 20 i
(human umbilical cord mesenchymal stem cells, hUC-
MSCs) B\l H i1 IR 32 2 2 — M At
58 B e /N UL, 3858 hUC-MSCs X i s 1 H:
T TSR, AW P 52 A B U6 5 BB 1 SR
P& e TS
1 RS
L1 A A A

NI 22 R it p i N RS Be ™ BH AL, L
R R EE L, PR B AR, R N
e N S 0 25 LT S~ A 1 52 B . DMEMY/
F12 5537 .0.25% Trypsin-EDTA( i) )0 H & F

Gibco Al . AR MLIE G A RGP A ar Rk A TR
ANl TR [ eBioscience 22 F] . hUC-MSCs
BRI 5 R TR [ Sl A R R
N, ARTFFTAMER B N R B R e B B it
({2023 )310),
12 R Ao

AT FE A8 ] 6 JE i SPF 9 Mk CSTBL/6J /N KR,
15 5, RER 19 ~ 25 g, I A KU KBV HAA
BN B (A 720 AT IES- SCXK (3 12022-0011)), i
I g R 2= L S bt (VFRTIE S SYXK(
B 12017-0013), L6/ 7 BB IE %, BRJEE S S
R, NRFEFELRE)G, B 34, H415 2,
XPRRAH : IEH SRR N e R R, 5 A
/IN BRI B 3 6 A AR FRU T A i i £ 2% 09 (phosphate
buffer solution, PBS), MipizEged . M kil d
i, 2Rk B 45 G PBS ., MRS 52 #% +hUC-
MSCs#H : ME ZEERT 1 diie, 2R H k4 huc-
MSCs i fif £ 200 pL, 21 x 10°/ 4, 17k /d, %
SRS do
13 %FRE

F TG BRI T 19/ R B8 T 49K 8 ~ 20 kHz 1]
100 dB SPL 78 M v 2 h, sy M e H- 48 50
PRy, WS B Audacity Z2 5008 0 G 4R A5 SR
M AL
1.4 hUC-MSCs %
1.4.1 hUC-MSCs JFftsrgstsst

W ey 3 A 1% BT Y A BEER 7K 78 7 Tk ik
J&, AR R AR R 2 ~ 3 mm’ 2L e, ¥yo) oA
2100 mm HIEEFR UL, MIA MSCs 58 215 Fr 5,
BT 37 C.5% 1 CO, IEFRFAN o T U HE 21 A IC
J& , BEBRA A e, HIREHE LB L, WG hRic N
f£hUC-MSCs.



A HR AR R 2025 427 23 4555 14

© 115 -

1.4.2 hUC-MSCsFric¥%se

¥ hUC-MSCs LA 57 255 448, (1B T
THALES O, A PBS IR E R, IR AR, InA
532 1.5 mL g EPAEH, SN AR 2 Rbrid iy
PATEREIA . CD90.CD105,CD73.CD34 . HLA-DR,
PRGIRSIGTE4 C 564 FEDEIF R 30 min, FRKE
L, BRERGEGHUR, TR A
1.4.3 hUC-MSCsifS1t

14285 4 fChUC-MSCs #:Ah 2 6 fLA PR 37, 1540
WA BE IR 2 70% B, B4 155 5 o Ak 35 37 Wi s 57
22, i 4% 2 R R e 4l )5 , AT O
PE R LY, 7 WU N MEE hUC-MSCs 153
REECE HZ RGN
1.5 o7 A7 BEA ]

{#i F 5& [#] Tucker Davis Technology (TDT) System
M }% SigGen/Biosig MW % £ 7 B 75 5t il 2 P
JIN BT ik F B2 (auditory brainstem response,
ABR) [ . MIWTHT, 2808 I 55 3% 1 U L 22 44
(45 mg/kg) XE/INEFEA TR, J030 N BRI SO 5 4 7
Wy 3R o 43 e B 75 K% 8 116 .32 kHz (1)
JEAl A S o R LR TR 90 dB SPL, D5k
10 dBZUIBIR, LAG ] T A SRR By ABR [9{H
/NI TE R S FRER T 1 d IR RS R ERSR 2R 1.3
7 14 KMEWT 7 o
1.6 FRBERBA R L mie R KR E

it FH S0 B T AR SE A5 A /N RR L WSk, B
Writd, LL4% ZRHBEHEIREE, 4 Coi, FL
10% & %P4 £,7% (ethylenediaminetetraacetic acid,
EDTA) # W P45 o 76 0 flci T B - s ) B Az 3%
JEE, 43 5 i A S RS L B BRI R 25 3%
Triton100-X 4b 3 PBS IE3E /5 , A 10% 9 11 5 1fi
T E PR 30 ming GRS, SEMA 1% Alexa
Flour 488-Phalloidin #7730 min; FEAIA 0.1%
4", 6- T KIL -2- LW — R iR Eh (4', 6-diamidine-
2'-phenylindole dihydrochloride, DAPI) 4%, hE:0H7
A 10 ming ARYCHE R 55 IR 5l T 403 R e
JCEERE T, BRI AF . I 20 x {818 5O i T
BB AN, R e SR R K, TR
0.5 mm i AEAN EAHML T Z 05, 4 2 i) 5t
4RI
1.7 “%itFsik

K HI SPSS 26.0 Geit 3k k#4731 Bk
FKHx £sFom, P BRI FEAS ek B, 240
AR B A5 IR A B 2555 Mk e B I &R

77 225381 (one-factor ANOVA), ARFETEAN I E] g5 A
) 25 i Wt 77 [ R Boferroni 5 HE4T P 41 HL 3t .
P<0.05 hZESAGIEE L.

2 & R

2.1 hUC-MSCs # B 325

R SR 45 8 ~ 12K, WIS HhZAb
KK, EEA—, ZERKRIE(E1O).
fERIEFE R 400, MR R s, Mk
AR CD90 .CD105 K CD73 #4 mkik, kR
IR H 99.45% .99.60% K 99.76% , {HIfA~Fe3k CD34
MHLA-DR(EI 1@ ~E1©), dfAREITHT b
B A RRES (B 1D), L5 S e, %405
BRI LT O YLt (1 1 @) i 175 5
KRG, AR 296 ZR 2 Y o] DL RS 41 (55
fEgEH A (K1), AN R4 E PR IA T
134 (International Society for Cell and Gene Therapy,
ISCT) il % i) MSCs S5 brife, 487 BT A B
A hUC-MSCs JFAR R TR A R .

200

100 10t 108 b 107
CD90 Y585-PE-A ®

o 10 10t 10° 10°
CD105 REBO-APC-A @

CD73-PE3-P1 HLADR-APC!  P1 CD34-PE-Cyanine2 - P1

100 10t 10f
CD73 Y585-PE-A @

D) B T LR KARTEAI x 1005 @ CD9O(+) it 2 20 i A 6 200 ffd
FRAEIEEEE; @ CD105(+) J =2 M A A bR 5 A5 5 D CDT3(+H) I
S A T A0 M S 0 25 28 s © HLA-DR(-) Ui =X 4t I A 40 L 4 s
WEERE; © CD34(-) FiiaC AU AR KM 41 bR 2558 s DIEHRAE M huC-
MSCs x 100; @ HUARTE MR ML O Ye i x 100; QAT /MU E R
ZLYe 8, x 100

11 hUC-MSCs A A B R % S

Fig.1
derived mesenchymal stem cells (hUC-MSCs)

Isolation and characterization of human umbilical cord-

2.2 AL R EREM R FRE +hUC-MSCs 48
R FE ABR W A B4 ph g



- 116 -

Chinese Journal of Otology Vol.23,No.1, 2025

—= = A e =1 L = e

MRS R FE AT, KRR AL MR R R A RN R R
+hUC-MSCs 41 %57, 8.16.32 kHzF ABR [#{H [b4%,
YRGB L (P>0.05), M B RS, M
TETRH WS SR EE +hUC-MSCs 45 75, 8.16.32 kHz
if ABR ®{EY & T4 R4, 2R I9F 50158 &
(P<0.05); Mprs 5% +hUC-MSCs 415 75 , 8.16 kHz I
ABR B{HIAIL T M R4, ZRWASITFEREX
(P<0.05), 75 752 +hUC-MSCs 2H 32 kHzf ABR [
(B 5 ME SRR LLEL, 2R g L (P>0.05,
&2),

4
100 o s 100 8 kHz

- it Al n=S)
> g0 - MR MUCMSCstL(a-5)

g N H ¥
2 o . = 60 B
k-1 P— g fﬂ——f_,ii_‘
Z a0, I S—) : :
£ + £ ; :
£ 204 # £ 2
re 13 7 y pre 1 3 7 1
Pre 1 3 7 1 re
(7 (c
Time(Days) ©) Time(Days) @
16 kilz 32 kHz
100 100
5 sod g w0
7 z
2 60 ; 60
1 3
£ 40 2 40
[ [
] =z
= 20 = 20
S T T —TT T
Pre 1 3 7 14 pre 1 3 7 14
Time(Days) @ Time(Days) @

DJE 75 ABR B AL AT LR 5] ; @8 kHz I ABR {HA5 b4k &l ; 316 kHz

i ABR B {E AT LR s @32 kHz I ABR B AE (L HTLE I ; ABR: Wi PRk

TR 5 WEp 5 +hUC-MSCs 45 R LA, "P<0.05; Wy 5 20
X IRALLEE, "P<0.05

P2 XFHREH MRS SRR A RS 5 +hUC-MSCs 4 A [l

ABRIT Jy I f LA

Fig.2 Comparison of ABR Thresholds at Different Frequencies

in Control Group, Noise Exposure Group, and Noise

Exposure+thUC-MSCs Group

2.3 xR vk FREM %k F R E+hUC-MSCs 21
H-4% 91 £, 29 §eL (outer hair cells, OHCs) #i4% Fb ik

G PEDE R IN i /s, X REZH By T [|] | o (]
JE M OHCs HEFN 36 5% , £F BIoH L . W 25
14 d, M xR 4 5 22§88 +hUC-MSCs 20 HL iy i
1l OHCs {3 HEZ & 5%, JoPA ik Jk , H el OHCs nJ I,
AT, i Ir OHCs KBk, 4% 4% OHCs HE51
SEASHEI, S B ER +hUC-MSCs 2 7 6] | Ji [7] OHCs
PR B S T P R A (B13), M RERIS, /D
S - g OHCs fie 2  M I [11] 28 5[] S 18 508 ot 34,
I 75 22 5 +hUC-MSCs 2 OHCs itk AL T i 2
4, ZRAGIFE L (P<0.05, K4),

Merge

Phalloidin DAPI

Apex

Middle

100 dB+PBS

Base

OHCs: HW5h LA ; Phalloidin bric BANMIIE K £ (£ (), DAPIARIC
M (), RSFIRERBAM, HWHIR: 50 pm

3 XPRE4] MR EERE AL M SRR +hUC-MSCs 41 OHCs 4

e

Fig.3 Evaluation of Outer Hair Cell Damage in Control, Noise

Exposure, and Noise Exposure + hUC-MSCs Groups

100-@- i} (n=3) *
- I RREEA1(n=3)
-©- I g5 +hUC-MSCsH (n=3)

80—

60—

FRZ(%)

o
i

40

Hh B4 M d

20+

0 1 2 3 4 5 6
S8 JEC N2 g T (1 125 (mm)
Mt B2 +hUC-MSCs 41 OHCs i) 55 g 41 He e, “P<0.05
K14 XJERZH M SR ER2H RS S5 +hUC-MSCs 21 H- i i T
FIHJE OHC 2K A
Fig.4 Outer Hair Cell (OHC) Loss Rates from the Apex to the Base
of the Cochlea in Control, Noise Exposure, and Noise Exposure+hUC-
MSCs Groups

3 47 8

AWEFE AT M 4325 AR MSCs, AR P41
ML AR T 4 T Anic P DA e H 22 [a) Ak T RE
AT X EL AN AT A ISCT il 2 (1) MSCs Y %5 %E b5
HEM BEFE R 40T, AT hUC-MSCs 4/ iU



A HR AR R 2025 427 23 4555 14

< 117 -

FRIKRE A, v DAV M e B R i W ok, Jf ek
B0 5, 26 hUC-MSCs 75 15 7 Flyi %
Mg e ek T LA TR TR PR

NIHL 1) 3= %255 PR A B i 6 41 i FR e pp 28
MM, BRI LE AR U, H o, B
A3 R HUBCE I 5 Fnak & ARt Y R TR
Mg i 7P i i B rp 35 R AR A 5 R AR
L, SFECEA, X T RV RGN
JE I, HE— 5 5500 A0 A0 S 200 i %) 5% g A
E, SHEOK AN Sk 120 MSCs iYL 4 PR
FERRPEAT B0 SR AL O SR R #5345, 4 5 2 4
MATTRIAETE P Kim % P 7 SD A e 2 5%
HIZ R Ik RG240 Mk J5 A MSCs, M 25 5%
Ja 20, SERAM L, B MSCs4lic 5] 4.8.16.,
32 kHz [ ABR [B{E 45 B .ok 3% . Warnecke 25 2
) 5 R B B A hUC-MSCs YA YT e 7 252 5 1/
B, [FIFEIREEE) 4 .8 .32 kHz [T 7 [ (B 4504 760 241 B
T4 i E =N s RN SN2 R WA A N M 3
100 dB A9 4 e 6t /N BREA T s R 58, e R bk
BPhUC-MSCs 47 T, Mirs 552 +hUC-MSCs 4H 45
7, 8.16 kHz I} ABR BI{H AR TMe 75 285 2H (P<0.05),
{ELIE 75 52 5% +hUC-MSCs 2 32 kHz I ABR [ {ff 5
RGN, ZRITGEIFE L (P>0.05), X5%
HIAFIR 45 RANTE 2 —2, FIRES MSCs A2 41
Ji A S ORI A s R G R A 0. 5 E i
FIVRIG T 40 M 5 g MSCs A ., 5 316 5 1 MSCs
Bz, P IRCRE, A A AETE SR A A 55 X
(AN SINYTp S s ) o A S U R < w1 )
FEME 1, SR 2 B T S T LA A
MSCs 7 BB H, (EA7IE 50T BE 2 B bk I B0
Wi, M, 28Rk B A O T A AR, R
Xt N BRE5H 3E AChB, HF H AR R .
Ah, 2 REFIKE ST LA 2 kAT, i MSCs RERS7E 4
BT B 20, B MSCs 7 32 153 B v 16 434 F K
FEVERL

AAFGE 1 YA hUC-MSCs i 3:) J& # k F Al W
SEENE /N U e EL R B R, B Rk
SR, NIHL f905 RURT & AL 2 2%, W RIR A5
WAETHHLE . MSCs B HA Z - fLiaesh, i
1 5543 WAE FH & ¥ R FH . MISCs 4336 119 200 i A1
&3 (extracellular vesicles, EVs) AW 15455
SO AT R, 1A A A S B R e A
AN EVS (Y FE WA Z — ) P75 mRNA .miRNA

M LncRNA %5, n[ g6 R5 2] HbR4M, /-S40 2 7]
(14) 380 TRORN G 8 1 & HE T AR . R, 2 F Ok
FLLEG B BRI MSCs A% B K H 4304 4 20 it -
AR IMATEFTIR AREST, LA B hUC-MSCs Xif B 75 P
HZ LR LS

22 I, 2R E KIS hUC-MSCs, 1] 4 &5k 3t g
7 e/ NI WT ST RE , s ERE B AR BT
R EEE IR AARTEER MR

S 30k

(1] AR AR, T2 . W P H B B A W 2 [T].
FPAEH R 445 ,2016,14(5):681-685.

Zhu HT,Guan LN,Jiang HQ.Pathological mechanisms of
noise-induced hearing loss: A review of recent research[J].Chi-
nese Journal of Otology,2016,14(5):681-685.

[2] World Health Organization.World Report on Hearing[M].Gene-
va:World Health Organization,2021.

[3] Kiely KM,Anstey KJ,Luszcz MA.Dual sensory loss and depres-
sive symptoms: the importance of hearing,daily functioning,and
activity engagement[J].Front Hum Neurosci,2013,7:837.

[4] Bamini G,Louise H,Julie S,et al.Hearing-impaired adults
are at increased risk of experiencing emotional distress and
social engagement restrictions five years later[J].Age Age-
ing,2012,41(5):618-623.

[5] Kim SY,Min CY,Yoo DM,et al.Hearing Impairment In-
creases Economic Inequality[J].Clin Exp Otorhinolaryn-
201,2021,14(3):278-286.

[6] Yew TL,Chang MC,Hsu YT,et al.Efficient expansion of mes-
enchymal stem cells from mouse bone marrow under hypoxic
conditions[J].J Tissue Eng Regen Med,2012,7(12):984-993.

[7] Ling L,Feng X,Wei T,et al. Human amnion-derived mesenchy-
mal stem cell (hAD-MSC) transplantation improves ovarian
function in rats with premature ovarian insufficiency (POI) at
least partly through a paracrine mechanism[J].Stem Cell Res
Ther,2019,10(1):46.

[8] Kil K,Choi MY,Kong JS,et al.Regenerative efficacy of mesen-
chymal stromal cells from human placenta in sensorineural hear-
ing loss[J].Int J Pediatr Otorhinolaryngol,2016,91:72-81.

[91 Huang JY,Zhang WW,Yu J,et al. Human amniotic mesenchymal
stem cells combined with PPCNg facilitate injured endometrial
regeneration[J].Stem Cell Res Ther,2022,13(1):17.

[10] Mishra VK,Shih HH,Parveen F,et al.Identifying the Therapeu-
tic Significance of Mesenchymal Stem Cells[J].Cells,2020,
9(5):1145.

[11] Huang Y,Wu Q,Tam PKH.Immunomodulatory Mechanisms of
Mesenchymal Stem Cells and Their Potential Clinical Applica-
tions[J].Int J Mol Sci,2022,23(17):10023.

[12] Yao J,Zheng J,Cai J,et al.Extracellular vesicles derived from hu-
man umbilical cord mesenchymal stem cells alleviate rat hepatic
ischemia-reperfusion injury by suppressing oxidative stress and
neutrophil inflammatory response[J].FASEB J,2019,33(2):1695-
1710.



- 118 -

Chinese Journal of Otology Vol.23,No.1, 2025

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Ma YB,Dong LY,Zhou D,et al.Extracellular vesicles from hu-
man umbilical cord mesenchymal stem cells improve nerve
regeneration after sciatic nerve transection in rats[J].J Cell Mol
Med,2019,23(4):2822-2835.

Li T,Xia M,Gao Y,et al.Human umbilical cord mesenchymal
stem cells: an overview of their potential in cell-based therapy-
[J].Expert opinion on biological therapy,2015,15(9):1293-1306.
Dominici M,Le BK,Mueller I,et al.Minimal criteria for defin-
ing multipotent mesenchymal stromal cells.The International
Society for Cellular Therapy position statement[J].Cytothera-
py,2006,8(4):315-317.

Natarajan N,Batts S,Stankovic KM.Noise-Induced Hearing
Loss[J].J Clin Med,2023,12(6):2347.

Wang Y,Hirose K,Liberman MC.Dynamics of noise-induced
cellular injury and repair in the mouse cochlea[J].J Assoc Res
Otolaryngol,2002,3(3):248-268.

Hirose K,Liberman MC.Lateral wall histopathology and endoco-
chlear potential in the noise-damaged mouse cochlea[J].J Assoc
Res Otolaryngol,2003,4(3):339-352.

K- AR E- I 5 S W ZE MR 1 L v p A R AILAR) [J].
ARl 245 ,2018,16(5):701-705.

Zhang GP,Zou J.Cochlear Inflammation Contributes to
Noise-Induced Hearing Loss[J].Chinese Journal of Otolo-
2y,2018,16(5):701-705.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Xu K,Xu B,Gu J,et al.Intrinsic mechanism and pharmaco-
logic treatments of noise-induced hearing loss[J].Theranos-
tics,2023,13(11):3524-3549.

FEWR, FHLREAS SR P 2 MR O A E A 22 B RAEHIL A 5T
SR [0]. h AR HRLE 2475 ,2018,16(2):221-226.

Sai N,Han WJ.Mechanisms of Inner Ear Immune and Inflamma-
tion Related to Sensorineural Hearing Loss[J].Chinese Journal of
Otology,2018,16(2):221-226.

Murphy MB,Moncivais K,Caplan Al.Mesenchymal stem
cells:environmentally responsive therapeutics for regenerative
medicine[J].Exp Mol Med,2013,45(11):e54.

Kim SY,Lee JE,Kang SH,et al.The Protective Effects of Human
Embryonic Stem Cell-Derived Mesenchymal Stem Cells in
Noise-Induced Hearing Loss of Rats[J].Cells,2022,11(21):3524.
Warnecke A,Harre J,Shew M,et al.Successful Treatment of
Noise-Induced Hearing Loss by Mesenchymal Stromal Cells:An
RNAseq Analysis of ProtectiveRepair Pathways[J].Front Cell
Neurosci,2021,15:656930.

Ding DC,Chang YH,Shyu WC,et al. Human umbilical cord
mesenchymal stem cells: a new era for stem cell therapy[J].Cell
Transplant,2015,24(3):339-347.

Ahangar PMills SJ,Cowin AJ.Mesenchymal Stem Cell Secre-
tome as an Emerging Cell-Free Alternative for Improving Wound
Repair[J].Int J Mol Sci,2020,21(19):7038.

Wk H . 2023-08-24



