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Meta analysis of exosomes promoting healing of diabetic ulcer wound
SU Huan ,JIAN Huagang”
(Department of Emergency Surgery ,Second Affiliated Hospital of Chongqing
Medical University ,Chongqging 400010,China)

[ Abstract ]| Objective To systematically evaluate the effect of exosomes in promoting diabetic ulcer
wound healing. Methods The databases of PubMed, Embase, Cochrane Library, CNKI, CBM, Wanfang and
Vip were retrieved from their establishment to February 2021. The meta analysis was performed on the in-
cluded literatures by using RevMan 5. 3. Results Ten randomized controlled trials (RCTs) were finally in-
cluded ,with a total sample size of 207 cases. The meta analysis results showed that the wound healing rates
on 7,14 d in the experimental group were higher than those in the control group (SMD =8. 33,95% CI =
5.58—11.09,P<C0.001;SMD =3.97,95%CI=2.44—5.40,P<C0.001). In the experimental group,the den-
sity of neovascularization (SMD =7.60,95%CI =4.96—10. 24, P <(0. 001) , percentage of collagen fiber depo-
sition (SMD = 6. 98,95% CI = 1. 41 —12. 56, P = 0. 010), degree of re-epithelialization (SMD = 16. 81,
95%CI=1.81—31.80,P =0.030)at the wound site were higher than those of the control group,and the scar
formation was lower than that in the control group (SMD = —3.41,95%CI =—5.21——1.60,P<0.001).
Conclusion The application of exosomes in diabetic ulcers can promote the generation of new blood vessels,
improve epithelization and collagen fiber deposition at the wound site,significantly accelerate the wound heal-
ing ,and reduce the scar formation.

[Key words] exosomes;diabetic ulcer; wound healing; meta analysis

WG N AE MK BB RF TS 8 SRR AN B A T S Ak ) A B B E
MG TE S Lo AWl DR B2 FOOF R E . 106 ~ 15 00 MR T B AT AR £ 42 o BB R 1 S0 AE PR BT L ARk i A 1k
55 J R 3R IR 0 SR A B B Y L RSO O A 0 1 A i L ok
il G B IR 1) 52 e P X Al A AR A BRAR SR E BOCHE B USR] T 40 M 2 0 55 o B L R A A 4

BB @A PR A1994—) FERB+, FENF 2L 500 YQm AP, © BEREEHF.E-mail:hgjian@sohu. com,



308

T A PR L A W A S ok R 40 Y 2R L R
BT AR R A L 5 A0 M E A R W) Y R S5 A Tl R
IBIIAETE miRNA 2 H8 A0 2 A5 40 B ) R L 38 7T
DA 45 1 A b i) BB S I K L 1R
I PR A PR S A G DR R ] AR A I R
N e e R 23k L e A A s L B R A A G
AT R ARSI B B R AR A

A SC R AR 5T S0 W 1A 6 W5 TR 9 5t 7 A i A AL
PE L H B ATA OG0 58 AL T 3 i 52 56 B B B I
PRARGS: o 508 A SN MAA 1S T T 3 4 455 30 B s 15 9 1)
BEHLXS U0 (RCTs) #E4T meta 43 B 480 I IR VA ST
W i 15t 97 i 11 PR VE M
1 BEREFZE
L1 ANEH AR

NI A O T A0 WA A A2 W PR 9 5t 97 6 T AT S
) RCTs A ANER . 98 A i (1) B Ik BT 5 (2) 3
VS e A S AR AN BR . HEBR bR AE . (D T
AT A s () FERE LT BRI S s (3) FE & & 45 ()
JE A6 B AN 2 TR AN A TEA 1 SCHR 5 (5) AT 48 HOER s
ARG (6)JE K IR ENm .
1.2 FTHHEHERL IR

S 2 R A W AR S TR DR e Bl W A aok
AR s W bl 511 = = 0 N1 111 NP A o £
PEAEARPR . X HE 41 R H PBS 28 np i 5% 4= PR h /K 5 25
X RESE . 25 R fs dm . (D AT A R (2) 4 4
BWRE () ML DU A 43 Lh s () B B AR TE O
(5) B PRI 1 O .
1.3 #k R

#: % PubMed, EMbase, The Cochrane Library,
FR  CBM 7 J7 4 8 25 B30 e 4 8 ) o R &
2021 4E 2 H,

DL A8 L B R 25 A R AT R AR 0 SR R i
5 : “exosomes”and“ diabetic” or“diabetes”and“foot”
or“feet”or “ulcer”or“wound” ; H 3CKE 2K 18] £ 15 “ H i
A7 N PR 1ot 97 7+ W PR 405 117 W PR s 21 T+ W R
iR IR B R IR IR R
1.4 # & X #Ke) ih ik Fo AR

P44 DEA i B B G B o R AT SCBRAS 2R L T
B PE HC, Gl s 5SS O . SRR R
& NADF R BB e R B ] S — R H AR T
T it 5T S A ) b B T L 25 R AR A .
1.5 SX#kA =0

NAWFFE A BT 8 2k ] Cochrane T4 %) RCTs
1) P i IXUS: 326 47 DA
1.6 %itFam

EHEE G221 A%51 5528

KM RS VEM A Rev Man 5. 3 #4720 81, LU
PRI B0 22 (SMD) & 95 % al {5 X 6] (95 % CI) Ky
BRI HE B AR G S JBT SR SE L Ak  A  w [ E
SN B, T Q K I AN I K B0 B R A% T 9T 1R AF AE A
KB 5 B, & W20 23 By 2R 0 7 B e ol . e =) 18
FHT KM & £ w . UL P<<0.05 N2%ERA L%
2 2 R
2.1 L#HEELER

LR R 253 i AH OGSk, Horbr 3C 46 L 95
207 K BB S SCHR G 3 140 55,028 B H A
B A A9 B IR SCRA A 10 B ScEk Y K
W S0 3 R LIS T R BRR AR 207 HL SCHERKE R I
FRULIE 1, 94 A SCHREEAS R Ak UL 3R 1, i far JRURS: 9% 4
W 2,

2.2 ZRHH
2.2.1 Al@AELSF

6 WAFFE " IRGE T 7 KB i A A R A O
BT IR B A S (P <<0. 10,17 =>50%) , % JH B AL
BT meta 43 B 45 R R - SC 0 41 AE SE G i R
M5 7 KA A SR (SMD =38. 33,95%CI .
5.58~11.09,P<C0.001), WA 2,

5IAF g T RGE T 14 KA E A A R
1500, 25 WF 78 ) B A 5 Bk (P <<0. 10,17 >50%) . 3k
FHBEALA RN AR, meta 47 B 45 5 7R . 5050 4 76 26
14 KB TH A 445 B (SMD =3. 97,95 % CI : 2. 44~
5.49,P<C0.001), WA 3,

B RESIRERB IR n=253
(PubMed=65, Embase=100, CNKI=60,

Wangfang=16, VIP=7, CBM=5, Cochrane=0)

| msxemmnrnexmoo

| smemexm o0 |

| smemexm om0 |

y
| warmraznmo-10 |

BIRSGR. metafy 7. A
—> ﬁ'gﬁ\ 4RH T R KR F AR
n=91)

Y
B X (=49) |

BIRTREETTS. TREH
> |i&. SETETRRREIR
(n=39)

[ mean o0 |

1 X ERR R IR



EAEF202F1A%514552H 309
x1 MNTF R R RSFAE
%k " T Bt
e ) SR MREA SR XA SRR B4R
ipy ] SCEA X HE 2
SR T B N S 2 41 ob
1 2016 4F D HEEBEIRTA B 16 8 s PBS 20 mm
WA
Jry A A R T A M ob
SHAFEI 2020 4F Wistar HEPEREPRIG A B 8 4 4 i B ) PBS 15 mm
IR K BRI
JeyER A T A A R FE
SHIM 2017 4F  SD HEHEREPRITA R 16 3 3 PBS 10
! SN B4 -
. R I S R ) T R T
ettt 2020 4 SDHEHEREIR AR 27 U 13 U o TR 2 N
g1 AP RIATN
JR T S A 105 T A e 4
Fyrsct® 2020 4 Balb/c HEHHEIRMG /N 24 12 12 M;{g Wi ik PBS 8 mm
W
B Sprague-Dawley(SD) P4 SRS T B N R 4 40 b
[T 2016 4F 10 5 5 N PBS 15 mm
PRIFRER, Wk
Jry A w5 N T A M Ah
WANG [ 2019 4F  TCR MEMEME IR/ 1N 24 12 2 B ) R K 8 mm
IR KR
Jr s TG N SRR iz A
WEI' 2020 4 db/db HEMERERR /ML 6 3 3 t%{ AR FBS § mm
LSS
Jr B8 T 28 10 A U I 7S R
DALIRFARDOUEI™ 2019 4F  C57BL/6 MEMEBE RS/ 36 18 18 ) ) TS 8 mm
T4 oM A
B JRy T S g B ) 7 514
BAI®! 2020 4£  db/db HEPEREIRG /N R 40 20 20 FTEABUAI 72 A PBS 16 mm
Ji{ERZRUEN
*x2 N 5K B 4R B RV T 4
H—1EH 78 7= 43 e B R Bk 25 R ORI SE Rk SR EEESS Rk AR £ SR IR
LI il i B 5% 1 w i
SHAFEI"* PN N B N gD N
SHIM N ¥ NFi B VN ¥ % A
T 3 #e L1 PN i PN ¥ B K58 5 2 PN ¥
Fyr ot i 4 N B PN ¥ 7 PN
Wit it N N3 HH VT D KA
WANGL™® ARG AT HE M NCFi = RiGRE
WEI- A HE RiERE BE AN HE e KGR
DALIRFARDOUEI® N R4 BHE N gD N
BIAH KA KA LA 54K 7 K4
PR XA Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Li, X 2016 6846 63 8 2435 56 8 18.7% 7.00 [4.04, 9.96) -
Shilan Shafei2020 73 363 4 3442 274 4 89%  10.43[312,17.74) -
A4R2017 56.88 223 8 3793 313 8 19.1% 6.59 [3.79, 9.40) -
15462020 4083 031 14 371 024 13 164%  12.98(9.16,16.80) -
FI372020 37.453 102 12 26205 0955 12 17.3%  10.99[7.50,14.49) -
HEIE2016 4432 86 5 1371 394 5 19.6% 413[1.50,6.77) -
Total (95% CI) 51 50 100.0% 8.33[5.58, 11.09] ¢
Heterogeneity: Tau®= 8.29; Chi*=19.11,df= 5 (P = 0.002), F=74% S0 20 o 20 100

Test for overall effect: Z=5.92 (P < 0.00001)

B 2

Favours [experimental] Favours[control]

TRASHBAL 7 ROERAEM meta £ 47



310 EAEF 200251 A%5145%20

PR XL Std. Mean Difference Std. Mean Difference

Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Li, X 2016 9422 51 8 7556 7.4 8 28.0% 2.78[1.30, 4.26)

Shilan Shafei2020 948 1.07 4 5141 286 4 1.3% 18.98 [5.85, 32.11)

Wang, C2019 763 32 12 363 104 12 25.4% 5.02(3.27,6.77) o

A$4R 2017 9297 1.25 8 7578 515 8 231% 4.34(2.35,6.33) -

prEIE2016 743 266 5 5192 9.14 5 221% 3.00([0.91,5.10)

Total (95% CI) 37 37 100.0% 3.97 [2.44,5.49] ]

Heterogeneity: Tau®= 1.59; Chi*= 9.68, df= 4 (P = 0.05); F= 53% Hoo = ) 5 To0

Test for overall effect: Z=5.10 (P < 0.00001)

B 3 XWASHBAE 14

2.2.2 #l@ARER

5IAF TG T 2 JA S A T B A i A
(1 L, 45 B 5 R 2 AT [ 54 (P =>>0. 10, 17 <<50 %) ,
K B E RN A A, meta AT 45 R R SEK AL A5
TRV BT AR I A B B L X R4 & (SMID = 7. 60, 95%
CI:4.96~10.24,P<<0.001), WLIK 4,

3G RGE TS 14 KK R AT 4k TR
1550 & AF 58 8] B A 5 B (P <<0. 10,17 >50%) , 2k
FHREHLEL N LAY, meta 43 B 45 2R R . 525 41 6 1

J2 J 25 A DURR E 43 b s T BR4H (SMID = 6. 98,95 %

CI:1.41~12.56,P=0.010), WK 5,

Favours [experimental] Favours [control]

REEAEER meta I

4 TR W GE T R AR R B 45 BF
FE ) FLAT S Bk (P<<0. 10,17 >>50 %) o 2R JH B AL R W
MR, meta 43 M7 45 5 W on S50 41 6 T A A o AR
T R Ak 2 B T % B 41 (SMD = 16. 81,95% CI »
1.81~31.80,P=0.030), W& 6,

2 IR IR TR IR R 15 L L 4% BT 5 1)
BARFPE (P =>>0.10,1*<<50%) , % F & 5 &% 0 A
A, Meta 73 #7 45 R R - 52 50 4 B 1 A1 G o A b g
IR WK T % B4 (SMD = — 3. 41, 95% CI ;
—5.21~—1.60,P<C0.001), WK 7,

PR XL Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Shilan Shafei2020 5434 36 4 553 15 4 B1% 15.39 [4.71, 26.07)
Wei, P2020 56 5.1 3 23 374 3 19.9% 5.90[-0.02,11.82) =
AR2017 50.88 207 4 2575 296 4 191% 8.56 [2.51,14.60] -
F3T1322020 57.62 3.14 4 3665 234 4 31.0% 6.59 [1.85,11.32] il
PREIE2016 6417 833 4 783 376 4 239% 7.58(2.19,12.98] Rl
Total (95% CI) 19 19 100.0% 7.60 [4.96, 10.24] ¢
Heterogeneity: Chi*= 2.63, df= 4 (P = 0.62); F= 0% t t t i
g -100 -50 0 50 100
Test for overall effect: Z= 5.65 (P < 0.00001) Favours [experimental] Favours [control]
B 4 SWAEASIRA 2 AEHENEHL meta HHT
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Shilan Shafei2020 5233 78 4 275 51 4 47.0% 3.28(0.63,5.92)
BR2017 7259 075 4 539 291 4 350% 7.65[2.21,13.09] -
F:I2020 50.23 1.03 4 305 12 4 18.0% 15.34 [4.70, 25.99) —
Total (95% CI) 12 12 100.0% 6.98 [1.41, 12.56] L g
Heterogeneity: Tau®= 15.42; Chi*= 6.08, df= 2 (P = 0.05); F= 67% t t t t i
-100 -50 0 50 100
Testfor overall effect: Z= 2.45 (P = 0.01) Favours [experimental] Favours [control)
E 5 TWASHREAE 41 RUEREFETEE DK meta 47
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Dalirfardouei, R2018  16.98 0.2 18 54 039 18 248% 36.53(27.57,45.50] —a—
Shilan Shafei2020 43 2 4 666 1.52 4 23.0% 17.79(5.48,30.10) -
A#R2017 993 015 4 673 032 4 253% 11.13[3.35,18.92) -
PREIE2016 8065 7.04 4 5148 8.86 4 27.0% 3.17[0.59,5.75)
Total (95% Cl) 30 30 100.0% 16.81[1.81,31.80] >
Heterogeneity: Tau?= 215.34; Chi*= 54.06, df= 3 (P < 0.00001); F= 94% ' y T y J
-100 -50 0 50 100
Test for overall effect. Z= 2.20 (P = 0.03) Favours [experimental] Favours [control)
B 6 TWASHRBEANEE LEAXBERLN meta B

2.3 A EMmtE
PSS 7 KA I A A % o 38 bR AT K 2R A 19 A
Br - 5 S R 522 AE X FR A o A . 3% B 9 A DT 9% A7 TR T

TE & Rl fer . WKL 8.,
2.4 TN
meta 53T 7R & DF 5T AL AAAE — 2 S5 v, 5 JE94



EAEE G 20225 1A% 51 5% 28

A5 1] S0 W A SR U8 Je T 101 07 A AE 25 5% LA T A
BRI HEAT WA 5 B it — IR T B R R
DL 14 KRBT A5G % 36 b5 19 4 50 A s N
BN AN AR (A D B B S (1P =0,P =
0. 48) , JIg W T 40 i Zh is A (4 2) Jo P g S R pE (1° =
0,P=0.32), &I G WA AEAE S Bt (1P =99% . P<<
0.0, 5 7 REIMA SRS B/Rmdl 1.4 2
Mo CW W J Bk (1P =50%,.P=0.16;1"=0,P=
0. 89) , 7 i 1 B i 5] 78 J5T T 41 Ma 1 26 14 41 1] 47 7F 5=
JEPE (TP =86% . P<C0. 01) . & I J5 4% W 41 W] A7 76 5 I

PR

Mean SD_Total

FSELE

Study or Subgrou Mean

BianX2020 24 0.24 5 3.87 0.6
Pr&EIE2016 3,863.31 791.02 4 867045 789.08
Total (95% Cl) 9

Heterogeneity: Chi*=1.15,df=1 (P=0.28), F=13%
Test for overall effect: Z= 3.69 (P = 0.0002)

SD_Total Weight

311

PECI*=70%,P=0.04),

57 ROV &G RAE bR R A W A A
SERAE T =79% . P<0. 01) . A AR 7 35 61 if 26 I W
S FME (I =0,P=0.34), &35 5 Bk g6 8
FP=T74%,P<C0.01), 5% 14 KA &A% W 25
BT Jay 0 S A WA 21 T S BT M (17 =0, P =0. 86) , 4b
WA 5 RN 4L AT SR =58%.P=0.09) . &)
HEAT W20 25 A 50 R A Sk (17 =63. 2%, P =
0.10),

Std. Mean Difference
IV, Fixed, 95% CI

Std. Mean Difference
IV, Fixed, 95% CI

5 78.4%
4 216%

9 100.0%

-2.89(-4.93,-0.84)
-5.29(-9.19,-1.40)

-
-3.41[-5.21, -1.60] [}
-100 -50 0 50 100
Favours [experimental] Favours [control]

7 WA S RACEBRIE RN meta 5347

SE(SMD)

S R—

+ + + N g SMD
-100 -50 0 50 100

8 PN\ T Y T S B S AR

()

5 .
SN WA L Wy e A R — T P BB A R BIL AR L A
T BB FIAZ A A IS 4 2 7 A R B 2 5 B A F L
VIR AT PR A A O B IE BT K O 22 i R e A
MIBTFF B, AR S0 3 BT A I R A R R B
AR . K2 B LB T REIE R A . H
AP I 5y R R R 2 A O A8 T Rl
12 PRI AR g PR AR 1 T R S T A A K
TR H BB PR B G T ROR ARG E
AR TG RS . B STAE B A A S — i B 9 3R O
FBe P 5 40 M A (R R iR ) BB AR

A meta 73T 4R R 5 X AT LE ., SE 8 2
PN A BE PR 5 BRI TR 55 7. 14 RIYER A
R A B WA R I ELAE B 4 7 A8 2R i A R R 4
55 o Ul B AP A R AR S o A8 T B Bl 3 )R 9 2H 21
U b AR A DTG i S B PR O 15t 97 PR 2 21 AR G
BN S FEARHE b B8 A= 38 I e i 21 4 BT AR U7 1

D=

AP WA UE B2 AT B s [F B A meta 43 HT R BT 4b
WAMATE D3 D IR T B T A — AR . 5% R
AHLG SMIBARTR YT AT IS 11,21 KBS IRIG 5t9% &
F(SMD = 28. 52, 95% CI: 11. 54 ~ 45, 50, P =
0.001;SMD =27. 35,95% CI :19. 91 ~34. 79, P<<
0. 001) , {H P4 iR b 34 WG 4> 48 b5 19 WF 52 A A7 9 45,
A AR S

Ty o A SIS B L SIS MR S 06 4 Y 1 T 2 S ¢
¥ TNF-a.IL-1p ik, BT R K F 1L-10 FRikE
T 5 A AR Ak R B T 05 0 O A5 RE 0t b
£F A BE BN L BRSNS R T BE AR O A 4 R G
R A s SHT 260 [ R o AiF B 7 b 1A AT i 30F ot A5 24 g
Fp 2 e A L IO AW PR Bt 0 5 E AR . (H Y
FF 52 4 3 4 P TR L #2440 SOk 3 B 520, HL
JE e B 4 Sk AR B WO 92 R AR A

meta F3 AT SR 2 W5 (R AFFE — 8 S T 1 S0 AT
WA AT it — L R E R BRI, W2H A 45 2R
FRAM IR AT LA e A T A G A S PR AT RE SR R T4
WARR SR, RFEZSHMIBA X E& % WA )E S
T T AN W AR R 2 25 A AR KT BE Dy S T M Ok
O R 11y W o B = 7 VN O T o S N WP <
e Pk Ty SO — 8 2 S B M R U

KRGV B A s A R A7 AE — € JR FR - (D)
Y4 SCHRERIE 3 05 (2) A AR FE FE A B 58/ (3) i
FAEBRIM R R 8 R TR X E A3 BHS
WFE I 1 A GE 5 VAR AE 22 ), AT REJ2 I meta 43 #F
S SR R IR 5 S 2H A3 BT B R AR WA KRR S RT RE R S
PER R ADATEAS GE HE bR Bz B B At S o ok U, 75 2R



312

TR AR A R AUE T2 5 (4) 7823 9 AMF 58 BT AN 1 R
X B A L TE B A7 48 L AT BE A 7E 1% £ I 17 5
RXFWFTEE PP T R kAT H kL T RE AT
TE S D 177 5 (5 S AR 52 56 58 10 A Wl PR s B, 75t B9
SR A5 I Wy A Y 22 S5 R 5 3 A T T I PR 7R AR
AHilE.

L5 LPTIR AR R GEVTAN 45 AR W] Ah b R mT LA
il PR 5t 7 ) T S8 4R R B TR A S R B SR L
BER P ZFH GV (H i T REA B D g A SR B
AN, AT RESSWRTEAT (9 45 5L 5 5 T 1 A M4 A Ao 26
FRE 4 24 R AR SR AL U R B A e 15 P T Il AR 3 B
{EAFHE— B FEI0IE AR R I o R 2 rpots
Pt B4 BE AL X IR 3G

[1] DIDANGELOS T,KOLIAKOS G,KOUZI K,

et al. Accelerated healing of a diabetic foot ulcer
using autologous stromal vascular fraction sus-
pended in platelet-rich plasmal]]. Regen Med,
2018,13(3):277-281.

SORG H, TILKORN D J, HAGER S, et al.

Skin wound healing: an update on the current

[2]

knowledge and concepts [ J]. Eur Surg Res,
2017,58(1/2) :81-94.

KOSARIC N, KIWANUKA H,GURTNER G
C. Stem cell therapies for wound healing[ ] ].
Expert Opin Biol Ther,2019,19(6) :575-585.
NOURIAN DEHKORDI A,MIRAHMADI BA
BAHEYDARI F, CHEHELGERDI M, et al.

Skin tissue engineering: wound healing based on

[3]

[4]

stem-cell-based therapeutic strategies[ J]. Stem
Cell Res Ther,2019,10(1):111.
WANG M,WANG C,CHEN M, et al. Efficient

angiogenesis-based diabetic wound healing/skin

[5]

reconstruction through bioactive antibacterial
adhesive ultraviolet shielding nanodressing with
exosome release[ J]. ACS Nano, 2019, 13(9):
10279-10293.

KUHN J,HASSAN A,SHARMA S,et al. Hu-

man NRF2-active multipotent stromal cell exo-

[6]

somes promote tissue repair in a wound model
of type 2 diabetes[]]. Diabetes,2020,69(1) :46-
50.

[7] LV Q,DENG J,CHEN Y,et al. Engineered hu-

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

o

EHEE G221 A%51 5528

man adipose stem-cell-derived exosomes loaded
with miR-21-5p to promote diabetic cutaneous
wound healing [ ] ]. Mol Pharm, 2020, 17 (5):
1723-1733.

ZHANG Y,ZHANG P,GAO X,et al. Prepara-
tion of exosomes encapsulated nanohydrogel for
accelerating wound healing of diabetic rats by
promoting angiogenesis[ ] ]. Mater Sci Eng C
Mater Biol Appl,2021,120:111671.

YANG J, CHEN Z, PAN D, et al. Umbilical
cord-derived mesenchymal stem cell-derived
exosomes combined pluronic F127 hydrogel
promote chronic diabetic wound healing and
complete skin regeneration[ ] ]. Int ] Nanomed-
icine,2020,15:5911-5926.

SHIEKH P A, SINGH A, KUMAR A. Exo-
some laden oxygen releasing antioxidant and
antibacterial cryogel wound dressing OxOBand
alleviate diabetic and infectious wound healing
[J]. Biomaterials,2020,249:120020.

AN Y, LIN S, TAN X, et al. Exosomes from
adipose-derived stem cells and application to
skin wound healing [ J]. Cell Prolif, 2021, 54
(3):e12993.

LI X,JIANG C,ZHAO J. Human endothelial
progenitor cells-derived exosomes accelerate
cutaneous wound healing in diabetic rats by
promoting endothelial function[J]. ] Diabetes
Complications,2016,30(6) :986-992.

SHAFEI S, KHANMOHAMMADI M, HEI-
DARI R, et al. Exosome loaded alginate hydro-
gel promotes tissue regeneration in full-thick-
ness skin wounds: an in vivo study[J]. ] Bi-
omed Mater Res A,2020,108(3):545-556.
SHI Q. QIAN Z, LIU D, et al. GMSC-derived
exosomes combined with a chitosan/silk hy-
drogel sponge accelerates wound healing in a
diabetic rat skin defect model[J]. Front Physi-
01,2017,8:904.

Mo Ae RIS A5 3L, S5 BB 1) S T 4 ok
LA B WA A XM PR DR Bl B TET 2R SAE AT 5 1Y 52 Wi
1. 1B B2 245 T4 5 4, 2020, 26 (15) : 2178-
2181.

FALSC, 7 B, AR T0 I, 5. i 7 T 20 MR U8 b
WAA A HEHE PR /) BB A S CT %58 319 50



EAEE G 20225 1A% 51 5% 28

[9] KUGELE M, MANNERBERG A, NQ@RRING
BEKKE S, et al. Surface guided radiotherapy
(SGRT) improves breast cancer patient setup
accuracy[ J ]. J Appl Clin Med Phys, 2019, 20
(9):61-68.

[10] FARHOOD B,BAHREYNI TOOSSIM T,GH
ATEI N,et al. A comparison between skin dose
of breast cancer patients at the breast region,
measured by thermoluminescent dosimeter in
the presence and absence of bolus[J]. ] Cancer
Res Ther,2018,14(6):1214-1219.

[11] KUMAR A S,SINGH I R,SHARMA S D, et
al. Radiation dose measurements during kilo-
voltage-cone beam computed tomography ima-
ging in radiotherapy[J]. J Cancer Res Ther,
2016,12(2) :858-863.

[12] HOISAK J D P,PAWLICKI T. The role of op-
tical surface imaging systems in radiation ther-
apy[J]. Semin Radiat Oncol,2018,28(3):185-
193.

[13] iy, B, 8wy, 5. RHDOLY RS Cata-
Lyst 755 U8 0T Bl BRI LT . b A2 i 5

319

iR 24 24 75,2019, 28(3) 1 198-202.

[14] HAMMING V C, VISSAER C,BATIN E, et
al. Evaluation of a 3D surface imaging system
for deep inspiration breath-hold patient posi-
tioning and intra-fraction monitoring[J]. Radi-
at Oncol,2019,14(1) 125,

[15] % Memn , 5238, § 6T L 55, Catalyst REEAEFLIR
9 R WO AR L R e TRV Ay B [T ], A
TS iR 4 44 7, 2018,27(2) 1 190-194.

[16] YANG K,PARK W,JU S G,et al. Heart-spar-
ing radiotherapy with three-dimensional print-
ing technology after mastectomy for patients
with left breast cancer[]]. Breast J, 2019, 25
(4):682-686.

[17] BATIN E,DEPAUW N, MACDONALD S, et
al. Can surface imaging improve the patient
setup for proton postmastectomy chest wall ir-
radiation[ ] ]. Pract Radiat Oncol, 2016,6(6):
e235-241.

e fi B2 2021-06-23 &1 [ 357 :2021-10-23)

(45 312 TD)

Mg E s ) . h EME S AR 2R AR 2020,
34(1):124-131.

[17] BRI, N EPCs K U4 WA 1A 18 52 M B s K B
JoR ke 58 1 AE ] R ML LD 79 & B K%,
2016.

[18] WANG C,WANG M, XU T,et al. Engineering
bioactive self-healing antibacterial exosomes
hydrogel for promoting chronic diabetic wound
healing and complete skin regeneration [ ] ].
Theranostics,2019,9(1) :65-76.

[19] WEI P,ZHONG C, YANG X, et al. Exosomes
derived from human amniotic epithelial cells
accelerate diabetic wound healing via PI3K-
AKT-mTOR-mediated promotion in angiogen-
esis and fibroblast function[J]. Burns Trauma,
2020,8:tkaa020.

[20] DALIRFARDOUEI R, JAMIALAHMADI K,
JAFARIAN A H, et al. Promising effects of

exosomes isolated from menstrual blood-de-

rived mesenchymal stem cell on wound-healing
process in diabetic mouse model[J]. J Tissue
Eng Regen Med,2019,13(4) :555-568.

[217] BIAN X,LI B, YANG J,et al. Regenerative and
protective effects of dMSC-sEVs on high-glu-
cose-induced senescent fibroblasts by suppress-
ing RAGE pathway and activating Smad path-
way[]]. Stem Cell Res Ther,2020,11(1) :166.

[22] KALLURI R, LEBLEU V S. The biology.,

function, and biomedical applications of exo-
somes| ] ]. Science,2020,367(6478) :eaau6977.

[23] PEGTEL D M,GOULD S J. Exosomes[]]. An-
nu Rev Biochem,2019,88.:487-514.

[24] KOBAYASHI H,EBISAWA K,KAMBE M, et
al. Effects of exosomes derived from the in-
duced pluripotent stem cells on skin wound
healing[J ]. Nagoya ] Med Sci,2018,80(2) :141-
153.

(Wi fs B #1:2021-05-18 &[] H #1:2021-09-08)





