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Advances in the study of adipose stem cells and cytokines in the repair of

radiation skin damage
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ABSTRACT This article discusses the current research status of adipose-derived stem cells (ADSCs) and platelet-
rich fibrin (PRF) in the treatment of soft tissue radiation injury in the skin. ADSCs and PRF have unique advantages
over conventional treatment modalities for improving cutaneous radiation injury. Radiation causes oxidative damage
to skin and skin cells subsequently undergo apoptosis, which causes histopathological changes such as erythema
edema and wet desquamation. The anti-apoptotic, paracrine growth factor and anti-scarring functions of ADSCs can
concomitantly target the mechanism underlying skin radiation injury, reduce inflammation of radiation-injured
wounds, increase microvascular density, and promote re-epithelialization of wounds, thereby effectively improving
skin radiation injury. The high concentration of growth factors released from PRF can significantly increase the

healing rate of wounds, and the biological properties of PRF can further optimize the activity of ADSCs in repairing
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skin damage. Future experimental research and clinical treatment directions may involve combining the current

research status of ADSCs with PRF in the treatment of cutaneous radiation injury.

KEYWORDS Radiation skin damage, Adipose stem cells, Platelet-rich fibrin, Injury repair, Anti-cicatricial
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Fig.1 Function of ADSCs and PRF in the repair of skin radiation damage

1 BRRECB AT 55 RO AL

1.1 AR NET

COZLFEIK i o B 88 J& #8868 97 Ja B k45 1
5 ST B 3 B ik JER A B 451 4 33 1T R TR A% b

AE DR 1 5 51 R BB E 9 5K 5 A Ji P 78 3
ZLAN L 5 i 3% A0 5 BTE] 5 K B T R B OK )
S

2O RE PRI o 24 O 45 5 33— 20 i L 1
BT SORETSCE 2 (1 JOAE AL, I EL I fl P I /AR

020102-2



TOHERE R AR R L B DT 45 458 S A IR I A i

BRI , i B PR o5 T I8 BE b, 3 BULAR 8 A
1113 P BB S5 3 B BRI AL A B TR ke, R TR A = 12
SLVRIAE S 2 B2 5 B s 7™ B, B B R A RS
W, 5 IR I B A SR A T B I i B

D IR T o BP0 2H ZRAE TR 1540 ) 4 5
RS, 8 SO S T, KR 5 A P R 5 A
2T YA LG A, O B R IR AR 0 TR E A
TR 1R, BB R R A PO LT
YEMEAR AL , SR 2 LR 24 BUBRTE BRORR™

1.2 SFEIENS

TS IR ST IR B 1 A2 21 B 40 4 o e & i
T L (EL{EE 5% 57k 2 1 AT 3l o b B B T A 2R, 5
FEC A0 AR T o 24 Bz Ik 52 21 HES , 8 558 2 15 5 i 8g
H 53 5 Bax & [ =R IAM, T HGE DNA JE 31
2 S S RE Y DR T, IE 4 K DNA 345515 5 30 , 5
2 DNA XUHE W 240, 3k i B Jok i JIC 4 i 0 1, e v
B TR K 4t

13 ZEEEFHLE

A A 2 B JBR R 2E SRS A 453 495 P B
DR 22— o 4 i 52 28 S 452 0 e 2 BT3RS ol A REE Ak
DR 5 W 5| 9 4 it 81953 0 & A5z » e T R T 22 (A
IR IRFE I - AN R -1 SR 28 A 71 X 2B {7
R T 1005 I8 N B 4, AN TS B AR AN 2
13 FUAE L& & cHMGBI 2 — R 2 RAE R 1, A

Apoptosis

. . Radiarion \;u. “*
skin damagg

Inflammation

Capriceé

| Inflammation
reduction .

S ORI B R TS A A5 0 AT DR IE W O
HMGB i # , AT 51— FR 5 SOAE RN 5,6,
7, 8- DU AW 1 0 — S R B ) 5 i i B X
T R 2 3 B0 AL R B AR AR A R A
P B R A T B AR A T RRA 5,6, 7, 8- D A
PRI e Ab , AR S AT S K 2 AR AR A
T B RS 3, B T G 40 R T T I
SR BB T Cao S5 R I, FBE T 40 i
A2 TN - Lo/ AR IR 7 52 A 4 101 7510 R LA A8 K B
TRV B JRASI 05 RN 2 A, X 3% Wk Jo 4 i AT 22 A
T-lo/EL R 7 3 4 4 30 1 o e 4T 4 A AR
K 5-p/Smad 15 Tl %, 25 148N 5 Kk Bk 2
T AN A A, o

2 ADSCs7ERBRBABALA S M IR 12 &
H{ER

ADSCs & H Zuk Z"7E 2001 4F & B Iy 44 1)
Vi) 70 o T4t A, B A B R I S B e 70
R R AR B = R B T, R R i
BIifiEEMANEERMEE TR 4K, H
ADSCs &5 U B4 — B2 i A #4 s . ADSCs
(4 5 1) 404 0 5% 4 W T 6 AT T B Ik 2 28 2 s
PES L], BATHL B R A 46 N Ak
BB 9T, ADSCs ¥R I7 TBUH 1 A B AR F AL U= 498 G
B2 s

ADSCé
|

Antiapoptosis
—_—

;/Angiogernesi\s S 33
Z

- -] . . ')
. Anti-cicatricial
gl

2 IR RRRIR T B PR A 7 R
Fig.2 Schematic diagram of ADSCs treating skin radiation damage

21  HUBATER
20 B O T A AR R R U S R R A e —

AN E EFAE . Lin 2R B ADSCs 1 38 i J 42 0 %
JULE B PR 4R A 2SR D/ 8 T o 6 40 ) T 3o i
MY EAEEF (Cathepsin F, CTSF)E&E EAE . A

020102-3



WA A SR T2 % 2023,41:020102

BT I, 24 ADSCs #8418 21 JHCH 14 Bz 28 1K B A4
P, 55k I ZH A EE , ADSCs 4168 T i CTSF () 3%
ik R _EAARSSHUE T A A, T IR 55 U i S
0 4 B O T, AR B R RN IR A .t
FLIK B, ADSCs RJ Ja /0 I EH 75 S 1 b 7 1 5P B
Y0 L T, T ADSCs Ab B (140355 BH 21 i S8 ES2 48
L0 iR e SKOV3 4 B, JFE 1 T 48 A 1) B 451 5 ) 1
AL, 23 Bl FAR T 2 50% A1 30%. — T 5 4 52 56
WF T R B, ADSCs AT #2872 25 1 Bax, 37+
B PR T8 1 Bel-2 7K F . (Rl , ADSCs BT T
E FH A2 ol 1 Ik 3 2 0 e s B S R 2 —

22 DERKETFREBRGEAMEE

ADSCs 73 W (1) A A PR 1 ACAT B 61 1 2
52, 30 R AE RET 2AE 4 J RST , M TTD I RS 4T 4 4 i
IR EEA NRREES AR SREE .
ol 1 s 4 4 400 i A A TR A A A K R - B L S
fif RNA &R B K386 502, 3 — 5 R gt 45 1 &
& AR 1E E W RE RS A E A E YR 3 A
IR, 11T ADSCs 73 A AR K R -7 R 2 4 S U 2 17
A

CORRER S EAE F o 22 B2 5k 20 23 00 TR PR 451
KR, 2 E R RN T, 5 S ADSCs 5 4 iE 40 i
TR BTG, ADSCs 22 77 AR AN [F] (1 20 i [R]1- gk
AT G B T, G828 RS S ek A A 2R A5 A
HEVE T KA M 12 SV 2 SO0 R A E &
25 1) 3 B 08 4 i - Bowles 257 % 3L, ADSCs 7] 3
IE L 5% KT STAT 65 1 PR A Bh v T itk 2
S 1 441 i 2 S5 TR - PR R DR 3R A, AT ek L a4k
HETT R AR 28 TP R -y IRER B R T- 0 (1) K
S (i A AR K R - B AE BT R R T (R A T
WWG% 4411 A T 4 L 28 DR BT S, AT T 1R 9 0E OB
AR T H e 2 R H I, ADSCs 18 85 4
SRR T EEAE

(O 138 A= A P o PR B 2 9/ 1 A it
N5 38 R R R A A0 A2 A T e 2%, T ADSCs 1] 2
551058 BT 1R, A 3508 i Ak it 8 2 . L F A
HE S, ADSCs 43 W [ 7 A A K TR 7 B B P ol 21 4
Yl A K AR AR K R B R - 1B I Y
B AR A TR S5 R A 5 K= 0 AR 40 7 B T A6
B , M8 T A B A0 I T R . 8 S S e
R, 4 ADSCs 1877 i REAEIE R BRSP4 577 14 1fiL
AR R, BRI I A T A, AT N A —
T/ INFE T8 5 Je 453 B T AIF 98 FR Y, ADSCs B8 IniE

155 EU B R A A B HEZH , ADSCs AT 7 _E J7
AR TR]SF- 35 0 3.5 4% , 38 0 67% 1 I 55 %% 52 A
30% (1) R 2K 1 5 B - ADSCs 8Tl 87 -3+ DR i e
F (B A5 V8 7 Ze 8 R o I PR o 4 4 i 1
R RHRA I RRE W 22 IR A2 A AN T3 R R R i
B RS TR, BARA VAT LU &, B B e
PR, JUAS H G 82 8015 2K - 107 Akita 52745 1% 4 44
BB RS E A& ADSCs, fE R J5 75 d i 1
AEA A, 6 H JE A & A ] WS ADSCs
ASF FRD J5 0 T YA A 48 0 e AL, ADSCs i 14 1
S T Ik B R S I A s e R — 2P 1 5iE  F
4 i AR 4> B 45 3] CD34°CD146° (/) ADSCs , # Et
CD34 CD146 [f] ADSCs % {41, nT LA AR i #2 A4
I A 2 B2 BH 2 T vy, 38 00 IR 7 A % 35 AR L
R O 2 LA ek D, 51 R A SR A R L T
HE— 0 1455 ADSCs 73 WA 240 Mo R ¥ 1) g 77 - M2 B
21 B T R TS 22 o 20 o K] R 3 I A v R A
HAUFE R LA R HE -1 /S T, ADSCs
PN A 3R -10 266 DR 3R 0 4 49 ik , 3k 1T 930S STAT3/
Arg-1 {5 5B %, N1 %S 5 2 1 M2 B W41 i
TR

GO HURIR T SAE F o 18 1 J 5k I8 14 452 95 1)
LR AL IS4 5] DA A 3 5 1 S ORI B
T 23 1 R SE B AN R T BE PR A1 . T ADSCs ]
T I R R I 2 ) R DR 0 SRk B A R AL B 1
AL A KR F-B1 A IR A R DB I 1 R 7« Xie
S\, ADSCs 1T e 2 J8 i #1014 16 A K R 7
B1/Smad It % , 75 44 S0 01 1] - P I B 2T 45 21 i 1)
WY 5E ITFE K 40 M A R 5 B R S T 82D 1
A 8% R T . Borrelli 255 R L, & & CD74 1)
ADSCs 7] Ji /018 1 48 5 i 5 10 I Bk 47 i1k, TR N
CD74"ADSCs Re ik 55 22 ¥ JH- 20 g A2 K DR 1 Bl &4F
Y 41 it A K PR -2 R AL AR KPR -3, D B A
KR F--B1 Rk, AT FEAG T R i 2 | 3 R R
TR TR PR PR Ji B, S TSR MR A A S ) A R
. [K I, ADSCs W] B AR T2 i J 2 1 T 28 iR J 2
F A o-~F 3 WUILBH 8 1 R 08 A8 R SR TR AR />
T 06 REIR T B Wush 2509 45, ADSCs MY
REAT E RO MR i B, 38 25 D B T 27 4R AL
53 BE R 5T AN [F] B A2 5 Zho S5P5FE /N BRI A5 101 A5
R eh R B, ADSCs REAS 3 2T 44 240 it 386 B 0 11 3 54k
FEIE T A e SR B T B e e B 1, AN A3 1
G B AR DB I S B e A 3 ]
#0104, X 5 ADSCs B HiE IR B 17 35 A b

020102-4



TOHERE R AR R L B DT 45 458 S A IR I A i

Ko FUOMBIRI L ZAHERMILE KB ARMERAE 5 MR0 D E B B, KBRS IR FE iR &
A MRS RO s s Z , AR R R ATBBRIRSRAE MBI 1 . ADSCs 82 T UM P45
MR E R BOREAT QB R H A, Ht, &£ BENTTRLEL.

R R4 NP TR R 48 BB ST

Table 1 Summary of studies on the application of adipose stem cells for radioactive injury repair

MEE By BFRNR BFRONE WL as R

Study Year Research  Research methods Study results

authors subjects

Huang 2013 KR BRI (50 Gy 7D , 3~4 J8 J5 T Rt , U 3 ADSCs R 8 N 61 T () i (10 Y 2

et al™ Rats Ji )5 JRy #8iEA ADSCs R
Single irradiation of the back (50 Gy dose), ulcer forma- ~ ADSCs increase the blood supply
tion after 3~4 weeks, local injection of ADSCs after 3 and granulation rate of traumatic sur-
weeks of radiation. faces

Foubert 2017 /NI DR IR A B CRFE 1.2 Gy)+ B Z e,  ADSCs % D 18 - 2 ik, I3

et al®™ Piggy )5 3 dJs ¥ B ik v ADSCs T 25 AR S 2 A
Small amount of multiple whole body radiation (total ADSCs promote wound re-epitheli-

dose 1.2 Gy) + full back thermal burns, local and intrave- alization and increase vascular den-

nous ADSCs injections 3 d after injury sity and collagen

X EMEERT 2019 KR BAL YR R R RR 2 BB YN 2 B (90 Gy &), it 14 d - ADSCs A2 #E I & A= Ao &

LiuZyY Rats B » JRUH 24 hs JR B S ADSCs ADSCs promote angiogenesis and
etal Single irradiation of rat left medial thigh skin (90 Gy ulcer healing

dose), ulceration appeared 14 d after radiation, local injec-
tion of ADSCs 24 h after radiation

Borrelli 2020 /MR B2 YR /N Bk B2 CERIR 30 Gy TR 5 4 A Y ADSCs AT WY I 2T 4 AL H
et al®™ Mice TN Ik £ Ak RGN, TS 4 8 5 SRR E ST CD74 BT ADSCs have a significant anti-fi-
ADSCs brotic effect
Small amount of multiple radiation to the scalp of mice
(total dose 30 Gy), chronic fibrotic effect 4 weeks after ra-
diation, local injection of CD74" ADSCs 4 weeks after ra-

diation
Wu 2018 #REL AN [ 751 B AR AR BT T e ARV 15 Gy<3) 8t 4 i) ADSCs i 1 3 i b 2F
et al™ Naked rats J& i B A% 11, 3£ = &84 4 ADSCs 204

Irradiation of the back of nude mice at different doses ADSCs accelerate wound healing

(maximum dose 15 Gyx3), creation of skin wounds after and reduce fibrosis

4 weeks of radiation, and local injection of ADSCs

Khademi 2020 KR BRI S B Bk (30 Gy AU, JHUH 24 h 5 JRERESS SRS AT ADSCs F AN BE W 2 0T Ik
et al™ Rats ADSCs DA 51 Y B A
Single radiation of buttock skin (30 Gy dose), local injec- The use of ADSCs alone does not

tion of ADSCs 24 h after radiation significantly reduce radiation skin

injury
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Study Year Research  Research methods Study results

authors subjects

Akita 2012 4%t JUTERIERRE B AL RS B AL RS 75 d BT e A @A, R I

et al™ ey FEE AT YEAL 1 B JE NG 25 BUTH, IR R B WRAEF S
4 female & ADSCs Complete healing of the wound can
patients Decades of chronic sacrococcygeal and neck ulcers and ~ be achieved 75 d after surgery, with

severe fibrosis of the tissues, with artificial dermis cover- increased local blood circulation

ing the wound after debridement and local injection of au-

tologous ADSCs
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Fig.3 Schematic diagram of the action of PRF fibrous scaffolds
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Table 2 Summary of studies on the application of PRF to the repair of radiation injury

eSS A RS G WIRES W aE R
Study Year Research subjects Research methods Study results
authors

Chen 2019 14538 B, DERUTEA A HEE QS PRF ST AL
MM e — s A

AT BB A S

et al™

ARJE 3 ANF RS, ARJE 104 H R X
SRR A R

A 53-year-old male with radia- PRF was applied to the affected Mucosal healing within 3 weeks post-opera-

tion osteonecrosis of the right

area after alveolar debridement, tively and follow-up X-ray showed good

maxilla after oral radiotherapy and the flap was grafted and su- bone healing at 10 months post-operatively

tured in one stage

Maluf 2020 14465% ik, ABBUTIEA  EASHUCE P A PRE fE
Placement of two PRF mem- K

S S BN P SR
A 65-year-old female with ra-

et al™

dionecrosis of the right posteri-

or maxilla after oral radiothera-

py
Palma 2020 23 4 SkFEB IR B, 60~
et al™ 70 Gy & BUT

tumors treated with 60~70 Gy
dose of radiotherapy

branes after debridement

$F J5 PRF BEHIRTEF &
PRF clots filling of dental sock- B ¥RFEKR A Z G IH 2 7% 7

23 patients with head and neck ets after tooth extraction

ARG 2 RN & A 394 H BE U AR WA

Mucosal healing at 2 weeks post-operatively

and no recurrence at 39 months follow-up

I PR VAL 180 d, P9 ALAE SR VF 23 AT 4

No significant differences between the two
groups in pain scores and incidence of radia-
tion osteonecrosis at 180 d of clinical evalua-

tion

4 ADSCs 5 PRFEX& B TS EHits
(3=

PRF ] 4 5% ADSCs B4 48 « 73 1b F1 55 43 WA [ 2E 4
2 ThREN A, ADSCs 5 PRF BE&fd 1 B —
5E [ A 1 ] - Khademi 254 5 6 ] ADSCs #6397 K
B0 P S e 2 kAR A I 2~4 JL R T LI B T
KN B TG I s 22 5, DR, At 719 A ADSCs
5 A KPR 7B FH AT BB SR B 4 - Wang 551t Kk
I, ADSCs B4 PRF 1 HH ¥ AT 1k T8 51 6 ) mee v
JRZH ZAP) 7K AR 4 » 17T B8k ¥ ADSCs 8% PRF A7 H
T IE R B 3% 16 97 R - 78 2014 4F , Chen 255030
ADSCs kA PRF J¢ T i3 5 2188 B 84 19 s i T g
RO, 6 A F 5 R I 4 SUBR L IX ) LA 5 3
80, 8 T M ek b, 3K W PRF AT A v % B ok 12

151 ADSCs 2H ZUE & 197 2880 A i 55K PRF BX A
A4 i 197 25 23] 4l Bh AR 361 V) I R Sk v o7 X V6 1
NHEE IR BE . H T ADSCs 5 PRF BE4 ] T I08 1
B I R H O KESEI S HIESE,
B EEIRIT RS VR SRR B IR 8CR
CITE N

FE 5 I &k 2 (Stromal vascular fraction gel,
SVFG) 72016 4F tH R [H 223 G g ZEz 1t i, HE
it 1200 g B0 3 min Ja AT WL AL, FF22 2 000 g
B0 3 min il £ 110 % . SVFG AEHUMFL AL L FE v 25 4
TR T 48 R, IR B T 2 80.5% (1) ADSCs Al
T4.2% ()N B2 4B, ANTTEG TN T 5~6 % 1) ADSCs #
JER 3t H SVFG H & A 1 4 i 40 25 )53 v 2 ADSCs
PRAERIRAAE K IR K, SVFG 4 A #& ADSCs
(R0 75 B AR, 7E I R B A AR K8 77« K&
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