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Abstract

The skin serves as the primary physiological barrier of the human body against external stimuli and
is susceptible to aging under the influence of various environmental factors, among which ultraviolet
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(UV) radiation is the key factor inducing skin photoaging. Skin photoaging refers to chronic degener-
ative skin damage caused by UV radiation, which is more prominent and involves deeper skin layers
compared with natural aging. Its core pathogenesis includes oxidative stress imbalance, persistent
activation of chronic inflammatory responses, accelerated cellular senescence, and abnormal deg-
radation of the extracellular matrix. This pathological change not only impairs skin health and mor-
phological appearance but also may significantly increase the risk of skin cancer. As nanoscale mem-
branous vesicles secreted by cells, exosomes can carry a variety of bioactive components such as
proteins, nucleic acids and lipids, participate in intercellular signal communication and precisely
regulate the functions of target cells. In recent years, exosomes have become a research hotspot in
the field of treatment and intervention for skin photoaging. Based on the relevant research progress
at home and abroad in recent years, this paper elaborates on the pathogenesis of skin photoaging,
the biological characteristics of exosomes and their molecular mechanisms in reversing skin pho-
toaging, summarizes the progress of basic and clinical research related to exosomes, and discusses
the challenges and prospects of exosome application, aiming to provide theoretical and practical ref-
erences for the further application of exosomes in the treatment of skin photoaging.
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1. i

B FRAE 9 NARHRAE AP R 58— 8 i 48, 5 325K/ (Ultraviolet, UV RS SST5 5. €A K
RIS TR R, BT R AR B G 5 AR, Hoh UV SRR S R R RS I o B A%
O EIZR 1] KFHERST B ERR 1 UV 52563 UVA (320~400 nm). UVB (280~320 nm)F1 UVC (100~280
nm), UVC &5 LT 52 &8 REJZW I, (U UVA fil UVB S2kaeRiEHER, [Rk UVA 1 UVB =2k
R R A EBEAMT R R (2] S A FT 51 R 1 0 A B A G . BANME Y 7k B R A
FEIFRRERERG N IR ZHBUY R BT 1 UL R i A R AR (3], DA TCIESE, RAMR R BE
LR E 3R 48 5 A B (Matrix Metalloproteinases, MMPs) )3k /K, #EmiA5 35 5 R 5 B 5
WA [4]. BEAb, RAMRIE @ 7% 595 1 % (Reactive Oxygen Species, ROS) K&, #ETIA S8 % 5E
SNEFBRS s B A B R 2 A R BRI 5], Tk, SR N SRR S s2 AR ) UV B F R 75 R
AN N, BN TE AR 52 B OR R (1 OCHE  SEA 2R BRI 1 56 5 ) 2 A0 8 ) ke, nhi g3
VeI . R UTE LB . O UL i AR R . H AT DI B s 2 AR 9T A R A A2
SUAFRETRITIE6], BAMAIEAE IG5t MRS, KU B E3E 2 & I e B ik
FREIE,

T4 fifd(Stem Cells, SCs)J&—IAERFE 55 N RE LI Z FIIhRe4M, HoA—& AR FEB6E ) S itk
HEMBEE AL Z eIl 7], HAEDUE SIS 702 Bk 2 1) 0GTE . AU RET, BAREAEN
(120 B AR Bl A I B e LR B A7, (B LR B AR R 2 ik R, R 55 WML T e L R P I 2
VER <8842 [8]. AN A (Exosomes, EXOs)A& 40K 2 4N /M 3E, 78 2440 M [F] @A R, S &
FIR AR RIAZ R 2 AL S M oy o A ] LAE sk 441 i [ (90 470 ol 3 RV JE A, AT R R i 441
Thfie, [RINIE 2 OR BB AR AN LE V) 2R R [0] o AN RS A M I A PR e, 8 O AL 4E

][l
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5T PRI EEMCR . Bl O KEFTFUESE, TRRIRI SN AR SRR A RO T, 4
A QI & A K RPN T & 7T A KA R EEAEA[10]. 5 TAMYTIEMLL, SNBARIE N TCamf
TR, A BV XS AR, LRSS, R ROIUEEAR I 7 H 5 S e 5 R BT AE R A1

2. BRI KRG

S E % JE 4N A AL i (Extracellular Matrix, ECM) B T8, I BURIRE A #EEA. HA R
NATER ARG b B R LT 42 447 B 454 58 B SRR B AZ DB 7Y o B IR A ) B R ARFAE
iR A A A GUR AR, A SRR S A B R AR, BN R B R A SO U R
R ER R W ERAL Y, R4 LIRS ETURES, HAEG SRR T
BUR[12]. 1 245 I BUR R R BT A 0T 2 B SO BRAR 3 B N e s, e 2 B i 2 B 0 S 25 7
F[13][14]. IEFAEFDIRE T, MMPs VE o4 i 142 /0 2% 1) B B AH Bl 3, O M2 IR TR R & TR i e
B F0 1771 (Tissue Inhibitors of Metalloproteinases, TIMPs) P& A1 — 3 BIH0E 5 06 F — B3 4T 8%,
251 R 5 I E FK AR IR 15]. UVA 5 UVB ¥Jr[%5 MMPs Y4k, B2 7B B R 5 2830 A [
%5, UVA REIFES ROS A, 251 & Mg e A A6 SOV i i DNA W[ 16]; 10 UVB 4&4T
1E 5 5 J5 200 8 A RI AT PR 13 MMPs W& 1 5 5 DNA 33005 17] 0 5824 5 vl 0 J Jok A A5 5 id
#, {24 ROS KEAR, FIESMERIEEF IL-1o F IL-18 IFRIE ik, HEI0E ROS /S #5E
#if03: H IL-1a A1 IL-14 W@ B MMPs ik, IR R & B 55k E A miEmg, 25 kot ian
WE[6]. TL-6 1M A7 Al iEd _Fif MMPs [R5, M5 & A S et 5 A IR Ags [FIRF, 1L-6 ikfg
BIREEZHMMIL N, RN R REE S, T HE— D HE) B R E AR 18] .

3. ShibikiaTT BRI E LRERALEI

20 thag 80 4FAR, InE RKBHIF A BATE LR 78 W 2R 41 40 B 1) e 382 A oAb Rk R b, B IROR I T — 28
YRR FEUDIREERE, WG HoA 2 A INIAMAR[19]. AN AAE 20 B R FE A T, &K BN 40~100
nm AR, RN S EFE, SAHEON. IBAERSEAYIEE sy« M ] ik 24 g ]
(A B i e AME AL 3, TR RS2 A0 B D fe,  [R)IN S 2 Ok B SR AR AR B i) A= R [ 101 LT A
NAKRGHML I ] 73 WA MR, X RIERIZ AFAE T &AM, #EEE AP, mRNA. miRNA K52
FRAEDE DT, A R B R B RS B R G, S HAME . TR, I AR R MR A e K
S R FE I R (200 AN AR T IE A 5 40 B 16 38 VRO 4% 22 R BEAE B RE (217, AE N — M e T TG
57, 5TMREITIEMEE, RARACWBUREE, If B RS T S B i R, FEAS T 4 AN S 45 i 1)
BB AT BEPE . H AT K E R FT 2 UE 40 Bk U5 (1) S M 44 (Stem Cell-Derived Exosomes, SC-Exos)
TEFERAR ISR . A4 5 DA G BB TR e 221,

3.1. RS RAARIBE SR, 1SS AMThRER

KR T R ZR B SMAAA, AT A SR ST K 2R A R [22] 0 oA B & B A P PR JE I
WilR . 15 13 1% 4 1% FR (Messenger Ribonucleic Acid, mRNA) & 53 /MZ B A% 2 (microRNA, miRNA) ] £ 52 /441
i o fid A P AR AR 2RO s AN B REAE RS BRI RS e IO AN I R 5 S ORISR T Re, i
ZRAMBAFERIE[23]. Zhou FFl L M 7RI, BEAERRIGIN, RE T4 /KEIEEH 5 (Re-
combinant Aquaporin 5, AQP5)#IE 2 T 1% H AE#E A KA A BUE 40l (Human Immortalized
Keratinocyte Cells, HaCaT)fJ 3458 5 2 704, H XA T ol &2 [24]. Kim SFRFFIESE, #5RH7R
J5i T4 A SR A M A A (Induced Mesenchymal Stem Cell-Derived Exosomes, iMSCs-Exo) iJ il it ##ii% ERK1/2
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oM, BEEHE HaCaT 405 N H B A4t 440 fii(Human Dermal Fibroblasts, HDFs) ¥4 58, [F]H B
i 7 iMSCs-Exo SRUFAM A VB TE B A E[25] -

3.2. fMEMEMRERTE, AYBTHRERMENRSTE

EAFFFIESE, MMPs [RIEKT5AD00E RN TRTE. AMNEIE R E A RE ) 2 kst |/
fEAEAESEE MMPs Jh2k 5 85 1 B IR IX 35, 48 ABEMT MMPs &t 55 35 o T4E R ABE26]. ANIMATT 7555
LIRS LI S S RS AR 2 T Re, 0 3 R ARG M RIE, R R RIE K P [23].
AN S5 38 1 BEAK TLR4 122345 KF, BT TLR4/NF-kB 48 (5 5 006 S RE R0 1271, 78] Rt
-y (IFN-p). MRRSER T--a (TNF-a) & A 2-18 (IL-18) A2 2 4 R T I3 IEAKCE, MR R i 4
SN [28]; AR AT _E AL A KR 71 (TGF-B1)5 F A &-10 (IL-10)25 5T 4 40 K 1 A 2R 3A[29] . it
Chen 5 NHFFCRIL, 16 UV iSRRI EMBAI g, SRR F0] 23 R 1 TL-18 25 990E K11
RIEKF, AR B R L) SO PRI RE S, FRSfR UV BRI AT S0 B k4 23 B 8493 30] o

3.3. BT E ROS, PEEHIERSE 1L RIBIKF

ROS 277 &AM E IR A S I 7 1, AR A R =4, DR ORISRy, S oot 40 = A
B, GRZIR. EAR JRBSEAER S TR (3 1], AMBAR AT @ 15 5 BT E A SR B AE S
PV, HRENE UV RS BT T5 S B AU B, WS R R4 A B S B e R R B A T4,
MR e it . CAVIRIESS, TR M s & 2 Myt e CDiRe 7y, Hh i
FEHE AL P AL i (Superoxide Dismutase, SOD). 2+t H ki &4k ¥ (Glutathione Peroxidase, GPx)ZF 14
e, LI miR-181c. miR-146a 55 HAHUEMAE IR/ RNA (miRNA) [32]; Zhang S50 ALK
T, i i SR 1] 78 57 T 240 i SR 905 P 401 il 40 2% 340 (A dipose-derived Mesenchymal Stem Cell-derived Extracellular
Vesicles, ADMSC-EVs)-5 A Jiff i [ 78 Ji2 - 4H M i 5 14 48 ffd 4 22 90 (Human Umbilical Cord Mesenchymal
Stem Cell-derived Extracellular Vesicles, HUMSC-EVs), R @it {EH T4 @5 5ilEE, (% UVB 5S04k
W4k ROS J DNA $535i7KF, i UVB 51K RAER N, RIFTURIFICE AR [33]. THERIL & ROS.
W Sk An i AL - PR P AT, R ANIMA SRR UV 155 5 RO 240 1 B BN 2 —[34].

3.4. FTEMINERI SRS, REREREYE

ECM I FEf# I B R B A IR ORI —, R AMNRAR I vE i 55 MMPs {1314 5 73ilhi& i ECM
1%, T MMPs »& /5% 5 8 -5 5 1 2 R IR DG B 2K [35]. Tk ECM A B B AR M Bh 811, 72
SNBSS UV 3 RGN BGE F IR SURIRA 5t B SRR 1) 22—, AR ] (i i3k s 1 44 4 i 184
FErERG A A . PR A AR, FIR0HE] MMPs. B TIMPs 38k, @i E@R AR,
B85 R REs i, SGE R IRCBARI36]. BRI, N7 4 ZURUR T4 M 4 b4 (Adipose-derived
Stem Cell-derived Exosomes, ADSC-Exos)7E 4E 2% [z Ik 6 E 4k Fh I Col ) V2 IESE, %2R/ A @i T
i ROS 7K-F, A RENH] UVB T 41 DNA $ifh; R G828 MMP-1. MMP-3 K5 5 -3
(COL-3) )i it 3Rk, mgess ECM (&5 5B [37]. BhAh, AMBAAKEE RS RNA AT IR AH L)
REBE R RIE, S5 MM E TR RS Y, Il 5 AR IR 5 A4t i 71 i o 20 4y g, b T ik
— BRI R BB R /8 J1(30].

4. FEITAHRMRIFEINDIET B R Z AT ERE 5 FHLHIR R

AFERIET AR ARIZ RSN, T HOR AR A 2R A, 5w A . Rz
W5 = B R AF RIS AP AEZE 57, 3T 3 BOL AR AN 56 7 R R AR . A SCUUE il T4 4
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WA ) 78 0T T AR B AR A K 15 3 2 e T Al g i A (Induced pluripotent stem cell-derived exosomes,
iPSC-Exos) 9|, X LEHAZ 5@ B S VE Ry IO Z2 3, IR e 20 B =3 7 B BG4 I6 77 TR B4 X3
1),

Table 1. Differences in therapeutic effects and molecular mechanisms of exosomes derived from different tem cells in skin

photoaging
& 1. NETFHERIRINAATER L2 PR IER S S FIHIESR

ENER FE F7 200 &t A O 5 160 76 J5 4 ol A %S 2 AT 4l sh s
SRIRAMA A (ADSC-Exos) (UMSC-Exos) (iPSC-Exos)
1) BFRRIE, GBRERE, 1) RECEA], EAeEEY, 1) AR F= B,
TEHE R RS KRSz (R FIE ) 52 MSC 1] 16 %, & & IR,
2) AR 5 3KE 2) T/ RE ST A=
WOl AN, GRS AT AEAIMUT R AT IE T 80%  2) ANAufEARLHRRIE B,
3) P E R B - 3) MESFIEEE, POt EAE M R
BRER AN RN RE R, HEPIR PLEML 3) i&kk ROS. ] MMPs
JE B i/ TR IR = HEAEH CEVAEN IS UL EES- SV E T E

EL S shey . A . ”
1) BUMA BRI AS) 1) RAERIE, BAZEME 1) RESZ R

A 1o T AT PR T B B8 2R 43 A 41 i T e i
o FERRERAR 2) BRI RIE  2) B4 T 28,
FEHH 2) MEfRIIREZER K, W, (R 5 A R
SIS AR YR e — 1 ) VRRLACE . v "
3) KR IR = e A 3) fRAMTIIEE J155 T iPSC,  3) IR D,
AT LE = M FE R K e R A 2
1) PINK1/Parkin: /M SZkHifk 1) GATA2/PZP/GRP75: 1) ERK1/2: SR{EH45H,
AW, 125 UVB Hif ZRLRAS S RS B8 UVB SURA 44 i i
2) GSK3f HWEIEM: miR-1246 2) TGF-1/Smad: LiFI/IIA  2) NRF2-KEAP1: PRDX
otz g PP GSK3S, IR FI 2R, H1H) MMPs 'S, WHGHH ROS
" 3) Wnt/f-catenin: {2 4T 4k 3) PI3K/Akt: {R4HMAETE 3) Wnt/f-catenin: {£ ECM
PHIEIETE . R AR TR, wvET HA, PRTF R REME
4) NRF2-KEAP1: BuGdiE M 4) TIMP1/Notchl: ] 4) i MAPK/AP-1.
R4, kK ROS Notchl, T pl6/p21/p53 NF-«B: J8/b 980E 5 I 5 A

1) %] MMP-1/2/3, 1) #AGH ROS, RF

1) i ROS. y-H2AX,

R/ B SR I DNA 105 PRDX1/2 Fi%
5 T 7 ST
st D PHESAPel DL )i g, oy 2) T MMPLS (RIS
C = _ _ L3 7 | =
3) IR 3 ;‘Er”%” IL-6/TNF-o0 SERHRYE 3 s v % S ptym i e
154 mDNA Bi15 7 KR

5. Sl iREIN A /RPR S Bk

MEEESR, SMIAMAAE T Bz SR E AL P KR YT ST S R A5 25 Fie , HLAE FU Vs ARl g ST 56e
BN SERE L A RN P S, KRBT AR SE 1 AN T A B S 24tk . AMIMA B B+ 5
POt BIRIRIGST, WA RSE AL, CORTTA - BRAA A Rl R SR SN A AE 1 PR 28 A0 A 4
BREEIT R QUG R B, BRI 52 BT 2 1 2 R IR 20, A% OBk R
REUE LA =ANJ5 T — R ANBRR = R 540 1, H AN AR o B Al T AL, PR
R A i, LA P A LA A2 KU I PR A (0 IS 2SR (381, AMIAA ) o il B o 1 R T P
T, AN FIRIE AN 3 B AL TT IR I 2% O SN, LEAETIE P AU AR SC R F AR AR E R E R
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TR Z 50— BRI S mI R R, IR N ] AR € 1 5 2 s VEdE LAS 20 R IR[39]; — A4
FE IR R TARTE, E R SN EBOR T BOAT A R m A AR ) B GZ B SO, (Bt —2
WESRILAL P IBIRRE . FRARMLELRON, DI RRIR AR [40]; =& BT ANIA AR e VE AT 7T 475 T i 5 Hh 9 At
VERDIAR NG FURFEN, FEE K 5SS AN T2 B SRR PERE ), Vo iR VR #l pH
WA FNLN . FEOG LR,  EIME-807C VAt af LLIEE S A I A7 o B 1R 5 2B B IR R (41

H AT A ERAM A I RS Lt AN RoRl BB B, W 7T U o BT IE R APZRIBAT PR . TR
FTER I < I A 2 AT [42] 0 Ferbr, o DR 78 5T A0 B AN A I R WF SRR S 4Bk AT S, R
AAEE AL TT 10 O YA B, BRI eV RAF. ST RIPRAE. (A R kA pRag A
BEREH[43]. WERM, SRR, 70 T e (25 fh/ st i) BRZ 48— i 5 RAL bR
L VR B S 7 A ) % L B0 s TR 2025 4 6 R AMBARIN N etk 16T 25 (ATMP)
K%, FDA. EMA S5ILIZ 58 MU B AR, (HFRMEAL 5 &MLy 3 2 44] .

6. BESRE

HMUBARAE AU IR R B i, R 9% 22 PRI R B AR, 34 R OO 22 R iR T T AU
FLIB I SRS o A SCERRIMIMASE B IFOE AL I S WE Tk R vh BT /e, H Al AN APE B ik
BB B UK AIRT 7 2 A T IR PR ATEN B, FAE BRGNS 0 S I R OB A Fr it — R AR
FERIE. KK, BEEREREZSPORERABHESRANRRE, SMBEA T8 PO 2RI
B TE RS AR TR BEE o B I PRI TR SRR, ANIMAIR ST 1 RIS BE R AW 2, HAMY
AT RO EARIRTT, RIS E AR E R . RIRIE R IR, 9 BRI 1 R T 150
SOt A 1 BB 5 IR K [45]. TUME AR ARPRER, SN B RON BB Z AT T R EARRT, il
RARBERE 2242 AU TT %
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