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Fig.1 Skin wound repair process and its different outcomes
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[AF-xB (nuclear factor kappa-B, NF-«xB). Janus
OB/ 5 % 5 5 5% Sk BT I (Janus kinase/
signal transducer and activator of transcription, JAK/
STAT) Fll#% 1k A= K Al F - B/Smad  (transforming
growth factor-p/Smad, TGF-B/Smad) %515 51 %,
DL M it %055 5 I F -1a. (hypoxia-inducible factor-
la, HIF-la) SEHESRANT, JLREIRATR AL hE
e E S 45 R . AHOCARERYE 7 7 S 2R
W1,

PRAT HLIZE VR 9 S e A THT FH SEAE B B 1) 41 4 e At
By Bt ) %% . F A E -1 Z K (interleukin-1
receptor, IL-1R) F1H /% -18 Z 1K (interleukin-
18 receptor, IL-18R) SAHN FiLiA%E &5, wliEid
BERE AL 0 2 S 25 H 88 (myeloid differentiation
primary response 88, MyD88) Fl 4% -1 3Z /44
K ¥ B (interleukin-1 receptor-associated kinase,
IRAK) 1% NF-«xB {55 1@ #% . 7E0E bR ] i e 5
L JR A IL-1R 155 AT 205 A1 T 19 58 A s R
B S K6 324K (interleukin-6 receptor, IL-
6R) F EiE of M K H 130 (glycoprotein 130,
gp130) /JAKNAE 5 5 5 5 5 s G 1 3 (signal
transducer and activator of transcription 3, STAT3)
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-10 (interleukin-10, IL-10). TGF-p FlIfiL4& N f 2k
K [HF (vascular endothelial growth factor, VEGF)
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endothelial growth factor A, VEGF-A) 5145 N &%
H K 524K 2 (vascular endothelial growth factor
receptor 2, VEGFR2) Z5G /5, WTIET N Bz 40 o kg
B IR EIE AL, TSRO T i AR AR

HIF-1a fERAIR T P ARE T, AT VEGF S5 4R
NSRRI RN, 258 H A MR ZEHLU8
B R AR K (epidermal growth factor,
EGF) 5% K F F 2K (epidermal growth
factor receptor, EGFR) %54 J5, ifiid STAT3 Fi
NF-kB &5 T {5 5 02 i 1 B i i 7%, #Eshir
Rl SR K B BRI A

AT A 20 M S A L) S A A RE BT i 5 A 1
A, AT s . AEE R FRRE . I
B JEPE AR 752 K o (platelet-derived growth
factor receptor a, PDGFRa) 7E 4 72 B fie i il 1
ARG SE, B IZAE S T IRA R T T 44 m
WURCET AEAHR 734k, PRI AT B e 1) T WA AR
e, Ak ERK I F-B1 (transforming growth
factor- B1, TGF- 1) Hl %% fb £ K A ¥ - p2
(transforming growth factor- B2, TGF-p2) i &
Smad2/3 {5 F i JF B EF 2 4 M % AL AR IR DTN, +F
LEIE AL 25 5 FEOR P RR IR AL . B4R
5 1% (matrix metalloproteinases, MMPs) A H:
Mo Wl ¥ (tissue inhibitors of
metalloproteinases, TIMPs) 1% 2k fiif T 68 1 Ji 41 ffd
AP A B R A i S DR o HE /N BB T A A
e, HLAE N T AT 28 Yes A X B 1 (Yes-associated
protein, YAP) i 5[] VF & 5 1 Engrailed-1 %3k,
o T YA e R IR LT AR AR, il — Bk
S, DS RRIR > R | AR A Ak
FE R KR . BE 48 B H 469 (zine finger
protein 469, ZNF469) 7] g i fie 1 it K HoAth
YA EE BT 5 FRIA S S IRIRIZ B IR Y, X —
WA Z B /N RNA (microRNA, miRNA) [
SEJAJEPE . miR-192-5p, miR-425-5p FllmiR-124-3p
4y SAE T IL-17RA/Smad 5 TGF-$1/Smad2 {55,
S0 LT A 240 R )l S Bse R TR Y5 miR-21-
3p i A a) A7 A I AR RS T A PO T 1
(sprouty RTK signaling antagonist 1, SPRY1), (3%
R HEEREE T BEF A 20 M 0 S R TR RE ) 2

B R A 285 [RIRESE e PR A o . R AR
JB U P 2856 #2842 4 T+ (nerve growth factor,
NGF) . i J8 1 # 28 % 3% I+ (brain-derived
neurotrophic factor, BDNF) . i £ & 3% [H F -3
(neurotrophin-3, NT-3) K HAHMN A9 JFLBRE 132
R (tropomyosin receptor kinase, Trk) 15 51F
FEAS[FIRRBE A > 00, e 4 i 3 s 1
Ak =K A -F-B3 (transforming growth factor-PB3,
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TBE R 114 A 45 25 36 PR A G IK (callcitonin gene-related
peptide, CGRP) it AJ 28 A7 {4 1% 4 & i 45 11 1
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(receptor activity-modifying protein 1, RAMP1) 1
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F1 EKOEEESHLBEBEXNRREESRAEIE
Table 1 Representative targets and regulatory mechanisms involved in skin wound repair and tissue regeneration
EEES HS/T JT i i/ 2 YEFIRL
IL-IR. IL-18R. MyD88. IRAK1/4. IL-1R/IL-18R-MyD88-IRAK-NF-kBf5 5 (A AREBAE TR R
NFcB " AT IEAC A S B, A IL-1R {5 5 )
S A PR BT 14 9% 95 SO 555
IL-6R. gp130. JAK. STAT3 IL-6R/gp130/JAK/STAT3 {5 5 BEREARTE. AREBAMIE
P— RIALUESE, AR HA B Bt
N S5 VR A0 SE R AN TE 1R FRak
IL-17A. IL-17RA IL-17A/IL-17RA(E 54l . . N
TEAG T AE RS 1 2R I BLAHIE SR
TNF-0.. IL-1. IL-6. IL-10. TGF-B. RIREFE SRR HE 1R
VEGE 5 WG 200 b K 4T L DR B, JaWIIL-10. TGF-BMIVEGF%% 5
FAETHIR . ML A AN 2
VEGF-A. VEGFR2 VEGF-A/VEGFR2{% 54 e G, ‘Al
B 25001 i A
MEHESH - TR IR B YR VEGF S R il 36 R 3£
Rl e IRV B, 55 A AR L SUE
EGF. EGFR EGF/EGFR }.STAT3. NF-«xBf5%5 VHARPRERER, #73 LEM
YEJ LAV
7 P ———— T AT A 20 1 UL BT 4 A R
L 18] 5 ) 1) 1T 047 ORI T
TGF-Bl. TGF-B2. Smad2/3 TGF-p/SmadfZ = i IEHERETAEAMIB L WL
BRI IR FREE AT 5 S 4T AL
SEEA A AN R AR A T,
MMPs. TIMPs JE o A S FLA R R 4 e T S T 5 R R
YAP. Engrailed-1 YAP/Engrailed- 1L 54 jﬁﬁg;;ﬁ éjﬁ;if{f;:;;:ﬁl;é
i 41 B T N N B4R T B G A At i A0 B T R o 2238
- ZNF469 A A I 5T R R s 7 R T A5 i S SR
miR-192-5p miR-192-5p/IL-17RA/Smad#fi PUBIIL-17RA JeSmad i, 922 AT A
S 1) JILF T 24 20 2 A AN S U AR
miR-425-5p miR-425-5p/TGF-B1/Smad24f }qJ%IJTGF'?l/SmadZE%’ TR
IR R 1A R S £ 4 AR
miR-124-3p miR-124-3p/TGF-B 14 FERIMBITGE-BI, BRI RERRR
LT RGN I I S AP A G 0 TR 5
miR-21-3p. SPRYI miR-21-3p/SPRY 1% AR PR SR AT
FeBE 1, FRURNT I FA ST B
o o L YEFER R R IRSEM A AT, S 5
N NGF. BDNF. NT-3 ¢ Trk32fk FREEE IR T R Tk Z M5 AU LT R K
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IL-IR: FAAZ-13Z4& (interleukin-1 receptor); IL-18R: [14T%-1852{& (interleukin-18 receptor); MyD88: #&fikE 431k 472 S I & 1188
(myeloid differentiation primary response 88); IRAK1/4: 4™ -15Z M & 1/4 (interleukin-1 receptor-associated kinase 1/4); NF-kB:
HHFxB (nuclear factor kappa B); IL-6R: {4 Z-6521& (interleukin-6 receptor); gpl130: HEFEF1130 (glycoprotein 130); JAK: Janusi4
i (Janus kinase); STAT3: i 55 5 55553475 H 73 (signal transducer and activator of transcription 3); IL-17A: F{/-Z-17A (interleu-
kin-17A); IL-17RA: FSZE-17%Z{KA (interleukin-17 receptor A); TNF-a: R IRFEN Fa (tumor necrosis factor-a); IL-1B: FH/Z-1B
(interleukin-1); IL-6: F1412%-6 (interleukin-6); IL-10: FI41%-10 (interleukin-10); TGF-p: %4k EKHFpB (transforming growth fac-
tor-B); VEGF: AN A4 FTF (vascular endothelial growth factor); VEGF-A: Ii4 PRI FA (vascular endothelial growth factor
A); VEGFR2: I P A K HF22 k2 (vascular endothelial growth factor receptor 2); HIF-la: #4155 FF-1a (hypoxia-inducible fac-
tor-la); EGF: F A4 [T (epidermal growth factor); EGFR: FZ4AKHTF 2K (epidermal growth factor receptor); PDGF: Ifil /MR
P KR (platelet-derived growth factor); PDGFRa: IfiL/IM P AL K K FZ /Ko (platelet-derived growth factor receptor o) ; TGF-p1: %%
A K HFB1 (transforming growth factor-B1); TGF-B2: F#%fb/E K FFB2 (transforming growth factor-B2); Smad2/3: SMADZJH A 512/3
(SMAD family member 2/3); MMPs: H:Jfi4: 8 & 4 (matrix metalloproteinases); TIMPs: HEJfi 43/ &5 (M BEH UM HIF T (tissue inhibi-
tors of metalloproteinases) ; YAP: Yes#l&ZE 4 (Yes-associated protein) ; ZNF469: £¢#5 8 1469 (zinc finger protein 469) ; miR: /)
RNA (microRNA); SPRYI: ZARE R FRIAHAH 5 SF5 P F1 (sprouty RTK signaling antagonist 1); NGF: 24 K[HF (nerve growth
factor) ; BDNF: JiitE#i2 57 KF (brain-derived neurotrophic factor) ; NT-3: #£:%5 F£ K F-3 (neurotrophin-3); Trk: JFAERTE 32
PR (tropomyosin receptor kinase); TGF-B3: #4bA: K HFB3 (transforming growth factor-B3); CGRP: PF#EGZELPIMSEHL (calcitonin
gene-related peptide) ; RAMP1: ZIRTGIEEIMHE 1 (receptor activity-modifying protein 1),
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AL TEL IR (Online Mendelian Inheritance in
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(National Center for Biotechnology Information,

NCBI) ] Gene £ 4 25 R BUB AH S FE ] 122

Chinese Medicine Systems
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AT MR L e M S R B, IRES G0
LB S S B WA S RAE T L AR A
BERIPKER S A AERIR s, sk
AR TR T #8452 Bl (integrin 1,
ITGB1) Skl i MISTELGY), JHim i et 4e 40
MRS YRR e i — 209 7 X SRR,
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ZWorFRERE THZMEAERNFEL, BiEsE
Gy R 4 5 s, AH AR B R B T8 A2 a2l
ZUHA B OCHERE . AN RIS B R R 35
A —F, [F— 4y AT R 15 20 [ /9 4 2k 50
S RO L Ao R TR R S
B WL SR I FRNRRIE , ASBE L U BH AR I 19 05
FA S R

2590 O I AE IR HTEE (oral bioavailability
OB) MZ&#jt: (drug-likeness, DL) % FH T i% Mk
BT RITRE , {H OB>30% Fl DL>0.18 4528 10 5 {1 Jf:
AT A 2R 25778 7 0 0T R R R
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Fig.2 Framework for prediction * validation and translation in network pharmacology research
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o0 26% 245 B =73l 1o 7 24500 R A A ELAE
PO 2% NP AR A A FHEE A, (E U4 R 5 52 31 KL
YA oy FN 5 22 S S w222 BORREAS
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TERIZR . NZFEL . KRB A XA 73 A 5 45
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XML 28 AT e R E A, IR HUR AR5 2P
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Lin &5 ™ 45 28 25 37 | B s 2 RS20
# F T3 M [l BH A= WU 36 9 W DR s B Tk 15t 2 19 1
Mo %25 B2 [ 58 52 7 o B A s M AR
B2, BT T ik RS & R A 2 LA K NF-xB
STAT3 HIAZH BRES S 45 B e & S IR HL A 741 F
TINE 45 152 4K 3 (nucleotide-binding domain
leucine-rich repeat and pyrin domain-containing
receptor 3, NLRP3) &5 44E AH CAF 581 0 5 A b
FEXNG s BITHZH SV Sl it — 0 S e 25 1)1 10U 1Y
RN B, B A E 1 12 Ff 22 A
T SR EAR . RS o HTRs P28 2 B2 i
ML FIAAEA AR 5, SN mIZL L rh YL
ik RIERRANNG B AL LA B G A AR
Fo BT AR ML 25 BREE sl 2R, 20K
W BEAS A SE PR R AR o — D L i M 2%, JF
eyl ot (S - Y R L G VRS RT3
HIRZR, MTIZe/NE S sEda i, el by
WAL

Li 5 1504 o0 255 24 P27 55 B2 Jif RNA I 7 45
B, RITH G T IR IR R 57 BT AL . 2
JiL 43 AT 26 5 HE A T R Y 10 2 BN, JR R R
JRA A2 15 97 Ik 2 G ST A e 20 L [R5 75 14 2 £k 5
o0 24 245 JHL 2 i 1 Y 0 EE Y 14 R 1 o3 K T
AR, PS5 BN 2E SRR B NS, R i
WwE L R REREEE A9 (matrix

metallopeptidase 9, MMP9) ., {5555 555 P0G
F 1 (signal transducer and activator of
transcription 1, STATI) . #% A F «B W %& 1
(nuclear factor kappa B subunit 1, NFKBI) FiJiJg
1 p53 (tumor protein p53, TP53) Z5HX4l 4+ .
B Bkl 21 ¢ A M EE X I N (quantitative
polymerase chain reaction, qPCR) il it — 5 iE
TR R 22 Ak . TR, 42y
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Table 2 Integration strategies and main roles of network pharmacology combined with multiple technologies
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Abstract Skin tissue regeneration requires coordinated responses from immune cells, keratinocytes, fibroblasts,
vascular endothelial cells, and other cell populations. Wound closure restores tissue continuity, but it does not
necessarily indicate recovery of the epidermal barrier, dermal architecture, skin appendages, or tissue function.
Chronic wounds and pathological scars are distinct manifestations of dysregulated repair: the former are
commonly associated with persistent inflammation and impaired tissue formation, whereas the latter involve
excessive extracellular matrix deposition and fibrosis. Their distinct pathological settings need to be considered
when interpreting mechanisms and evaluating interventions. Network pharmacology integrates information on
drug constituents, candidate targets, signaling pathways, and disease phenotypes to generate testable hypotheses
about multicomponent and multitarget drug actions. It can narrow the range of candidates for subsequent studies,
but associations derived from databases, network topology, functional enrichment, or molecular docking do not
establish direct target engagement or a causal contribution to tissue regeneration. This review summarizes the
biological basis and representative regulatory networks of skin wound repair and tissue regeneration, outlines the

main steps and limitations of network pharmacology, and examines how it can be integrated with other
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techniques. Transcriptomics, proteomics, phosphoproteomics, and metabolomics can compare predicted networks
with molecular responses measured in treated samples. Single-cell sequencing and spatial omics can further locate
candidate targets in specific cell populations and wound regions, while sampling across repair stages helps assess
their temporal context. Machine-learning methods can rank candidate targets for experimental follow-up, provided
that model performance is evaluated using appropriate validation procedures. Biochemical and biophysical
approaches, including direct binding assays and measurements of protein activity, can test whether a predicted
drug-target relationship is supported at the molecular level. Target inhibition or genetic perturbation, together with
rescue experiments where feasible, can then assess whether the target contributes to an observed drug response.
Cell-based assays and animal studies can relate these molecular findings to processes such as re-epithelialization,
angiogenesis, extracellular matrix remodeling, and restoration of skin structure. Together, these approaches can
prioritize candidate targets and relate predicted drug actions to molecular, cellular, and tissue-level observations.
Agreement between network predictions and experimental observations can support a proposed mechanism, but it
does not, by itself, establish a causal role for the target. Database coverage and target-prediction algorithms can
bias candidate selection; commonly used oral bioavailability and drug-likeness thresholds may be poorly suited to
topical treatment; and the composition and tissue exposure of multicomponent preparations are not always known.
In addition, target effects may vary among wound types, cell populations, anatomical regions, and repair stages.
Two-dimensional cell cultures and animal models cannot fully reproduce human chronic wounds, and promising
experimental results do not by themselves demonstrate clinical benefit. Together, these limitations may affect the
reliability and applicability of network predictions. Future work should standardize data sources and reporting,
account for pathological and spatiotemporal context, and use direct target-engagement and causal-intervention
experiments to test key hypotheses. Drug dose, route of administration, local exposure, formulation stability, and
safety should be evaluated alongside healing outcomes. Beyond wound area and inflammatory changes, endpoints
should include barrier recovery, tissue architecture, relevant skin appendages, and functional properties when the
injury model permits. A connected evidence pathway from network prediction through molecular and biological
validation to clinically relevant evaluation may provide a more reliable basis for studying drugs intended to

improve skin wound repair and tissue regeneration.

Key words skin tissue regeneration, wound repair, network pharmacology, multi-omics, multi-technology
integration
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