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Growth Factors and Skin Wound Healing

HUANG Yuxiang, HE Xiaoyan*
(Tonghua Normal Nuiversity, School of Life Sciences, Tonghua 134100, China)

Abstract Skin wound healing is a common clinical condition, including acute and chronic types. The
wound repair process is usually divided into four phases: hemostasis, inflammation, cell proliferation and differen-
tiation and tissue reconstruction, and the orderly conduct of each phase is the key to the success of wound repair.
In the process of wound repair, growth factors play a crucial role, which is mainly reflected in six aspects: regulat-
ing vascular regeneration, regulating cell proliferation, migration and differentiation, influencing inflammation and
oxidative stress, regulating collagen synthesis, regulating matrix synthesis, and regulating scar formation. Currently,
research on the integrative role of growth factors in skin wound healing is relatively limited, and there is a relative
paucity of available clinical treatments; therefore, exploring the link between growth factors and skin trauma heal-
ing can help to find and analyze new and effective therapeutic options. In this paper, the mechanism of action of
growth factors in promoting skin healing and the advantages and disadvantages of clinically used wound healing
materials are explored by means of graphical summarization and textual analysis, with the aim of providing certain
references for future research related to skin wound healing and the development of new wound healing materials.
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Y B R AT AT 2 5 614 fn & 1 48 B X 1 0
ARKETFREHRE TERAR T E. XEAEKKE
S L RCJE I A G R T (platelet-derived growth
factor, PDGF). JH-4f i 2E 4 K- (hepatocyte growth
factor, HGF). %4 & [A¥ (epidermal growth fac-
tor, EGF). IfiL%& P 4= KK ¥ (vascular endothelial
growth factor, VEGF). i Z LK K ¥ (insulin
like growth factor, IGF). J4F 440 i A= K A+ (fi-
broblast growth factor, FGF). £ 4K AT (nerve
growth factor, NGF) ¥ b4 K K] F--B(transforming
growth factor-B, TGF-B). A K &2 451X e A4 K K]
VER, FF i el 5 AR 8 & Ja Wos I R il E 5
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HINAR T SRR e B SN, BIFP IR . B
WRARAE . AEORARAE. TS 2R 40 M A 3H 55 214
F DXk, 555 200 A5 AR AR R A S SR, AT
KB LA RS s RAERE LR P, B 2ORE
ISR BRI SRE RN . bR AR R 4 S i
73 WA AN 55 4k 58 5 3 i A L TR - HE B G T
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PN 1 B B s b, V2 A KR F W PDGF .
FGF. EGF. FGF. TGF&Em IMEdtfi D @&s. X
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HZWE, R FiESE S, B e fHAENE
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JE ¥, W Ras/MAPK/ERK1/2. PI3K/AKT/mTOR.
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JLFN P R 200 M P 3 B O A% DR kA, AR KA
T 1A) A ELAR 5 T I AR B ROR . Bl
PDGFifi it PI3K/AKTAE 5 i@ #% 1 4% HIF-1a, 3]
&3 FGFM VEGFIERIA, Bl 77 & AR M. 5t
R, ERKHNFESE SRR S EE A (ma-
trix metalloproteinases, MMPs) )i M4 i3t — 2D 4 5
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WOEPIBK/AK TR . MAPKGH % F1JAK/STAT @ 14
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Fig.1 Stages of wound healing
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Table 1 Growth factors in wound healing
R 53 WA /4L 21 BAMEH
Name Secretory cells/tissues Basic functions
PDGF Platelets, endothelial cells, macro- Promotes cell proliferation and migration;
phages, etc involved in the process of tissue fibrosis;
promote vascularization;
associated with tumor development;
associated with cell signaling pathway activation; etc
FGF Fibroblasts, endothelial cells, etc Involved in processes such as angiogenesis and cell proliferation and differentiation;
important role in embryonic development;
regulates multiple signaling pathways;
involved in various diseases;
diverse functions in evolution; etc
VEGF Endothelial cells, smooth muscle Regulates angiogenesis and vascular function;
cells, macrophages, etc also plays an important role in neuroprotection;
involved in various physiological processes such as trauma repair and immunomodulation; etc
HGF Fibroblasts, mesenchymal cells, etc ~ Regulates cell migration and dissemination;
plays an important role in organ development;
promotes liver regeneration;
neurotrophic;
protective in the cardiovascular system, involved in cardiac remodeling;
promotes invasion and metastasis in tumor cells; etc
EGF Ciliated epithelial cells, fibroblasts,  Stimulates cell proliferation and differentiation;
macrophages, etc plays an important role in gastric acid secretion and repair of kidney damage;
plays an important role in the development and function of the heart; etc
IGF Liver tissue, muscle tissue, bone Promotes cell proliferation and differentiation and participates in the regulation of cell growth
tissue and other tissues and development.;
regulates blood vessel function;
dysregulation of the IGF system may be associated with the development of certain diseases,
such as tumors and diabetes; etc
NGF Lymphocytes, fibroblasts, mac- Involved in the development and maintenance of the nervous system;
rophages, and glial cells, among involved in the regulation of inflammatory responses;
others may improve spatial memory in older animals; etc
TGF-p Immune cells, epithelial cells, Plays an important role in tumor development;

fibroblasts, tumor cells, etc

ulation”;

plays an important role in immunomodulation and has been called “the master of immunomod-

plays a role in insulin secretion and insulin resistance;

important in liver fibrosis;

involved in the regulation of intestinal epithelial barrier function;

influences cell cycle progression; etc
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Table 2 Growth factor activation signaling pathway and function

SRk
ERAT Activation O%fg;lflg pathways b N B2 5 7S R AE
thzth NALIE R A I Corresponding to the six roles in Fig.2
Public signaling pathways Special signaling pathways
PDGF PI3K/AKT, MAPK, JAK/STAT ~ VEGF " Regulation of vascular regeneration
Smad [ Regulates cell proliferation, migration, differentiation;
regulates inflammation and antioxidant
Wnt/B-catenin ! Regulates cell proliferation, migration, and differentiation;
regulates inflammation and antioxidant;
regulation of collagen synthesis;
regulation of matrix synthesis
TGF-p Regulation of collagen synthesis;
regulation of matrix synthesis
NF-«kB ©! Modulates inflammation and antioxidants;
regulation of collagen synthesis;
regulation of matrix synthesis
Nrf2-ARE Modulates inflammation and antioxidants
FGF Wnt/B-catenin B [*¥) Regulates vascular regeneration;
regulates cell proliferation, migration, and differentiation;
regulation of matrix synthesis
PLCy ™ Regulates vascular regeneration
PKC [ Regulation of cell proliferation, migration, and differentiation
TGF-B ") Regulation of substrate synthesis
Smad 1! Regulates collagen synthesis
NF-kB ¥ Modulation of inflammatory response and antioxidant;
regulation of matrix synthesis
Nrf2-ARE ¥ Modulation of inflammation and antioxidant
VEGF PLCy, NOS [ Regulation of vascular regeneration
Sre, Notch ' Regulation of cell proliferation, migration, and differentiation
NF-kB [ Regulation of cell proliferation, migration, and differentiation;
regulates inflammatory response and antioxidant
Nrf2-ARE [ Modulation of inflammatory response and antioxidant
mTOR/AP-1 17 Regulation of matrix synthesis
TGF-B 3], Wnt/B-catenin ') Regulates collagen synthesis
HGF Integrin/ILK ['*'%) Regulation of cell proliferation, migration, and differentiation
TGF-B1 171 Regulation of cell proliferation, migration, and differentiation;
regulates collagen synthesis
NF-kB ['720] Modulation of inflammatory response and antioxidant;
regulation of matrix synthesis
Nrf2-ARE !'¥) Modulation of inflammatory response and antioxidant
EGF TGF-p 121 Regulation of angiogenesis
Src 24 Regulation of cell proliferation, migration, and differentiation
NF-kB 2224 Regulation of cell proliferation, migration, and differentiation;

Nif2-ARE 23

regulates inflammatory response and antioxidant

Regulates inflammatory response and antioxidant
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Activation of signaling pathways b B2 R 7S KA
zr:::h AL % P B Corresponding to the six roles in Fig.2
Public signaling pathways Special signaling pathways
IGF PI3K/AKT, MAPK, JAK/STAT = VEGF Regulation of vascular regeneration
NF-«xB 127 regulation of vascular regeneration;
regulation of inflammatory response and antioxidant;
regulation of collagen synthesis
Nrf2-ARE 262 Modulation of inflammatory response and antioxidant
Wnt/B-catenin ¥ Regulation of vascular regeneration
TLR4 1262 Modulation of inflammatory response and antioxidant
NGF Notch 5% Regulation of vascular regeneration
TrkA B30 Regulation of vascular regeneration;
regulates cell proliferation, migration, and differentiation;
regulation of collagen synthesis;
regulates matrix synthesis
NF-«xB B Regulation of vascular regeneration;
regulates cell proliferation, migration, and differentiation;
modulation of inflammatory response and antioxidant
Nrf2-ARE B! Modulation of inflammatory response and antioxidant
JNK 12 Regulates cell proliferation, migration, and differentiation;
regulation of matrix synthesis
CREB P2 Regulates cell proliferation, migration, and differentiation
Racl-JNK B=31 Regulates collagen synthesis
PLC-y 1Y Regulates collagen synthesis
TGF-B VEGF 3 Regulation of vascular regeneration
Smad %7 Regulation of vascular regeneration;

Wnt/B-catenin %

Notch B
Hippo [34,36)
NF-«B 1%
Nrf2-ARE %

regulates cell proliferation, migration, and differentiation;
regulation of collagen synthesis;
regulation of matrix synthesis

Regulation of vascular regeneration;
regulates cell proliferation, migration, and differentiation

Regulation of vascular regeneration
Regulation of cell proliferation, migration, and differentiation
Modulation of inflammatory response and antioxidant

Modulation of inflammatory response and antioxidant
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BRI AT B AR SRR AJLEE(MAPK/ERK. PI3K/AKT. JAK/STAT). RRRIEH: . GBS M D FIhRE . BT,
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The picture involves growth factors, six major actions, public pathways (MAPK/ERK, PI3K/AKT, JAK/STAT), specific pathways, biological func-
tions induced by the pathways, and the final effects caused from the inside out. The effects of all of the pathways in the six major actions affect scarring
(pathways are marked in the outer circle by light pink circular arrows, and connections are marked in the center by light red straight arrows). Fig.2 and

Table 2 can be read together to promote understanding.
E2 £KEFEGEEIEFMER

Fig.2 The role of growth factors in the healing process of re-traumatization
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JRIE A, FI g2 B RIUR 5 & TR, S 8UR
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Table 3 Mechanism of action of traditional Chinese medicine in intervening in wound healing

by modulating related signaling pathways

HhZ
Traditional Chinese medicine

TEH

Function

b L EREp TN

Activation of signaling pathways

Panax ginseng/white and gum
sponge )

Cabernet Franc (grape type) "

(711

Kaempferia galanga

Chinese bellflower [

Compound ANBP 1"

Root of herbaceous peony (Paeo-

nia lactiflora) ¥

Promotes angiogenesis;

regulates cell proliferation, migration, and differentia-
tion

Regulates cell proliferation, migration, and differentia-
tion;

promotes angiogenesis;

regulates collagen synthesis

Reduces scar formation

Reduces scar formation;

promotes angiogenesis;

modulates inflammatory response and antioxidants
Reduces scar formation;

promotes cell proliferation, migration, and differentia-
tion

Regulation of inflammatory response and antioxidant;
regulation of cell proliferation, migration, and differen-

B-catenin, Rspo3 mRNA, GSK-3 mRNA, VEGF

IGF-1, PI3K, AKT, VEGF

TGF-B1, Smad7, collagen types I and I1I

TGF-B1, VEGF, TNF-q, IL-6

TGF-B1, Ski, Smad2/3

Nrf2, VEGF, TGF-$1

tiation

Coriaria nepalensis wall "
tion;

reduces scar formation

Scutellaria baicalensis Georgi "®
tion;

reduces scar formation;

promotes angiogenesis

Regulates cell proliferation, migration, and differentia-

Regulates cell proliferation, migration, and differentia-

ILK, ITG-p1, TGF-p1

TGF-B, Ang-1, VEGF, Smad-2/3 mRNA,
TGF-p/Smad-2/3, ERK, p-ERK, HSP27, p-HSP27

RNE SN B E LA, (RIS i 1A A 4 ) 3
A B IR A R, B IR [ R S ) LE
FRAAT T Al . AR RAEI, A KD Il i 52 NF-
kB, Nrf-ARE. mTOR/AP-1%:(5 5 J@ s, 755 1Y
5 S RE AN M R M, R iR R G EE . 1k
I 190 28 SE A (1) Fc i, HRARI A1 TR0 JEAR AR
TE SR SN R J5 B, A8 A PR DU e ek gk 5% 98 A 4 g
PG PE . 55 HOE A 1 X, PR 0 ) A Ak B
W, AR AN, 4EFE0; D ROA SRR E . EZHH
HTEA I, A K I8 20 VEGF. NF-kB.
SrcBE {5 5 Im B, A Rk ZH 4 R (0 T Rz 4 i AR
AN RIEEE . e RER, NE BB R
PESCRE. BEAh, KR ik i i 1 42 Integrin/ILK
Wnt/B-catenin. TrkASH(E 510 BE , {23k ME A B
WEZFHZAIE . R, AP 7 32 20 ad i
% TGF-B. Smad I mTOR/AP-1Z50 1%, #2455 111X
BREEA. EUHRBRMTEEASERMS RS
Beefde, O A% IR H WA, Sl i & B R

ZR PR, ASOR A A xR A
VAN SRR T T, 4ERF0T DB R4 7
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