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Research progress of estrogen promoting wound healing
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[Abstract] Skin is the largest organ in the body,and when its integrity is damaged, wound healing is ini-
tiated. The aging of the population, malnutrition, stress response, bacterial infection, combined diabetes and
other factors could affect wound healing, leading to various acute and chronic wound healing delayed or not
healed. At present,delayed wound healing and nonhealing is still a major medical problem,and new treatment
schemes are urgently needed. Estrogen supplementation therapy to promote wound healing the various stages
have been proved by many studies. A large number of articles have reported the effectiveness of estrogen sup-
plementation therapy,but controversy still exists,especially on the action process of estrogen receptor and tar-
get cells. New molecular techniques increased the understanding of the biological effects of estrogen on skin,
and have far-reaching implications for the development of estrogen supplementation therapy.

[Key words] estrogens;skin;receptors; wound surface;healing

Bl RIS 8 L N T3 0 1k 1) FT G ke e 7™ g
kO 2 1) L MR AL T ME B R B Z RS L AR, RS
I % B ME 9 3% B A T A A 00 45 A B B, e R
TNk BN | PR ZE AL A R T B L 3 R B Ho At
LLZ P A B B, AR 0 A T A G s B B B 5 A IE 52
TR A R T A R R O I L A T R e | R T e
SN B0 00 mAER AR A BURIERT Y. R
SCLA SRR SR A K I L B T e A
14 1 AL 1) % fof FH s
1 EHEIERNESHSVE

WE 33 TT DL B R N T2 A BN )

7 IR o ZARET B A2 URAE F T R R L AR 45 R 4l
,/\FF'i’JTUki)u PR Z A, SRR L, Rl M K 2

PEF B Iv KL (1994 —) AEBE BT A1 32 2 S AT A BT 52

PRI AN T) e (0 A b A [ i DR 44t 1) S [ 3 9 DB o 322
N 6 TR R B IE R IK T B 24K 14 55
ARSI . AR N B K MEWR 52 R B2 B 32K
TR B HE IR 2 BOBR 2235 10 6 4 1 S0 AR 20 M
BB AN L R R LSk A0 N S AN AR B S 5 T o
SRR TE BRI ki Ribs. fEm IR
Hh . p T AR B T L IR T A R K R R R LR
Bz, XAl LA H%ﬁﬁﬁl/\élﬂﬂ@ﬁ\]ﬁiéitfiﬁj“ﬁﬁﬁ
28 KL PR A A AR S DA A 7 R A S A AL

LR A iR A RIDE AR A R A A i ‘ﬁﬂﬁ%ﬁlﬂﬂlﬁﬁfl%
RS R LR R SRR ZRE S

W e A5 0E N A I o 30 e 45 I e AT Y R 4 DX I PR S
013 AP (e RSP G TS I o U RES

A JE{EE%E , E-mail : hgjian@sohu. com.



670

e AW LIS s 30 ) B R i e s, RN £
FH E U 3R 5 5 0 R DR e = b 3 3R R N TS Ll T 3 R
A KPR L3 B A K R 2 R 200 i ) 30 R O 1 A i
JEHA AR 11 D1, ok 26 J5 PR Uk 0 M 93k 25 07 25 JE TR 9
FAT DU i S 1 S R e LR SRR X
T G 12 ] 28 U TR S 42 A T T 15 5 A% S BIL AR B SR
FE DR AR, S M U8 250 2 45 5 A0 M BB b A I A7 A R 5
AR W O A0 M N R E AT T B, AT
M S L DR B SRS SR A0 i Th RE i A

I JUATE , MV A AR J0OR 1 40 L 1) £ 5 e S AL
SR TR F M. MR 2 — P A B 620
A 225325, AT B A7 A A BT B AN A A AN
B LA O b R e 3R R AN A R
(PCNA) &= E A 40 i DNA A 8007 6 75 110 5 il 5 40
e ] 4801 VIR G o 3% 35 B P s 200 6 SRy 0 SR 1) 34 B IR
AU HATE A S & B S T L i 0 Ak
{55 081 B (ERKD /8 A BCAKT) {5 538 B /v
TR PCNA B 3RIE , I8 45 1 BT 140 A (0 3 5, LA
i o B P B R A/ e e A A . OF B g E
Tt % E BRLAY S2 86 L IESE T AKT 1 ERK WA {5 5 18
AR, ERK 76 3-E B ARIA T 0 TF 4G B
SR R RIS L AKT 89K E 2 )5 . Bl -
ME BB E AYXT PCNA ik B85 HaCaT 4000 S
Wy B Y A2 9 VB T AT B AKT 3% ERK 40 i 5 306 %%
ERK # il 57) Al 395 %% B-#f — W 5 & 19 AKT #id . i
AKT Ml A% ERK & A 3 FE 094F H, 3L ERK J2&
FEAR 538 B 1 B AKT 78 ™ L (H P R A 5 3 5%
1) ELARAE AL 5 3 — 20 i T
2 MRER#HCEES

BITE A i 0 32 R M B, B AR i R
B Al . 2 AR RS, € 2 UE S MK
2R AT LA a0 i A8 Y A0S AR T . T A
e it 2 A v PR 4T L B W AT L K 7 el 4T
WG BRAE 15 CVER AL B RV O . GILLIVER %79 %
IR i I T G O S v R 2 L B I 4 i
B8/ . S A0 MESEER T LLR R W 40 A S T
PR 14 ¢35 8 o A A0 L T 98 B8 400 M P9 B 400 i
11 5T B AN K 3 R R AR I R L R S AR E Y
EREY,

PR R S BN P2 2 UG A DR IR P
B 3R B K FL A A 20 B AR B B . B AR Y 4l A
BT RITE T8 BHT  1Y 1R 2F 2T 2 A0 B 7 A AT
A IR IR A2, 405 1 300 % 1 R DTS A R 4 A U 1) 4
LIRS, 3 AR AR B BRI . O 4 A i 4
L ERCR AT DL A 2 0 A N B2 AR K - (VEGE)
OB NS 111 | A o | 0 N o . 11 O

FTREF 2020 F 2 A% 49 65 4

AR I AE TR I G B 4 B L 8] 7S 5T T 40 i LA 2 4k
Rl YA B TS A MA@ A . L8 & B
EE I ) B i R (1113 &N =
A5 A0 A i 18] 3 5T 40 i sh 51 RS SE DR )
WA AR E iR DR /N BURD 75 M I A s
55k L, 2 MESR R AL BRS04 /0N AN T PN R A 40 i R T
FUJTT T 20 3 o o A R RGO, e SRR g | R T
R T A S I A R S S PR YR K
il (FE 2544 1 5 0 2L sh 0 19 M — B A [R])D mT LA 2o vk
BEAR M 1 Ty = B 2 A A U A K T mRNA I
B AL KT (TGFR)-1.,-2,-3 U FE N ik, 112
E 2% Bz ff 504N L % 2F A Al i b C-jun (92635, AT 52
IR B k) (0 A g — Fh P47 4 Ak N T 7 iR
IRIT P T AR R A R E— 2B AT AR
3 EMEZAEMRRHAIERE

W T8 2 1 7 D R ik A7 1) AL L o I R R oG 2 Ak
P14 B2 JEk » BV Ak = o 98 3% it =2 bR S ) Bk R A
VR B A T DA B R A T R L S A g/
Bk R A s HEC AR ¥ E R BT &
PR W R 0 i = A2 A A R A Y R
PRI St o 28 300 0 4 At R ) S5 4 53 e s 8 1 D O 95
BT K B 30 G kA AR AR A A B AE . E R
W O A 2 R R BRI N 173
P 5C  J 50 3 S B SO A 2 T R M e A
{FL 2 B 1y M 350 3R R 0 5 IR A AR AN T R . MU-
KAT %5 gl 3 A~ 1) AT R A BF 5%, 38 3 % JR 52 56
KA BT B T G e e URL L R R TR PR 1780
PO J0C 111 75+ 0 FH 2 R M — T DAl 405 11 o ARLAS )
SN 48 /0 5 PR 20 A AT v A0 i R S /D
B AR LGS L 21 4 20 i T 0 3 2 (B T R
i FH e 38 3R A B SR AT AR R /D L T B 2 Bl E I R
A 5 i AR IE
4 WEHEREANFR

BARMEM R QI &S RFEEHCSER T K
AN AT, H 2 M 3% R AR S VE AR SR A 2 R BR
PE. TR, IR R 0] DL BB T A R A
PR RE AN R R R A A AR AT DL AR R AR
A RFIESE . A3 5550 & B ME 3 JF AS Re A F AR 2R ik
/N B B R A B R AR X S R K I L B
Fe AR % Bz Jik A T A A A 42 0 R R s Y SR
TERIKE R ESFHA S A 5000 R BFENEE
FARRBAE B IR R, B LA, & X M 5% 2 fil
FH A BE Z AR R 4 B bR 0 04 PEAR

WA o A5 0 0 93 2R 1 D TR YA YT T DA B Bk 45 1
AT A R T 5 H 2 v 790 6 98 3R % ) e ) A
RN 4E . 3d PLACKETT %™ Byff5s & 8. A



FTHRESF 202052 A% 49655 4 M

[7i) 3510 £ 1 O 08 2% %o 0 T A A AR 25 R L IR B 1
S 2% X8 o o 4 A SRR D T L W 4 Y 5 i A
JIN T i 90 S I e 9 A Y B e R 0 TG T X i
XoF 7 J5T 240 LT A B A R s AT LA S A5, MEWR
Xif B T A G A P 790 2 A M 1% L O HL AR S A A
i 3k R 1 M 3R 3R KO B AT DA A AR A . &
WF5E 5 BEAE S50 0 AN i, 2 MU = B ARIB 7 1 —F
DT S B T TOME R A R SRR YT AR B AN [ Y
B AT L A AN TR RN

AL, HHTA — 260G T MR R HEYE 5 0 G AR
FARFE B 5 18 5% w5 B B3R /. GILLIVER
LY L A e BRI L Y MR B AR B e
MM RE T o« ZEESESHESSEO O ERE
B BRI NSRRI K B R R Y 173 X
AR 3 MR PR 05 10 A A T DR B AR A A
FH . X SRR R 08 S B iR N O A AR 1 K T AR AR
S RN I O s = S A R T DR G )
PR A AR A I B S T LA AT SR R 4 22 11 I R £
e i LAAEIE

E oMo 5 & Yo R R N R Y
WA RN . HETA KT 2= R 4R s )
ERRIT R SEEN R ER G, AR R, R
o 2RI B AT LA U A0 M A . ZHOU Y B 3
B o ZIRFEUEH LM RN H R %
W B o 2 WA WG R P VR Y . I A L E
ST MESEER T AR S 5 R G B ) LR R R 0
SHLEN O B A Y 2- P SR 3 2 TR e HA A
A WAV RETEAT 22 3 24 v 100 ) 98 20 L, DT £ 3 O A i
P2 BT LA 3 A TR A0 A A AT AR —
A B 2 R e
5 & i

3 3 ] T % 3R 5 B T AR A G B STk, ml LA
B2 MR T LATE B IR 2 & i, I HiE i «
ZAR K B R 5 AR R B AR SEA L R S S S AL
il s VB FH T 00 A A 1 2 1k B PR 2F 2210 3 A g
TR 3 B e o 1 2 A & A B B, R HLL il
1 LG AT L PR R M R N I A T R
T S e T O R R AR R R 17 s . (H
JEMER R W AR SR AT ARV 2 SR BRI BE = i T 3h
TR (1 BR A4 o RS ke =2 K A I A 3 6 5 40 I S
MR R A S, e, MR 500 @A
TSGR R S, W 2 i L
51,

2% Uk

[1] ROMANA-SOUZA B,ASSIS DE BRITO T L,

671

PEREIRA G R,et al. Gonadal hormones differ-
ently modulate cutaneous wound healing of
chronically stressed mice[ J]. Brain Behav Im-
mun,2014,36(1):101-110.

[2] CROMPTON R, WILLIAMS H, ANSELL D,
et al. Oestrogen promotes healing in a bacterial
LPS model of delayed cutaneous wound repair
[J].Lab Invest,2016,96(4) :439-449.

[3] PINTO BI,LUJAN O R,RAMOS S,et al. Es-
trogen mitigates the negative effects of Arsenic
contamination in an in vitro wound model[ ] ].
Appl In Vitro Toxicol,2018,4(1) :24-29.

[4] LABRIE F. All sex steroids are made intracel-
lularly in peripheral tissues by the mechanisms
of intracrinology after menopause[ J]. ] Steroid
Biochem Mol Biol,2015,145(2) :133-138.

[5] GAUDET H M,CHENG S B,CHRISTENSEN
E M, et al. The G-protein coupled estrogen re-
ceptor, GPER: The inside and inside-out story
[J]. Mol Cell Endocrinol,2015,418(Pt 3):207-
219.

[6] ALBERTAZZI P,PURDIE D W. The life and
times of the estrogen receptors:an interim re-
port[ J]. Climacteric,2001,4(3) :194-202.

[7] PROSSNITZ E R, ARTERBURN ] B,SMITH H
O,et al. Estrogen signaling through the transmem-
brane G protein-coupled receptor GPR30[J]. Annu
Rev Physiol,2008,70:165-190.

[8] CAMPBELL L,EMMERSON E,DAVIES F,et
al. Estrogen promotes cutaneous wound healing
via estrogen receptor beta Independent of its
antiinflammatory activities [ J ]. ] Exp Med,
2010,207(9) :1825-1833.

[9] ZESSIN P J,SPORBERT A, HEILEMANN M.
PCNA appears in two populations of slow and fast
diffusion with a constant ratio throughout S-phase
in replicating mammalian cells[J]. Sci Rep, 2016,
6:18779.

C107 Jal W5 . e 3% 0T £ 08 i 40 B 185 B 1% 5% o) K%
PLRIBE D], K 5 = 42 B K%, 2016.

[11] ZHOU T,YANG Z,CHEN Y,et al. Estrogen
accelerates cutaneous wound healing by promo-
ting proliferation of epidermal keratinocytes via
Erk/Akt signaling pathway []]. Cell Physiol
Biochem,2016,38(3):959-968.

[12] MUKAI K,URAI T,ASANO K,et al. Evalua-



672

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

tion of effects of topical estradiol benzoate ap-
plication on cutaneous wound healing in ovari-
ectomized female mice[ ] ]. PLoS One,2016,11
(9):e0163560.

GILLIVER S C,EMMERSON E,BERNHA GEN
J A. MIF: a key player in cutaneous biology and
wound healing[ J]. Exp Dermatol, 2011,20(1): 1-
6.

ZHANG L, XIONG W Q,XIONG Y.et al. 17
beta-Estradiol promotes vascular endothelial
growth factor expression via the Wnt/beta-
catenin pathway during the pathogenesis of en-
dometriosis[ ] ]. Mol Hum Reprod, 2016, 22
(7):526-535.

SOMANI Y B,PAWELCZYK ] A,DE SOUZA
M J, et al. Aging women and their endotheli-
um: probing the relative role of estrogen on
vasodilator function[J]. Am ] Physiol Heart
Circ Physiol,2019,317(2) : H395-404.

WRIGE B R 058, SR BR L 45 fE I8 3R 5 A0 J) i 1) 5
JBT 1240 i 2l 53R H BE AR 0 % i AR B R BB T
WA MAERLT ] B  RAE B ,2017,18(1)
6-11.

YING Z,REGUEIRO M M, TIAN R X,et al.
The effect of estrogen on diabetic wound heal-
ing is mediated through increasing the function
bone marrow-derived progenitor
cells[J].] Vasc Surg,2018,68(6 suppl):S127-
135.

JURZAK M, ADAMCZYK K, ANTONCZAK

P,et al. Evaluation of genistein ability to mod-

of various

ulate CTGF mRNA/protein expression, genes
expression of TGFp isoforms and expression of
selected genes regulating cell cycle in keloid fi-
broblasts in vitro[J]. Acta Pol Pharm,2015,71
(6):972-986.

WILKINSON H N,HARDMAN M ]J. The role
of estrogen in cutaneous ageing and repair[ ] ].
Maturitas,2017,103(1) :60-64.

RZEPECKI A K,MURASE J E,JURAN R, et

[21]

[22]

[23]

[24]

[25]

[26]

[27]

FTREF 2020 F 2 A% 49 65 4

al. Estrogen-deficient skin: The role of topical
therapy[ J ]. Int ] Womens Dermatol, 2019, 5
(2):85-90.

MUKATI K, KOMATSU E,NAKAJIMA Y,et
al. The effect of 17 beta-Estradiol on cutaneous
wound healing in Protein-Malnourished ovari-
ectomized female mouse model[ ]J]. PLoS One,
2014,9(12) :e115564.

PLACKETT T P,GREGORY M S,KOVACS
E J. Effects of high estrogen levels on mono-
cyte chemoattractant protein-1 and wound
healing[J]. Adv Wound Care (New Rochelle),
2015,4(2):92-99.

GILLIVER S C,EMMERSON E,CAMPBELL
L,et al. 178-Estradiol inhibits wound healing in
male mice via estrogen receptor-a [ J]. Am J
Pathol,2010,176(6) :2707-2721.

ZHOU S,XIA H W,.XU H J,et al. ERR alpha
suppression enhances the cytotoxicity of the
MEK inhibitor trametinib against colon cancer
cells[J].J Exper Clin Cancer Res,2018,37(1):
218.

KUMAR M M,DAVULURI S,POOJAR S A,
et al. Role of estrogen receptor alpha in human
cervical cancer-associated fibroblasts: a tran-
scriptomic study[J]. Tumor Biology, 2016, 37
(4):4409-4420.

RIGIRACCIOLO D C,SANTOLLA M F,LA
PPANO R,et al. Focal adhesion kinase (FAK)
activation by estrogens involves GPER in tri-
ple-negative breast cancer cells [ J]. ] Exper
Clin Cancer Res,2019,38(1) :58.

VAN VUUREN R J,BOTES M,JURGENS T
A, et al. Novel sulphamoylated 2-methoxy es-
tradiol derivatives inhibit breast cancer migra-
tion by disrupting microtubule turnover and or-

ganization[ ] ]. Cancer Cell Int,2019,19:1.

i B #1:2019-05-28 &[] H #1:2019-08-22)



