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[ Abstract ] In recent years, international and domestic academics have made a series of studies on the
mechanism of icariin which is the main effective component of Herba Epimedii, to accelerate fracture healing.
The current research results show that the mechanism of icariin accelerating fracture healing is to promote the
migration and homing of BMSCs and ASCs by activating Wnts, BMP, MAPK, ER and other related signal
pathways, so as to carry out osteogenic differentiation into osteoblasts. At the same time, it can promote
the maturation and mineralization of osteoblasts to form callus, and inhibit the bone resorption activity of
osteoclasts. This article reviews the mechanism of icariin in accelerating fracture healing from the aspects
of its effects on related cells and vascular remodeling, so as to provide reference for the follow-up research.
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‘B 7 T4 (Bone Marrow Mesenchymal
Stem Cells, BMSCs) 1E b HA Z 30 /5L i R 1+
i, FEEIrAEA R Brh KA EEEH,
BMSCs il izt 1§ 58 43 1 LU 3E 32 4538 0 iy i 2 1
PEAER, [ M T IR ST PR S A X BMSCs
(/R & B ICA AT LAINE BMSCs 4% IH 51 2 24t
B0, IR — DI EE DL s i e oA,
PRHEFIES .

1.1 BEFXFEFHRISHEETRTHTBIHE

BB RE R — R a0 fe, HAUH E2ER
B3\ iD= I g i i a1 7 A v W o
FASE AN S P YRE T 20 ol AV &2 2 5 4 2
E—FC A S RE R P BMSCs A AT
AR AR R SR ZFh A DIRE, RS Y
AT AT Ak A e A0 BRI 1 40 L LA B PN Rz 24
SEZ AR, A R R A0 B AR 4H B, BMSCs
AR IEH B AR AP, e iR
A EEAEA Y, BRI T A 25 0.001% ~
0.01% i) BMSCs, il H R Z 8# 4k T8 1L 10, #k
2 7t BMSCs i # DL K T BMSCs i A 40 Jifd Ji 31
PEATHEEE . A B 2 B BE R B Tk
[KF3Z{K 4 [ Chemokine (C-X-C motif ) Receptor 4,
CXCR4 | TE- T4 )3 SLak 7 v HAA 2R,
CXCR4 il 75 BMSCs HhRIA M H& - H-fif el 5o i+
YNAE AT R R, T ICA AT 38 3o 0 B 25 2 1A
( Estrogen Receptor, ER) /-SAHs 52K+ 18
( Hypoxia Inducible Factor-13, HIF-1B) B kLI
W5k CXCR4 (TG, M2t BMSCs 1yiFss &7,
AN, ICA 5500 B A 78 5T 1 4 L A% I L A
W K I PG MARK 5538 B R L3 & N )
LRIV T E BMSCs i A2 I 8 &7
12 EFEFRHABBERRTHERE S LTI

FIE R AE DL

ok B, MRFFEAY ICA 1] LIt i BMSCs i
NGRS I T A T3, o TS S AR
ST AN T AR P oAk s B AN E
( Osteoporosis, OP) &3 & #f i N 2= i BRI 1=
I, T R E-E N IR A AT B S FH T BMSCs
I 43 Ak R BB 2 43 A 22 T 9% S Ay 2 8 i 38
ICA TEAR i BMSCs Y458 A& Pk - A R B, 38

BT W g e E R, Rl A
FLEIE G BMSCs A BER T Aok P A
WFFE & B, ICA il i #1% ER. BMP/Smads/Runx2/
Osx {5538 i 1i ¥4 Runx2 H1 COL- T i385 7K,
PR )2 EE L 8 I e A A S R P R S T R
B U SRR, XS5 R A T R SR
T PPARy il C/EBP o B3R IAKF-#4T I, LA
2 32k BMSCs #4788 P 24k F i il BMSCs [ i
Wi A 43tk 1. Liu % & 3, ICA 41| BMSCs [1]
B I 200 1 53 Ak 4 VB FH 238 2 0] Noteh 1 119 fifd N 245
¥93, ( Notchl Intracellular Domain, N1ICD ) il
Notch2 15 f#f RNA ) ik, #F 17 BH W1 Notch {5 %
i B% )30 ) PPAR y . C/EBP « 1 FABP4 (1 {5 i
RNA FihACER LAY ", Miao 2538 i #F 57 ICA
XF FE A% R BMSCs BB M43 1k B9 52 i & B, ICA
AI i i BMSCs 3 58 I 42 oy Ho s Vw5 iR il ( Alka-
line Phosphates, ALP ) {if {4, #f 1 5 5 BMSCs
R A
1.3 EFEFHRAERE TR THEEE
ICA i# i i 775 2 Fi {5 5 1% 42 LA #F BMSCs
ARG UL R s R R, LS MARK .,
BMP. Wnt/B -catenin %5 & 45 {5 5 i@ % ', M
K48, ICA {22 BMSCs ¥4%8 () /E A 5
MARK {5 514 53 % H ERK . p38 1 INK fY 5 iR
%, I35 MARK 8 45 Elk-1f1 c-Myc FIHA &,
74N, ER o Fll Wnt/ B -catenin 15 515 51 It =
505 T ICA {28 K R BMSCs 8 1434k A9 1
FH, TR F 727 HE 50 PDZ 45 & JE % TAZ I3
IR FE I ER o -Wnt/ B -catenin {55518 -
1S AR, ICA iEit BMP2 {5 544
i BMSCs " BMAL1 fyZ&hfedb g o 1
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fig Wi 8] 58 Bx + 48 g ( Adipose-derived Stem
Cells, ASCs) J248 MAR T2 7 &5 ok I g sl &
Z AR EAT oA BAT 7 3R T BT RE ) Y 1) 3
T4, LT BMSCs HA 0 = A A AE f1. M
KMFFE R, ICA VERRE AT T, T2
i RhoA & ¥4IG TAZ {2 F ASCs 858 AN 143
b B BRI Z Ah, ICA W 4%k R3340 BMP 5
S, B FHEEE RN TN S, BN,
He AR AR 1R) 70 5 T AR B H R oAk B
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3 EFEEFNREHEMEIERRERIE

EEPTRA R, eE A & 2 CE R,
BT DL B SRR i R, A A ok
SRS, AR K, ICA W] LIEHE AL
B AR A GBS s 2 B R A A
ICA AR BB 20 BT 7 A [] st 3 o) - 200 B )
TGS B, MR A R R, RREERY ICA
(VR 0.15~15 uM) A] LIAE S BB 4 M AE 72 /Nt
WEH e MG A o3k, [RIBT &30, ICA AT i A%
H AR R e AR, S S A ALP (Y
W, EVRECE A B -catenin, Runx2. cyclin
D1. ALP L} miRNA-21-5p ) mRNA % 5 7K,
S A SESZ I UE ] T Wt/ B -catenin {5 518 [ 1
REZ 5 T ICA i T (1 K BT Al B 4t L ) 34 B
oyl B2 BATHEGE LB, 1CA i miRNAS3/
Runx2 &FEAE MC3T3-E1 i 20 o & #5581 Al
H U EVER B ARREA RTINATIE B, ICA
W T] LAGE 33 0 CAMP/PKA/CREB 155 54l e 5
BMP2 A5 [ C2C12 4 i i) i 4 e o34k, e
— LG R B, R AN 2R BRI T B
Ja, XEAEHS RIS E BN A, X UL
EERE AR e K EEENE-. &
PE— RIS AP, ICA il id e 4nie_E iy ThfE
PEET B LS 1 B N T3 AR LF B AR 1Y) p-PKA
{fi CAMP/PKA/CREB {553 % & ¥ s 1E I B
BRIt A1, ICA I8 i fie BE45 45 4H 434 K N 13k i
5 BMP-2 1755 i 4 o4k, DA X B 4 e
SRR T RS RS Y, I ad ER A LR
21 Jifl OPG/RANKL )23k e 51 BV, LA Sz 38 1 410 il
Notch {5 5 1& SR MRS ALY P20 Li 45
W PR IHE F R AR R PR (Osteoprotegerin,
OPG ) Ji& [H] i B /Iy BRU b A B A FH B ML) e B
ICA AT 5 25 WIEOHT BB i, 38 3 S PCR A il &
PLICA 3% F#/NE BMP2, BMP4, Runx2, ‘B
45 % ( Osteocalcin, OC ). Wntl Fl Wnt3a fJFE ik,
HILFE ICA i B {2 3E T B -catenin {5518 1Y
B HEEEN AXIN2 . DKK1 ., TCF1 11 LEF1 i35k,
RN FE 745 HY ICA 38 1 Wnt/ B -catenin-BMP {55
S S, BT RE AR B B
g, ICA fRUEpEAnfsss . el ket
VE FH 238 33 3005 Wnt/ B -catenin A1 ER {5 51% 38
B STEL Y 1Y

4 EFEEXNHEHENERRERIE

e E e NS 5T B RSN EZEZ A
B, HOE A Al / B AN A R 0 1 40
AT A 1 2% 40, RANKL VE iR 7%
5B e e et B2, maIT e iS5 nAH
PRI T 1 2 — (2@ il RANKL i 51915
AL BTN IRYY, 2T, ICA
ELA 00 B 20 43 AR R AR AR L R A
PERIFET, HHLHI R ICA @3] NF-« B (5538
SRR, DT 1 A0 B A B B, [l
TCA KRS 240 f 34k AR 00 ) FH A PT fl aod 315 1k
DB A0 MAPK BERR LR T BRILZSL, ICA
A3 o B A A A i R ( Osteoclastogenesis
Inhibitory Factor, OPG ) & it k411 il RANKL 3 ,
M 15 OPG/RANKL HAF LA il 8 55 41 B i) 4
R 5y —TH5E R, ICA JE i NF-« B
155 18 P& B LTS, BHIBr MCF7 #l MDAMB-231 1%
S 1R 200 B A LA R AT ) S 5 B Al T B RN
R AL B4 R 5 35 PR A e 3k, T s 80 990 o A 4
AR 1) 10 B A B fR 0 B Y, 59 A & B ICA H 4k
RANKL Hill3# %) TRAF-6 (3ik, IR/ ERK
FIBEIR Ik, (HIRFEZEF X p38. INK Ml Akt G {bi%
A P,

5 EFXFERRHSITNEEZNERARE
AL

HE A EEXT RS A A B, &
1T I3 AP LA ARTE B Wi 98 5 S kg, JF 4Rt
AR AL R - AR E AT A Ao 9T R, ICA
AT LLGE R A i 1A AR K T VEGF il ANG1 1 3Ri5
DA HEIM A (AR B, Herh VEGF 16 M4 % & (R4
WrBEEAEME, T ANGT /R T3 E e & B
I BE P, AR, VEGF J& il i 0% p3s/
MAPK {5 5 i MR 4 0 A e . 5
Ak, ICA if 5@ HE BMSCs 7= A A NAR T H: [ 1
FEAANIAE R, TR P R A A ) SR RS I A 11
Al P Bz, ICA W] RAE i A SR AR e S I A 11
A, DHERFE R, R E AT S

6 RBEFREIE
Huj, T %A K& 0F58IESE ICA 7] LU g
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Hras, HALH 2R U iR
Wnts, BMP. MAPK. ER % 3¢ {5 5 i I 112 ¥
BMSCs. ASCs HiE# I, #E17ReE 51
AN, RIS AR A0 B A B . A DU
P, IR0 AR B RO T . AR HRTX T
ICA R BT A ILHEII R L, (A58
FEAIMLZ T, XFAEARPLEI 5 AR, A
PN S e R e, R E4r @G i
WRATENNRS . HAER%E., FHARREFELZRER
5B ERE, HAEMIERPLRGG i —2 25
(RTS8, (EMTERE, 1CA Xk B 4u )
BIRMCE M EAAEIER, BT S S R AR
TV RSB AR 30 2 0 Ao 0 200 P O A e X ol
TR, el i FH ICA A PriE 2 ad 2 v g
W5 B EENTA, WAaRE—E0E.
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REMWIE, oM EERE, WS R G T
M HIEITROR, B RZG I, L2507
PEATHIEBIRFTE 5000, A& HE H R A I PR A
Ho AL, HFERFEETRKEERZE, DRAH
AR, B ER TN T A IR BT T
SRR, ATIARIREE RS A H Y, HE A
FIAR, RtEmEA, s sras LMEE K
U B R TR

& & X K

[11 KAAN GURBUZ, MUKERREM BETUL YERER,
PERIHAN GURBUZ. Icariin promotes early and late
stages of fracture healing in rats[J]. Joint Diseases and
Related Surgery, 2019, 30(3): 282-288.

[2] CAO H, ZHANG Y, QIAN W, et al. Effect of icariin
on fracture healing in an ovariectomized rat model of
osteoporosis[J]. Experimental and Therapeutic Medicine,
2017, 13(5): 2399-2404.

3]  EEF, K, WK ARG R A S
MBTT R R Gebe s B T A E 12 (1], v 2T R

5% , 2013, 17(15): 2703-2713.

TR, R, EMAR, SF L OREREEARS b RS

1) 7 5 R B A S DA B it A A A8 2R 1),

>

=
B

[11]

[12]

[13]

RS R A (B2 ), 2016, 36(12): 1706-1712.
ZHU HY, WANG X X, HAN Y'Y, et al. Icariin promotes
the migration of bone marrow stromal cells via the
SDF-1 a /HIF-1 a /CXCR4 pathway[J]. Drug Design
Development & Therapy, 2018, 12: 4023-4031.

FU S P, YANG L, HONG H, et al. Wnt/ 3 -catenin signa-
ling is involved in the Icariin induced proliferation of
bone marrow mesenchymal stem cells[J]. Journal of
Traditional Chinese Medicine, 2016, 36(3): 360-368.
JIAO F, TANG W, HUANG H, et al. Icariin promotes the
migration of BMSCs in vitro and in vivo via the MAPK
signaling pathway[J]. Stem Cells International, 2018,
2018(1): 1-9.

HUANG J M, BAO Y, XIANG W, et al. Icariin regulates
the bidirectional differentiation of bone marrow
mesenchymal stem cells through canonical wnt signaling
pathway[J]. Evidence-based Complementray and
Alternative Medicine, 2017, 2017(1-4): 8085325.
LIANG X, HOU Z, XIE Y, et al. Icariin promotes
osteogenic differentiation of bone marrow stromal cells
and prevents bone loss in OVX mice via activating
autophagy[J]. Journal of Cellular Biochemistry, 2019,
120(8): 13121-13132.

LUO Z, LIU M, SUN L, et al. Icariin recovers the
osteogenic differentiation and bone formation of bone
marrow stromal cells from a rat model of estrogen
deficiency-induced osteoporosis[J]. Molecular Medicine
Reports, 2015, 12(1): 382-388.

SR A, BT, S RAPAUCH T AR AU I
i i BMP/Runx2/Osx {7 5 % 41 #E K B - 8] 72 52
AR AL B SBR[, TR AL A A
2019, 25(5): 690-695.

LI X, PENG B, PAN Y, et al. Icariin stimulates osteogenic
differentiation and suppresses adipogenic differentiation
of rBMSCs via estrogen receptor signaling[J]. Molecular
Medicine Reports, 2018, 18(3): 3483-3489.

LIU H, XIONG Y, ZHU X, et al. Icariin improves
osteoporosis, inhibits the expression of PPAR vy, C/
EBP o, FABP4 mRNA, N1ICD and jagged] proteins,
and increases Notch2 mRNA in ovariectomized rats[J].

Experimental and Therapeutic Medicine, 2017, 13(4): 1-9.



4%k '? 3} JC ( Biomedical Transformation ) , 2021 4F 3 H, 452 %, 451 4] 93

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

MIAO G, ZHANG Y, HUANG Y. Effects of icariin on
osteogenic differentiation of bone marrow stromal cells
in beagle canine[J]. International Journal of Clinical and
Experimental Pathology, 2017, 10(8): 8957-8967.

QIN S, ZHOU W, LIU 8§, et al. Icariin stimulates the
proliferation of rat bone mesenchymal stem cells via ERK
and p38 MAPK signaling[J]. International Journal
of Clinical and Experimental Medicine, 2015, 8(5):
7125-7133.

WUY, XIA L, ZHOU Y, et al. Icariin induces osteogenic
differentiation of bone mesenchymal stem cells in a
MAPK-dependent manner[J]. Cell Proliferation, 2015,
48(3): 375-384.

WEI Q S, ZHANG J, HONG G J, et al. Icariin promotes
osteogenic differentiation of rat bone marrow stromal
cells by activating the ER o -Wnt/ 3 -catenin signaling
pathway[J]. Biomedicine & Pharmacotherapy, 2016, 84:
931-939.

WEI Q S, HE M C, CHEN M H, et al. Icariin stimulates
osteogenic differentiation of rat bone marrow stromal
stem cells by increasing TAZ expression[J]. Biomedicine
& Pharmacotherapy, 2017, 91: 581-589.

HUANG Z, WEI H, WANG X, et al. Icariin promotes
osteogenic differentiation of BMSCs by upregulating
BMALL expression via BMP signaling[J]. Molecular
Medicine Reports, 2020, 21(3): 10954.

YE Y P, JING X Z, LI N, et al. Icariin promotes
proliferation and osteogenic differentiation of rat adipose-
derived stem cells by activating the RhoA-TAZ signaling
pathway[J]. Biomedecine & Pharmacotherapie, 2017, 88:
384-397.

WU T, SHU T, KANG T, et al. Icaritin, a novel plant-
derived osteoinductive agent, enhances the osteogenic
differentiation of human bone marrow and human
adipose tissue-derived mesenchymal stem cells[J].
International Journal of Molecular Medicine, 2017, 39(4):
984-992.

QIAN W, SU Y, ZHANG Y, et al. Secretome analysis
of rat osteoblasts during icariin treatment induced
osteogenesis[J]. Molecular Medicine Reports, 2018,

17(5): 6515-6525.

(23]

(25]

(26]

[27]

[29]

[30]

(31]

LU, VRN, TERAR IR MC3T3-E1 K
oGt id Hedgehog {5538 it [J]. H 25 24T 412
2020, 36(5): 616-620.

WANG Y, WANG R, ZHANG F. Icariin promotes the
proliferation and differentiation of osteoblasts from the
rat mandible by the Wnt/ 3 catenin signalling pathway[J].
Molecular Medicine Reports, 2018, 18(3): 3445-3450.
LIAN E, ZHAO C, QU J, et al. Icariin attenuates titanium
particle - induced inhibition of osteogenic differentiation
and matrix mineralization via miR-21-5p[J]. Cell Biology
International, 2018, 42(8): 931-939.

HUANG Z, CHENG C, WANG J, et al. Icariin regulates
the osteoblast differentiation and cell proliferation of
MC3T3E]1 cells through microRNA153 by targeting
runt-related transcription factor 2[J]. Experimental and
Therapeutic Medicine, 2018, 15(6): 5159-5166.

CHEN M, CUL Y, LI H, et al. Icariin promotes the
osteogenic action of BMP2 by activating the cAMP
signaling pathway[J]. Molecules, 2019, 24(21): 3875.
MA X, MA C, SHI W, et al. Primary cilium is required
for the stimulating effect of icaritin on osteogenic
differentiation and mineralization of osteoblasts in
vitro[J]. Journal of Endocrinological Investigation, 2017,
40(4): 357-366.

SHI W, GAO Y, WANG Y, et al. The flavonol glycoside
icariin promotes bone formation in growing rats by
activating the cAMP signaling pathway in primary cilia
of osteoblasts[J]. Journal of Biological Chemistry, 2017,
292(51): 20883-20896.

XU B, WANG X, WU C, et al. Flavonoid compound
icariin enhances BMP-2 induced differentiation and
signalling by targeting to connective tissue growth factor
(CTGF) in SAMP6 osteoblasts[J]. PloS One, 2018, 13(7):
€0200367.

SUN L J, CHONG L, WEN X H, et al. Icariin stimulates
hFOB 1.19 osteoblast proliferation and differentiation
via OPG/RANKL mediated by the estrogen receptor[J].
Current Pharmaceutical Biotechnology, 2021, 22(1):
168-175.

XUY X, LILY, TANG Y T, et al. Icariin promotes

osteogenic differentiation by suppressing Notch



94

’i L) 12'? 3} L ( Biomedical Transformation ) , 2021 4E3 H, 2%, 4 1)

[33]

signaling[J]. European Journal of Pharmacology, 2019,
865: 172794.

LI X F, XU H, ZHAO Y J, et al. Icariin augments bone
formation and reverses the phenotypes of osteoprotegerin-
deficient mice through the activation of Wnt/ 3 -Catenin-
BMP signaling[J]. Evidence-based Complementray and
Alternative Medicine, 2013, 2013(9): 652317.

LIU Y, HUANG L, HAO B, et al. Use of an osteoblast
overload damage model to probe the effect of icariin
on the proliferation, differentiation and mineralization
of MC3T3-E1 cells through the Wnt/ -Catenin
signalling pathway[J]. Cell Physiol Biochem, 2017,
41(4): 1605-1615.

XU Q, CHEN G P, LIU X Q, et al. Icariin inhibits
RANKL-induced osteoclastogenesis via modulation
of the NF-«k B and MAPK signaling pathways[J].
Biochemical and Biophysical Research Communications,
2019, 508(3): 902-906.

WUY, CAO LY, XIA L, et al. Evaluation of osteogenesis

(EEF 88 W)

[46]

(48]

HIDALGO M, BAZAN-PEREGRINO M, LAQUENTE B,
et al. Proof of concept clinical study by US-guided
intratumor injection of VCN-01, an oncolytic adenovirus
expressing hyaluronidase in patients with pancreatic
cancer[J]. Ann Oncol, 2019, 30(S5): v171-v172.
KANERVA A, MIKHEEVA G V, KRASNYKH YV, et al.
Targeting adenovirus to the serotype 3 receptor increases
gene transfer efficiency to ovarian cancer cells[J]. Clin
Cancer Res, 2002, 8(1): 275-280.

KUHN I, HARDEN P, BAUZON M, et al. Directed
evolution generates a novel oncolytic virus for the treatment
of colon cancer[J]. PLoS One, 2008, 3(6): €2409.
GARCIA-CARBONERO R, SALAZAR R, DURAN 1,
et al. Phase 1 study of intravenous administration of
the chimeric adenovirus enadenotucirev in patients
undergoing primary tumor resection[J]. J Immunother

Cancer, 2017, 5(1): 71.

[37]

[38]

[39]

and angiogenesis of icariin in local controlled release and
systemic delivery for calvarial defect in ovariectomized
rats[J]. Rep, 2017, 7(1): 5077.

BUYUN K, YONG L K, BYOUNGDUCK P. Icariin
abrogates osteoclast formation through the regulation of
the RANKL-mediated TRAF6/NF- k B/ERK signaling
pathway in Raw264.7 cells[J]. Phytomedicine, 2018, 51:
181-190.

ZHANG Q Y, GAO F Q, CHENG L M, et al. Effects of
icariin on autophagy and exosome production of bone
microvascular endothelial cells[J]. Chinese Journal of
Reparative and Reconstructive Surgery, 2019, 33(5):
568-577.

SRIKT, wkdng, B, AF TR AE AT R UL
B2 AN S SN R A S D). op e R E A

Bek, 2019, 33(5): 568-577.

[ Wehs B8 12020-11-16

ZAK D E, ANDERSEN-NISSEN E, PETERSON E R,
et al. Merck Ad5/HIV induces broad innate immune
activation that predicts CD8+ T-cell responses but is
attenuated by preexisting AdS immunity[J]. Proc Natl
Acad Sci U S A, 2012, 109(50): E3503-E3512.

CHEN H, XIANG Z Q, L1, et al. Adenovirus-based
vaccines: comparison of vectors from three species of
adenoviridae[J]. J Virol, 2010, 84(20): 10522-10532.
BOTS STF, HOEBEN R C. Non-human primate-derived
adenoviruses for future use as oncolytic agents?[J]. Int J
Mol Sci, 2020, 21(14): 4821.

BRUNETTI-PIERRI N, NG T, IANNITTI D, et al.
Transgene expression up to 7 years in nonhuman
primates following hepatic transduction with helper-
dependent adenoviral vectors[J]. Hum Gene Ther,

2013, 24(8): 761-765.

[KFEHEA ] 2020-11-30



