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Abstract

BACKGROUND: MicroRNAs (miRNAs) are widely involved in regulation of physiological processes, such
as human development, cell proliferation, differentiation, and apoptosis, angiogenesis and lipid
metabolism. MiRNAs also play an important regulating role in the pathological process of femoral head
necrosis. At present, the research about the effect of icariin on miRNA expression in glucocorticoid-
induced avascular necrosis is still in the exploratory stage, and the specific targets, possible regulation
mechanism and signaling pathway remain unclear.

OBJECTIVE: To explore the effect of icariin on miRNA expression of bone microvascular endothelial cells
in steroids-induced human femoral head lesions in vitro.

METHODS: Bone microvascular endothelial cells in cancellous bone of the femoral head were isolated
and harvested in vitro. Icariin preconditioning preceded establishment of models of glucocorticoid-induced
bone microvascular endothelial cell injury. Differential expression profiles and transcriptomes in
glucocorticoid and normal groups were tested by miRNA microarrays. The most differentially expressed
miR-23b and miR-339 in microarray analysis were further confirmed by real-time quantitative PCR,
Meanwhile the effects of icariin on the expression of miR-23b-5p and miR-339-5p were detected.
RESULTS AND CONCLUSION: According to the microarray analysis, one miRNA was up-regulated and
four mi RNAs were down-regulated in the glucocorticoid group (fold > 2, P < 0.05). Results of RT-qPCR
revealed that miR-23b was down-regulated and miR-339 up-regulated in the glucocorticoid group, which
were in agreement with the microarray analysis (P < 0.05). Icariin pretreatment effectively prevented the
imbalances of miR-23b expression induced by glucocorticoid (P < 0.01). These findings indicate that
Icariin may participate in the pathological process of steroid-induced femoral head necrosis through
regulating the expression of miR-23b.

Subject headings: Microvessels; Endothelial Cells; Microchip Analytical Procedures; Tissue Engineering
Funding: the National Natural Science Foundation of China, No. 81273972
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Table 1  Primer sequences of target and housekeeping genes

T 514
Edr5 19 ElE]
miR-339-5p 5-GCTCCCTGTCCTCCAGGAG-3 5-TCGTATCCAGTGCAGGGTC-3
miR-23b-5p 5-TGGGTTCCTGGCATGC-3 5-TCGTATCCAGTGCAGGGTC-3
ue 5-CTCGCTTCGGCAGCACATATACT-3 5-ACGCTTCACGAATTTGCGTGTC-3

F2 HREMEEFMRARSLIBMMLENRMEPRE
FFKi% micro-RNAs

Table 2  Differential microRNA expression of bone
microvascular endothelial cells in the femoral head in
glucocorticoid and control groups

3 EFEEMERFSRGHEMMDERNEMEBES
mi-RNAs #83% 3% 3% B9 821 (xts, 2%
Table 3 Effects of icariin on the relative expression of
differential microRNAs of steroids-induced injured bone
microvascular endothelial cells

mi-RNAs 4 28 5% 5 FC(abs) #:PA ZRfE P

B TR AL eI BET A

MIMATO0000764 2.57 miR-339 i 0.048
MIMATO0004587 4.35 miR-23b Tl 0.011
MIMATO0004512 3.89 miR-100 T} 0.015
MIMATO0004569 4.28 miR-222 i 0.002
MIMATO0004976 3.64 miR-933 i 0.034

Fik: FC (abs) APy ah (K22 715 4
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1.5 ZBARIEAF OB 38 U i B 4h i 45
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25 5 R 1A miR-339M1miR-23b. @)E 7 11 X miR-339
FIMiR-23b XXMM . @miR-23b 1] fig /5 F 1) # 3L K]
S K P i
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miR-339  0.033+0.006  0.064+0.009°  0.066+0.012
miR-23b  181.82+7.01 120.1247.17°  547.0048.14°

Frk: HIEHEWIRAUMHL, 2P <0.05; HiE4iHtk, "P<0.01.
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2 %R Results

21 @A BIEME BB T, SR MR FRT-
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Fz 4 FNE miR-23b $BER
Table 4  Prediction of miR-23b target genes

HEHER LR ik

ADAMTSL4 ADAMTS-like 4

STAT5A signal transduction and activators of transcription
TBX15 T-box 15

PRICKLE2 Prickle 2

NRCAM Neuronal cell adhesion molecule

PPAR-y Peroxisome proliferator-activated receptor gamma
STON1 stonin 1

TCEAL4 transcription elongation factor A (Sll)-like 4

GPHN gephyrin

CISH cytokine inducible SH2-containing protein

CLCN2 chloride channel-2

MAN1C1 mannosidase, alpha, class 1C, member 1

SMIM3 small integral membrane protein 3

ST3GAL6 ST3 beta-galactoside alpha-2,3-sialyltransferase 6
SMPDL3A sphingomyelinphosphodiesterase acid-like 3A
FAM117B family with sequence similarity 117 member B
Sprouty2 sprouty RTK signaling antagonist 2

SemabA sema domain, transmembrane domain (TM), and cytoplasmic domain, (semaphorin) 6A
Sema6D sema domain, transmembrane domain (TM), and cytoplasmic domain, (semaphorin) 6D
Apaf-1 apoptotic protease activating facter-1

TNFAIP1 TNF alpha induced protein 1

TNFAIP2 TNF alpha induced protein 2

TNFAIP3 TNF alpha induced protein 3

>, miR-339FKIE B EWINP < 0.05), Z5REILHL
A R8G5 ELMILL, PR P E ] DL
fEmmiR-23b%ik, 2 IFH KL WP <0.01). X33
24 AHHFEEFER HHEHHIMIR-23b1] fE1E
FH (%0 5L 38 - miRanda . PicTar. miRDB. TargetScan
ol FETEAT AR A5 BRI, LA R4S S 34
(17 mi-RNABEEE DA 0 To0 () #E RS DN, 45 & R AT STk
i, JLRE 23 miR-23b nl g /1 I i #E L A o

T Ik B0 DAL ¢ 43 A RN D B DR I e 4 10 U v
KB, miR-23b F HI (A ¢ A5 5 i % 1T RE £ 3 -
JAK-Stat5ifi . Notchilli . Wnt/JNKIfi % . RPTPB
% . PPAR v ili% . PI3K/AKt/mTORIl % . ERK1/2
JEE. RTKIEMK . MAPKIE %, W] REMIFE N D RE L F5:
WP G . b FT, R B, S5 %
WA, N5 RIE R NV.5E(FR4)-

3 iFit Discussion

mi-RNAs J2& 24 A W) B 2% U8 5 AR, Ja 1 A I
PEM A —w DR MRS RNA, i 5 e 4
mRNA 44, i mRNA B3 a8 HEFFAR T mRNA,
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EH) mi-RNA BH A 1 400 £4%, (B4 K584 mi-RNA
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S mi-RNA 7E B AR, S dii e, FT i e gt
RAE IR EAE T, U4 R 5T 4 /s K Ll e Pk
mi-RNA 1] fig 5 B SR 64 6. Wang 25U il
B SRR AP R 13 mi-RNA 5% 1% A I3 & LR 8
F LTS P AEAE R L 1K mi-RNA. Suzuki 2155
miR-210 7E & Sk INFE B MK b BRI mERIA, AR
miR-210 " {62 5 T I kAL R B 2. Yamasaki
2200k SERFAAFSE F i miR-210 (K365 T LUk
R A PR R A B AT PR AR, ek IR B Sk IR B
XM AE S E B . ARSI K IRFEAE DG mi-RNA
IR FATI AL TR ZZ I B, mi-RNA 76 SR HE 55 PR
AR AR B LR A 530 i AN 5 A B, 15 mi-RNA
TEE S PE R O s T R R 5%, s Sk 3R
FERI RIS, Y607 BAERIIRIR R
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IR, SEARHLHIANTE 2, s R AR =4
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1 EFEEMNHFFSRMGEMME N AR S BISE(x100)

Figure 1 Effects of icariin on morphology of steroids-induced bone microvascular endothelial cells(x100)
Bl B A AR IR 7% 7-10 d 5 RIEERZ MTE: B 58 3 AUt s i le i i, 5 S8 (RS B BBk A R s C MR A
WO Y R AR, 2% BEREAG: D O R SRR AL B AL B O P R AR, TS RIBCR A T .

B2 HEFASERHEBMMENRAEESRIEH Mi-RNAs
Lo

Figure 2  Cluster analysis of differential microRNA
expressions in glucocorticoid and control groups

Bl #5820 H mi-RNA ST SR 75 5 A B0 Py B 41 a4
)5 W 5 22 57 8 mi-RNAs, b C AR IE R X 4L, Bt har
o, EAWERA, BiomRiEG, el ®irm24l, 316
41, %5 A C1, E1, C2, E2, C8, E8, E6, E9, C5, ES5,
C9, C6, C11, E11, C12, E12. ZitazR/R{5 5 (A (micro-RNA
BRI FEVOCIREEE) R, Hrh s (h POl 16 SRk
Fik, RONTWEZESR.

IO A A B A0 5 1 PR MR S TR0 A B A 7T B i
RMEIAT SRR E R A R B SR R TR A R
P I, mi-RNAs IRAT SR AT I H AR, A
KRR il mi-RNAs JERLES T 0T T 3#8% S
TR A 2 0 401 0 )i 22 5 3K 1 mi-RNAs, 3L 5
AN 30 5 mi-RNAs, Hoiik Bl 1 4, 26k
T 4 A R T IR SR AL B 1R B SR AT SE
1€ LR P SR E A 22 05 FL 1) mi-RNAs, A
LIRS 2 B PCR 7 iAKAE miR-23b Al

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH
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IEH 4L

3 HEAFIIEE A micro-RNA EFEFIA RN BE ERSE
Figure 3  Scatterplot of signal ratio of microRNA expressions
in glucocorticoid and control groups

Pl XA Y o0 AR B 3R LR 1 8 2198 65 5 5 8 A AR KR,
B A s AR B L MREHEGER) PO E T, 40
IRFWE L AN Ratio (> 2, Bl: BEANEFHARE LR
MIHEEE, TTLLE R — AN SRR IRIA 1, SERRIEw Al
WEA N Ratio < 0.5, Wl EWAMEA KL T WIIILE, A
LUFE AT 4 ARG T B EOARMERA/IE R 411 Ratio
fHAE 0.5 F1 2 2], WHRIBIEAT 2.

miR-339 WM B 2 71 SRIE WL AH ¥ mi-RNAs,
45 7R miR-23b ik ik 2 ks>, miR-339 Kk W] i 1
I, 5 IEE AR L ZE A AR (P < 0.05), 1FsE
KLU g B nTET, BB EEHEN miR-23b 1
MiR-339 7 W] REFE IR M I Sk PR B IR A M0 P9
I Wt SR S KPR A HLAR s R . S
I A S IGE F 26 6 52 5 B PCR AN T ¥ E 28 11 1
ARF RO A 2 41 miR-23b A1 miR-339 #IA[H)
R, &5 SR IR SR8 Y nT DU RO B R T S
miR-23b FKiA KAy, A IFHKIAMZE, SIEAAMLLZE R
HEEMR X (P < 0.01), miR-23b My Al & LA
MIERTE A H AT YA v e SRk -

AR R, miR-23b & —Fh % Thfg it AR gm s
mi-RNA, J& T miR-23b/27b/24-1 FL[N#%, %3N
ZMALE T BRI R, JCILAENG . OISR il
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N R N I ZE 2 B b R A PR R A
HMOLI A3, AEiERIA 3 Pl mi-RNA: miR-23b.
27b. 24-1, LU 2 R DR K AF S T8 i R A A )
PRTER . HEr S RIET 20 K2 miR-23b [T
Rl e 22 A0 DA Sl i, Aediuddrs. M5, otk {2
LA T 1 % T 400 434 77 T L A T g 4 4 ] 2428,
Zhou 2257 % 1 miR-23b JFLAA (i ML 45 4 B
A g 54 L EE L Sprouty2 F1 SemabA £k %,
1 531 Sprouty2 {5 5 % SemabA 14 MAPK {55
W B AR, HA S i A B T 0 S (A
. B4k Sprouty2 A Sema6A it ELA i 41 f R T
VEFPOL AW R I miR-27b 1] LU ik i 5 Hio 1 8%
1 Bel-2 FIE T8 (1 Bax 1147, 00 20 i 26 ks 44
ToIRAR, AT I 5 PRy B2 40 0 S L i 7B,
I I} Griffiths-Jones 452"\ i miR-23b 1) ] Gt 1 i1
LA 5 98 TAH G IR S DR K s i 40 JHa 1) iz o DRI m] A
MR CEF T ReEE B miR-23b 1138 K5
B PR PR A0 PR T R S A i A T A E T, hT
BT PRI B SR IR E R BT v A TR A EH

PRSI RIS MTT v4. HEHUE YLy, Tunel
SEIG K S R IR LR R T LA R S T
BRI PN R A0 PR S VR T DLl 2 A A o
B4R T, HonT DU 2538 v (I A ml B 1 R0 40 g
ERVE RN 7 12K o ERAERE T IIPTIR T R AR I A A2 Bl
ML A 30 # miR-23b (RIS, ASEE0 AT
THIPRGT. fEsLie T, miR-23b fEIE 4 MR 1A &
WA, SIEWAGREEZE S, MEEE Tt
Ji, miR-23b FikEE L. Bt HENEFEEF L
T miR-23b [M3KIA, 1R 75 T Tl A Y B2 41
L8 T R A LA T ) e s i KT U
fte, HAERPLEIT RE L@ I miR-23b #FIA,
B A AR 0 0 PR O A M AR B mRNA )R
1K, RAEFEHUE RO A B A R TR AR ) A
F o 7 S5 AR I B A28 17 /3 miR-23b 15 4E
FH, M55 4k SRRAWEIE miR-23b K AEPUA TS KL %,
YRR T 8 mRNA JEH A A5 516 Tl g,
17/ i s 2 (SRS ¥ R E RN & i) = 7 At
mi-RNA LT, I I IR e 2 W A
BT RO 2 e

SO 4 RAR R TR E R 1 ] el il A S UL A Y
KA ML miR-23b [k 2 5 P a1 B Sk AL i i
FEREE, %FEF] mi-RNAs A G At A, 1

2146

TERE S /KB R R R ek, T4 hfe, 1F
AR SE A T T BRI I Y miR-23b Rk, P
T T A G mRNA JE A1 2iA, By b i (e
R )P B A T O DG B IR B s 4
Die. ISR R LIRS R B R . miR-23b 4
ST E R RE R B DA PR IR S IR AT
IHTALIE], B0 I I 1 S SRR IR R MLl A
Byt TR DI AL (EE— IR AT ST

TEZ T/ % —VEH AT R FhFfm L, F Mk
TR, BRFR, 2% =, W, AEFRITERITE,
A LFERT.

Fl s aE: X F PR AEH L RIHAT XLF LAl XA B F
z.

OFEIEET: AR AR ERE B A RO H .

XELE LF R OLE CNKI K25 Lkl
Aottt 3 REE,

XEHE: ATEATRFINFEHE, XFLENNF
TINFERFHE, FEATIABEE.

TEZERT: X FH— AR AR5 et L P I
B TSHAT A ARIBTTAE, PSR R E R . SR (L
i HEAEIR R )T R BAE R O RA A AZARA . 5 FFok
%, THZEE.

XEMH: LFHRATEECELMMEHRRALE
T REARAR K L.
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