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Proteomic analysis of non-traumatic osteonecrosis of the femoral head ZHANG Lei* , YANG Guo—jing, WANG
Jun, et al. " The Third Affiliated Hospital of Wenzhou Medical College, Rui’ an 325200, Zhejiang, China

ABSTRACT Objective: To explore proteins associated with non-traumatic osteonecrosis of the femoral head in adults by using high
throughput proteomic approach. Methods ; Eight necrotic bone tissue samples were harvested from the femoral head of patients with osteoner-
crosis of the femoral head, and 8 normal bone tissue samples were collected as the control group in the same patients. After bone tissues
were demineralized by HCI solution, total bone proteins were extracted sequentially by using four different lysis buffers. Thereafter, multi-
dimensional liquid chromatography-tandem mass spectrometry ( MDLC-MS/MS) were applied to separate and identify the extracted proteins,
and bioinformatics analysis was carried out then by the software tools such as TurboSEQUEST and GoMiner. Results: The in-depth pro-
teome analysis of necrotic and normal bone tissue revealed 1233 and 999 high-confidence proteins respectively based on two peptides mini-
mum, with the a false-positive rate of 0.9% . 154 differential expressed proteins, the level of which were upregulated or downregulated at
least 3 fold were identified by spectral counting, as compared with the normal samples. Enrichment analysis in Gene Ontology categories of
the differentially expressed gene found that 34 differential expressed proteins were highly associated with osteonecrosis of the femoral head.
Downregulated expression of GPCR26 and ChST2 was confirmed by Western Blot on the samples of ONFH. Conclusion ; The pathogenesis of
the non-traumatic osteonecrosis of the femoral head has been proved complicated and remains unknown. These identified differential ex-
pressed proteins might be promising biomarker candidates for early diagnosis of the devastating disease. The results of this study will affirm-
atively provide a new approach to understand the etiopathogenesis of the osteonecrosis of the femoral head.
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1.1 UFR5iIXF Ettan 24455 nanoflow/ capillary
JZHT & 4 Finnigan LTQ - Orbitrap Jii 1%{Y M BioBasic
SCX B 742 (0. 3 x 30 mm ) 20 [ 5 [F K 23
F], Trap #§ ( Dionex/LC Packings w—Precolumn Car-
tridge P/N 160454 C18 PepMap 100, 5pm, 1004 ,
300um x 5mm ) 1 RPC #f ( Dionex/LC Packings P/N
160321 150 x0.075 mm,C18 PepMap,3 pm, 1004 )1
h12E [ Dionex 2\ 7] 7= fh. Speedvac Labconco Cen-
trivap Concentrator H. 25 B .0 T R FK W H 3=
Labconco 2], Amicon ultra—15 3 & 25004 (ultracel
3 LI U 1 36 5 Millipore 2471, 523 fil K 452
FHL BH % 18. 2MQ). em [1) ELGA LabWater 4lifl &2 4¢
(High Wycombe, UK) 4lifk,,

HPLC 2% Z i (ACN) It [ % [# Burdick & Jackson
o ERMR KA R A 2 ¥ W A T H A FLUKA 24
Al SEEEH GRS Y A EES RAR, =R
LHEWE (TCEP) | 2% B iy 5% i G -250 Fl it £ Mt i
(TAA) W H 3£ Sigma 23w, I PR G B T
2 [H Promega A ], ECL EHUZ G A 3% [ Pierce
N 7], Isoform 1 of Carbohydrate sulfotransferase 2
(ChST 2) Hi i35 &1 3 Fn gt Atlas 4> =], Probable
G-protein coupled receptor 26 ( GPCR26) $it {4y H 7%=
Abcam A 7], PVDF iy B B Amersham Pharmacia
YN
1.2 IFRBEAYE 2008 4£5 J] %2008 4£ 12 A
BT AR 23 & T FrERYIE Q11 ONFH &2
BEBLAIR 8 BN AT . AN AbRE: T A dr AR R
PitE PR 2R 5, AR BT SAR 2 4R ARCO 1 ~3 37 1y
ONFH, Ff 2 AR JE W BEAE S Y BN B o SIBRARUE : 51
PR R 5 BRAEA G TR s 505 0 4 B A

PRI AN Paget o B BB AAGE | iR BB RS B R
8 B2 3 4, 55 5 il X AE L 49 % ARCO 1 2
11,2 13 5.3 191 3 f41.,

R A T 518 2 A6 A 7 B Sk DR B IX I BUOR
LR HZA Y (10 mm x 10 mm x 2 mm) , F 5 & B8 50
BT ERE R K T RIBCH LR /N 1E B R A
RHR . FEACRAES TR Tp B2 64T, I AEAR G 40
PR IR SR AL I METR P o T A B SRR S )
ZWRHETR, -80 CLRAFE .

1.3 ARFERI RN AR
INHE B FON B FEAS 1) ZH 2185 1 2 B 200 mg i 2H 41
FEAS, & 25 R0 6 570 19 PBS W (pH 7. 4) migk 2¢
BRI 00,4 CORAEER . 1.2 M HCL i, 4 CokFaseE
R, BRI TSRO SR 1, FRBIIMAS HE
FEEA 7)Y 100 mM Tris,6 M ERFRAK(pH 7.4)4 C K
FEEEE 72 ho BELJEHRTEBONRIY) 20 BRI
JA pH 7. 4 8 HBEH IR A9 100 mM Tris,6 M £h
FRIK,0.5 M & —Jiz DU BE R PU sl 4 “CUKAREE T 72 h
ELOJRICEIE WO I 3. B R RARIBMA 6 M
HCL 4 CURAEI A, B0 J5 B BT RO 3R I 4. ik
EFTARIRY), th Amicon Ultra—15 B0 I 2R
JPHe4di ., BCA BEE I E

1.4 SDS-PAGE FIEXHIEEME I 40 pg REAS SDS-K
PR RE BE S HL UK (SDS-PAGE ) 73 B 3 19 ot , 4 Bt
7% Bfrse il G-250 Jefn,, &l P IRIEDLA. KR
JEBEBCHE SV 1 mm® /NS, JILA 30 L 200 mmol
« L' IAA f#WR IRk, IR B 1 he A 50
pL CAN J4E Speedvac FLA5 B0 T4 R GEMAR T4
I 2 WL P PP 5 A 1 g 2 el i B 15 min, 37 “C il
B, FAIA S0 pL & F 480K (50% ACN,5% H
R B AR % 10 min, B0 )5 WO I IRAE BV TR
HE FIARERAE 3 U I EIEIL Speedvac He4E T4 5
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1.5 JRiga#H BiS o MraiEESREALE S 0. 1% H
B2 30 L 7K H,15 000 r - min "' B0 5 min, AT
YEWORA (33 BRI BT (2D-LC-MS/MS) HR S £ ik
HIr B Y E . 16 2D-LC Ay B LR B & f, FEA B
TR SCX 8 1~ 22 e ik, FH 2 A5 38 iy 6 9k 32 06
(10,50,100 and 500 mM of NH4CL) K ¥k i | trap
HEEIf k20 AE RPC AE By eg . 70 B s iy ik B
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LTQ %t m/z 400 FyBF & HEF 1 x10° MY BArE5
Orbitrap 57373 BT i 75 53 #F % 60 000 1Y 2544 T #E AT
244 (m/2 300 —2000) . Pk 5 > W 1Y 15 1
FTWEEIHS , B 08 A By Orbitrap [ 5 40 BT 9878 43 5 2%
15 000 ( m/z 400 ) B 4547F T idsk .
1.6 £YEEF4E F Xcalibur Qual Browser 2.0
(4 ( Thermo Finnigan , Bremen , Germany ) {38 ik B 19
WA H 5o B BT A 1 ER K B35 20T BioWorks3. 2 it
14402 ( Thermo Electron, Inc. , Waltham , MA USA) 7
i) Turbo SEQUEST 4K 4 7 A\ 2§ International Protein
Index & [ it 204 £ (ipi. HUMAN. v3. 34. fasta) (ht-
tp://www. ebi. ac. uk/IPL/IPThuman. html) 5 1] 55 H
JiFiZE, Turbo SEQUEST B S 4 h X 'E “ Frag-
ment Mass Tolerance” 3¢ & & “1Da” ; “ Xcorr” f/IMELE
WEAL5” “2.07 2. 57 B 43 77 9o\ hy B Fia ff JIK
B AH e JIR BRI = H fp JIR B, 152 B ACn ™ It S
“0.17, 7£“Mascot Search” H1 1% £&“ Decoy [ /L /T 51
Bt 2 LATH S I A B M

LTQ-Orbitrap % 7 Fr 15 (1) RAW A% 2 3458 1o
Trans—Proteomic Pipeline (TPP) [ £ AL T. L5501 hy
mzXML #% 2, Turbo SEQUEST 5 if] 28 511 SRF {4
i Bioworks B4 g DTA #1 OUT #53X, IRAEH4H
ZUREASFIIE H 0 BREEAS 1) MS/MS %ifs ] TPP B4,
A1 PeptideProphet F11 ProteinProphet 43475347 o
1.7 Spectral counting FARKE KK o SFIRIE
HEWEAFNE F HLREA R BHEE P E e E N
JE I BT A A R XS B, spectral counting THELIRAE
XS R A Z [ 1 el . GoMiner 31447 4
SR 0 2R W 2 T S, TSR A 5 4 A 1 TR R
“FEAMAIE” (Gene Ontology , GO ) FIAH I 14 B s 4
TEXTHE [ B A i AT D Re T B i B Al B 25 iR e
JERERY 23 A, [ 25 B R T B 2> R e i
FE
1.8 Western SR ENIE  INFLAH ZLREASHI IE 7 HEH
FEAS R IR BT A 2 1 B 72 SDS-PAGE BEJIE |57
B4 3] PVDF I E o ORIERS 22 25 mlL 3% 5% iR
Wity TBST 2% i vh £ 1A, 2 i $% 21 A ChST2 #
GPCR26 —4it 4 CHyF . 1 TBST ZZ il = I
VRS 3 WA 121500 (3R o S L W AR 3C 1
“HTEREE 1 h, ECLEHEIGR B AT S NS
I8 B—actin A2 1 2R3KKF- HLHL

2 & R

2% Protein Prophet #4475 , IRAL L SUREAS FIIE
HASUEA T KB DL b R A R AR T
91233 AR1999 AR D) ERBHTER N 0.9% o )i
JH spectral counting 3% 5 22 57 ek 85 i3 189 4,
HAPER T AR X T IR Rk i B 3 A5 D) B
MIEE LR 104 A, R 3 £ LL B SO A AEWME B
It KRB L2 R RE HE i E E , RZBONHL
PRELGURIAR N o3I Bt 7 2 LI P Y hRE R 1 . $%
R ONFH AH ¢ 9 A PR BRI RE T 45 5 AH 5 SCHIK,
KB 34 FiE E TS ONFH UM (£2) . X
SB3E H i GO TURER] 730 8 28 ST A
5=, 7 ILIB Interleukin-1 beta precursor. Isoform 3 of
Bel-2/adenovirus E1B 19 kDa-interacting protein 2-like
protein 5 ; 55 4ff Jfl {5 5 1% 54 B A ¢, W Zine finger
protein 409  Probable G-protein coupled receptor 26 | Iso-
form Gamma-B of Fibrinogen gamma chain precursor Iso-
form 2 of PX domain-containing protein SNX29 %% ; 5 4
JKLE R A 22, 4 Hemicentin 1, Contactin associated pro-
tein-like 5 isoform 1, Sushi domain-containing protein 5
% 5 A 2208 1A ¢, W Lumican precursor , Chon-
droadherin | Keratin, type II cytoskeletal 8 Collagen al-
pha-1(1) chain 4 ; 588 & B A 5%, {ll Annexin A2 iso-
form 1 Prolargin precursor  Isoform 1 of Periostin precur-
sor , Parathyroid hormone precursor %% ; SIS A ¢,
41 Isoform 7 of Titin, Glyceraldehyde-3-phosphate dehy-
drogenase ,Propionyl-Coenzyme A carboxylase, alpha pol-
ypeptide precursor, Isoform 1 ofCarbohydrate sulfotrans-
ferase 2 Apolipoprotein A-I precursor, Triosephosphate
isomerase 1 &5 ; 5 [l KEEZR A 5, Ul Thrombospondin 1,

x1 NHARBAFRNASHEAAZEE.

FRE# R — MR EEBH

mHpE A

e =) LK k1)
g et S KB &
PEW 1 3.01 1664 708
T 2 2.88 1246 314
ONFH 2H B
FEE) 3 0.44 642 232
PE) 4 1.35 733 183
FEW 1 1.63 2308 811
H,
IR R 2 2.04 458 174
HHEW) 3 0.23 310 72
FEY) 4 1.92 216 32

iE 1) Xcorr 7E 5L X, = HL ff R Bt /MEBEE N 1.5.2.0
A2.5,ACn 0. 15 B BEMER/NT 5% , —IRBE DA RO ER 5
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Alpha-1-antitrypsin precursor, Antithrombin III variant
&5 550 4 A A ¢, U Pigment epithelium-derived
factor precursor ., Neuropilin 1 Z£, I 4h, 2 W4} 57
GPCR26 il ChST2 75 MR E 204235 ik ] 3 1, West-

ern E[ZE RGN A5 RAR 7%, RHX T 1E 7 41 B 4141, ON-
FH B2 A 4141 GPCR26 I ChST2 ik N, 5
JRRE AT A R — B, HE— RS T AR ST R
HERATE

K2 SFeGERELIROEFRESERXNERREIEAR

IPL A ZEFARIKE AR EETE
Fik BRI 2E R IRE F R
[P100045337 Tumor necrosis factor receptor superfamily, member 13C TNFRSF13C
[PI00759542 Isoform 8 of Titin TTN
1P100307223 IL1B Interleukin-1 beta precursor ILIB
IP100107433 Isoform 3 of Bcel-2/adenovirus E1B 19 kDa-interactingprotein 2-like protein BNIPL
1P100021891 Isoform Gamma-B of Fibrinogen gamma chain precursor FGG
IP100166504 Isoform 2 of PX domain-containing protein SNX29 LOC92017
1P100292300 Contactin associated protein-like 5 isoform 1 CNTNAPS
1P100297224 Sushi domain-containing protein 5 SUSDS
IP100554648 Keratin, type II cytoskeletal 8 KRTS8
1P100418169 Annexin A2 isoform 1 ANXA2
IP100020987 Prolargin precursor PRELP
IP100179357 Isoform 7 of Titin TTN
[P100219018 Glyceraldehyde-3-phosphate dehydrogenase GAPDH
IP1I00744115 Propionyl-Coenzyme A carboxylase, alpha polypeptide precursor PCCA
1P100021841 Apolipoprotein A-I precursor APOA1
1P100451401 Isoform 2 of Triosephosphate isomerase TPI1
1P100296099 Thrombospondin-1 precursor THBS1
[P100553177 Alpha-1-antitrypsin precursor SERPINA1
IP100006114 Pigment epithelium-derived factor precursor SERPINF1
1P100412224 Bromodomain and WD repeat domain-containing protein 2 BRWD2
IPI00018246 Isoform 1 of Hexokinase-1 HK1
B8 MR 22 R IR R F R
[P100007109 Zinc finger protein 409 ZNF409
IP100168597 Probable G-protein coupled receptor 26 GPR26
[P100045512 Hemicentin 1 HMCN1
1P100022434 Lumican precursor LUM
1P100014592 Chondroadherin precursor CHAD
1P100297646 Collagen alpha-1(1) chain precursor COLIAL1
IP1I00007960 Isoform 1 of Periostin precursor POSTN
[P100000940 Parathyroid hormone precursor PTH
IP1I00098769 Isoform 1 of Carbohydrate sulfotransferase 2 ChST2
1P100032179 Antithrombin III variant SERPINC1
IPI00398715 Neuropilin 1 NRP1
1P100303343 Serine arginine-rich pre-mRNA splicing factor SR-A1 SCAF1
1P100328091 Isoform 1 of Netrin-4 precursor NTN4
3 3 it Ty WEOR B A S 4 ) s S e e 5k L i A

3.1 BALAZHMRIM TR ONFH 5 5
2 TR ZHREE T S SC g sl ML T ~2 WS, 32 2
RTE T B HLFAE R R A AL 254 . h T 44

™ 2 TR TOL 0 T, A7 80 e B st SR
AU BURAT 0 BRE 5 12 S8 A BT 25 490 B3 1%

ZUR ARSI 1y ONFH 2 1 5T 20 24 B 58 11
AT, Jiang 55 R FH DU Rl AS 1) 1 v 590 92 B 41 41

HUSUR 5 EEAE S 1 i SR S T KB B
FAE R E R 816 >, 124 kb A AR E 4l
ZUE F R Aoy B 42 A OB . FRATAIBFFE 1 Ik
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TE ONFH FYSRFEA LA AT IE 5 2 SURE A v 43 J31) 48
JE T 1233 F1999 AR, it & T bR dRkiE ; Hrp
R BAPERRAL 0. 9% , HA REFI E L PEFIA R, PR
TIFE 2 1 SR Y 22 53 1] R 2 1h A () ) b 22 ()
HHAGH AR FTEC, FATTHE LB T 5T S5 5
Bt B E AV s M B A —
S 221, 6 A ] 1) A= i 45 9% R £ i X AT g
BE A KK MR AR A2,

3.2 EREBIASEEXNBIERREER
it 2SS B R S:, ONFH 5518 1 A 5 i .25 A
K Motomura 4™ {5 ! A it % L ONFH (3%
P B Sk B BB MU A AR T K 2 i S FRATTHE
SREIBUBC A SKk B 2H 28R 1 I D3 6 UR v JC ) g I
FEYI ARV o FRATAUBF T 45 5 K 3L, ONFH & 2 21
{7 £E Propionyl-CoA carboxylase [1}] /5 15, Propio-
nyl-CoA carboxylase & — Fift 2= 1) 2 AR 14 114 4 pr A4
it , TEAR MR A b OB AE T, (HAE ONFH Hhri 4=
Yy 57 i AR B B . Propionyl-CoA carboxylase [t /5
Foh gt —H4R8 T 1E ONFH (1 &k i 2 i oA S
MIRRIDT 25 .

Carbohydrate sulfotransferase 5% jik & #1 ChST % [H
PRI R AR BEAH S e R T, - L ML PN R A e
LR R AR b 2 23k . ChST3 Af fii
EHCE R 6 fif N-CBha e FUWE A A il B Ak 7 A= it
PRARR 2R L T 8 SO A R ) 2 28y, FAT i
WHFAMAE R KT BEREE M. ChST3
B2 W] L5 Omani BUEHEE A T A RME LT
AR BT Hermanns ' RGH T 6 il i F
ChST3 i = T 35 (1) 56 K AL 45 i Az 8 L. 1 7] &
ChST ZZJ% i) ChST2 Yk Ay 7E MM PN K A0 B it 7% 5 A
HE R EE ] . ZEARSER H ONFH fy ChST2 £ AK
SPREAR, FAT TN LT ONFH (3= ChST2 T - Bdl
il ML P B2 A LIRS G 5, 1l 7878 A= VR TR s, [ i
H T JBCE SRR R J 8 L A I A L, B 5 R RO
R

Annexin A2 J& Annexins B FiEH A WK iR E
BB, 5 NVF 2500 1 A AR R SR AR DG, I HAE i
T O I P P AR ] o T Annexin A2 554
RAARIAF ONFH H9SC R LB, Takahashi %%
TERFFE R BAEB = 1,25 (0H) 2 4E4E K D3 /B #E
g, Annexin A2 S B 40 IORE 14 22 4% 40 i 50

FEALIE T B M R . Baldwin 2517 ZE4RIR 40 M A
Jf ONFH {95 51 1 & B8 T Annexin A2 SR 285
BRGS0 ONFH A& UL R, FIkH
ONFH Ht Annexin A2 23k i, #t—FUFSE T Annex-
in A2 7£ ONFH g 4#R95 % R i/EFH , {2 Annexin A2 H
LED A HLENE A TR, FATHEN Annexin A2 W]
Yk T 2o Pk DR 2R DT S S A 00 T 12k, 5 i
B E PR, e 28U L 55 BE . T Annexin A2
e AR R T0I B Sk B B 09 A W A dR AR IR A B T
it — 2SR

Chondroadherin J2 81 4 il 1) 32 22 )4 A 2
—, — M HRENBCE AL P B SR, HEEAYE
TH Ao 9 Ay R AE A B A I £ Chondroadher-
in, 3 © F 2= 0 1 B 24 40 b 42 B A 3
2550 B Chondroadherin i85 55U 1 1910 3¢,
B HAA N 10 NME S dREE r I 5 aHA
R SR 44 4 . Lumican 25 S @R T&
H 20, Wl KT Ml HIE R & M Lumican &
TEH 2SR o S B Bl Rk, B S5 4
L PR RIS S 1 45 4, 41U A il 07 ONFH
R R EREAC, 5 1 L I B B 45 A0 2 I i
AT RESZ A e I 2 AT, T S0 M A58 o b I i T 4
IR R = oL = g AN AN TR Y =SS
N

Il B Jie I BE R ( COL2AL) % & B st A4V ONFH
OO IR T ERAT A BT A A R s B TR
JRE RS, X ATRE S A I Y fie Jirt Ry 32 B ot o3 1
B B TEBURE B 4 58 2 S B A G . RATHESR L&
ML LI COLLAT & /b, e X IR 4] COL1AL
1 COLIA2 AP Wl , 25 R R 2 5 E =
()25 A G T 7Y e B 3 R 7E ONFH & 1 75 P ] RE &
Chondroadherin 1 Lumican #& P [FIFEH o
3.3 AUMARMFBREMEY  SZEARTHH R
M8 THCT 5 ONFH (1A= 427 Dy fi w51 B2 AH G 1)
ZRFIREA LS LR A RN AR — & 1 R B
PR, REA B /b W 0 26 S 3808 31 L B e DR 3
KA, DR R, 34 422 58 A K& 58 T3
WAER 1, TR AR BT AR L5 B 8 0 W 31 A1 JA) o A
LA, Rt 26 2 11 JSil A AT BB ONFH L 18]
W AP RE W) 1207 o H AU B e A
B 5B 20 N B E T AR
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