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Proteomics analysis of osteoporosis with knee osteoarthritis

Shi Gang*, Zhang Kaiwei? (*Bayi Orthopedics Hospital of Chengdu Military Region of PLA, Chengdu 610031, Sichuan Province, China; ’the
First Affiliated Hospital of Guizhou University of Chinese Medicine, Guiyang 550002, Guizhou Province, China)

Abstract

BACKGROUND: Incidence of osteoporosis, osteoarthritis and osteoporotic osteoarthritis is high, and the relationship between osteoporosis
and osteoarthritis remains controversial. Therefore, our group designed the study on the cartilages of osteoporotic osteoarthritis by proteomics
based on the previous researches, so as to search for the related protein markers. It provides an objective basis for the study on osteoporotic
osteoarthritis and provides theoretical basis for the prevention and treatment of osteoporosis and osteoarthritis.

OBJECTIVE: To quantitatively analyze the proteins in the knee articular cartilage tissue of New Zealand rabbit models of osteoporosis, knee
osteoarthritis and osteoporotic knee osteoarthritis by proteomics iTRAQ technique, and to screen the related protein makers.

METHODS: Animal models of osteoporosis, knee osteoarthritis and osteoporotic knee osteoarthritis were established. The knee articular
cartilage samples were then collected. Quantitative and qualitative analysis of proteome was conducted on these samples using proteomics
iTRAQ technigue. The differences of proteome among samples were compared. Specific proteins were selected which had significant
differences (difference multiples > 1.2, P < 0.01) in protein expression level between comorbidity and mono-morbidity groups. In addition,
characteristics of proteins as well as their relation with osteoporosis and knee osteoarthritis were analyzed by referring to uniport database
and relevant literature in order to preliminarily determine the protein marker of the osteoporosis with knee osteoarthritis.

RESULTS AND CONCLUSION: A total of 12 specific proteins were screened: alpha 2-HS glycoprotein, creatine kinase M-type, fibrinogen
beta chain, fibrin-ogen gamma chain, serum albumin, vitamin D binding protein, N-acylethanol-amine acid amidase, tubulin
polymerization-promoting protein family member 2, asporin protein, myelin protein zero, uncharacterized protein (G1TQR3) and
uncharacterized protein (USKLT3). The above 12 proteins were significantly increased in the osteoporotic knee osteoarthritis group. These
results indicate that eight specific proteins were identified, and their biological features are closely related to the pathogenesis of osteoporosis
and knee osteoarthritis. The protein markers of osteoporosis with knee osteoarthritis were identified preliminarily, which can be used for the
material basis for further study.

Subject headings: Osteoporosis; Osteoarthritis; Tissue Engineering

Funding: the Guizhou Provincial Governor Foundation in 2012, No. 071303
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1 ##FA%  Materials and methods
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1.3.1 SEERENY AR ANMETE ST 22 KR40, Tt

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



Shi G, Zhang KW. Proteomics analysis of osteoporosis with knee osteoarthritis.

Zhongguo Zuzhi Gongcheng Yanjiu. 2018;22(36):5753-5759. DOI:10.3969/j.issn.2095-4344.0376

BH = B R 27 B W S g b B i, VR RTIE 5. SCXKES
2015-001.

1.3.2 HAAFHIFREERA . A e KER
P (LA 2 iR R I B B TUIBR AL T ), RIS K FE 3= (L
W SR AT BR A B B 2R A ), K e R e TR
(R EEAMRLA), PBS(hyclone),
BSA(A0332-25G*E 1), BCAE ik 7£&(P0012 %K),
iTRAQ iRk 7 £ (AB SCIEX), SCX {44 4 (PolyLClnc,
Maryland, U.S.A.) , Easy nLC {4 i % % (Thermo
Scientific), Q Exactive5iii#{¥(Thermo Scientific), HLik{X
(GE Healthcare EPS601),
(Thermo Scientific), Perseus 1.3(Max Planck Institute of

ProteomeDiscoverer 1.4

Biochemistry in Martinsried, Germany).

14 Fik

141 gkt MEPMERGAEB G 22 R R4A00, JZBEHLEL
TR A (n=10), BIE FUBAARE I O 4L, &
FUFAAREL R O R KOEH 4, 7Eid e SR d)s,
I3 AN RE I O R AL B R AARELL . R
KWRAFATERT R EFAA TR, FEHET.

HHAMEAAE AR T, DIBRXU G 55, RJ545R1
A ENATR, HIELE3-5 d, BERLKNLA I F IR IR KK 8
#8x10* UL RIS . ARG 5 28 JFUh I LU ik Je
FAEIEHIRR 01 mgl(kg « d) 455,

JAEE R RAAEARET T LA IR 1 A8 )iy #
PINEIIAE A DI, A5 O AL A 2, ARG AL
A SR, HHIELE3-5 d, BERLKNLAEFIRIR K K 8
#8x10" ULLTRI &L .

B BURAAE IR R AT, T LAE s
R RSB OG5 ROE R, 700 ) 5 A IE 4 M
JBRE O R ALy A [

1.4.2 ZyWBNEE R AlERR2AN TS, DR A
REIE A2 (B AN RE T F IR G0 A B OB AE )
EHANE SR, XN TG B2 & A L AT
PEYT s DN 51T RS (IR E T IR B O 5T A 4
JRR T R R ALY AT EMRIRT 1 O G B4 A7 8 %
W REIVAN

143 MR fPRAERBRI G, 70 3R s
REFEIRA T AL B TR AARELL TR DR R A TR
KA KNHE, HPBSAUEFIIANEPE H, SLHIHIA
-80 CUKFEIRAT

1.4.4 HEAAFWIEEITIESOLIR

EHFRRSES: K L IR3UIFE R 3 B ST A
T EE+TCAIA HUTIE+ SDT LR+ 75+ KB+ B L, IR
VB . ARJE K HBCAEAT KB A PUE &, & FEaE
20 pgitATSDS-PAGE, # st i geth, I RE bl 2R Ak 1
o HHATHEA UM, fRAFT-80 C.

iTRAQ#rIZS EiZ##7: X HiFilter aided proteome
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preparation (FASP)J7iEX} % Ff i EA Tl , 73 20KBE. H
ITRAQIX I & 4% FLABI 2 w] Ui W] ) 45 A IK BLAATITRAQ
Frid, FAMPREFRIC100 pg. bridE IKBFERIRG, &
Tok 5 BH 2 1 A8 0 (L AR (SCX) 20 L0, AR 20 il it &
Hte o JE IIKRBORE it 23 MI2EAT 1 hk B Q-exactive /)
#1, HAF8IKLCMSIMS /4T

#HiEEZE: i Proteome Discoverer 1.4(Thermo
Scientific) % 14 Q-exactive 7™ A& 1) Ji 45 & % 3¢ A4 (.raw 3
PEYEAR Ay .mgf SO, Tl B A E K LR A FIMASCOT
2.2 a5 % AT BOPE FE KL R o AR )5 1 3 1t Proteome
Discoverer 1.4¥MASCOT/Ik%#% FJE B 2 S A (.dat
SRR, HRAEFDR< 0.0L (K ks et Hodh k47 07 ik
IRAG B AT AE e A A . eI H AR R B R -
Uniprot_Oryctolaguscuniculus_23004_20160307.fasta
(7584 23004, F#EETM): 2016-03-07, NEEEHE::
http://www.uniprot.org).

MASCOT J& & F 5t 41 27 5 1 20 A7 b i) b o, SR
Mascot 2.2 T8 FEd %, TESHLR L.

%1 Mascot $¥ESH
Table 1 Parameters of Mascot identification

TitH 24

Type of search MS/MS lon search
Enzyme Trypsin

Mass Values Monoisotopic

Max Missed Cleavages 2

Fixed modifications Carbamidomethyl (C),
iTRAQ8plex (N-term), iTRAQ8plex (K)

Variable modifications Oxidation (M) , iTRAQ8plex (Y)

Peptide Mass Tolerance + 20 ppm

Fragment Mass Tolerance 0.1 Da

Protein Mass Unrestricted

Database Uniprot_Oryctolaguscuniculus_23004_20160
307.fasta

Database pattern Target-Decoy

Peptide FDR <0.01

e TRl FE A, I H K] Proteome Discoverer
LABRARS IR BAR & 25 - W R e AT AR, JFRh e S
1T A3, S HULR2.

% 2 Proteome Discoverer 1.4 EE TS5

Table 2 Parameters of Proteome Discoverer 1.4 quantitative
analysis

it H ZH

Integration Window Tolerance: 20 ppm

ntegration Method: Most Confident Centroid

Mass Analyzer: FTMS

MS Order: MS2

Activation Type: HCD

The protein ratios are calculated as the median of
only unique peptides of the protein

Normalizes all peptide ratios by the median protein
ratio. The median protein ratio should be 1 after the
normalization

Peak integration

Scan Event Filters

Protein

Quantification
Experimental Bias
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FMQ: ERMEEAL BTGB O 54l
HREAARELL” FULE B BT AARE IR DG R AL B K
TR Rk [ I R I A T v B [ I R IR
BV (S S $>1.5, P<0.01); £&1F@: ik
SEROE B RRAMEARE S R PRI LB
M S (O A5 $i<1.55(P > 0.05).
15 EEBIEIAR  ASAIEFARIGE 2 H 43 5 37 H
TR IR R A I AN AR ST MRS, 7 LA T B F
Wro FREBRINIG, IRECSALIA RIS RS, 28
F B AL TRAQH A i H 45 2 17] ) 2 R B o
1.6 %itF o RJUSPSS 16.045 1280k, HilliR 1
xsEor, AT A5, P < 0.05 0 254 Bk X

2 ZER Results

21 FEBFHMBESAT PNMEE RS BE 2K 1440
W, Y BN 7R AL, BRSO JE B 3 &
M. B URAARELL . RE S RAKIEW A, F410H.
NG R, A

2.2 BASPMLER H AR I AL (DA T SR
B ORTTGA TAARE A ) A1 2 0 1 i 2 B3
IEHHRE AL, 22 W TR (P <0.05), W3E3.

#3 BRBMAEGEEESIESHENSEELR
Table 3 Comparison of bone mineral density between
osteoporosis and normal groups

(x+s, g/cm?)

2B AFHER W H

TEH#41(n=10) 0.288£0.008 0.282+0.052
R 41 (n=20) 0.215£0.034% 0.2030.005°
PR 25% 28%

i HIEW4lLE, *P<0.01, "P<0.05.

BT RIEAL A EMRIUE R, S5 30 R BREE
AL, BME S SAYS, Mo hIEE SR

2 ERW T PE S R R, TR . R
JTCREAR ST B OG0T R AL UL ) R A R s
RATRAL S TG IR DR 98 41 0 R 1 | O
RRI o WORT 7843 TN g S S 5 w25 458 10 201 (19 s 185 34 i 43
B
23 EREFOQURIEBLERITE
231 JKBE TR WEL.

S R RS A R4 1 Q  Exactive i 43 HE R T X,
Ae % 145w TR IR MS LRIMS 2| 1 . 4R 548 FHMASCOTIX
T4 1R o0 AT T L MS L 5 EAT 20 AT, e k1 gk
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Figure 1 Distribution of the peptide ion score
Byt BiAAR ) MASCOT kBt 5y F 4904445 Number of peptides
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Val=m
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2030

568 5 ) AT 6 AR 237 I 1 1

268 5 B ) A P T AR 231

FAT ARG T0h SRS 41 ST R T SRR E A L
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Figure 2 Distribution of the protein molecular mass
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Figure 3 Distribution of the protein isoelectric point
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Figure 4 Distribution of the peptide sequence length
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Figure 5 Distribution of the protein sequence coverage
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Figure 6 Distribution of the number of peptides
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FEF OGRARAEAL 5 I 5 RALP 0T 3L . 892257
A, HhasAEREARRLR R EET R, HR44D
ZESE R [ IR R W25 B, TR ILSRA.

*4 ERBEOEEHERGU

Table 4 Statistical results of the differential proteins analysis

415 FkETHE RIERBK B
B FUBLAARE FE IR O A U AAIELH 65 58 123

B FUBLAARE IR O R KT RA 62 41 103

B JFUSAA R AL O R A 45 44 89

25 FRFEANEAME KT KEREFUHEG HLLER
5 L 225 PR 11 P R RO ) 124 B O A AT R 7 SR
RIS . HIL124E bk d A& Ui
AEMUE R ST IR A HEAR T 1 B RS LY S B 2
PETh R (5 4>1.5, P <0.01), TFALER5.

3 i1i¢ Discussion

ITRAQHEA /& FHAB SCIEX 2 FIF A I —FhEE 1A 4145
AL ARG AR S0 AR 1 H AR AR E8Fh
A7 AR IC 2 kA 2 U R UL A, &
K P T ASCERIBE AT, 1T [ I B A 22 AR 8RR i 2 ) P B
JRFRIE R, R AR R 1 T AL 0 e R
R, BRI, SHARAEE BRI 56 %% A 14k
(IS AL TR B, B EAE RIS E A bR B4 7 T
WS T E IR tln, FanPieis & 4R
X i R AR FP M B3R 1 B 2Rt LR (1 R IA 1 R I 5T
W, ORI T AR R (A ARERL. PREEER REEIR2. 12 &
WHFE2-M, 17 000 = Fi & J i A4 5 9 AH G B 1. b Ak,
Fernandez-Puentes25"5z HIITRAQE AN 56715 & HEAT
FU, S IR A AR AR LR, RIL T 349F1 57 1t
MELGHE R EREN, WHp2e2f e REEANITT
AL A& AMITRAQLL, JHsLEEN . WEHE
FILJER S DU B2 R I A DR 1554 1 T 98 8
LIRS AR, P A IR, DAL HAH TR,
X SR ORI, B AR TE A DGR .
MLITRAQHEIA, B JRTAMIE A 1 R A A G idt
ATER AT, SR B A R 1 5 28 L
(12 . GBI Z&Uni Prot knowledgebase %
J5 (Swiss-Prot/Tr EMBL, www.expasy.org) L& 7 5 F P 41
SCHRJ, RN R SRR (1 AR, T IR
it AT B85 B B AAE RIS B DG 28 IR BRHL AT — 5 119
FIPEREE I HE LU R IR 04T

a2-HS-WEE T, MFRHERE A, &P h S
JRIG MR, R R A 7, 7 A i K
TR R EEAEH, S5 SRR R T T
GO, RIS S R A E M RN Y, AL
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x5 BRAME+BEXTRLFHREOFESER

Table 5 Screening results of specific proteins of the osteoporosis with knee osteoarthritis

FERENA FH (B 3% &+ Figi Significance (BEE ST &+ M Significance JRE KL %18 Significance
i MEBEERTTRER A FAREME BURAMER A JUHAMEE A A
RIL TR AL RIEZFAEH

U3KMR2 Alpha-2-HS- 1.953 0.005 2.008 0.000 1.028 0.914
Glycoprotein

P00563 Creatine kinase 2.218 0.001 1.957 0.000 0.883 0.658
M-type

G1TOWS8 Fibrinogen 2.143 0.002 1.949 0.000 0.910 0.736
beta chain

G1U9s2 Serum albumin 2.412 0.000 2171 0.000 0.900 0.708

G1T7U7 Uncharacterized 3.646 0.000 3.144 0.000 0.862 0.601
protein (Fragment)

G1SSD3 Uncharacterized 1.922 0.007 1.727 0.001 0.898 0.703
protein(Fragment)

G1U4P8 Uncharacterized 2.039 0.003 2.253 0.000 1.105 0.677
protein

G1TKX3 Uncharacterized 1.939 0.006 1.731 0.001 0.893 0.687
protein

G1TQR3 Uncharacterized 2.005 0.004 2.379 0.000 1.187 0.471
protein

G1T7D3 Uncharacterized 2.604 0.000 2.915 0.000 1.120 0.637
protein

U3KLT3 Uncharacterized 1.950 0.006 1.685 0.001 0.864 0.606
protein

G1su82 Vitamin D-binding protein 2.040 0.003 2.050 0.000 1.005 0.991

KRB, PRI SRR, T AR i
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