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Transcription factors analysis of subchondral bone in early experimental osteoarthritis based on gene expression pro-
files ZHANG Rong-kai,LI Guo-wei, JIANG Dong,ZHANG Da-wei,Y U Bing,and YANG Lu-kun*. *Department of Anesthe-
siology ,the Fifth Affiliated Hospital of SUN Y at-sen University , Zhuhai 519000, Guangdong, China

ABSTRACT Objective: To identify the master transcription factors (TF) that might be responsible for the gene expression
alteration of OA. Methods: Raw expression data for rat OA model (GSE30322) was downloaded from NCBI GEO database. Mi-
croarray data analysis for rat and human was carried out separately using functions from limma packagein R, gene expression
was considered as significantly changed between conditions if adjusted P-value<0.05 and the absolute value of fold change =2.
iRegulon was applied to differentially up-regulated and down-regulated genes in OA separately. Results: (1)15 TFs, including
FOXN4,NANOS1,E2F6,RAD21,MECOM,ETS1,MEF2A ,POU2F3,BRCA1,GATA3,ZNF706,ZBTB33,SUZ12,DBP
SETDBI ,were identified as the potential master TFs of up-regulated DEGs with statistical significance. (2)12 TFs,including
ARID3A,YY1,RDBP,ATF1,CRX,TAF1,XBP1,S0X3,E2F4,PGR, TIMM8A and HOXA2,were identified as the potential
master TFs of down-regulated DEGs with statistical significance. Conclusion: The newly identified TFs maybe play important

and

roles in pathogenesis of early experimental osteoarthritis,and our study provides new diagnostic markers or therapeutic targets
for OA.
KEYWORDS Gene chip;  Osteoarthritis;

Zhongguo Gu Shang/China J Orthop Trauma,2018,31(2):165-169 www.zggszz.com

Cartilage , articular;  Transcription factor

BT R (osteoarthritis, OA ) & —Fh B 29 SR EEE P HE,

LT 4 A K B 22 F

mﬁ%wﬁﬁﬁﬂbﬁﬂﬁﬁLnu%%%ﬂ
1@7 AR BT B REAL ETEAL TR IR E K
m%&#&%ﬁIOUENOAﬁﬁmﬁ&ﬁﬁ%

HEGTUH TARE AR
FRH 5 (445 1 A2014261)
Fund program:Supported by Natural Science Foundation of Guangdong
Province (No.2015A030310240)

HIRVEE k3 E-mail :kaican@163.com

Corresponding author: YANG Lu-kun  E-mail : kaican@163.com

(47 :2015A030310240) ; ]~ AR 44 =

GUKWEIE T I e e B AR BB A, Horp el T )
ROk 2 B OCTER BT RS  EORIE H
te N OA W58 Ik 2 0 " U F Bz —, 1M
GEO (Gene Expression Ominbus ) %% #5 & /& it 5 F 3
ST P NN TS 58 N e SIS il & LN TS
Tﬁ%%ﬁlwﬁ%%ﬁﬁ h e SR A7 A A A
SAET R TE?}E’J" B o BRI, K A B R

HLQE%EMM T AT, A Redeseth prie

flF 55 45 ﬁmﬁﬁﬁﬁ o AT E YR B 9 2



- 166 - PG 2018 452 A5 31 555 2 ] China J Orthop Trauma,Feb.2018, Vol.31,No.2

WG BT 7% OA BCH T i 2 3L R B ik ik 17
B SR 300 B2 3 B, S IR OA S L ] $2 48
R LB 5 07 1), A R OA I A2 BT JRY7 s
1 #Rt5AZ*
L1 #WFRME50H

M GEO %t ¥% & (http ://www.ncbi.nlm.nih.gov/
geo) T i B 52 50 FE RS v £icdis (GSE30322) , 48 51
55 BT R A L HRE R R A SR R 00 % 41 000 4~
BERERE . T AREBARE 4 J8 KBRS 508HE R 57
M oe sl A8 10 DFEA SC g 2 5 X0 R4 4% 5 61
L2 SEEJiik

SR 2H Ay A 0 U0 P 2 Al U0 BR T
AR HUE WS TANRa Al B OC RAEAL s X BRZH K
SR IR A O 3, A 4cb 31 55 2 30 2 A ) A
ARG E 4 JH B I 32 R B T B RNA #4742 5
BRI
1.3 SEif2eab s

M\ 3 https : //www.r —project.org | 7% X 4 £,
Limma packagein R (BRAS :3.3.1) ", %F 3L K75k A B 4
B E AT AL B, i 3k 22 S Ak BRI U R A o Ry i
PHRs B ET 58 =2(P<0.05) . ffi ] Cytoscape
A (MUA :3.4.0) 19 iRegulon i 14 50 73 4 96 42 i
o 2 S IR L P B e s R 7, I Ao B 10 2 % PR 1
JIT IR AR I 25 S AR LR
2 #R
2.1 B 2E SRR R A DG KL SR KL 0 B

KB 25 S R GR B T AT REAH OC 15 A 56 S A

T (3 1).FOXN4,NANOSI,E2F6, RAD21,MECOM,
ETS1,MEF2A ,POU2F3,BRCA1,GATA3,ZNF706,7 -
BTB33,SUZ12,DBP,SETDB1, 45/ il &% 3% B T4
XF R R L PR 1 T o
2.2 P ZE SRR L A B S I A A

RILT JH 22 57 2k SE D AT BB AH o€ 12 % 5 [
F (% 2).ARID3A,YY1,RDBP,ATF1,CRX,TAFI,
XBP1,S0X3,E2F4,PGR, TIMMSA ,HOXA2, 45/ ¥
) A6 53 DR~ 6T 07 1 B R DR AN ] 2 T
3 iFig
3.1 il S R E A A T A

L R 238 0 VA SR OA 1990 BRI & i ML
i, -4k OA TBH AR HHIG Y YA RO T B2 ia
Y)o Bk T4 ids 5 7 AE 7 o s AL AR
PSP L Sk B, AT A e g U I PR Y b Ui R
X — B R e e 8 (U4 oo ) 2647 45 &, DA 4 il
A R 1 ek B LRIk o X SR DR ) TR AL
TR B e TR Sk -, 50 % S IR - R 4%
BURERER DL R4k M 0 0 R TR f%) 8 4 O R RN R 5 4%
RS A E S IR R I & R Sk R Y
SRS R e o 8 WL U ) e 55, Sy 3 PR 9 4 1) A
FEPRAE T R A 7 o T R LAY, A7 ) e
TR XT OA ST HCHE T B2, 780 # 1Y
Seg v, LAY 15 OA 56 &R I shi #i il ——
KRR LT A FE OA LAY A5 0L 5 55 LA 0L 1 2l
AR H URFI R E RO BB R e R G IR 3R
AT W5 T 1% OA BERVECE T 5 mRNA 24k, i ik

®1 5LRAERREZEEAIHNERETF

Tab.1 Transcription factors (TFs) associated with up-regulated differentially expressed genes

SRR A Fk NES L R %K PG R
FOXN4 forkhead box N4 4.584 31 3
NANOSI nanos C2HC-type zinc finger 1 4.14 39 4
E2F6 E2F transcription factor 6 3.95 57 11
RAD21 RAD21 cohesin complex component 3.896 52 5
MECOM MDS1 and EVI1 complex locus 3.873 27 4
ETS1 ETS proto-oncogene 1, transcription factor 3.744 25 11
MEF2A myocyte enhancer factor 2A 3.7 19 2
POU2F3 POU class 2 homeobox 3 3.569 27 3
BRCAL1 BRCAL1,DNA repair associated 3.518 27 1
GATA3 GATA binding protein 3 3.471 14 1
ZNF706 zine finger protein 706 3.306 13 1
7ZBTB33 zinc finger and BTB domain containing 33 3.27 12 1
SUZ12 SUZ12 polycomb repressive complex 2 subunit 3.258 9 1
DBP D-box binding PAR bZIP transcription factor 3.136 10 1
SETDBI SET domain bifurcated 1 3.02 9 1
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Fig.1 The established transcriptional regulatory network of the transcription factors (TFs) related to up-regulated differently expression genes (DEGs).
Green is a predictive transcription factor and orange is the target gene 1a. The established transcriptional regulatory network of FOXN4 related to its tar-
get DEGs  1b. The established transcriptional regulatory network of NANOSI related to its target DEGs  1c. The established transcriptional regulatory
network of E2F6 related to its target DEGs ~ 1d. The established transcriptional regulatory network of RAD21 related to its target DEGs ~ 1e. The estab-
lished transcriptional regulatory network of MECOM related to its target DEGs ~ 1f. The established transcriptional regulatory network of ETS1 related to
its target DEGs  1g. The established transcriptional regulatory network of MEF2A related to its target DEGs ~ 1h. The established transcriptional regula-
tory network of POU2F3 related to its target DEGs  1i. The established transcriptional regulatory network of BRCA1 related to its target DEGs  1j. The
established transcriptional regulatory network of GATA3 related to its target DEGs ~ 1K. The established transcriptional regulatory network of ZNF706
related to its target DEGs  11. The established transcriptional regulatory network of ZBTB33 related to its target DEGs  1m. The established transcrip-
tional regulatory network of SUZ12 related to its target DEGs  1n. The established transcriptional regulatory network of DBP related to its target DEGs
10. The established transcriptional regulatory network of SETDBI related to its target DEGs
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Fig.2 The established transcriptional regulatory network of the transcription factors (TFs) related to down-regulated differently expression genes

(DEGs) in rat OA model. Green is a predictive transcription factor and orange is the target gene  2a. The established transcriptional regulatory network of

SETDBI related to its target DEGs ~ 2b. The established transcriptional regulatory network of YY1 related to its target DEGs ~ 2¢. The established tran-

scriptional regulatory network of RDBP related to its target DEGs ~ 2d. The established transcriptional regulatory network of ATF1 related to its target

DEGs 2e. The established transcriptional regulatory network of CRX related to its target DEGs ~ 2f. The established transcriptional regulatory network

of TAF1 related to its target DEGs ~ 2g. The established transcriptional regulatory network of XBP1 related to its target DEGs ~ 2h. The established tran-

scriptional regulatory network of SOX3 related to its target DEGs

2i. The established transcriptional regulatory network of E2F4related to its target

DEGs  2j. The established transcriptional regulatory network of PGR related to its target DEGs ~ 2K. The established transcriptional regulatory network

of TIMMS8A related to its target DEGs 2l The established transcriptional regulatory network of HOXA2 related to its target DEGs
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Tab.2 Transcription factors (TFs) associated with down-regulated differentially expressed genes

BERAF 5 EX) NES K IR % RGO
ARID3A AT-rich interaction domain 3A 5.341 104 4
YY1 Yin Yangl transcription factor 4.644 123 6
RDBP NELFE (RDBP) negative elongation factor complex member E 4.285 22 1
ATF1 activating transcription factor 1 4.147 66 4
CRX cone—rod homeobox 4.146 95 3
TAF1 TATA-box binding protein associated factor 1 3.78 185 5
XBP1 X=box binding protein 1 3.765 31 3
SOX3 SRY-box 3 3.374 33 4
E2F4 E2F transcription factor 4 3.349 18 1
PGR progesterone receptor 33 103 3
TIMMSA progesterone receptor 33 23 2
HOXA2 homeobox A2 3.125 19 1

SRy I 53 W 5 R R0 LR A R 1) A5 5 IR 2 e
PFARSE, e BAA ok L8 e 53¢ (X 114 D g S LI P L
il an e 1 8 2E— A I o A TSI 3 B A 5 S N
TR REAE A SR RFCE T BUR LS ke 1 AR

)EH b

JOA ATRERCN FT R B G OA BUBE S, R

OA LT AR 7 AL 1 Al SE 1 SC B0 K0

(1]

(8]

2%
Findlay DM, Kuliwaba JS. Bone-cartilage crosstalk :a conversation
for understanding osteoarthritis[J ]. Bone Res,2016,4 :16028.
Mobasheri A,Batt M. An update on the pathophysiology of
osteoarthritis[ J ]. Ann Phys Rehabil Med ,2016,59(5-6) :333-339.
Liu J,Hao Y,Wang Y,et al. Candidate methylated genes in
osteoarthritis explored by bioinformatics analysis[J]. Knee,2016,
23(6):1035-1043.
Debrabant B. The null hypothesis of GSEA ,and a novel statistical
model for competitive gene set analysis[]J ]. Bioinformatics,2017,
33(9):1271-1277.
Zhang R,Fang H,Chen Y,et al. Gene expression analyses of
subchondral bone in early experimental osteoarthritis by microarray
[J]. PLoS One,2012,7(2) :e32356.
Ritchie ME,Phipson B,Wu D,et al. Limma powers differential
expression analyses for RNA-sequencing and microarray studies[] ].
Nucleic Acids Res,2015,43(7) :ed7.
Janky R, Verfaillie A, Imrichova H, et al. iRegulon :from a gene list
to a gene regulatory network using large motif and track collections
[J]. PLoS Comput Biol ,2014,10(7) :e003731.

Finotello F,Di Camillo B. Measuring differential gene expression

[11]

[12]

[13]

[14]

[15]

with RNA-seq:challenges and strategies for data analysis|J]. Brief
Funct Genomics,2015,14(2) :130-142.
Florea C,Malo MK, Rautiainen J,et al. Alterations in subchondral
bone plate,trabecular bone and articular cartilage properties of
rabbit femoral condyles at 4 weeks after anterior cruciate ligament
transection[J ]. Osteoarthritis Cartilage ,2015,23(3) :414-422.
SRR A SRR G AR K LR AR R B R Rk i 1
oy B L)) BB s R 27,2012, 18(4) :300-303.
ZHANG BD,LIANG ZJ. Preliminary analysis of degenerative
cartilage gene expression profile in experimental osteoarthritis rats
[J]. Zhongguo Gu Zhi Shu Song Za Zhi,2012,18 (4):300-303.
Chinese.
Herlihy AE,de Bruin RA. The role of the transcriptional response
to DNA replication stress[J ]. Genes(Basel ) ,2017,8(3) : E92.
Wernert N, Justen HP, Rothe M, et al. The Ets 1 transcription factor
is upregulated during inflammatory angiogenesis in rheumatoid
arthritis[J ]. ] Mol Med (Berl),2002,80(4) :258-266.
Redlich K, Kiener HP,Schett G et al. Overexpression of transcri-
ption factor Ets-1 in rheumatoid arthritis synovial membrane:
regulation of expression and activation by interleukin-1 and tumor
necrosis factor alpha[J ]. Arthritis Rheum,2001,44(2) :266-274.
Goldring MB, Otero M, Tsuchimochi K, et al. Defining the roles of
inflammatory and anabolic cytokines in cartilage metabolism [J].
Ann Rheum Dis, 2008 ,67 (Suppl 3) : 75-82.
Fei Q,Lin J,Meng H,et al. Identification of upstream regulators
for synovial expression signature genes in osteoarthritis[J]. Joint
Bone Spine,2016,83(5) : 545-551.
(IR F1 I :2017-06-07 430 %5 i - 3 8 48 )



