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FEg T 42 242 RNAlater]l ¥ & A ALZ FUF
7 -80TCe] ® 3t o™ RNeasy mini kit o] 83}o] total RNA F3
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o] T FAOE Fastt
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inducible factor-1 (HIF-1)¢] wi7l=Z 1 A xEZo|A VEGF7} #&3d
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tissue inhibitor of metalloproteinase (TIMP)¢] ®&d-& o A A 71t}
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o =4, IL-1B, IL-6, cyclooxygenases (COX-1, COX-2),
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F3tE 7hslo] MEAE S FEstE stress-activated protein kinase
(SAPK)®] &Aool 7kt &edstdint. ol¢f 22 AxE <ARE %
717 A& e Ao 3R eI SAPKE A 3MA1 712, 2 A EALE

S ey, F7tE AEAE S wYAS oEAA A 7o 7y
drks sbdo] AAHATY. 2y o) dAFdAE AF
Aol g Aoz dHW MMPY AEA Ao]EF S e
0 F2 FAdx 0 el dFH A okt
AN7HA APHe] & FHAA HH D zdd g dAFe 54
TR ot FaE o] gk wE, thRE AFst v
A A Azl Asted, BelF o ASS tE F oUss B
g Zol7] Wiol AAANAN LAY AFS Ayst=d A7 Ao
T olelg FEe ATdE BTty FAE A A4 =4S
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Aol f A | B4 o] 7FE 3 oligomer microarray S o] 83}
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Fe& T8 ¥4 42 ZFA Dulbecco’s phosphate buffered
saline (Gibco BRL, Grand Island, NY, USA)o. 2 F 53] A & 35}o
gl 5o 0dg AAGGYL, FH S 5 x5 mm vy A2 A
A 8Fed, 15 ml conical transport tube°] % i, RNaseZ 4% E RNAZY
g3 = 7] ¢3] RNAlater (Invitrogen, Carlsbad, CA, USA)el|
7F 4Coll A 4877 A Ele & RNAlaters A Ay dAArz2 HF
Ws A A -80TCelA ®yall

2. Total RNA &

500 mgo] A5 e AN A 2AS 47 ALV @3 Hed
AR} e AbE o] gsto] Hulg A FAv. A e 274

homogenizer glass tube® %71 %, TRIZOL® reagent (Invitrogen,
Carlsbad, CA, USA) 5 ml< ¥ il 4CA homogenizer (Glas-Col,
Terre Haute, IN, USA)E ©o]&3to] A ZUth thFo = 0.2 mlo

chloroform (Sigma, St. Louis, MO, USA)& #H7}slo] 1527 1%
Aol = T 42, 12,000rpmolA 1587 dA Ry AFdS &
gt g FdEdo] 05 mle isopropanols H7Fe F n=
Al o] delA 1083 BAg tE 12,000rpmel A 1027 4]
w8 etal 75% ethanol 1 mE #7Fsked 12,000rpmol A 583 LA
L g AS5dSs wgth olg@A 4L total RNAE RNeasy mini

kit (Qiagen, Valencia, CA, USA)E o] &35t £ ¢ AHA 5PN o, E34
FEAE ol &) 260 nm AN FAEEZE Aol total

RNAZES AH#Hs & -20Co| H A3}

A
A

Mo

3. Oligomer microarrayS o] &3 A &g

F 1o F, 200X F53 77} 2719 A5 9 A A 24olA F
gt total RNAE F 22277719 geneo] T &AFH o] o 999%<2 A
HAS Holx= Human Genome UI33A 2.0 Gene-Chip

e



(Affymetrix, Santa Clara, CA, USA)S o] &3}o] EA st o=
A5 243 A 1 2404 FZ39 total RNA 5 pge A % total
RNA sampleZH%E probe 343 hybridization, detection, scanning=
AffymetrixAte] ¥ protocole] wel A= Aot 7tvs] BALS
71354, total RNAZHE One-Cycle ¢cDNA Kit (Affymetrix) S ©] &3}
o] ¢cDNAZE 3438ttt Single stranded ¢cDNA+F Superscript II reverse
transcriptase®} T7-(dT)s primer (Affymetrix)S ©o]-&38] 42 CTolA 1A%+
FoF w3AlA A AL, double stranded ¢cDNAE DNA ligase¥}t DNA
polymerase I, RNase HE o]&3d] 16Col|A 2A 75t wks-A1A 4351
t} o]&F gap fillingS &) T4 DNA polymerase®t 16ColA 5% Sob ub
$A1712, Sample Cleanup Module (Affymetrix)® 2] 392 o]
ds-cDNAE in vitro transcription (IVT)ol] ©]&35}%it}. cDNA%
biotin-labeled CTP9} UTP A 3}ol GeneChip IVT Labeling Kit
(Affymetrix) = AAFAIZ] B85, Sample Cleanup Module (Affymetrix)® #
g3taar, o]F 10-15 pgel labeled cRNAY fragmentation buffer
(Affymetrix) 2 35 bpollAl 200 bpe] =72 HEAHAZ. o] ¥4d% cRNA
= Affymetrix %= protocolo] ™} Humen Genome U133A 2.0 gene chip
(Affymetrix)#} hybridizationA| Zth. o] % arraye< 25TColA GeneChip
Fluidics Station 4509} non-stringent wash buffer®= *]€]3 t}2 50Tl
A stringent wash buffer2 =239 A2l EuUH  streptavidin
R-phycoerythrin®. = A3, 1 7JE§ GeneChip scanner 3000
(Affymetrix)S  ©o]&3tod 7|15 ¥  GeneChip Operating Software
(Affymetrix)E &3l w43t th

4. Oligomer microarray data ¥4

Raw signal data®] plotting® ©]¢] A F3H(normalization)E& ¢ 3
GenePlex software (Affymetrix)9] 713 A5+3} &2]F2 Global scaling
= A& A Ay vus] Ag SR 5o o] Ede] &
7F e A4S AA FHAAE Y 2HdE A (Differentially

o
Expressed Gene, DEG)Z AWston, ols F wdo FT7 Ee



HaE 49 200709 FAAE dEdte] o] 59 AESA AR S
BiNGO Bioinformatics program (Affymetrix) o 2 #F3sldtt. =4
(annotation) dHelH AHX=Z UG : Human #184, SP: Release
48.0009/12/2005),  Gene:  8/30/2005, GO: 8/26/2005, KEGG:
March/2005, OMIM: May/2005& ©]-&3}%

5. Real-time RT-PCR& ©¢] €3 mRNA 2d ZHAZF

T 119 =, UHA 9deA g=53g zkz 9/ (F 18709 E )9
As 2 AY A 2Ho2ZHY FET total RNAE o] &3t
oligomer microarray® %8 AL A¥E Fu=z, dAAq7tx A5 +3d
3 d3® Ao 4z AAAE mRNA 23S Alfredson™o]
7143 real-time RT-PCR "W o2 iQ5 Multicolor Real-Time
PCR Detection System¥} software (Bio—Rad, Hercules, PA, USA)
= ol&sto] ALY HFS sk

FZ&3 total RNA % 1 pg2 moloney murine leukemia virus
(MMLYV) reverse transcriptase (Promega, Madison, IN, USA),
oligo(dT) primerS ¥ 3331 9+ master mix 50 w ¢ &3 o}
o, 25C oA 10+, 48Tl Al 30, 95Coll A 5 5ot I HANES S
T35kl cDNAE FA vt o] % o]d wkg-s}

21 reverse primer?t I Alolo] A S 9l

+ forward primer
= target-specific
DNA probeE Primer ExpressTM (Applied Biosystems, Foster, CA,
USA)E ol 4dto] tAsta, o probe?l 5 endol VIC™
(Applied Biosystems) &% 93 =, 3’ endol: quencher &% 9%
9l 6-carboxy-tetramethyl rhodamine (TAMRA™,  Applied
Biosystems)S Al Zth. PCR W3S 9 20 w F3 29 96-well
2 T4 % ICycler iQ PCR Plates (Bio-Rad)E o] &3t o, &
stazk et ZF mRNAoO] whek 3709 wellol ®ES- A]7A, o] 2& g
o FHFANE Axte] Argsdth. 72 welldl 2 x  TagMan®
Universal PCR MasterMix (Applied Biosystems) 10 plo} 2Z+z};
300 nM<®] forward primer$} reverse primer, 100 nM<2 probe, 1



W& cDNAE Y i, 50ColA 28, 5T 158 %‘?} _%7] incubation 3o
7} F71(cycle)rtth 95 Col Al 15%, 56CollAl 30%, ColA 30x% &9ty
denaturation, annealing, extension #4g 40-503] ‘E‘l sko] Al egstod

zt 719l PCR extension THAIA, 33 2w probe’} Zazg DNA
polymerase®] 5 nuclease? &0z RIAFHEAM & EA434
RNA%o Hldst= AsE WA He=d, o Zd4 Adss iQ5
Multicolor Real-Time PCR Detection System3} software (Bio-Rad)
£ ol&ste] FAATE. 229 primere] ¥ real-time PCRY =
7S FHA3EA L internal control FHRAR  ghceraldehvde
F-phosphate dehydrogenase (GAPDH)Z A-83}3 T},

AMN7FA Bawel 229} oligomer microarray A3 S wigoz A
= #HE mRNA 2dS A5 259 primeret probe?]
A7 A A st vk (Table 1).
of 3= AT AdAe AW d-d

A

A oA BH Ao et vz gteto] £kl o

N
rlot
x

A4 A a ,
A A 2A 3 vlaste] 2a) o] e WY WIE Hole AL
o oy Wgz dudstdrt B3 AT A =AY A 1 249
A oardE 2 FAAe] mRNA Z2Oigts ol g3t 54 45 3
pom, oE 3 HEFH WHQ One-Sided Wilcoxon's Signed

H v
Rank test (p-value < 0.05)5 o] &3}9t}.

_‘IO_



Table 1. Primer and probe sequences for real-time RT-PCR

Gene

Primer/Probe

Oligonucleotide sequence

Metalloproteinase family

MMP-1

MMP-2

MMP-3

MMP-8

MMP-9

MMP-10

MMP-11

MMP-13

ADAMTSA

Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe

Forward
Reverse
Probe

5'-GATGGACCTGGAGGAAATCTTG-3'
5-TGAGCATCCCCTCCAATACC-3
5-TCATGCTTTTCAACCAGGCCC-3'
5-GCCCAAGAATAGATGCTGACTGT-3'
5-GAGGGTTGGTGGGATTGGA-3'
5'-CTCCTCCCAGGCGCCCCT-3'
5-CCTGGTACCCACGGAACCT-3'
5-GGACAAAGCAGGATCACAGTTG-3'
5'-CCCTCCAGAACCTGGGACGCC-3
5'-GACCAACACCTCCGCAAATT-3'
5'-GAGCGAGCCCCAAAGAATG-3'
5-CAACTTGTTTCTTGTTGCTGCTC-3'
5-GGACGATGCCTGCAACGT-3'
5'-ACAAATACAGCTGGTTCCCAATC-3'
5-TCTTCGACGCCATCGCGG-3'
5-GATGCATCTTGCATTCCTTGTG-3'
5-GCTGCCCCACTCAGAGGATA-3'
5-TTGTGTCTGCCAGTCTGCTCTG-3'
5'-CAGCCAAGGCCCTGATGT-3'
5-AGTCATCTGGGCTGAGACTCAGT-3'
5'-CGCCTTCTACACCTTTCGCTACC-3'
5-TGGCATTGCTGACATCATGA-3'
5-GCCAGAGGGCCCATCAA-3'
5-CTTTTGGAATTAAGGAGCATGG
-CGACTTCTAC-3'
5-ACTGGTGGTGGCAGATGACA-3'
5-TCACTGTTAGCAGGTAGCGCTTT-3'
5-TGGCCGCATTCCACGGTGC-3'

Tissue inhibitors of

metalloproteinase family

TIMP-1

TIMP-2

TIMP-3

TIMP-4

Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe

5-CACTGATGGTGGGTGGATGA-3'
5'-AGCGGGTGCGGAAACC-3'
5'-ATGCATCCAGGAAGCCTGGAGG-3'
5-AAGCCTCCAAGGGTTTCGA-3'
5-GAGTGTTTTATTCATGCTGTTTCCA-3'
5-TGGTCCAGCTCTGACATCCCTT-3'
5-AACTTGGGTGAAGGCTGAGTGT-3'
5'-CCTCACCAAGGCCTAACAGATG-3'
5-AAGTTTCCCTGCGGAGTCGATAAA-3'
5-GATGGTATATCCTTGCGATGTACAGT-3'
5-TCCTGCCAGTCAGCCTGTTT-3'
5'-TCAGAAGGTGGTTTGACAGCATCA-3'
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Inflammatory cytokines

COX-1 Forward 5'-CCACCGGCGTCAAAGTATTT-3'
Reverse 5-TGCAGCAGATCATTTCATATTGC-3'
Probe 5'-CTGACTCGCCACACTCCACGGA-3'
COX-2 Forward 5-GCTGTCCCCACATTAGGCTTAA-3'
Reverse 5'-GCGGTGAAAGTGGTTTGGTT-3'
Probe 5'-ACAGATGCAATTCCCGGACGTC-3
IL-4R Forward 5-TTGGGCACCTCGACTTGTG-3'
Reverse 5'-GGACAGTCTGCTGCAGAAGCT-3'
Probe 5-ACGAGTTGTTGGCTGCTCCCT-3'
IL-6 Forward 5'-CCAGGAGCCCAGCTATGAAC-3'
Reverse 5'-CCCAGGGAGAAGGCAACTG-3'
Probe 5-TTCTCCACAAGCGCCTTCGG-3'
IL-6R Forward 5'-GCGAAAGGATGAAAGTGACCAT-3
Reverse 5'-AGACAAGCCCAGCAATGAAAA-3'
Probe 5-CGGTTTTCCAGGTTTAAGCTGTTACTGTCTTCA-3'
IL-8 Forward 5'-GGAAGAAACCACCGGAAGGA-3
Reverse 5'-AGAGCCACGGCCAGCTT-3'
Probe 5'-CCATCTCACTGTGTGTAAACATGACTTC-3'
IL-13R Forward 5-TGCTTGGCTATCGGATGCTT-3'
Reverse 5-CTCGGTGTCTGAAGATGAAGTACAG-3'
Probe 5'-TATACCTTTCTGATAAGCACAACATTTG-3'

Apoptosis related genes

Caspase-l Forward 5-CAAGAATATGCCTGTTCCTGTGAT-3'

Reverse 5-TGGCTGCTCAAATGAAAATCG-3'

Probe 5-TGGAGGAAATTTTCCGCAAGGT-3'
Caspase-3 Forward 5-TGAGCCTGAGCAGAGACATGA-3'

Reverse 5'-CCTTCCTGCGTGGTCCAT-3'

Probe 5'-CAGCCTGTTCCATGAAGGCAGAG-3'

Caspase-8 Forward 5-ATCGCCCAGCACCAAGTC-3'
Reverse 5-GAAGGCGCACCCAAGATG-3'

Probe 5-AGGCTTTCGGTTTCTTTGCC-3'
Hsp27 Forward 5-TCCCTGGATGTCAACCACTTC-3'
Reverse 5-TCTCCACCACGCCATCCT-3
Probe 5-CCGGACGAGCTGACGGTCAAGA-3
Hsp70 Forward 5-CAAGAAATTGATGAGTGCAAATGC-3'
Reverse 5-GTTCCAGATACATCAACATCATTCATAA-3'
Probe 5-AGATCTCCCTTTGAGCATTGAATGT-3'
PARP Forward 5-GCCAGTTAACAGGCAATTGAAGT-3'
Reverse 5-GGCTGGTGGACTGCTGAGA-3'
Probe 5-TATGCATACTCCACATCAGTTCCTTC-3'

Extracellular matrix related genes

COL3A1 Forward 5-TCTTGGTCAGTCCTATGCGGATA-3'

Reverse 5'-CGGATCCTGAGTCACAGACACA-3'

Probe 5'-AGATGTCTGGAAGCCAGAACCATGCC-3
Decorin Forward 5'-GCCAGAAAAAATGCCCAAAA-3'

Reverse 5'-TCGCACTTTGGTGATCTCATTC-3'

Probe 5-TCTTCAGGAGCTGCGTGCCCATG-3'
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m. 23
1. Oligomer microarray Z 3}

T 118 T 299 AN 59 449 A5 =A% AN A
Z2 92 Human Genome UI33A 2.0 Gene-Chip (Affymetrix)=
ol gste] MAR RE FAA ZES gsaAch A4 A3t e

2 5 ou) o)A #dHol TV T Aad DEGse ol E
T THARE 7ML de FAAE A tH(Table 2). 49 200

S/t wAAE T AR dE AL 47 179, 1677H% 8

A b 175, 185719t ol &
A2 &= MMP9 TIMP fAAE3 954 cytokine F+AAE, 1
ol AFEANE I AdE FHAEC] v TE AT =

metalloprotemnase (MMP) -7, -2 -9 -7/, -15 14 -15 -19 matrix

o
r>~1
>
|t
ol
=
2
rir
)
N

3| matrixy

metalloendoppeptidase, a disintegrin and metalloproteinase (ADAM)
=12 [L-2 -1, -I3FK [jibroblast growth jactor-2, msulin-like growth
Jactor-1, heat shock protein 70 (HsplD) collagen bpe /I alpfa 7
(COLIAL, COL3AI FrdAe] Edel Foletd F7tstglov], MWMP-3
10, -17, -2V lssue imnfubitor of melalloprotemase (TIMP) -3 4
IL-6F, -7, 8 16, vascular endothelial growth jactor (VEGE) decorin
Aol BHLE FoHA A

BiNGO Bioinformatics program (Affymetrix)E ©]8§3 A &84
Aol mE FR Yok, F A AT 2HA TEAHLE
metalloendopeptidase®t metallopeptidase &4 % Ax ¢ 712 #d
FAA o] wdo] Frbskla(Table 3, 4), AX9 99 #HA &
ARt o] Wedo] FeAow A tH(Table 5, 6). £3 547
oz Al HAF Aol = FHAAEY Tl A ol H

frolg WstE Bt (Table 3, 5, 6).
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Table 2. Total numbers of differentially expressed genes(DEGs) in

tendinosis tendons compared with normal tendons

Total Number of DEGs

Up Regulated/ Down Regulated/
Known Info. Known Info.
Case 1 2684 / 2303 2270 / 1974
Case 2 1745 / 1488 1424 / 1254

Table 3. Functional grouping of the 200 ranked up regulated

DEGs in tendinosis case 1

GOC Rank P-value GO ID GO Term C k
BP 1 2.79E-06  GO:0007275 development 2416 45
BP 2 141E-05 GO:0048628 myoblast maturation 6 4
BP 3 1.41E-05 GO:0007520 myoblast fusion 6 4
BP 4 1.41E-05 GO:0048627 myoblast development 6 4
BP 5 7.08E-05 GO:0048513 organ development 1123 25
_ . extracellular matrix (sensu
CcC 1 798E-15  GO:0005578 Metazoa) 542 21
CC 2 1.07E-15  GO:0031012 extracellular matrix 545 21
CC 3 8.03E-08  GO:0005576 extracellular organ 1592 31
CC 4 0.000550078 GO:0016020 membrane 5931 75
CC 5 0.00111482 GO:0005583 fibrillar collagen 23 4
B . metalloendopeptidase
MF 1 2.63E-05  GO:0004222 activity 132 9
MF 2 3.83E-05  GO:0008237 metallopeptidase activity 225 11
MF 3 552E-05  GO:0030246 carbohydrate binding 336 13
MF 4 0.000701895 GO:0008201 heparin binding 118 7
MF 5 0000848356 GOw0005007 ~ LProblast growth factor o)y

receptor activity

GOC : gene ontology category

C . number of total probes having given gene ontology in all genes
K . number of total probes having given gene ontology in DEGs
BP . biological process

CcC . cellular components

MF ! molecular function
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Table 4. Functional grouping of the 200 ranked up regulated

DEGs in tendinosis case 2

GOC Rank P-value GO ID GO Term c k
BP 1 2.86E-06 GO:0006817 phosphate transport 122 10

BP 2 3.27E-05 GO:0015698  inorganic anion transport 206 11
BP 3 443E-05 GO:0000270  peptidoglycan metabolism 21 5
BP 4 798E-05  GO:0007155 cell adhesion 919 23
BP 5 0.000180486 GO:0006820 anion transport 253 11
CC 1 LOGE-15  GO:ooss7g  Cxtracellular matrix (sensu 545 g
CC 2 2.07E-15 GO:0031012 extracellular matrix 545 32
CC 3 4.59E-08 GO:0005576 extracellular region 1592 40
CcC 4 3.67E-07  GO:0005581 collagen 70 9
CC 5 6.46E-05  GO:0005583 fibrillar collagen 23 5
MF 1 58IE-09  GO:0004222 metd”‘fcnt‘f;’i‘z;p“ddse 13213
MF 2 4.07E-08 GO:0008237 metallopeptidase activity 225 15
MF 3 269B-06 GOoooszo1  CXtracellar matrix ©yg5
MF 4 0.000482914 GO:0004175 endopeptidase activity 454 14
MF 5 0.000551364 GO:0008270 zinc ion binding 1575 30

GOC : gene ontology category

C . number of total probes having given gene ontology in all genes
K . number of total probes having given gene ontology in DEGs
BP : biological process

CcC . cellular components

MF ! molecular function
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Table 5. Functional grouping of the 200 ranked down regulated

DEGs in tendinosis case 1

GOC Rank P-value GO ID GO Term c k
BP 1 4.81E-09 GO:0007275 development 2416 53
BP 2 7. 75E-06 GO:0009653 morphogenesis 1267 30
BP 3 0.00010082 GO:0001501 skeletal development 195 10

. energy reserve
BP 4 0.000128692  GO:0006112 metabolism 52 6
BP 5 0.000379608  GO:0048513 organ development 1123 24

CC 1 7.41E-09 GO:0005576 extracellular region 1592 41
CC 2 3.64E-07 GO:0005615 extracellular space 669 23
CcC 3 0.000488235  GO:0030017 sarcomere 39 5

. extracellular matrix

CcC 4 0.000649683  GO:0005578 (sensu Metazoa) 542 15
CC 5 0.000649943  GO:0030016 myofibril 42 5

hematopoietin/interferon—-

MF 1 0.000185881  GO:0004896  class (D200-domain) 88 7

receptor activity
. protein phosphatase 2B

MF 2 0.000525408  GO:0030346 binding 4 3
MF 3 0.00369433 GO:0016491 oxidoreductase activity 797 17
MF 4 0.00379615  GO:0043121 neurotrophin binding 10 3

. structural molecule

MF 5 0.00403569  GO:0005198 activity 1030 20
GOC : gene ontology category
C . number of total probes having given gene ontology in all genes
K . number of total probes having given gene ontology in DEGs
BP . biological process
CcC . cellular components
MF @ molecular function
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Table 6. Functional grouping of the 200 ranked down regulated

DEGs in tendinosis case 2

GOC Rank P-value GO ID GO Term c k
BP 1 1.01E-07 GO:0007275 development 2416 53
BP 2 3.01E-06 G0O:0009653 morphogenesis 1267 32
BP 3 0.00013024 GO:0001501 cell adhesion 919 23
. response to external
BP 4 0.000760911 GO:0006112 stimulus 1331 27
BP 5 0.000834192 GO:0048513 organ development 1123 24
CC 0 o omOW & GOW0005576  extracellular region 1592 56
CC 1 3.02E-09  GO:0005615 extracellular space 669 27
_ . extracellular matrix
CcC 2 2.55E-08  GO:0005578 (sensu Metazoa) 542 23
CcC 3 2.82E-08  G0O:0031012 extracellular matrix 545 23
CcC 4 9.65E-06  GO:0001527 microfibril 5 4
CcC 5 9.65E-06  GO:0043205 fibril 5 4
MF 1 0000167314 GO:0005201 ~ CXtracellular matrix =55 g

structural constituent

hematopoietin/interferon
MF 2 0.000251012 GO:0004896 -class (D200-domain) 88 7
receptor activity

MF 3 0.00344145 GO:0008083 growth factor activity 247 9
. glycosaminoglycan

MF 4 0.00528849  GO:0005539 binding 159 7

MF 5 0.00611289  GO:0005102 receptor binding 866 18

GOC : gene ontology category

C . number of total probes having given gene ontology in all genes

K . number of total probes having given gene ontology in DEGs

BP : biological process

CcC . cellular components

MF @ molecular function
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2. Real-time RT-PCR<& ©|8 3 574 mRNA 2d HF

AA7LA Ao DA Aol e FHoeE Hi® MMP Ald
A2 TIMP AY 44, 9% 4 |E7b0l SAR, AEAE B
d oA, 2o AEe 71dE #-d 7429 mRNA 2 s 99
o FAoA =53 AT =HH AN U A A real-time
RT-PCR7IY S o] 43t AFHoz A% o5 295 AN
2 oA e mRNA &a Axe n& kst £ 6o, A4
A 243 et 2u) o4e] WA WHE Hol: AL
Wy wse dae g

lo

—(:5_]__

MMP AY FAAS T MMP-7& 84 = 6904 %91'3 il
WHstE B, o] F 5dE ¥do] Tttt MMWP-Z= 84 F
4ao| A frolgh vty W3lE KW, o] T 3ool A 2 27}—3« ol
Bttt MAMP-3E 8l T 6dlol A o Id WstE B, 4
dolA Bd F7E2 BAu. WMP-F= 8 F 5ol F2oF

d W3yt Jeiygow, o] F 4doA 2d FrrE R
MMP-70¢ 84 F Tolol A fos wd HMelsE B, o F 44
N B F71E B MMP-772 8 F 1= AT T
A g 2 e BwAY. WMP-17 8 F Tl A fol e
w1y WEE wgow o F 5ooA g S7E B
ADAMTS-4= 8¢ F 5Haolx Folg wd W3l Rom, o
T 49 oA Hd F7HE YEFW T (Table 7).
TIMP AY FARE 5 7ZIMP-72 8o T ToolA %94%& ]
Wsts Bgow o F SHooA fogg Id FrtE R ATH
TIMP-7= 84 5 4doll A Feolst od S7tE Bow, 77ZWP-5
2 8d F 200 A 9w Hd WIE JELWT. 7/MP-4= T
% 6olol Al o3 dd F7HE e T (Table 7).
AT B APJEFYA FHAAE F COX-7& 8 T 3ol A
nolE B WMEE BHYgow, COX-A= T4 F 204 #93 w
d WIE Jetlity Z-2728 T4 T 5ol ol wd wstE
HAow o] F 3doa dd F7E BAth. /ZZ-62 84 5 699
Al Freg dd WstE BYa, o] F 5o wd A E dERC
[2-6/C 8l T TdolA fFolst #d WstE BHom, o F 54
oA o3 Bd FUE B -8 8o EFolA {93
d S7VE BAY. ZZ-73rE T F 54 oA frestA wde] Fot

il

—
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3 tH(Table 7).

A EZALE - %dx}‘é % caspase-1<- 801] = 3ol A oz
I WstE o, olg BT g 01 23t AT Caspase-3<
8o F 301101]"1 Tr4§ 1y WskE Uﬂ ojE EF oy F7t

ATt Caspase-8& 84 F 404101]/\1 Tr-4f£ Iy WstE ®mYle
o] T 240 A BdH FIIE HAY. Hepl 8d T 340 A
olg I WstE yEdlla, o] F 24 o]l Frhekd
Hsp70& 84 =+ 501101]7\1 o e WIE Helow, o] T 39
ol & TAE WA, LPoi(ADP-ribose) polvmerase (PARP)
= 84 T 69 ol A Tr4 g WstE B, o] T 4delq Td
O] Zn]'—l—ol'/v\‘:]‘(Table 7).
A 714 Fd FHAAE 5 COLFAIS 84 F 644X F 3
E WsE WA, o] F AdolA wdo] FIbetAY. Decorin
8ol T 4ol A Folg Td WIE HYOoHW, o] F 3doA d
#HAaE Bt (Table 7).
of AdES AYSWH, MMP-S -10, -1, -13 TIMP-1, 4
LR, -6F, -8 %A% A% 79 80% ol 4elM, MMP-1, -2
=3 -9 ADAMIZS-4 TIMP-2 [L-6, 15K, caspase-8 Hsp/O.
PARP, COL3A1, decorime 1% 719 50% o]7dolA o3 Td
HalE HYow UWX 7Z/WP-5 COX-7 -2 caspase-I, -3
Hsp27 1A= A5 19 50% v gro Al folgt 43 WHsls
%ot
Zb o Fr Ao gk 2| dd s ol &% A A A=
MMP-1, 11, TIMP-1, -2, -4, IL-8 caspase-8 2] @& o]
A A A HE] FAAE on e WIE Bl ZoR
Btk (p < 0.05).

o o
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Table 7. Difference in gene expression between tendinosis tissue
and normal tendon with real-time RT-PCR
Casel Case2 Case3 Case4d Caseb Case6 Case7 Case8 Case9
MMP-I 451 15434 2002 174 5.68 1.30 -408 3185
MMP-2 148 4.14 -1126 132 128  -169 208 5.40
MMP-3 380 1078 -200 2931  -603  -154 7.19 1.01
MMP-8 -4785 535  -15.97
MMP-9 884 1868 123 -120 -252 423 1622  -158
MMP-70 445 10373 1615 27154  -6667 1645 -183  -558.24
MMP-77 635 1619 327 840 2489094 575 -1071 1070
MMP-73  -191 1224 1945 3634 130214 -11.24 8333 146.36
ADAMTS-4 865 1336 -192  -102  -379 266 1.13 6.68
TIMPI 414 250 1.86 4.11 494 237 299 865
VsV Wy 225  -1.08 312 3.42 153 -125 513
7IMP7 118 1.27 1.22 387  -104  -182 477  -1.80
7/MP7 5671 1261 723 315 4.02 102 1974
cox-7 127 132 -201 130 374 502 1.30 1.99
cox-2 167 667  -181 218 -19 -122 184
IL~4FR 6.81 7.16 -2.89 -102.04 103 5186
776 -262  -1.46 -12821 -2381 -10000 -1684 -142 526
IL-6F 341 7.36 296  -162 222 204  -378  3.00
L-8 336 12138 1073 4828 330 3.88 255 1147
IL-13R 187 4828 2186 299 2211 427  -131
Caspase-/  -319 157 -136 177 -213 113 -201 136
Caspase-3 461 14.19 -1.10  1.33 1.07 1.30 1.36 5.84
Caspase-S 346 1.29 1.62 135  -2445 155  -420 217
Hsp27 109  -143 2.08 242 -184  -184  -303 170
Hsp70 2.31 5.18 505 169 105  -974 290 138
PARP — -242 3922 -2817 178 102 -378 208  317.37
COL3A7 226 1041 424 117 -102 515 -470 917
Decorin 112 -1887 -159  -102 113 273 -1041  -255
Note: Negative numbers denote lower and positive numbers

denote higher gene expression in tendinosis tissue,
compared to normal tendon. Gene expression differences
are presented as ratios between tendinosis tissue and

normal tendon.
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oA M, o5 AEWe FHA AAY, olE T dwld FA, &
= @ BE a4 A AEe 93] =HdEr. Metalloproteinase
A Axe] o Zajjo AP A Adto] U= Ao=E dHA %
o, ol Hdole= MMP AE ol9o|x a disintegrin and

metalloproteinase (ADAM), ADAM with thrombo- spondin modifs
(ADAMTS) Ado] xaat®™® 2 oA oligomer microarray =
¥ DEG 5 @dol 7 v Aae A9 20070 FAbel A 4
AE7E e FHAEY A2 Teol wE ol o8t (Table
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= olE EAavE AN A A9 Axe 7d AN Y BE
el e Ao Fasts 9 u gt} Oligomer microarray 4 ¥ol A=
= AN MMP-I, -2 -9 -1/ 15 14 ADAM-12
TIMP-2 722 Hdo] A4 1 A vs] fog #d F7}
= wAdou, WMP-5 10, 17 -27 TIMP-4 A= 93
o] 743kt Real-time RT-PCR ZATolME ol9eE Ui
Apol s WA o, MMP-1, -9, ~17, ~17E Fpubgol ol ot
e F7FE Bo] microarray 2 3o A XAk wH WAMP-5 10,
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Figure 1. A Schematic Flow Diagram of the Pathogenesis
Posterior Tibial Tendinosis.
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Abstract

Analysis of Altered Gene Expression using Microarray and
Real-Time RT-PCR in Posterior Tibialis Tendinosis

Yun Rak Choi

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Soo Bong Hahn)

The posterior tibialis tendon dysfunction i1s a common cause of
foot pain and dysfunction in adults, and the incidence have
increased in accordance with the popularity of hypertension,
diabetes mellitus, and obesity in domestic population.

The objective of this study is to characterize the altered gene
expressions in matched pairs of normal and PT tendinosis tissue
acquired from the corrective operation, flexor digitorum longus
tendon transfer, using oligomer microarray and real-time RT-PCR
in 11 patients with Johnson’'s stage 2 PTTD.

At the time of surgery, paired samples of posterior tibial/FDL
tendons were treated with RNAlater. Prepared samples were frozen
with liquid nitrogen and stored at -80°C wuntil performing RNA
extraction. Total RNA was extracted using TRIZOL® Reagent and
the RNeasy Mini kit.

Gene expression profiles in 2 patients were examined using
Human Genome UI133A 2.0 Gene-Chip array (Affymetrix). The
differentially expressed genes (DEGs) were selected on the basis of
two fold in log scale when compared to normal data. Also, up to
200 ranked up and down regulated DEGs were grouped according
to their functional relationships using a Biological Networks Gene

Ontology (BiINGO) Bioinformatics program. Total RNA isolated from
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another 9 patients was assayed by real-time RT-PCR for mRNA
of matrix-degrading enzymes, inflammatory cytokines and
apoptosis—-related factors.

Oligomer microarray showed many up regulated DEGs, especially
for matrix metalloprotemase (MMP) ~7, -2 -9 -1/, 13 14 -15
=19  matrix metalloendoppeptidase, a disintegrin and metalloprotemnase
(ADAM) -12 7L-2 -77 -I3F jfibroblast growth factor-2, insulin-like
growth factor-1, heat shock protein 70 (HspZD) collagen type I alpla 7
(COLIAL), and COL3A7 in tendinosis tissue. However, A/AMP-35 -10. 77,
27 lssue mbibitor of metalloproteinase (TIMP) -3 4 IL-6F -7, -5
/6, vascular endothelial growth jactor, and decorin  genes  were
differetially down regulated. Using a BiNGO Bioinformatics program,
the metalloendopeptidase, metallopeptidase activity related genes
were dominantly up regulated in tendinosis tissue and extracellular
matrix related genes were down regulated. Real-time RT-PCR
showed a significant increased expression of each mRNA for
MMP-1, -2, -5 -8 -9 10, 71, 15 ADAMTS-4, TIMP-7, -2,
-4, [L-4F, -6/ -85 -/15 and COLIA/, however, expression of
each mRNA for /2-6, caspase-85 Hsp/D, PFPARF, and decorin
decreased significantly in a majority of tendinosis samples with
meaningful changes compared with normal tendon tissue. In these
genes, statistically significant (p» < 0.05) differences in mRNA
expression included MAP-7, -7/, 7IMP-7, -2 -4 and caspase-&
Our results support that repetitive load with long duration
changes the expression of many cytokines, MMP, stress and
apoptosis—related genes in the tendinosis. These changes seems to
be responsible for the change of biomechanical properties in the

PT tendon and apoptosis of tenocyte in the PT tendinosis.

Key Words : posterior tibial tendinosis, oligomer microarray, real-time
RT-PCR, differentially expressed genes, MMP, cytokine,

apoptosis
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