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Abstract

Background: Alterations of LINE-1 methylation can cause genomic instability and
contribute to dysfunction of the innate immune system, leading to inflammatory disorders
like osteoarthritis (OA). However, little work has been completed to determine the change of
LINE-1 methylation in synovial fibroblasts (SFs) of patients with OA of the knee.

Objectives: The aim of this study was to examine LINE-1 methylation levels, expression
of inflammatory cytokine genes and relative telomere length (RTL) in SFs induced by tumor
necrosis factor-o (TNF-0t), hydrogen peroxide (HQOQ) and tocopheryl acetate (TA).

Methods: SFs isolated from 4 knee OA patients were treated with 10 ng/mL TNF-Qt,
100 uM H202 and 50 UM tocopheryl acetate. LINE-1 methylation levels were assessed by
quantitative combined bisulfite restriction analysis. Relative mRNA expression and RTL were
measured by quantitative real-time polymerase chain reaction.

Results: LINE-1 methylation levels were significantly decreased in SFs after treatment with
TNF-0L for 24 hours compared with 7 days (P = 0.03). In addition, the relative mRNA expression
of IL-113, IL-6, MMP-3 and VEGF expression was remarkably higher in SFs treated with TNF-0t
for 3 and 7 days. However, no significant differences in RTL were noted in SFs treated with and
without TNF-L. In SFs cultured with 10 ng/mL TNF-o, 100 uM H O_ and pre-treatment with
50 UM tocopheryl acetate, LINE-1 methylation levels were found to be reduced, whereas IL-1/3,
IL-6, MMP-3 and VEGF mRNA expression were markedly elevated in TNF-0. stimulated SFs for
24 hours.

Conclusion: These findings suggest that LINE-1 hypomethylation might be implicated in
inflammatory response, resulting in up-regulated mRNA expression /L-18 IL-6, MMP-3 and
VEGF in patients with OA of the knee.
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ingise q9m: [ilonsIadnszsy LINE-1 methylation miLL@m@@ﬂmfawu"LsnTmVLﬁummﬂfmmﬂu
NN9IENLALLAY mﬁmmmT@Lumlumamﬂ@mmmmﬂfm Tspvaia@eniladt tumor necrosis
factor-OU (TNF-QL), hydrogen perOX|de (H @) ) ey tocopheryl acetate (TA) ARAAAUNITIA
ﬁ?mumﬂ,mmmnmwuwmmﬁumﬂum@mmmi@mmmm Aowennveanlalesuiion
Lﬁﬂqmmmgﬂqmim%mmwau
3601511399 n1IMIRTATYAL LINE-1 methylation Ium@@lﬁ'@u{@ﬁig% 10 ng/mL
TNF-Q(, 100 UM H O uaz 50 UM TA AU 4 9§78 ARLIWMATIA quantitative combmed bisulfite
restriction anaIyS|s LL@“mmnmﬁ?”mm’mmm\m@ﬂm@wuu@ Amgnamlaasnas Al
quantitative real-time polymerase chain reaction
nanﬁﬂnm Lsﬁ@m?;ll'ﬂ‘]_l"ﬂ‘ﬂ%vl,m‘ll TNF-OL Lﬂuwm 1 JulszAu LINE-1 methylation m'mfm
L‘*I]@@L?;I’ﬂ‘i.l"ll‘ﬂﬁ/lvl,ﬁ]’j“]_l TNF-OL 928121981 7 TU ﬂmquuﬂmmmmmnm (P = 0.03) Yanani
SLAUNTUAAIRENTRIEY IL-1R, IL-6 MMP-3 uay VEGF Iuﬂ@wmmﬂ@m@wimu TNF-O(
Wuwnan 3 ey 7 494 m“m‘umimm\mﬂﬂmmﬂum\m@’mmmwn@mmammwimimu
TNF-OL fﬂm\ﬂ,iﬂmummmqmimmﬂuﬂ@uLﬁmal,ﬂ@u%ﬂmimume@ummLﬁﬂum@miuim
51 TNF-0OL THuAnAnei 56 LINE-1 methylation mmﬂuummlummmemﬂ@mimu
TNF-OL, H O, uaz TA Wuszazinan 24 mim WATTAUNNTLAAsRRNYRSEY IL-18, IL-6, MMP-3
WAy VEGF qummﬂuﬂ@uLsn@@m@mﬂmvlmu TNF-0L wuinan 24 $alu
CETR m@m?ﬂﬂmmmml‘wmumivmuniymumimm LINE-1 hypo-methylation 218 LNLN
mwmmamvmums@mmu LL@Jﬂ’WLﬂEI’J“ﬂ‘ﬂ\‘iﬂUﬂ’]ﬁ?LL@ﬁ\‘]‘ﬂ‘ﬂﬂLWN“LIWIJ@\‘IEIH IL-18, IL-6, MMP-3

way VEGF ”Lugﬂwimm@mm@u

A1§1AgY: LINE-1, methylation, 1iaaifiayae, TNF-OL, lsAtaianiden.
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TspgasniaL (arthritis) A 12 1AAAN
pnafinL N Rnatefigenalulsrdnaninnnslany
109908004 T3AT04N muﬁ‘wmaﬂizmmLLﬁqmumma
M9iAn 1y sATeiden (osteoarthritis, OA) T3p94
fﬂ”mmugmmﬂﬁ(rheumatoid arthritis, RA) 3ARAUDAR
(systemic lupus erythematosus, SLE) Tsanm uas
Taainnaiie ﬂ@aﬁuim%@ﬁwumnﬁ'zﬁm Ao saveian
dew wulauesluggedtengunnnan 60 i anaia
gianlsanszanuazaelulneil w2553 nuangios
15A1919118 0T HINNAT 6 @ UIIE UBNAINT
ADIUNITUNNITUIAANEITR909ANTaun e Tan
(World Health Organization, WHO, W.A. 2546)
ﬂﬂﬁﬂ’]ﬁ‘ﬂj@lﬁﬂjﬂfmﬂi“’ﬁﬂLL@”%@T@HL@W’VIWM@L%’]
Aeuduwluuifiaduann 400 arusels w.a 2551
il 570 ey w.a. 256372 TsnaaidentFond
wilategAe Teuaztegsinn Inalsateldon L
AANATNAIMANIIARA AD %@deﬁ‘l‘ﬂllﬂﬁﬁ\lﬁﬁ U
Wugnssu 1fadamilaniugnasu (epigenetics) sinwu
1%%@@@’1?4 LLM%@L%‘I@WEH@ 1 NN AQURLR
Asimdanieluge nazean uazina iuau®
FsndiAanansan naedsateiden asaany
mmmﬂu??l,qmm:@ﬂé@uﬁfa%@ mm@nmmﬁ@mx@uﬂ
THEE LL@zmi@j“ﬂLmuu?mmmmrﬁm%@(‘”
ﬂquﬂuﬂﬁ@ﬂsmﬁm:ﬂ:mmim%@Lf?ﬁ"@u nsaNEn M
F98 (X-rays) N1T0EAINA I8 AR L g Dl
(Magnetic Resonance Imaging, MRI) N191R1£A994
vnla1e wazniInnfnasdnaasluaelagianisg
UszifuanananesediTudanden e lunnidase
Tspvaidesiiiosny

Long interspersed nuclear element (LINE-1)
ﬁmmﬁuﬂ@:mm non-long terminal repeat (non-LTR)
retrotransposons wulanalludlunsesguailen
wutlszannesay 17 uazilanfufisaiusinnen
450,000 4 luaTunTasuy e A1390L RS9
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9941 innate immune systems®
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LINE-1 hypomethylation lwiaaadaiaana1a9es
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pnnenamlaiflemaduaslimas chondrocytes 284
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d”mqﬂ@zmhrmmmsﬁﬂmﬁlﬁ@mwmmsﬁu LINE-1
methylation Asuansaanvesiulalnlaunife e
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sy TNF-OL ilenszqulmifnnssniduiBau e
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miqusLﬁyﬂmaﬁtﬁaqﬁa (synovial fibroblasts)
ﬁﬁ%uﬁmﬁlmﬂj@ (synovial tissue) Maann
mssjﬁﬁméﬂqaimgmﬂﬁL%‘@umgwc;wﬁﬁmﬁ@ WAy
Fatuiielnfiannadn iauiennslumamiziaa
108 (T25 flask) Iﬁﬁizmﬁwﬁmﬁu LLgfalﬁummi
LgmL‘mz;alpha—minimum essential medium (O-MEM)
ﬁﬁl\‘iﬂ:‘xﬂ@‘u;fm fetal bovine serum (FBS) ;@mz 10
waz 200 IU/ml penicillin/streptomycin ﬁﬁL“}j’]ﬁzﬁN
aaafi gl 37°C dfanmaisuaulaeanlan
J8aY 5 LﬁI@L“H@@rLﬂ?‘Q_JLWGNﬁ yinnsiiuTwiieaen
ANANTULIAEITAR LENITARDDNAINTIAINLIAEN
maalaefuewlamiUduiuausy EDTA Weaen
LTAE BANUAZLA USIUIUTBILTAR AUT S passage
fineanns Vfﬁﬂ’]?l,ﬂ?]l?;lu’mw}ﬂgil\‘]L‘*Ij@@rnﬂ 739U
‘Li’ﬁL‘*m@r synovial fibroblasts Tu passage ‘17{ 4 -6
eneinslis 6-well plate I BN Smas 1.0
X 10° celisiwell ANa N slAekTAaENAMs 2 mi Al
Iué incubator 24 dalis wasa s 10 ng/ml
TNF-OU iluszaizingn 1, 3 waz 7 44 lu 6-well plate
891188 synovial fibroblasts TaefigapauAsTFuwn
@ WNsIAENITAS O-MEM 7l1azane 10 ng/ml TNF-OL
u@ﬂmﬂﬁﬁqﬁqmiﬁﬂmLeﬁ@@rlﬁlfﬂq%ﬂiuquﬁigﬁ
100 UM H O, LAZANTANUNNIZABNT AT 50 UM
tocopheryl acetate (uszazinan 1 U & aiTugng
fiinszezinnn 1 %‘Emr{@mﬁumm@;u 10 ng/ml
TNF- OL waz 100 WM H O, ensusrazinauain
nafufiesnaTan synovial fibroblasts ey
NNTANENTZAL LINE-1 methylation s2ALNNTUAASEAN
10981 UATAIATZMTLAIUIUTAG 1 911 0R 287
trypan blue staining Lﬁﬂm"'\mwfm@rﬁ%ﬁm (cell

viability)

nsanAaLen DNA Qﬂﬂl‘ﬁ@ﬂLg'ﬂqﬂlﬂ

e 1 v |
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a19A98 phosphate buffered saline (PBS) UFunmu
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200 W wanlunaniu aipadueaInNAzNauIeTaa

17'1'LWﬁ:Lr??mmm%umuiudﬁmmﬁm (GF-1 Tissue
DNA Extraction Kit, Vivantis) mﬁ“&mnﬁu"ﬁmmmw
ALauLe V{iﬁ;I;QﬂLﬁ?@Q nanodrop finuananaw 260
nm LL@zmm@uLﬂ‘wmmm‘um@qmuqu -20°C %78

-80°C #uFuNIIRATIENIZAY LINE-1 methylation

nsinANENnTaLies (Relative telomere length,
RTL) g’m’“s%‘ \AUA quantitative real-time PCR
UFusuAuIe NI w0 fuie Winafy
1.56 ng/ul wazdananenaveanladeslaely
quantitative real-time polymerase chain reaction (PCR)
ﬁ\‘iﬁ telomere forward primer 5'-
CGGTTTGTTTGGGTTTIGGGTTTGGGTTTGGGTTTIGGGTT-
3’ Az telomere reverse primer 5-GGCTTGCCTTA
CCCTTACCCTTACCCTTACCCTTACCCT-3' uazd

Taerl primer”™

internal control Aa 36B4 Tmﬂ% primer ﬁ\‘lﬂ3684 forward
primer 5- CAGCAAGTGGGAAGGTGTAATCC-3' 36B4
reverse primer 5’- CCCATTCTATCATCAACGGGTA
CAA-3' LATENANTHAN master mix @1UTUYN
quantitative real-time PCR ﬁmlquﬂizﬂﬂumvdﬁ”
2 X SYBR, 20 UM primers (forward and reverse)
{ij”mzﬁl’u IWae 1.56 ng/ul DNA template 13u1m9791
a;me 10 W Feanazuazaandlalumniiusuoy
DNA A98lLA3eq real-time PCR #9uua 40 saUAe
95 °C initial activation 1981 15 W1#, 95 °C denature
a1 15 3U17, 54 °C annealing 1981 1 W% 418190
At taiuTeegas o4 Taniiy

36B4 1l internal control

N1931AT1¥UsEAY LINE-1 methylation maeda
quantitative Combined Bisulfite Restriction Analysis
(qQCOBRA)™
ﬂ'i“m“ﬁ"umwL%uijummﬁﬁumlﬁw{ﬂﬁuﬁ
5 ng/ul 13u1ms 20 W (100 ng) 11 DNA mumumu
P8l bisulfite treatment Ieild EZ 8 DNA Methylation-
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Gold™ Kit (Zymo Research Corporation, Orange,
CA, USA) WA HFUIUTeY bisulfited DNA Taald
Ufji381 polymerase chain reaction (PCR) Iﬂfﬂ,‘;
primer ﬁ\‘i‘ﬁ LINE-1 forward primer 5-GTTAAAGAAA
GGGGTGAYGGT-3' az LINE-1 reverse primer 5-AA
TACRCCRTTTCTTAAACCRATCTA-3' LAT8INNANENT
master mix 115U%1 PCR 989 COBRA LINE-1 &
doutlsznaudail 10X PCR buffer, 200 mM dNTPs,
25 mM MgCIQ, 20 UM primers (forward and reverse),
0.5 U HotStar Tag DNA polymerase, Lindi uay
100 ng bisulfite-treated DNA ﬂ?émmmmgmﬁm 10 Wl
3 98N19Z UL 1A T T 11NN RIS DNA AoeilAes
PCR viavisin 40 sauAe 95 °C initial activation 13&"
15 W1#l, 95 °C denature 1981 45 Ui, 55 °C

annealing 1281 45 317, 72 °C extension 128N 45

3117 way 72 °C final extension 1IA1 7 W9 #A9RIN

ﬂ']il,ﬁw-i’mqu;wﬂﬁﬁ“ém PCR a1 111 PCR product
laansamanieule Ae LINE-1 gniasoaieulss
2 U Taqgl uaz 8 U Tas/ Tuansazane NEBuffer 3 1A
Anhlusiigramni 65 °C i lnef Tagl fums
restriction site Af 5' TCGA 3' uaz 3' AGCT 5' sLumlfJu
2849 Tas/ ETWLLm:L\i restriction site A8 5 AATT 3’
uaz 3 TTAA 5’ LLfgqu'mﬁmmzﬁgﬂLmu methylation
;Qﬂ 8% non-denaturing polyacrylamide gel ﬁl”@m@@
P98 ethidium bromide UAZTAAINNTNTBILALT
ﬂmﬂg (band intensity) ;QFJLﬁ?Im Molecular Imager
Gel Doc maslsunsy Image Lab (Bio-Rad,
Begoniastraat, Belgium) a11a189 PCR product
Fenrlaann 25 bp ladder Tagl LINE-1 4111500480880
w5 d9u Uszneumeatnm 92, 60, 50, 42 uas

32 LA ANNInAWINLAAINERT Al

gnsn1sATUINgLLLL LINE-1 methylation
Auuely A unU ANIINIAILDUALEULE

1UA 92 ALA BITAE 92
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B i ﬁQWNL‘ZN"ﬂ‘MLLﬂUﬁLEML@
AUA 60 @:L‘Llﬁ MW?;’J?;I 56
C uny mw&umumuﬁﬁum
AUA 50 @:L‘LIZQ mic;qa 48
D i mwémmmuﬁﬁum
AUNR 42 @Jlmm mi;fm 40
E unu mwﬁmmmuﬁuﬁum
AUNA 32 @jmzﬁ ma?c;qel 28
F unu [(D+E) - (B-C)] MWT;’JH 2
;ﬂmwm LINE-1 methylation (% "C) = 100X
(A+2C+F)/(2A+2B+2C+2F)
;ﬂmzmm LINE-1 hypermethylation (% "C™C)
=100 X (C/2)/[(C/2)+A+B+F]
;ﬂﬂ@:ﬂlm Partially LINE-1 methylation
(% “C™C) =100 X F/[(C/2)+A+B+F]
(% "C"C) =100 X A/[(C/2)+A+B+F]
;@mmm LINE-1 hypomethylation (% “C"C)
=100 X B/[(C/2)+A+B+F]

NSANALEN RNA anigaalEayue
. - 4
unnznavaagaafinzidesunnaznaud
1,000 g 1981 5 WA UaaINNUULAN 350 ul Buffer

TR lupznautesian ana RNA aMnaALNauaadas

‘17%L‘WW:L?:FNmu%umuiu@'ﬁmmmﬁm RNA (GF-1 Total
RNA Extraction Kit, Vivantis) uﬁamnﬁu"i@mmmw
RNA ﬁ1;;QHLﬂiﬂﬂ nanodrop Vlmmmfm@u 260 nm
Lazin RNA 7iaiafud quund -80°C @iy

ﬂ’]ﬁ‘aLﬁi’?:ﬁﬂixﬁ‘i_lﬂ’]’iu@ﬁﬂ‘ﬂ@ﬂﬂl‘ﬂ\iau

AnmnszAumsudnsaanasiiuniemaila
quantitative real-time PCR

‘?mmmt’;u‘;wum RNA L;’JF;ILmdﬁ‘;@\‘l nanodrop
LAz RNA 11idesnalulamananasmy 5 ng/l WiTe
ﬂﬁﬁ?md’ﬁﬁumﬂﬂﬁﬂu RNA 11755 cDNA ma8l 10 X
Taqg buffer, 25 mM l\/lgCIz, 10 mM dNTP mixture,
random Hexamer, RNase inhibitor, multiscribe reverse

enzyme War RNA template d3umssanganne
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20 w Tnganmazuazieanlunisvindjisen e 25°C
incubation 381 10 mﬁ, 48°C reverse transcription
1981 30 W71 Az 95°C reverse transcription initiation
81 5 U7 wEeaNnui cDNA nAnmIsYALINAS
me@ﬂmmﬁu IL-6, IL-103, ADAMTs5, MMP-3 ag
VEGF (mmﬁ' 1) Tl fAsendmiunnsfnessiu
AusnseanesEuliatutlsznoudal SYBR Green
HRox (2x
ﬁ’ﬂm%u llaz cDNA template ﬂ?mmmm;mﬁ'm 10 Wl

), 20 UM primers (forward and reverse),

#afannzuazinan il lunisyi quantitative real-time
PCR #4#l 95°C initial activation 1981 10 W17l uax
YNUfjAen 40 981 95°C denaturation a1 15 37,
annealing 1281 1 W19 way 72°C extension 1380
1 Wnf gunsnAuInANAN AT LS NS LAAsRaN
289 mRNA luumaziiusegas laniitiu GAPDH iy
fueneda

N19IATIENUDYA

Tun153LAIENILAL LINE-1 methylation m
ArwdaiusAuEamlaifies suauTaaiteyTe
uazaTALUNNTuARBeNTB AR LR UNsAATsA
1R1R0N sz NETAaLEay e lAFu TNF-OL nlsauiiey
Aunquitluladu TNF-aL Tuszazian 1, 3 uay 7 u

¥ dld ¥ ' a ¥ aa
Wurayaninisuanuasaayauuulutnflsatis Mann-
Whitney U test uazlunisnfseuiiiauaeyaluunay
Funlaiu TNF-oL iaviun 3 ngulaadia Kruskal-Wallis
dl ¥ ! a =2

test v naayadunuuuanuadlulng souds
N13ANET LINE-1 methylation A uaultaaLEiey1e
LazsTALINITUAANRaNTaEUNNTa UN9ARTIA
v ' - 4 Y, Y
11N lunguaegaaiiieyaai lasy 10 ng/ml
TNF-CL, 100 Ml\/] H O e 50 uM TA Llr‘}F;I‘LILV]EI'LIﬂ‘]_I
LﬁnzmLﬂ@m@m"l,uimumimn@’n Seumunguaes
waaidiayrefiaglunzuananeiuleaia Kruskal-
Wallis test %wmﬂaﬁaﬂmﬁ,mwmﬂ SPSS version
22.0 warltllsungn GraphPad Prism 6 Tunnsanm

ﬂﬁ"W\l"H‘ﬂ\WﬂN@ Taalunnsa Lm’nm@mmmnm@

o o aa A

ﬂ’]’]llLLﬁ]ﬂﬁ]W\i@ﬂ’W\‘iNuﬂﬁ’]ﬁmm’NﬂﬂmLN@ P <0.05
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ANSI9N 1. WARY primer wazdn1azilalun19seAUNNTRARIRaNYRIEL

ia primer AALLLE (5 —3) AUIA Annealing
(bp) (°c)

GAPDH ""? (forward) TTCATTGACCTCAACTACAT 467 60
(reverse) GAGGGGCCATCCACAGTCTT

IL-6 7 (forward) AGCCACTCACCTCTTCAGAAC 83 60
(reverse) ACATGTCTCCTTTCTCAGGGC

IL-1R 0 (forward) GCGGCCAGGATATAACTGACTTC 85 58
(reverse) TCCACATTCAGCACAGGACTCTC

MMP-3 #" (forward) CTGGACTCCGACACTCTGGA 79 60
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