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Abstract
Objectives : Details of how DNA methylation is in- controls. The DNA was analyzed using human CpG is-
volved in periodontal disease are not fully understood. land microarrays. A quantitative methylation—specific
Lipopolysaccharide (LPS) derived from Porphyromonas polymerase chain reaction was carried out to confirm
gingivalis (P. gingivalis) is involved in the progress of the reproducibility of the microarray data. The expres-
periodontal diseases, and we have recently developed sion levels of mRNA of the selected Aging-—related
an in vitro model of LPS infection in human periodon- genes from the data were analyzed by quantitative RT—

tal fibroblast cells (HPdLFs) for 1 month. In this study, PCR.
we examined DNA methylation in HPALFs stimulated Results : We identified 4 Aging—related genes with hy-

with LPS derived from P. gingivalis for 1 month. We permethylation at the CpG islands of the promoter re-
investigated the hypermethylation of Aging — related gion that exhibited 4—fold hypermethylation over the
genes and examined whether hypermethylation affect controls. Among these genes, the hypermethylation of
their transcription levels. the Klotho gene induced a significantly downregulated

Methods : The HPdLFs were grown in Dulbecco’s expression of the mRNA.

Modified Eagle’s medium containing 10% fetal bovine Conclusions : These results indicate that LPS derived
serum. The culture was repeated, alternating 3 days from P. gingivalis may cause DNA hypermethylation
with LPS derived from P. gingivalis and 3 days with- of the Klotho gene followed by a downregulated ex-
out LPS for 1 month. Untreated samples were used as pression of the transcriptional level.
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(Larsson L et al., 2014 ; Barros SP & Offenbacher S,
2014).

I¥Y AT 427 ALIE, DNAKMISRHI D% R % 1k
bY, BIET OB L > TR 2S¢, #©
ZFHEREBERNICHET 2B THH, DNAXF IV
bR x b i, 7axF U BEORK, VETY V
FhEMNMENT WD (Eggar G et al., 2004). H T
DNAD X FVAbE, —H, ZrKizEh s & #{aT

FRRE\C RN 2 B2 5.2 2 ME2H ), HEEOIE
JE, EATICHECEDLSL L3N TS (Eggar G et al.,

2004). $512, FuET—F —HEOE A F VLI, EE
HWrofiaezlEL, @xrEHZBAFINDL 2L
2o, BAMHEETO T B E— 5 — RO R 2 F V1t
EFBALDOBBRIZOWTIE L WFZEN T T& /2

(Baylin SB & Jones PA, 2011 ; Dawson MA & Kouzarides

T, 2012). ¥4F, Z OMEBEOMZEAHERBE, W, 7L
V¥ —, HOMERE, BtRE s EoRA LSO

PRANEIRD) B AHETWD (Abiko Y et al,, 2014). I
ERIRT D, TIEAARHIRINE DI, EIT OG-
IZ2oWT, MEPRSNTETEY, REIZ% D HEw»
WCHDIZEY 22 T4 7 ANHEGETH L) WERALN
BN, FOFEMERIZAHE L HA% v (Larsson L et al.,
2014 ; Barros SP & Offenbacher S, 2014). B JE % DRI
TR SN A AR v M2, o6 R B Porphy-
romonas gingivalis (P. gingivalis) #fREET 54D
75 NEMRPEAEL TWA. Zh 5 O RE LB
\%, Lipopolysaccharide (LPS) »fFfEL, AEMRIZx LT
LSRR AT BB S, REROWEEL K, 1T
SELZ—HIIE>TWBEFbNL TS (Ding PH &
Jin LJ, 2014). LPSZ MW 728F2ED % {1d, BBei =
2, SHEEOHMIZLE 25D THY), DNAD X F )V
BICBbZ RIZT 0L EFEZ I W, 22T, &L
P4 X, P. gingivalis HIELPSE W H# 12 X ) DNAD £
F VAL AL % BT T H 72 2 EBRE TV &L L 72

(Takai et al., 2015).

A2 TIE, FMEBRETFVEHWT, P gingivalis
SEDOLPS TR L 7280 & b kMR SR 12
B 2 BB T ODNAR A F VAL D RN % 17T -
7z.

-

il pr
1. HMifasss2

v b AR RHE S M HPALEs  (LONZA) % 10%Fetal
bovine serum (FBS, Sigma) % 7 Dulbecco’s Modified

Eagle Medium (DMEM, Sigma) 2 T 2415 [B] 55 28 1%,
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DMEMIZP. gingivalis (ATCC33277) H#LPS (WAKO,
lug/ml) ZFML2b0EIERMLAZBOTI AMT
DORHIIZHL, 1r AREELZ OZHwz., %
72, 3 bE—IVIZIZLPSDOALH D I E AR AL,
FMHEREE LD 02 v,
2. AFVL—=3var7 LA

338 U 72 2> 5 Qiagen® DNeasy Blood & Tissue Kit
(Qiagen) ZJH\WTDNAZMII L7, ZDHDNAZ S
WAL B XY Wi Ak, F# L 7-1%, cytidine 5 —dUTP
(Cy5) B & Ucytidine 3-dUTP (Cy3) IZTHHI~NRY)
> 2", Human CpG islands 224k array{CDNA% /N4 7' 1)
% 4 X, DNA Microarray Scanner (Agilent technology)
TR, Y 7 P ERRHWTIEN 24T 7. ok
T VAR R D D, LIS 58 Ao T E—
y—WURICAE L, BB DOAF VL XA 4 50
ZRTHOEENL .
3. mRNAZEBUFRHT

F MG & ) TRIzol® (Invitrogen) |2 TCtotal RNA % 4l
HL72%, MEZ 2ug/ulilhb LKL, W5 %
175 72 (SuperScript reverse transcriptase, Invitrogen). 4
5N 72cDNAZ HIWT, AACTH: & v 72 %€ & [ real—time
PCR (SYBR® Green, Applied Biosystems) ¥ & O°RT-
PCR (KAPA) 12X 1), mRNAFSBURN 2175 7-.
4. MSP#HT

DNA X FIVALDOZAL D P 2 #ERR§ % 7280, Hize
L 72 #i2 %> 5 Qiagen® DNeasy Blood & Tissue Kit% v
CDNAZitH L, Qiagen® Epitect Bisulfite Kit (Qiagen)
% H W CBisulfite LB %2 17 5 72. £ D%, Methylation—
Specific PCR (SYBR® Green) 2T 4 F WAL L NOVIEHT
2110 7-.

R1 mRNARBURH 727 T 4 < — LG

Name Sequences Size
TBX2-F 5’-CATCCGAAGGTGTCTCTGGT-3’ 159bp
TBX2-R 5’'-CCAGTTTTATCACGCGGTCT-3’

KL-F 5’-~AGGGTCCTAGGCTGGAATGT-3’ 158bp

KL-R 5’-CCTCAGGGACACAGGGTTTA-3’
TBX3-F 5’~AAGACCTAGGGGCTGGAGAG-3’ 196bp
TBX3-R 5’-GGCGAAAAATCAGCAAACAT-3’
NPM1-F 5’-TTGTTGAAGCAGAGGCAATG-3’ 158bp
NPM3-R 5’-~AATATGCACTGGCCCTGAAC-3’
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£2 MSPRATICHWAT 5 1 < —HLH) (NPM 1) @ 4#EfzFHRESh (E3).
2. mRNAZEBUFAT

7 VAN X 0 8 A F VAL & & 7= AL Y
BIZFIZ2WT, mRNARBIEN £17-72£ 25, KL
KL-Methyl-R 5'~AAAACGTTTCGTAAACGCTC-3' DOARLPSEMHIHIC X W AR EIVKRT RO Sz
(P<0.05, [X1).

Name Sequences Size

KL-Methyl-F 5’-ACAAAACATTTCATAAACACTCA-3’ 169bp

KL-Unmethyl-F ~ 5’~-GAGAGTAGGTGTTTTTTTAGTGGT-3"  169bp

KL-Unmethyl-R 5’-AGTAGGTGTTTTTTTAGCGGC-3’

*P <003

5. % ¥ 87 IR

& N OFBUE, CELISATEIC TN L7z, a v
b —vEE, LPSHIEHE QR ML 20.05% b 7 ¥
I (gibco) MLEIZTHUNAE, 96 well platelZ 3 x 10
SmlFERRAE L, 4R E L. £0%, In Cel
ELISA Kit (Cosmo Bio), Klotho#iff (PEPROTECH) 2
THLH % fF v, Bio—Rad” Model 680 Microplate Reader
(Bio Rad) # H W T450nmDOWOILEZ M E, 7 v 2327
FE Bk & fRpT L 7. [ % o TPe00s
6. 5-Azall X HZDNAJE A F VALIEAT

LPSHIE % I 2 7= MR B, Bx F ks e 25720
100uM i £ @ 5 —Aza—deoxycytidine 2 1 Z 24 FF i AL B %
17- 72 (Uehara et al., 2014). Z O, JiF 3 LERIC
total RNAZJilii L, WG 1%, B2 F VALAL BT
mRNAFBLZ Wik L7z, F72, J7k5 L MARICCELISA
LEERHWTE ¥ 87 BEBURNT 24T - 72

7. it

O NIRRT T T, IBM SPSS Statistics 20
(IBM) % H\v>72Mann—Whitney UMREIZ CTILEE - B L
72 (P<0.05).
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Klotho mRNA/GAPDH ratio
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*P <003
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1. AFL—3 37 LA
AFVL =237 LA ORNS, TUE—F —HI
T4 RBULEDOE A F VLD A SN2 OO CHALENH]

TBX3 mRNA/GAPDH ratio
o —
o ) — [9)
—

. iy LPS- LPS+
BT 2 IR E2MRT D E, T-box2 (TBX2),
Klotho (KL), T-box 3 (TBX 3 ), Nucleophosmin 1 12 P )03
s 1 f
R3 T LA MR L D B S AP B R T g
T 08
Normalized ratio Gene Symbol Description Position E “r
Sos |
29.0 TBX2 T-box2 -3874 é
204 1
21.29 KL Klotho 460 50,2 I
10.02 TBX3 T-box3 -3079 0 '
LPS- LPS+
815 NPMI Nucleophosmin 1 i 1 & HUReal-Time RT PCR{EIC & % Z AL BY =
F OmRNATEBURHT
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3. AF VAL L XOVIERT
MSPEIZBWT, mRNAFEIBUE T DA HNKLIZH
T ZDNAE A F VLD HHE 2R L2 25, a¥
b —VEE & B L CLPSRIMIHEE CTid 2 F b L X
VORER EADSHER SN (P<0.05, M2).
4. 5 8o I RN
mMRNAFHUZENDH->TD ¥ VX BB L —FK L%
WAL EZONL720, CELISAHEICL S5 V87 g
BHRN 2T o722 5, KLIZLPSEMHEIC X 0V &
BB TR 5Nz (P<0.05 X3).
5. BixF VALSENT
5 —Aza—deoxycytidinelZ & ) Jii X F VALALE % n 272
& T A, LPSEMIMIBHEE L LB L TmRNAKILUCH B R
FEAFED Sz (P<0.05, X4). F7, LPSHIHHE
12 5 —Aza—deoxycytidine (2 & Y it X F )VALALEE % i 272
HTxay bu— WL AED Y V87 BB LN
7z (B3).

% =

AT, BRARBE H1 Ok A 2 MR % P. gingivalis
HskDOLPS TEMHISZ +2 2 212X 5T, ZbIig
W T CTH B KlothoSE A F ML L, ZPDOmRNAL ¥

YR ULRVOFEBMME T 5522 WL

o
o

#P 0,08

W
(=}

N
o

w
(=}

DNA Methylation Levels (%)
1)
S

(=}

0

LPS-
MSP#:1C & % Klothoii{ZF DDNA A F VAL L VBT

LPS+
X 2

1 r P (105

o
=9

o o
s o)

o
¥

Absorbance at 450 nm / GAPDH

o

LPS- LPS+5Aza

3 CELISAEIZ & AKlotho ¥ ¥ 78 7 S BURHT

LPS+
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JE9 IR 23K lotho B AR F- % 4 L 72 ok IR 0 AL A HE 12
BIG-LCW5b 2 EAUR I 7z,

Klothold, AN TEALZIEIT 2 X 2 FFo L SN
58 N0 BE - FTLBIETTHH. FLLTHER
M, 287 PVECZFEHL T2 EIHIRE O EHil,
WRAEIE 22 EWZHEBLL, R A TRIEMGTHL &
25 ZALIIHEE Fo—>2 L ¥ TE 7 (Bian A et al.,
2015 ; Sopjani M et al., 2015). Klotho!ZFGF197 7 3
) —D—DTdH BHFGF23 L FGFR 4 DG &t L, &
NS LG TO ANV Y A (Ca) fosit & itk
B EEROLINTEY, BIPKTILE, VY
7 AAEIC L ZEIRAM LA SR I T EAREINT
Wh. EERAEIIREE LD A2 LB Z ENHMBNT
BY, AWFZEH S R E R I X % Klotho# (£ O i A
FLE ENIHE ) BIE T 220 —FHEHERM SN 5
A, SO EERELET L0, Wik HHEILET
»5.

AT T A1, AR RS oMl < Y
7 ZABHE BT DO D0 ICDNAF A F VLA C
N, BIETHEIAMET IS L 2HE L7 (Takai et al.,
2015). ZD—2DType XU T =7 VA =N )R
FLAIIZX Y 5B AL (Uno et al, 2001), Type 13
ST VERETLIHEDOD LI EDPREINTEY
(Nemoto et al., 2010), Z OISO & ok & ALk o i
FLICO B2 DLEEZ LN T WA, Type XIIT T —
FoR, BRI RBOKT T2 2 eAamEsh Ty
% (I3, 2010). AHFFETOLPSIC & % Klothoi# 1D
FHUET &, BICHE L7z TypeXII2 5 — 7 » OIHUK
T, gD R A A5k R RLRR R T 0 AL & A
THEVIEZIZHLTVD, LB EEROY 22
WY& 2 EIZELASNTWBDAS, 5w )
KR D EAL Z WA B V) 72 BE S 2 RIB LD 5
dbDLEZ LN

5 — Aza—deoxycytidine { & % il A F VAL AL BR |2 T

Klotho mRNA/GAPDH ratio
s

LPS- LPS+5Aza

JBi A F VABALER L & % Klothois f£F D mRNAZE BUFAT

LPS+
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mRNAB L O ¥ 87 BB A ED S sz, 5-
Aza—deoxycytidinelZ, DNA A F VL #E (DNMT)
AHETLILICEVBEAF MR R TEATH D,
HATIZEHEEBIERERE IS5 5 ) 23 LT
20114 ITKFR SN T % (Ishikawa, 2014). E 512, IE
WAL D CpG island TiE A F IWALIZ A SN\ IZ5)
L, WMiETIEBE LEm A F VLA Z % Z & TKlotho®
FEHPET T2 L0 HENDH S (Rubinek et al.,
2011). IEF 2 iR & Bl AR 123t L 5 —Aza—deoxy-
cytidineLBl 2479 &, MM B 2 7 1k S LKlotho
mRNAFEBIASEE L, EH 2T L A LB
HROENLholot@MmEEN TS (Rubinek et al.,
2011). 5-Aza—deoxycytidineld, HARTIIMEE 2T 5
EHEE L U CRAINTH S Z2WAs, S5k EREH I
LCoORINIGHIC M CE 5.
=

t bR AR AR AE SR 35 > TR R R T B
P. gingivalisHROLPS TEMMHIMZINA /2 25, #
LI B 3# 3 % Klothoi# = 1O 7' 1 & — ¥ — HHIBCpG is-

landsiCDNAE A F VAL Z B &2 L, SETREB X
ﬁ&yﬂ7g®“ﬁ%ﬁTéﬁt._n6® ﬁﬁT#

-

WA D B2 LA L, B D TAE, -7
ZRAFT I EARBE N
&t 3
MR, VIR 2648 B i PR AF B 2 X SRR 72

& (Wf7es —=~ ; LPSEMH#IC X % mfﬂﬂ%ﬁﬁfﬁﬁ%?ﬁlﬂﬂ’@
TOZALE M E (5T DDNA X F IVALIRNT) DB % 5%
VCEI L 7.
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