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B A 2 VB O BRI & o TEEFE SN B R/IEMEEEE T
HY, HRADHROREEZH L ZROFER L 25 TWw
5. 600, RIEICRRT 294 A4 v, RIEEYE
B 7 & ICHREEEEY DS, BRI DIRIMAE RS, F2E
PEMREVHE, TvvonAg vy, Wk, B
VY= F R EDIFIF REEICEE T 5 A REME S
XhTws?,

B 2 DMEATIC B VT, B L AR fE L 7oy
A4 74 VLPERRE L ->TED, ERET v +DOIE
B & BRSO WRINE B & 3. Porphyromonas gingi-
valis (P.g.) ZHEKEEEDO—>TH b, LPS & ilfko
fRIS%Cd % gingipain 25 L, WEAKR7 v b EFIC
LIRATZ I ERRBDSNT WD, HERICE T MM
ML, MBS LPS 72 £ O ARSI N4 2 AR oo i
Fl 72 IESOG E WSS H b, MR 2RI
& o CTHCHMBOBIEET L, TStz m
LU CHRIEEBINDSHETT 5.

M R FEICHIE BRI 5 3N TE D, EiRic
B2 7HEBEORATFRICHIE L T3, R
—fikic, LK - BRE - FERE - g 5k 501l
L7 4@ o BRI N 528, lWPE L IE Ao
FOEALOREBICH 5. HEROETITHE - TR
Ty PRI NG L, LEO—EIIEYE L CEEE %
TR L, RO EIBRAMEDS - T H Ik £ A%ERE L
PTVLRESEEND, MEMABROIEKRIEMEIC L - T
DRANERICH 725 EEZEZ 6N LD HMITE Do T
Wz,

B RHEAT D A A = X LRIHIC B v T, MR
RS B AEMBI DB D W T H TN D &N T
H5. AIMIRS Y v BRk7e £oEiifgic X 2 o1z
M, BEA LR L AN LM O & — vt — o= R
(HHcHFST 5 2 Lp@EshTwes?, Lal, b
FEANEIC 81 2 HlARR IR & — v 4 — N =Ttk %
n vitro IKB W THBEMEZ2 b > THET 201001,
D 6 fAfbEIc Wiz 2 LR OLEREZE D 58
botz, bbbk, bt bOPORIE i 2 S
oo ET3RILHEET 2 Lick b ZORED MR %
X 7.

AT, 3RITHEE L 72 & b OPRREIE E Rz a4
5P g ODNEEXHALPICTHILEHMNE L, EET
DFEHRNT, TRIRARR AT, RERGIC K 5P o8
7 FEIRMNT, NV THREORHI TS 2 L L LTz,

MEE L UVAE

1. b MOREKSE £ AR

b CIPERE B B R S Ak OKF6/TERT-2 1% Rhein-
wald L OFFRI 215 C, KRR OVEH - A {1 2
54542520 72, fl#EIX 37°C, 5% CO,m&MT T, 25
ng/ml bovine pituitary extract (BPE, Thermo Fisher
Scientific, USA), 0.2 ng/m!/ human epidermal growth
factor (hEGF, Thermo Fisher Scientific) & 0.4 mmol//
CaClyZ %1 U 7z keratinocyte-SFM (Thermo Fisher
Scientific) < THEMRESEE L 72,

2. Porphyromonas gingivalis $3#:4)

P. g. ATCC33277 % 100°CT 15 HELEE L, T10
Basic ULTRA-TURRAX &€ F A ¥ — (IKA Japan)
WO L 72, BRI PBS (=) 8% L <A
L7z,

3. B MNOBHELEETILOER

Wistar 7 v + (7 H#is) 24V 75> (FUJIFILM
Wako Pure Chemical) 1T CHREEL, HIEREIEZRH L
72. 74 A,8—+ (FUJIFILM Wako Pure Chemical) 4L
o X bREEAREZ B L, 10% Y Y RIS 25T
TNy aZEA —7OVigEH (DMEM) 12 CRS&E L 72,
HLFR R 20 & EHE U 72 SRAEEERTIE &2 87 L Wi © 2~3 H
MR L 7cfg, 3MAEEEL2To 72, v AT v —
4 % —1 (10.5 mm-diameter Falcon cell culture
insert, Corning, USA) % i\ CHHESFMIE (2.4 %10
MifE) % 1#9a3 95— > (Nitta Gelatin) 7V 5ml 28
H L, 1%FBS (Thermo Fisher Scientific) ¥ & (X hEGF
Z YR L 72 DMEM #5#hic THs# L 72, B H, OKF6/
TERT-2#ifEZ a5 —7 v 70 LiciEE L, 1%FBS,
0.05%hEGF, 02%BPE, 01%t Fuailvsyvy, 02%
ARV, 02% 5 v A7 2y, 01% T Ak v
iz, 01%AA77FVNVITY ) —LT7 Iy, BXULS
mmol// CaCl,Z 701 L 72 DMEM ¥ & Of Epi-Life £5H1iE
&Y (1:1) e agER2{To7, 7V kofilgrnar o
VIV MTh o Tt [MBAEEE AR (Air-Lift) i<
ToLRBE L7z, Alr-lift 8%, FEEBFHE LI Pog ¥
o B (10 ng/ml £ 7213 30 ug/mi) 30 pl 27 F
L, MBI PBS (=) Mz, 2ok, 4, 6 HE
X8 HIEEEE L, MTE1T-o 7. KRHERRICE T 2 EEEE)
VoA, WAERKRZEYMTEZE2OEKEDOT
(KAF S 17034) TIro 7z,

4. HBFNS LU REEB EFRREN

b hOPEREE B e 72 10% &V < U v AR CIE
ERICST 7 4 vEML, 270 b—L4I1C T 3um O
U R 2E- L7z, Y4 v 7 9F 13 (CK13) BXL U
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Table 1 Primer sequence

Forward (5°-3") Reverse (5'-3") RT-PCR size

human GAPDH (RT, qRT) ATGATTCCACCCATGGCAAATTC TGATGATCTTGAGGCTGTTGTCA 297 bp
human CDKN2D (qRT) CATCTGGCAGTTCAAGAGGGT AGCCACAAACTGTGCTCCTC 295 bp
human CDKN1A (qRT) AAAGGCCCGCTCTACATCTT ATGCCCAGCACTCTTAGGAA 185 bp
human CDK1 (qRT) CATGGATTCTTCACTTGTTAAGGT TCCACTTCTGGCCACACTTC 228 bp
human CCNB1 (gRT) CCAAATCAGACAGATGGAAAT GCCAAAGTATGTTGCTCGA 129 bp
human CDKN2A (qRT) GCCCAACGCACCGAATAGT CGATGGCCCAGCTCCTCAG 261 bp
human CCNA1 (gRT) ACCCAAGAGTGGAGTTGTG GGAAGGCATTTTCTGATCCA 197 bp
human CCNA2 (gRT) CGCTGGCGGTACTGAAGTC GAGGAACGGTGACATGCTCAT 120 bp
human Occludin (qRT) CCTATAAATCCACGCCGGTTC CAAAGTTACCACCGCTGCTG 102 bp
human Claudinl (qRT) CTGGGAGGTGCCCTACTTTG ACACGTAGTCTTTCCCGCTG 106 bp
human CDH1 (qRT) GCCTCCTGAAAAGAGAGTGGAAG TGGCAGTGTCTCTCCAAATCCG 131 bp

T4 I F 14 (CK14) om@EHotg e, YR %
v ¥ €/ 7 v—F i CKI3Fifk (1:250, Abcam
PLC, UK) k<9 ZE/ 7 u—JF i CKl4 Hifk (1:
100, Leica Biosystems Nussloch, Germany) % 4°CCT—
BSOS & & 72, fitv T Alexa 488(1 : 800, Thermo Fisher
Scientific) & #E& L72¥ FP7 X oG Pk L ¥ X~
7 2 1gG Hifk-Alexa 594 2 > ¥ 27— b (1 : 800,
Thermo Fisher Scientific) % Zi#T 1 REKIGS 4, H
Ffic DAPI (1 :800, FUJIFILM Wako Pure Chemical
Corporation) 12 T2 L7z, Fluoromount (2 2%
NAZ) TR ZHEAL, SO L, K67 BE O
E-cadherin @ kL, Y%~ A€/ 70—
FLHLKi67 $ifk (1:200, Leica Biosystems Nussloch,
Germany) £ 7213~ 7 2 €/ 7 u—F L#i E-cadherin i
& (1:100, Becton Dickinson and Company, USA) I
T 4°CT—Mf, & 51T EnVision+ System-HRP labelled
polymer anti-mouse (DAKO, Denmark) % Zi&#T 35
DG E B 7%, DABIRIC CHRMO S ¥ 72, HOGTEME
(BZ-9000 ; Keyence, BS-2040FT ; BioTools),
L — —EEFEMSE (LSM710 ; Carl Zeiss Micro Imag-
ing, Germany) I CEIZL, BT — v 2 Q&S L7z, B
BROERMBNTIE, Tmage] V7 b7 =7 (NIH) Z{EH
L CTfT - 7z. E-cadherin ¥ifk% H\» 72 DAB B+ 13,
Image] V7 b =7 %ML, &Hcks 74102V
vt &Y v TVolED ER% 255, TR%E 0, Bl
% 120 & RRE LB o B E B & HDGE TS o f#
Wrafro 7z,

5. BENEETFRERT (DNAY17070L1)
Air-lift 4 Hf&2ic & P ORSRRE LEZET VO B2 5,
NucleoSpin RNA ¥ v + (MACHEREY-NAGEL, Gar-
many) Zf{#H L T total RNA 288 L. 7/ 74
R 7 a7 v 4 1) > 2% Agilent Low-Input Quick-
Amp Labeling Kit & SurePrint G3 Human Gene Expres-

sion Microarray 8x60K v3 % H\>T4T- 7. cRNA %1
g, Bk L 7218, ~= 2 7 VIchiE> T 60K Agilent 60-
mer A IwA 707 LAICNA TS A XEHE, Agi
lent A ¥ v F =T L7, HANA 7V 54— a
VIBEENY 2TV RN TV A= a Vil
1%, Agilent Feature Extraction Software (9.5.1.1) % {#
MALUTEHELL &7 —T Draw v 7 FVRELE 7 5
Nx, TYVLY ROHERET LFIECEST, MM TUY
{4 —3 a I (gProcessedSignal) & 2K v FIEHR
(glsSaturated 7z &) 25 &% L 7z, Bioconductor ¥ 7
N7 =7 [B] @ TpreprocessCorey 74 77 U8y i —
Y [Pl #FH L7 VT XLITED, T§TD
BT ND rraw ¥ 7 FOVIRE R FENM L 7o, I LR
E A LIGBIETFERES 57201, NEEE (P g
L) EFEREE 0ug/mlP.g ) OFTa—70
B hizy 7P VIEE»S Z 2a7 [Z] Bk U
# (non-log scaled fold-change) % &FHE L 7-. FEHZH)
BT, ERLAEET 22272208 X OHFE
=156, FRBPLEEF I ZAaT7<-208&0
<066 & v o AW TERL .

6. TEEHIReverse transcription polymerase chain

reaction (RT-PCR) %

PrimeScript RT Master Mix (Takara Bio) #F\ T
total RNA 75 ¢cDNA & L7z, E&IN PCR R
KSR 75 4 = — (Tablel) & & X TB Green (Takara
Bio) Z{# L, thermal cycle CFX 96 (Bio-Rad Labo-
ratories, USA) (€ CTHiE, #HHL 7%z, EETFHEL R
IVIFMR B ERR I CRIME L, GAPDH % it & L
7z.

7. REFESTIEMEOATE

w LT (TER) 13, epithelial volt-ohm meter
(TEER Measuring System ; Kanto Chemical) #f#iH L
7o, HEFROMARRIZ, B 5uA, 1kHz+02Hz T, Vv
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TV IR 60 Hz TH 5. MIREEE X OVEERAF L D
I Air-Lift 6 Hf2lz, R LA MRS o [ o 8 i fiE
ZHIEL 72,

8. fliEMRERRE BN DAIE

*HEEER & CVEBREE (Air-lift 6 Hf%) o EREEEIC
1 mg/m/ FITC-dextran (4 kDa) 5ul % ~ L, 10,
20, 30 i ic Al D B M 2 [ U 7o, % T U,
Microplate reader (Jij#2 485 nm & & ONH#(5% 535 nm
1420 ARVO MX : PerkinElmer, USA) THIZE L 7z,
FITC-dextran JREE X, S#HEARE X b 56 Nz =k
M HEHE L 2.

9. IRETFHVEEM

T = ZE Y £ EERGE TR L, 2 O ME
unpaired ttest # 17 - 7z. % E M E ¥ OriginPro 9
(OriginLab, USA) #fEH L, —Joll&E 9o NI
C post-hoc Bonferroni #I7E %17 -7z, p<0.05 %M
WWHEBETH D EEHLT-.

B R

1. Porphyromonas gingivalis (%% U 7= 3 Rt
b NORRRSEE R E T IV DIEEE

CIEeREIE ERIC 3 2 P g RO BELFAND 120,
b b ek - MRk © & 5 OKF6/TERT-2 ffllfid &
FRAESEMIE & o8I £ % 3 X0 (3-D) BEEEF L
ZEELL 7. b MARMESSMHAOMR © I B b PRS- B2
faoBERBSBE S N o2z, T v F OEKB
OHEE - B5EE L 2 RMEERe 2 L 72, Fig 1A 0 f
R X o0, WEEEED 3-D M E 7LV TIiE Air-Lift
4~8 HH Iz Lfilao BRI LARD b iz, I 5ICHE
O RaEIc kD, EFVORKERE LK R zhn?E
nkR R~ —7— CK14 ¢ EALERERY EE D5y
fbe—5— CKI3S HRELT % 2 L 2R T &z (Fig 1A
DET). FEERE (10 £7213 30ug/ml P. g.) DEFILT
RN IREE L R T EEEAE , MR R (RED)
iR bz (Fig 1A ohkes X A, 72, CKl4
MEIERE L EE FBICHE LT D, CKI3 DFBIME
TLTwi(Fig 1A @4 ). Fig 1BIZ/RT & 51T Air-
Lift 4 HEH D E 7V CIRERRE L N0 FBOE S
WCHERZIZRD 5o 7h3, Air-Lift 6 HEH® 30
pg/ml P. g B W THERTEE L TR R R IEE DR
Siz, iz, Air-Lift SHH 30ug/ml P. g. © LZE
DEIIF6HEHI DS LEEIHBEL 72 2 Lz &k b il
To Tz,

2. b POPERKIE LR OMBBEEIC3 T % Porphy-

romonas gingivalis DFE

P.g. 2 ERMIIE O EE THBUC LIETHEE S 5

P. gingivalis % 3 XIGIHEEE O R R iia i 5 2 2 522 o b 147

K570, 241TTEEBETFORR T 7 74 V%
DNA w4 27u7 LAIZ &k D MEBENICINT L. Z Ok
B, OxHEEEE i L T 30 ng/ml P. g @ EFTIE 831 &
BFPHBUETLCE D, 398 BETOFEIHEML T
W7z, XRiZ, Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway database 1€ & b F&BIDZ ) L 7- 458
BFRC O TEMBRC T T v b7 —2 L OBfEE
ERENT LIz E 2 A, flEIICEE L Twiz (Fig. 2A 8
& O Table 2). iz, MlEEHOMETICH LN &E %
H7-9 CyclinA (CycA), CyclinB (CycB) # & Of Cyclin
KEEX - —+ 1 (CDK]) BETFOHRIEP P. g Ik
Wins 3z tpnrgani (Fig 2B). Zh o 2HERT
% 72812, real-time RT-PCR %I & b CDK1, Cyc-
linAl (CCNAI), CyclinA2 (CCNA2), CyclinBl
CCNBI) ® mRNA 8L <)L % & BB L 72
Table 2). ZD#EH, CyclinAl (CCNAI), CyclinA2
CCNA2) @ mRNA FEEL L ~OV 3 InfE R 2 2o 72
Fig. 3A). £ 7 CyclinZ2AICHH T 2HTTH 3
CDKNIA (p21) BEREICETLTED, CDKN2D
(Ink4d) IZ2 W T HET T B HALR E Nz (Fig 3A).
Z 2 cHilaEMETT D~ —H —TH B Ki67 Ic D\ TH
Egttiic K b L7 &£ 24, Fig. 3B 8 & U Fig. 3C I
AT &9, e bEiilic % Kie7 Bikmiasis s
Bt (30ug/ml P.g) OXRIEECEREICHEML 72,

3. E NOBEMEBEEEDONY PHKICIT 5 Por-

phyromonas gingivalis D52

Kz, N THBICE W TEERAEEHS Te sl
FafEEE B T 2 BB T ORI L ROV Z TR L 72,
Tight junction IZB45-9 % Occludin (OCLN) 8 & T}
Claudinl (CLDNI) @ mRNA L ~vix, xFHARE &
LB B0ug/ml P.g) OETHELZZZRD SN
- 7z (Fig. 4A). Adherens junction iZB85-9 % E-
cadherin (CDHI) @ mRNA FEE L ~vid, EEEE (30
ug/ml P. g )IicB W TE T T B {HRITH - 7z (Fig. 4A)
& 512, E-cadherin $TRIC & % S RS (0 D et i i
BLUORamMEr ERNICEIT L 25, EEF (30
ug/ml P.g) THEREICETLTED (Fig 4B, C, D),
E-cadherin ® % v R 7 EFHIE P. g OBEGIC X VKT
L7z, &R, P g OREGED EEZD N 7EEBEIC AIE T
AR R L7z, Tight junction DiEE% TER I X b &F
fliL7 & 25, Fig 5AWRT &5, FEEEE (30 ng/
m/P.g) TERIET L%, &5ig, FITC-dextran IZ
&b ERicE T AR oEEEERE L2, EEE
i U 7z FITC-dextran O =%, FEERE (30 ug/m! P.
g.) CTKRIEIcHEML 7z (Fig. 5B).

~ o~ o~
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Fig. 1 Histological and immunofluorescence analysis of the three-dimen-
sional constructed model using human oral mucosal epithelial cells

(A) Top three row : Hematoxylin and eosin staining of constructed model
4, 6 or 8 days after Air-Lift with or without Porphyromonas gingivalis(P.g.).
Bottom row : Immunohistochemistry of constructed model 6 days after Air-
Lift with or without 30 ug/ml P.g. Green and red fluorescence indicate cyto-
keratin 13 and cytokeratin 14, respectively. Blue fluorescence indicates cellu-
lar nuclear by DAPI staining. Scale bar : 50 um.(B) Quantitative analysis of
thickness of epithelium layer in constructed model 4, 6 or 8 days after Air-Lift
with or without P.g. Each column represents the mean+S.D. from 6 sam-
ples. Statistical significance was assessed using ANOVA followed by a two-
tailed multiple #test with Bonferroni correction. * * : p<0.01 vs Control,
#4# : p<0.01 vs Air-Lift 4d 30 ug/ml P.g.
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Table 2 Summary of the expression of genes related to cell cycle from microarray analysis
GeneSymbol Description Accession No. Zscore Ratio

ATM ATM serine/threonine kinase NM_000051 1.132 1.602*
ATM ATM serine/threonine kinase NM_000051 0.631 1.299
ATR ATR serine/threonine kinase NM_001184 1058 1448
ATR ATR serine/threonine kinase NM_001184 1225 1454
BRCAI Breast cancer 1, early onset, variant 2 NM_007300 2322*% 2032*
EP300 E1A binding protein p300 NM_001429 0460  0.870
MDM2 MDM?2 proto-oncogene, variant 1 NM_002392 —3658* 0.328%
MDM2 MDMZ2 proto-oncogene, variant 1 NM_002392 1046 1377
WEE]1 WEE1 G2 checkpoint kinase, variant 1 NM_003390 —1.023 0733
CDC25A Cell division cycle 25A, variant 1 NM_001789 1637 1761%
CDC25B Cell division cycle 25B, variant 1 NM_021873 1159 1427
CDC25C Cell division cycle 25C, variant 1 NM_001790 1724  1.813*
CDC34 Cell division cycle 34 NM_004359 —0.731 0803
CHEK]I1 Checkpoint kinase 1, variant 2 NM_001114121 1.530 1.698*
CHEKZ2 Checkpoint kinase 2, variant 2 NM_145862 1.024 1531*
CHERKZ2 Checkpoint kinase 2, variant 3 NM_001005735 1.369 1.608*
CHEKZ2 Checkpoint kinase 2, variant 3 NM_001005735 1183  1510*
CHEKZ2 Checkpoint kinase 2, variant 3 NM_001005735 1488  1674*
CCNB1 Cyclin B1 NM_031966 2136™  1922*
CCNB1 Cyclin B1 NM_031966 2075%  1.884*
CDK1 Cyclin-dependent kinase 1, variant 1 NM_001786 2.263* 1.995*
CDK1 Cyclin-dependent kinase 1, variant 4 NM_001170406 2292* 5552*
CDKNIA Cyclin-dependent kinase inhibitor 1A, variant 2 NM_078467 —0.335 0904
CDKNZD Cyclin-dependent kinase inhibitor 2D, variant 1 NM_001800 —0488  0.864
GADD45A Growth arrest and DNA-damage-inducible, alpha, variant 1 NM_001924 —0428 0887
PLK1 Polo-like kinase 1 ENST00000562272 1686  1.790*
PLKI1 Polo-like kinase 1 ENST00000570220 2.045%  2.346*
PRKDC Protein kinase, DNA-activated, catalytic polypeptide, variant 1 NM_006904 1.733 1698*
PRKDC Protein kinase, DNA-activated, catalytic polypeptide, variant 1 NM_006904 1.255 1.547*
RPS6KAI  Ribosomal protein S6 kinase, 90 kDa, polypeptide 1, variant 1 NM_002953 1162 1427
RPS6KAI  Ribosomal protein S6 kinase, 90 kDa, polypeptide 1, variant 1 NM_002953 1084  1570*
TP53 Tumor protein p53, variant 1 NM_000546 0492 1225
TP53 Tumor protein p53, variant 8 NM_001126118 1496  1.865*
YWHAH Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase NM_003405 1.387 1530*
activation protein, eta
YWHAQ® Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase NM_006826 0.287 1.095
activation protein, theta
YWHAQ Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase NM_006826 —0191 0946

activation protein, theta

Z =

Ce BRI, MERMED D EEIN D HEL S DR
T U CR#E AR LB L T 3 NI EE BT
b5, LrL, NUTEENED LY IHh, TEEH
EVIOBFEICKT LT L OBRED E D & 5 1t d %
WOWTOHFHMAERA A =R LIZER D> TR,

AWFZElE, SRITTHEE L7z & b CESRER 2 o 5t 4 2
P g OFEBELZWLNMCTEIE2ZHME L THEL 2.
F9 P g ORI LT, &k CUESREE B o
B2, ~A4 7u 7 LA BRI X 285 T FBORMRER
AT 2 AT o 72, ZOCHRE A BB EGEAR 7 & R R B
HOER T O R, MR &g E crrb b s v

N7 DREREETo 7z, 61T, N THEREEOZE
i 2 HIWC, ZoETIVICE T 2 lifaEuE stz
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Fig .2 Effects of Porphyromonas gingivalis on the expression of genes
related to cell cycle progression in human oral mucosal epithe-
lium

(A) Clustering diagram of gene trees and heatmap of the gene related
to cell cycle progression in human oral epithelium with or without 30 ¢g/

m/ P.g. Red and green blocks represent genes whose expression levels

were higher or lower than in the control, respectively.(B) Schematic rep-

resentation of a part of the cell cycle pathway. Red represents statistically
significant upregulation. Cyc : Cyclin, CDK : Cyclin Dependent Kinase

AN UE & WEEBMIC X o> THE L 7.

TI»630u (456 EUICHHY) % BEZo RICH T L7z

P. g &, 100°C T 15 AU ER IS I & 2 e 23,

LicboZHWwiz, P g It&k-> THERKE N gingipain
i, BEMHBANORAC SRS, Mk R B
HeRrTeE2BY, L UMELIEIC & gin-
gipain, collagenase 72 ED ¥ V87 IZTNTRIGE L L
EZZb6N5, LPS OIIEIZIZ 250°C T 30 7 [ EVILER A3 00
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Fig. 3 The enhancement of cell cycle progression by Porphyromonas gingivalis in human oral

epithelium

(A) Quantitative real-time PCR measurements of Cyclin dependent kinase 1 (Cdk 1), Cyclin
Bl (Ccnb 1), Cyclin A1 (Ccna 1), Cyclin A2 (Ccna 2), p21 (Cdkn 1a) and pl9-ink4d (Cdkn
2d) mRNA levels in human oral mucosal epithelium from constructed model at air-lift day 4
with or without 30 ug/m! Porphyromonas gingivalis(P.g.). Y-axis indicates mRNA expression
levels normalized to that of GAPDH. Each column represents the mean+S.D. from 8 sam-
ples. Statistical significance was assessed using unpaired ttest. * : p<0.05 vs Control.(B) The
representative image of DAB staining for Ki67, a marker for cell cycle progression, and
hemanoxylin staining in constructed model with or without 30 #g/ml P.g. The arrowheads
indicate the Ki67 positive cells. Scale bar : 50 um. (C) The percentage of Ki67 positive cells in
human oral mucosal epithelium from constructed model with or without 30 ug/m! P.g. Each
column represents the mean—+S. D. from 7 samples. Statistical significance was assessed using
unpaired #test. % * : p<<0.01 vs Control.
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Fig. 4 The impairment of adhesion by Porphyro-
monas gingivalis in human oral epithelium

(A) Quantitative real-time PCR measurements of
occludin (Ocln), claudinl (Cldn 1), E-cadherin (Cdh
1) mRNA levels in human oral mucosal epithelium
from 3-D constructed model at air-lift day 6 with or
without 30 ug/ml Porphyromonas gingivalis (P.g.).
Y-axis indicates mRNA expression levels normalized
to that of GAPDH. Each column represents the
mean+S. D. from 8 samples.(B) The representative
image of DAB staining for E-cadherin and hemanox-
ylin staining in constructed model with or without 30
ng/ml P.g. Scale bar : 50 um.(C and D) The signal
intensity (C) and area percentage (D) of E-cadherin
positive signal in human oral mucosal epithelium from
constructed model with or without 30 ug/m/ P.g.
Each column represents the mean+S.D. from 12
samples. Statistical significance was assessed using
unpaired #test. * : p<0.05, * % : p<0.01 vs Control.
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Fig.5 The impairment of barrier function by Por-
phyromonas gingivalis in human oral epithe-
lium

(A) Transepithelial Electrical Resistance of 3-D

constructed model at air-lift day 6 with or without 30
png/ml P.g. Each column represents the mean+S. D.
from 5 samples. Statistical significance was assessed
using unpaired #test. * : p<0.05 vs Control.(B) Per-
meability of FITC-dextran from the surface of epithe-
lium to outside medium. 5/ of 1 mg/m/ FITC-dex-
tran (4 kDa) was applied on to the surface of 3-D
constructed models at air-lift day 6. Y-axis indicates
the concentration of FITC-dextran permeated to
outer medium through epithelium. Each column rep-
resents the mean+S. D. from 4-5 samples. Statistical
significance was assessed using unpaired t-test.

* : p<0.05 vs Control. * * : p<0.01 vs Control.
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Analysis of the Influence of Porphyromonas gingivalis
on the Human Oral Mucosa with a Three-dimensional Construct Model
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Abstract

Purpose: Oral epithelial cells have an important barrier function against bacteria and bacterial toxic sub-
stances. Porphyromonas gingivalis (P. g.), a periodontopathic bacteria, is thought to be closely related to the
development and aggravation of periodontitis by destruction of the epithelial barrier function. However, the
detailed mechanism of how P. g. affects epithelial cells and destroys the barrier function of the epithelium is
still unknown. In this experiment we investigated the influence of P. g. on oral epithelial cells.

Methods: A three-dimensional construct model composed of human oral epithelial cells and rat fibroblasts
was established and two groups, with and without ground P. g. ATCC33277, were prepared. The epithelial
cell layer was later air-lifted. Samples were collected at 4 to 8 days after incubation, then HE staining and
immunohistological staining were performed for morphological observation. DNA microarray analysis and
gene expression analysis using qRT-PCR were conducted on the collected epithelium. At air-lift day 6, sam-
ples were used for TER and FITC-dextran analyses to evaluate the barrier function.

Results: A significant increase of the epithelial thickness was found in ground P. g. models at Air-Lift day 6.
Microarray pathway analysis revealed that the level of genetic expression related to cell cycle and cell adhe-
sion had changed. As for cell cycle, the expression level of Cdknla mRNA was significantly reduced and
immunohistological staining showed the number of Ki67 positive cells was significantly increased. As for cell
adhesion, a significant reduction of staining intensity and a decreased area of E-cadherin were confirmed.
The electrical resistivity of tissue was significantly lowered and the permeability of tissue was significantly
increased with dextran permeability assay in the ground P. g. models.

Conclusion: The three-dimensional construct model revealed that cell proliferation increases, intracellular
space increases, and cell adhesion protein reduces when human oral epithelium is exposed to P. g., resulting
in lowered barrier functions and aggravated periodontal pathology.
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