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FEOT I VEMOENIIZHEZRELDDBH ) T3, LELEELYFERINZEDOT—<L LT
IO ) BRMRAEOFIETIX, RZICT7 Fu ZFFHRICES 5 242 VIR 2 BREREIH ) 9.
R T — 7 DWW TIIER IZRA T . M ICBHETIZIZIZE TOMEREIE LS I,
MRETIVINFRTEDLLHICRYFE L. FAWBFOLET MIBIT 2B ROBE290%LL 1
WELZZ DD, FEBORBERBMTIIANVTIETIAIN T ZEPHENINTE T, &2 HD5
BIALEN TV I NVRETFT = 2 BTSN IV FIHET A EVIRDEEL 7O AIZBNT
FLDOF Y NVERMPAEL T A ToNLDFIVINF—F 2 FTHETAEL, IVTFICTANT
5l MEDE L TV ADONPHYETOEETT, 9 Vo 2T, EBREFHEICER 2 BRI
WA TR, ba—< V5 — I F— Y OREMEICED L EELMBETIIZWTL &) d.

COREIIHN LI DY EETIE, BT I v 71 Y Vil EZEZLIEET L2 L LT L7
gD 2 ¥ — 203, ROZHHTHEEShTVWET,

(1) T—2DOEFHEXRICFEDI AT LOEHEOAIV—V 2EHEERT I &,

(2) UZEBRHEOFERALZEFLETI20%E. BB LU THESICHEETSIZ L

(3) UFSOEEICAKRLABMPERICIE. SBREEHEOFERERTII &,

HAELTIIET. (1) OBEERICOVWT Y AT AOHBERE L. TRARTEIY—7 2L
Tl BIY—21d, ex FMATHEET [Fy - A v M LIFHRLET,

<URTFLDOEH>
Digital Oral Examination Integrated Transmission
<VATLOOI>
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KAOFRIIB2NE LTUL, FRLVARESZOFEHICTRIVALZERLL D HLB L LT Ed,
BT AMEOREREHETE [NEREAEL DX (FYFINISFI VA7 —A—Yar) OfE]
LEEETW2EE Lz ZL T L% 15 M HAORERESRFMAS (RNEIAEE) 12
BOTHAERICBIAT VIV T VAT 4 — A= areERELLY VRV ADMESN, K
E OB AP RAHEIRIC B 2 DX OFREEN: - REEPFEAMEINE LD T L. 20X G
Bl L, FRREROMEIL TR 4% & 2 0 LIEFIRIC B 2 A O LEVEDHE £ 723510 T &
LoodHb I MU T T, BT, 2022 4F 6 HICHEILE S N RE T EGEE O 05 Ko )it
WCEIREFHE SR OB AR Y AT TWE T, TOFHEENPIEN L % > 72REIITEKEAL - THALT
XLMETFT—FMHEFAMNT L EDNWHETHENIODLIDL 452 L IFHBRICHLS DY) THA, Th
i EIREFHEFEZHEOBEACH7-), FHEMEHHZRET LI LIEIRFROMGTHL EH R
T, TOLDICRFERTETIORBIIB CULELMEEN 2R3 52 v RV A0 Wl
L7znweEZTBY 3, £7/220234 11 HICRILTH AR E GREEEFREHE) 0 b & HE
TH 16 A AZOMEDL PEINTVWET, KEOERKIZETE > TOTSME BV LET, K
FELHEBXERRIGEEHZEM L. REZOERABETH D [REIIN—T 1 ¥ OREHERE ] 2K
S5 4 5L E T TV LIFETT,
FRaOF A NVAEGEOPURE T, TR LIS OBMEZET L BEbh Ty, BB
LTRSS RTHZEWLEE, TRk SREZIEVELET,
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Analysis of bacterial colonization of periapical granulation
tissue using fluorescence iz situ hybridization
Hiroaki Takeuchi et al.
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HAR LR AL 2 MR

b

e E R PRSI & OV B
TP B & ORI AT A RS
— BB R A AGE AR BE R AR R AR S BT B MR —

WonoROEVY R B KD B %o A
FoE BY B W OE 7Y B B

1) SHOCBRR R A L Gl
2) BURTHRRL R A7 LI RS VR 73l P
3) HORUBR RS LIRE SR T MR e

&k

B - SO R R KB G B R AR AR TRl S 72 O HE Rz BB & R B Rz 12
DWW THREAN B L ORI FWICHE T 2 & & Lz,

Fik s b5 2017 4F 1 A A5 2022 4F 10 H £ T 54 10 A H @ [#12 oral epithelial dys-
plasia, low grade (OED, low grade). oral epithelial dysplasia, high grade (OED, high
grade) . squamous cell carcinoma (SCC) & & S 7z 525 FEBIT, Z W OMER. Fii.
MARERIGRAL. BRIRFS W4 & 451 L 72,

FEL BT ERIEE OED, low grade 175 %1 (33.3%). OED, high grade 118 1 (225%).
SCC 232 5 (442%) <. OED, low grade 3 X 1" SCC 13 H 124 {. OED, high grade
ERR LN L o720 FERDB L OMERZ A 1E OED, low grade 25 61.2+144 %, 60 %
fX. OED, high grade 2% 625+160 i#%. 70 &, SCC X 625160 i%. 70 A% H - 720
BARBRIGEBAL1Z OED 3 X UFSCC & b ITEHEDE D o720 BIRZWI413 OED, low grade TH
HEAS 101 61 (57.7%). OED, high grade THMCREA® 44 B (37.3%). V- LBz - MRS
44 B (373%). SCC Th*l- LB - MRS AY 169 B (728%) &£ h o7z,

Fiam o LRE BB PRI AR P B WA B PR R & 3 BB 0 i o0 AL 72 1 Aife 70 B2 Wi 703
HTh b,

Key words : oral epithelial dysplasia. squamous cell carcinoma. oral pathology. World

Health Organization

B15% 1% 1 3-7, 2023

A 1 20224E 12 JJ 10 H

=

SESFERHE O M BEUI A IR 35 IHIT. AR
WO BEAIEIH 20%TH B AIT10 HAH 7=
DOIEEORERIT4 AT, Bz 1k
B L RIS Z R LT 52,
TR @ 90 % DL b TR R L b Kz >k o i ~F b
Bz 9% (squamous cell carcinoma ; SCC) T VY,

il

ZH 12022412 H 10 H

% IEZWE BRSO & P BB~ &
THEEZOLNTWS, D720, LR -
ZEThDHIINE LRI 2RISR T5Z L
WHEETH 5,

2017 4= WHO SESHIRE S 750856 4 BT, 1T
Je Rz R (oral epithelial dysplasia ; OED)
B TEETEROFERICIVFIERI SN, R
IR A ) A2 2D, B ORGSR

* 0T 101-0061 AR H XCpf H =I5 HT 2-9-18
TEL/FAX : 03-6380-9252
E-mail : akashiyoshihiko@tdc.ac.jp
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BIUOHIREN—EOE L] L LTERSI N, i
OUASHR IR I T 2 BB & X S -5 R
WeThHbY Tl MERTITTEFE O LR PIE
BMEIR A O % B L 728 (mild), A5 R
(moderate). = (severe) @ 3 BtF D7 HH A8
fEH SN TW2A, X OEIRICAIL 724580 CTh
LILEAIE (low grade) &R AIEE (high grade)
D 25 FEPRBEIN TV 5,

FORC R ARE K /K B AG TR BE R R AR T, 2017
4> WHO BHSH MRS 55 4 IO FIATIZHE N,
SRS W HGE ORI A Ek D 3 0EEN S 2 59
BEANEEHLTHSENIFEMH L2, L2l 2
BRI R R SO R R P BB
BRI R F MR O 13 T 724 %0,

Z ZCAMIZE TR, BB R K EAG I B
IRMAEFL T 2017 4R DABEIC 3T S L7z I Bz 1k
B & IO W OB B B & OIR
WETFIRRE 21T 5 72,

MRELVHE

2017 4E 1 225 2022 4 10 HE T 54 10 20 H
DT, B R P AR EREREPEAN R B LY
B R R AT ZE R BHEHR 2~ & — LIRS CR
PRALRRARAS 2 1T, B D WIFAMEREAEAR L LT
ZRb S, PR B 2K EAG IR BE R R AL C
REBREE R LR MR 4 212X D oral epithe-
lial dysplasia, low grade (OED, low grade). oral
epithelial dysplasia, high grade (OED, high
grade). squamous cell carcinoma (SCC) & &2
ENz52ERZ R G E LTze 2D 525 FERNICD
WTHKZR ORI, Fln, MARRIGHA. BRZ
Wr 12 DWW BE 1 B L OERIRA T = a2
171572

w R
1. ZWlEGI%
OED & OED, low grade 175 #1 (33.3%).

OED, high grade 118 1 (225%) ®&l 293 #1C.
SCC 23232 %1 (442%) Tho72 (F1),

2. Bk

OED, low grade TIE %M 100 A (57.1%). %
PET5 AN (429%) T, 13:1 2R HE»Z L.
OED, high grade TIix ¥ M54 A (458%). 1%
64 N (542%) T, 1:12 LR LMD L0 -7z
SCC TldH M 123 A (53.0%). %109 A (47.0%)
THO, 13:1 LB WRL 72 (F 1),

3. PR, SR

OED, low grade & *F ¥ 4F i 61.2 = 144 7% T,
Bk 608 £ 146 %, LME618+ 142K TH - 720
WA T, B 60 Mt AS300% & B b %
<y RWTT70ADT270%., P 60 &AL A
253% b % <. WNT 70 A24.0% TH -
72 (K1A).

OED, high grade 1 625+16.0 i% T. %1% 614
+152 % LM 634+166 K Tdh o720 EM A
Tl B 70 %805 206% e b %<4, RW\WT
50 A8 222%. LML 70 L5 328% & i b
%< RNT 60 i D5156% Th -7 (KM 1B)s

SCC TId 625+ 160 % T, FE 614+ 152 %,
LY 634+166 % Tdh o 720 A TIX, B
PE 70 AT 268% Lk b % <\ R\WT 60 1At
A235% HEIZ 70 A AT293% L b % <.
RKNT 60 A 211% TH o7z (M1C).

4. FRARBRIGER B

OED, low grade Ti&., BARERIGEALIEE 2T 80
Bl (457%) LB WTFHHKR 32 4
(18.3%). JEMiM 27 B (154%). _LEHEA 19 51
(109%). M2 14 61 (80%). T'& 36 (1.7%)
DIETH -7 (M 2A),

OED, high grade Tix. H4%80 1 (636%) &
DL, ROTTEEEA 75 61 (102%). R
1051 (85%). LZEBA 9B (76%). W12 7
(59%). TE26 (1.7%). HTHEE 26 (1.7%).
B 161 (08%) DIETH 72 (4 2B)o

SCC T, &HAT160 1 (69.0%) &&mdE L. K
W R B A 28 B (121 %), b %H sk A 19 1

# 1 BWHEGI

& W e #1) v () Hat (B1)
OED, low grade 100 75 175
OED, high grade 54 64 118

SCC 123 109 232

& & 277 248 525
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40

30

EEFIE (1)

20

FYE i 161.2+14.4m%

BHETIFER © 60.8£14.6/%

ZMFIER 1 61.8£14.25
30

19
1618

18

08
Sk-

=

10 20 30 40r50‘60‘70'50'90
£ W (®&R)
A : OED, low grade
30 E RS 1 62.5+16.0%
BHFI9ER  61.4+15.20
M TFIIER © 63.4+16.6i%
20 - I 08 M
E CESN
Foo 12
E 10 - 1010
uﬂ s 77 : 7
2 2
o Au [T 00Nl
10 20 30 40 50 60 80 90
£ B (&R
B 1 OED, high grade
40 | F9FR 1 62.5x15. 78
BMFEI9FR © 62.0216.2
I FIGER : 63.2115.28 B
30 - 2
— 23 D; E
i 20 17 2013 .K E
E 13
W 10 - 10 Mo
2
N | 1 Bl ¥
10 20 30 40 50 60 70 80 90
£ B (&R
C:SCC
1 AR, T
(82 %) HH KWL 17 1 (7.3 %) Wl [T 2% 4 1

(1.7%). FE260 (09%). HEEE 261 (09%).
DIETH -7 (X 2C),

B, S OB W TEE D SR A S Mk
B o REBNZ DV TIX, FIHED S DOWAZ K
RERIGEAL & L7z,

5. ERIRZ W4
OED, low grade Tix. HMCEAS 101 B (57.7%)

60 -
50 | [ |
40 -
0B &
% 30 27 —_—
Food 20 16 16 15
E 12 12 A
0 , ‘H ]Hﬂlﬂ N
% K & N % L 2
& & & € «
b4
A : OED, low grade
50 4
40 - N
30 - 08
B 4. nk
% 10 8
=] 84 54 4 3
5 [%1,;H‘Tkw,ﬂm‘rgx,% .
% B L B 6 b B
S EF < EE
B 1 OED, high grade
90
60
- 0g
E B
& 30 -
= 16
i 12 09 .
0 ,HH‘FH‘HI%“.%‘A‘A
% H L $ B & B
C:ScC

2 MR PRIGERAE

D% RO TR T LR - BBk RE S 25 61
(14.3%). FUPERSE2 8 19 61 (109%). FLEANE -
S 13 61 (7.4%). FIHCEE 6 B (34%) TH o720
ZOMiE 11 81 (63%) T, MHMENES B, =7 —1
2260, AfmiERIREERE LB, HR16L Y
FHE1BITH o7z (M 3A).

OED, high grade Tlt. FAMIEDS 44 B (37.3% ).
P LR - VRS AT 44 B (373%) b %
v T RR-& 8 1160 (93%). FLUANE -
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80 4

60 1 [ |
E 40 - = OB i
g B &
Hog | 5
ol Hﬂ,[? I B
& B i & & ¥
@’@’ &%@ @4@ S '@& oy
€8 O‘@ %’@@
A : OED, low grade
30
20 {1 & .

E 08 #
E 10 ) mZ
. ,HHHB,H
N2 & ﬁ‘ & & W
S & & o & L

& & e
Y
B : OED, high grade
90 8
60
3 08 &
E 30 ) ki
o WH,TTT N s L
& & & 4 ®
S # & &
&P & &
%‘;
C : SCC

3 R4

HESE 9Bl (76%). FLHBUE 6 B (51%) TdH -7
ZDMIE 3B (25%) T, EWE - T T7 5 26, M
KigE 1Bl CTH -7 (X 3B)o

SCC Tl i b Kz - 1k I 55 25 169 1
(728%) b % . TR 35 61 (15.1%).
FLEENE - E 1960 (82%). 1P & % 3 11
(13%) THholzo ZOMIL 6B (26%) T, HkE

JE 1, MEROBIESE 16, 4 > 7T 2 PR L
Bl SFIE 1 Bl BOETEEEIER A 1 H. ek
TS L BICThH o7z (130),

z =

OED % SCC IZ—#%m B WA B 5
b TwaY, K% Tk, OED, low grade
1313:1, SCCIZ13:1 LR HEMUNRELH 72
%%, OED, high grade 1¥1:12 L X LMW1 %
Motz Kk dAHORFROHREDO—2 L LT, B2
fl LB 7 & OIS FET O N5, DRiEZ o
FRZWEMF I BRI E N A EINICH - 7225, fi
REBIANZ A 9 B O30 R0 el & 70 L O A A
7 A NDOEALIHE N, BB X BB L=
S rolZl b EZ BN, T/, SCCIZHEH
50 AL LA IZ 8L L, 40 AR ToIRAIIB L
L 1~6%RETHLEMESNTVEY, &K
geic BV TH OED. SCC & b IZFIE#D 60
B OO — 7 B T0 AT E —F L Tw
b LLAEAL, BIETIIHELETH S 10
RO LT B OIEBI S D H 0O, FEEA
VEETH D, KIFFEICBWTDH 10 o SCC iE
BI1IEENTEY., HEZTH->TD OED
HHWIESCC AT AWEELEDD, TDZ
LR GHIZBW BT 5 2 EAURIE X
n7z.

CIRE KGR b Bz 0 BB ORI, BEkTIZF
ESAA O _F R NIE BN O R A R L, R
MRS A SN D HPAAS LR TEA 5 1/3 Thiud
BRI (mild dysplasia), 2/3 ML ETH L
BRI (severe dysplasia). Z D[] & i
JERIZK (moderate dysplasia) & LTWw7z, L
LA S, TED LR BIBRORHED S L 5
BRIRHT L & OTEHER, SREEMICBWTZDOF
BHEAZ L v MEESET SR TwY,
ZFowER E LT, 2017 4E 0 WHO 58 S8 50 16 55
YA 4 BLCTIRER D 3 08 L & b IR
(low grade) & @3HIpEE (high grade) 2449
5 2B RIRIBLTCWS, 258 ETIE. A8
HIJ 70 M 25 g R0 2R I o Pk 0, AR 1R
BIEREZ: &0 8 SHH 7 & 70 A 7E B L A% DK/
AR DI IRAEE, HAE 57 Lo 8 ITHH
5 72 BN R R 2 W CZ M 5, Kujan O. 5
RO B, SRR 4O, HOMIEE 5 >
2725 H D %Y, Nankivell P. 5 134 B 15
XU % &% %2 4 D F D723 H ® % high
grade £ LTW53Y, /2, HELREMDS EERE
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DT HIZALNDLGED EERIER OB W %2 70
TWwh, ZRHI2E D, XY EBEIRICED X,
BWRAEM TCOFHMEINGL 2 EPWFRETE %,
AWFFEIZBWTDH. OED, low grade. OED, high
grade. SCC & IRHZBWHHEITT SO T,
RZWE LTSNz 005, AMED SR
RS B VITEEEE AN E BT T A AR L
TWhe TOZEDE 2 5HHEN. KT &5
TR L OBEWDNEH VB E 75 2 LGS
N7zo LLGD5, BIRZIICB VT, fE
DX % B LR EEERS A 75 v EE
%K. WFNEL O SIEMER B2 HEEZRNICB W
T, OED, high grade %> SCC T& - 7=JEH12% 19
Bl (36%) HOOLNTZe SO EDSTRORE
WHERET AL LI, BIRE L RHE & TRE R
FA ANy v arOLEERLEL S,

FIPE FRE SR ORI BT SRER 12
DOFAEHES OeE L L oI EETH 5,
L L7255, HE 4eftd & T W71 K #E2 2
ENL . TOWAITIE., R b gt %
FEhE L. WENOMIICBIT S5 V37 HD3EH
DEALZWHALT 2 2 & TR O & 257,
BESEVE R Cld. R MR oM 4% & 5 %
BRI DOEDTHILTr I T YOIy —»
PEALT 5 Z EHE I TV DY, cytokeratin
13RS O LR THILL TWwaA25, OED T
WEHHHE LD B W IZES T 5. cytokeratin 17
WEIEMES P O B TUEE B L T 22w s,
OED TI3ZH ¥ %, Ki-67 (3@ Lz —
IZ5B9 5% OED Tl BRI — g 1258
L. S5 EHEMBORERBIEAA LN S, pb3 IX
FENESS I CILI BRI IS F 11X 5 1255V Bt R 23
R XN 5% OED T\ BrthfAsa &
%o REFFEICEB VTS OED OHEITHE L 724E
B 31 1 (5.9%) 15REHARAL =Gt 2 17\,
WAEHNHE Lze 20T &2 5 kA0
et |2 X B EIEAEHERRE W Z EAUREE S L,
HE §eta b b LI E TV REDOEVBKA
MfECc& %,

]

Ll FeA2 13201741 HH 5 2022410 H £
TO 54410 22 H OB, BRI EHK S K EE W
W [ IR ke 4 £} © OED, low grade. OED, high
grade. SCC & & Wi S 7z 525 FEFNIZDWT, IR

#

P B X R ETF TG 217 WHts L
720 OED % SCC I3 HFE DT HIIHM BEL2H 2
BRETHHIENS, EHELTHEEL 4
bo ZDDITIZIHBEBE AT RO AR ST,
INCHEF R RS, BRI R L BEEo L
B EITO R T NUER SRV, SHRIGEHKRE &R
PEDSG F T RICEEER & ), D R ERE
1R F R R D IR 2 Wi 2 HAR L 72w,
X @
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Lactobacillus rhammnosus 1.8020 % 7L v b D cnm BIinT

5k Streptococcus mutans W EAZ 03 % 5528

o M RELP*F Ol 59 £ 5 & K Y
— ) R

D) KB RARbE A > ¥ —
2) IRERAER BB R A FERE e ZRB i L R S F 72
3) IRBRFERF B AR A TERE LA T 2200 B
4) RS EIBER A R 2 B e e 28 2 B

&

HW : Lactobacillus rhamnosus 1.8020 D % 7L v % H\vC, TP NI & o B 233
EHENLLEND cnm BITBEVE Streptococcus mutans (S. mutans) WEA~DOZEZH L
MY %o

HiE  FHEEEONIAENRELT, ¥ 7Ly MERENCHER 2 $R L. LAMP
WX oTenm BIEFHMEZRZRHE L, #70y M1 HLABIRSE, BB, 2 HE%
2W). 4% AW) 1S, mutans Wi % L72c TOKE, ¥ 7Ly MDY 8 HL
L oOREITEHiTRRE L7z,

MRS AOMRED ) B 174 (21.0%) (2 cnm EInTHMEZ RO, FFlivTies L7z
SHRHEIF39% 2112225, BT 8. K32 %, cnm BIETFEME 27 4. Bk 124)
TH o720 S. mutans WA I 7 O RAEX. cnm B n TR CTHRGHT: 1.18 £0.92,
2W 1074 +085 (p=0019), 4W : 051 =070 (p=0011). cnm @& TFEMEHE T D BIGEHT
200060, 2W : 1.33£0.77 (p=0014), 4W : 091079 (p=0.007) THEIEBEVTNIH
FICHBUIIET L 72

MEaw AR T Uy M enm BIETBES. mutans OEEIIRI SR TH 5 2 L AR E NI,

$£15% #517% 1 9-13, 2023

Key words : cnm, Streptococcus mutans, Lactobactllus rhamnosus 1.8020 tablet, LAMP

ZAF:20224E3 H5H =¥ :20224E4H20H

&

I UL, R KRB O —D2 L LTRIEDOH
il - FHHANORD A L - TEIN 2 1E LT
WBA, BRI HICEESTwARWY, TR
DFFE LTiE, ZRFURBLE L TOREEE
BLAXFIEFLT7TTu—FRERTEBY), 7
v Yy TRPMTC, ¥—=F v M 7vitPo
i, R AR BOFIRICE > THLHE)
PRI TS, MEXEHEFE L
T\ Streptococcus mutans (S. mutans) ¥ flE

il

HHEO—DL LTI —Fy FeENTWwER
M AR, A7V ERET Y YN ESE
WT 5 cnm BT %D DS, mutans 25 - DR
ONBIMOERICED ) . RARREE~NDEE %
5.2 5 2 & RBGE OISR & OBz S
TWa, X 5T, S mutans, %12 cnm A%
Ttk S. mutans OWHNZ, I 2T TR, &
HHREOF - HHORE» L SEETHL Z L
5. cnm BT S, mutans % 2 » ba— )
T BB DR 2 EARD SNT WD,
PRI TIHEH SR TV AH LWHEE LT,

* 0T 734-8551 LWL BT RIXE 1-2-3
TEL : 082-257-5727 FAX : 082-257-5727
E-mail : mhiraoka@hiroshima-u.ac.jp
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Abstract

This report describes the localization of Porphyromonas gingivalis in chronic inflammato-

ry tissues and explores the onset of infections originating from oral pathogenic biofilms.

Specific DNA probes targeting all oral bacteria, including P. gingivalis, were designed.

Bacterial localization in periapical granulation tissues of a patient with severe periodontitis

was analyzed using fluorescence iz situ hybridization. P. gingivalis colonies were clearly

distinguishable in tissue areas with dense bacterial colonies. This is the report demon-

strating that oral pathogenic bacteria form colonies and proliferate in remote sites.

Key words : fluorescence in situ hybridization, odontogenic bacteremia, oral biofilm,

Porphyromonas gingivalis
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Introduction

The prevalence of metabolic syndrome has in-
creased worldwide and is a high-risk factor for
chronic diseases, including cardiovascular dis-
ease, hypertension, type 2 diabetes mellitus,

12 Periodontal medi-

dyslipidemia, and cancer
cine has gained increasing attention in dentistry,
and several studies have reported on the rela-
tionship between periodontal disease and sys-

35 Periodontal disease is the

temic diseases
most frequently encountered infectious disease
caused by periodontopathic bacteria. According
to previous research, biofilms in periodontal

pockets contain unbalanced oral flora with a

high proportion of Porphyromonas gingivalis®™® .

Periodontitis is thought to cause the ingres-
sion of periodontopathic bacteria and inflamma-
tory cytokines into the vascular plexus of the
periodontal tissue, resulting in vascular endothe-
lium dysfunction and circulatory disturbance
due to endotoxins (lipopolysaccharides) and
low-density lipoprotein cholesterol. Periodontal
treatment, including the elimination of periodon-
topathic bacteria, nutritional control, and life-
style intervention are considered effective ap-
proaches to improve this condition and reduce
the risk of infectious exacerbation”. However,
owing to the absence of acute symptoms in per-
sistent chronic infections caused by odontogenic

% : 1-8-13 Surugadai, Kanda, Chiyoda-ku, Tokyo 101-8310, JAPAN

TEL : +81-467-78-3020 FAX : +81-467-78-6485
E-mail : hiro-214@xc4.so-net.ne.jp
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bacteremia, the development of effective coun-
termeasures and the understanding of the dis-
ease process have been inadequate.

This report describes the localization of bacte-
rial biofilms and P. gingivalis in a patient with
chronic inflammation of the periapical tissue.
Histopathological and molecular biological tech-
niques, including fluorescence n sifu hybridiza-
tion (FISH), were used to investigate the colo-
nization and proliferation of bacterial biofilms
and the localization of P. gingivalis in chronical-
ly inflamed tissues.

Case Report

An 80-year-old man visited the corresponding
author’s dental clinic and was diagnosed with
severe periodontitis and chronic apical periodon-
titis. The lower-right first molar was extracted,
as local recovery was not expected. The apical
granulation tissue from the apex of the extract-
ed tooth was used as a sample for further study.

Tissue sampling

Tooth extraction was performed with perios-
teal detachment under local anesthesia, and a
mass of apical granulation tissue was carefully
extracted to avoid destruction (Fig. 1). Tissue
sections were prepared for FISH analysis ac-
cording to standard procedures, and hematoxy-
lin and eosin (H&E) staining and 4, 6-diamidino-
2-phenylindole (DAPI, a fluorescent agent
which stains DNA) staining were performed.

Fig. 1 Apical granulation tissue
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Probe design

FISH probes, EUB338 and POG447, were used
for the analysis. EUB338”, with the sequence 5
GCTGCCTCCCGTAGGAGT -3 and labeled with
Alexa Fluor 488, was designed to detect all oral
bacteria by targeting the 16S rRNA sequence.
POG447, with the sequence 5- CAATACTCG-
TATCGCCCGTTATTC -3 and labeled with Alexa
Fluor 555, is specific to the 16S rRNA sequence of
P. gingivalis.

Fluorescence in situ hybridization

First, 0.5 ¢l each of the EUB338 and POG447
probes were added to the prepared tissue sec-
tion samples. After hybridization at 46 °C using
a hybridization buffer (20% formamide, 0.9 M
NaCl, 20 mM Tris-HCL [pH 7.2], and 0.01% so-
dium dodecyl sulfate), tissue sections were
washed with a solution of standard saline citrate
that was diluted 4-fold at 46 °C.

Tissue samples were stained with DAPI and
examined under 100 X magnification using a fluo-
rescence microscope (Leica Microsystems Co,
Ltd. Tokyo, Japan). The localization of P. gingi-
valis in biofilms outside the apical foramen was
investigated. FISH images were captured using
a CW4000 FISH application program (Leica Mi-
crosystems Co., Ltd. Tokyo, Japan) equipped
with a cooled charge-coupled device camera
mounted on a Leica DMRAZ microscope.

Results

FISH analysis of the periapical granulation
tissue with the probe EUB338 revealed green
fluorescence in areas A, B, C, and D (Fig. 2),
due to local bacterial RNA hybridization with
EUB338.

The same tissue section stained with H&E
and visualized under 100 X magnification using
a fluorescence microscope revealed a different
image. Epitherial cells and loose connective tis-
sue were not found in areas A, B, C, and D,
while a large number of bacterial cells and a
matrix-like structure were observed. Moreover,
H&E and DAPI staining of the section showed
that the bacteria in these areas were embedded
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in human granulation tissue (Fig. 3).

A high density of bacteria was present in ar-
eas A, B, C, and D. However, FISH analysis us-
ing the POG447 probe revealed a high density
of red fluorescence due to hybridization with
POG447 only in areas A and B of the tissue sec-
tion (Fig. 4).

Discussion

Apical granulomas form bacterial foci due to
the infection of the root canal. Severe periodon-
titis causes the formation of bacterial foci due to
the infection of the periodontal pockets.

Although few cases of P. gingivalis detection in
human tissue have been reported, some studies
have described the direct detection of P. gingiva-
lis in a sample of vascular atheromatous tissue

101D " However, it

using polymerase chain reaction
was unclear whether P. gingivalis was present in
free-floating bacteria in blood, such as in bactere-
mia, or from colonies formed on the tissue. Thus
far, limited histochemical analyses have been
available to analyze bacterial infection and coloni-
zation in tissues of infected foci.

The results of this study clearly show bacteri-
al colonies embedded in human fibrous connec-
tive tissue. Surprisingly, the colony regions of P.
gingivalis were distinct from those of other oral
bacterial groups. In general, a biofilm is formed
by various bacteria randomly, but in an oxygen
partial pressure and nutrient concentration-de-

)

pendent manner'”. This case, however, shows a

< 100 fold

Fig. 2 Hybridization of the probe targeting all oral
bacteria, labeled with Alexa Fluor 488

single bacteria-dominated colony in vivo.

Areas A and B displayed a red fluorescent
signal due to hybridization with the P. gingivalis-
specific probe, POG447, indicating colonization
of P. gingivalis. Despite the existence of bacte-
rial RNA in areas C and D, no hybridization was
observed with the POG447 probe, suggesting
the existence of bacterial strains other than P.
gingivalis.

Areas A, B, and D, as seen from the H&E-
and DAPI-stained tissue sections, were embed-
ded in human granulation tissues. It appears
that odontogenic bacteremia, caused by the in-
gression of oral bacteria into the blood vessels,
led to the proliferation and colonization of the
bacteria in these areas of the tissue.

The findings of this study are clinically signifi-

Fig. 3 Bacterial biofilm in a radicular cyst, stained with
H&E

X100 fold

Fig. 4 Hybridization of the probe targeting P. gingivalis,
labeled with Alexa Fluor 555
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cant, as they clearly demonstrate the coloniza-
tion and proliferation of oral bacteria embedded
in human fibrous connective tissue using a histo-
logical technique. For chronic apical periodonti-
tis involving stable periods and acute attacks,
more aggressive treatment may be suitable even
if the inflammation is low-grade, considering the
formation of bacterial colonies in the inflammato-
ry granulation tissue. The results suggest that
a small amount of inflammatory granulation tis-
sue might be the source of pathogenic bacteria
proliferating in distant organs.

The strength of this study design is that the
FISH method visually identified the location of
pathogenic bacteria in infected tissues and re-
vealed the differential colonization among differ-
ent bacteria in human tissues. Although this re-
port demonstrated one case targeting P.
gingivalis, we will continue to investigate the
status of pathogenic bacteria in more clinical
cases and make the best use of the results in the
selection of intervention methods.

Our findings suggest that oral pathogenic
bacteria causing oral infections not only cause
transient odontogenic bacteremia and chronic
inflammation, but also lead to the development
of systemic diseases through the formation of
oral pathogenic biofilms.

Oral hygiene, a measure of local diseases in
the oral cavity, thus plays an important role in
preventing the onset and aggravation of sys-
temic diseases.
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