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2. Recombinant P, gingivalis hsp 602 |

P. gingivalis 3819]|4] 33} GroEL gene?V&
£ OkayamaX|#t)8te] Yoji murayamal 25E
SRttt P, gingivalis GroEL geneS pGEX-4T-3
expression vector®]] cloning®}¢] glutathoine S-trans-
ferase-P. gingivalis GroEL fusion construct2 A $H3]
t}. Fusion constructy HB-1142 cello]] 32 A3k
1L, IM isopropyl a-D-thiogalactoside(IPTG)E 37}
A A BHE FETE MEE A3 100
mM Triethanolamine-HCl, 170mM NaCl, 1% Triton
X-100, 10mM dithiothreitol, pH 74284l 7 £-§-A]
7131 sonicationd}JT}. Phosphate-buffered saline +
1% Triton X-1002. 2 29 A& 3} glutathione
Sepharose 4B beads(Pharmacia, Swenden) slurry &
Z} wbedl] H7ksbaL vtk FAAE beadSg
phosphate buffered saline + 1% Triton X-1000.2 %
A=A A3 A 43T} Fusion proteing
elution buffer(10mM reduced glutathione in 50 mM
Tris-HCl, pH 8.0)2 A gjste] 32 ZA 34l

3. ELISA 22|& ©|85|0| anti-P. gingivalis
hsp 601g G M| 24t &5Y

Microtiter plate(CovaLink plate, NUNC, Denmark)
€ phosphate buffer2 248 hsp(10 pg/m)Z 39
coating3} 4 tP 22 PlateE A|F 31 o TR S
A7hste] v g Art. PlateE MlFF peroxidase-
conjugated mouse anti-human IgG(H+L)(Jackson
ImmunoResearch Laboratories, West Grove, PA)S
H7Pk et 2413 wi < Foll plateE A &35}k
tetramethylbenzidine(Kirkegaard and Perry
Laboratories, Gaithersburg, MD)& 37}5}ed w5}
i, 0.18 M HS04& F7lste] ¥h3-3 FEAFh
450nme] 3Pl A B8 FF=E AT vl
T A5 S ELISA unit 10002 A8k o
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4_Westem immunoblot

g2tel A 0|83 P gingivalis hsp}
human hsp 609) ™3} Western immunoblot %3-S
434}, recombinant P, gingivalis hsp 600]1}
human hsp 60(StressGen Biotechnology, Victoria,
BC, Canada)& A 7]%96(SDS-PAGE)8}e] nitrocellu-
lose membraned] electrotransferdtdth 5% skin
milk 2 & blocking3} &, PBS bufferz 3431 3
A8 H(1:25)& AH7hste, 2417 wiFstainh ok
A A3} horseradish peroxidase-conjugated mouse
anti-human IgGE 713l 1A17HES vl ok} gi T},
PBS-Tween®. 2 ¥hg M| &3} F9)|, tetramethylben-

zidineS 47¥ste] A=A ket

5, P, gingivalis heat shock protein-reactive

T-cell line2| ZEjat £4

T3 ¥ atheroma¥ 2 & collagenase(10 #g/ml,
Behringer-Manheim, Berlin, Germany) 2 =] 2|8}
AT AL FEIFAP2D, 12 well Z2Ju) %
plateE A3}, atheroma® 20| A &3 )
A|Zel| P, gingivalis9} antigen presenting cell(APC)
< A7Fete wjFetaleh. SR 2 RE AT oo
A lymphocyte & #-2]3}], mitomycin C2 g8+
¥ APCE ARS8}, 3T M2} lymphocyte=
Ficoll-Paque medium(Pharmacia, Upsala, Sweden)
£ 0] 88k gradient cell separation technique-& o]
st} EEstct. 270 S TAHEE 157 F
A7) & FYOR, 1 FTAE FA4E FE19t
2143t mitomycin-treated APCS} P, gingivalisE 3
7k siet.

P. gingivalis hsp-reactive T-cell line& P, gingivalis
reactive T-cell lineo| X, T-HE & 2}25}7]9 3] heat
shock protein antigen(5 pg/well in 12-well culture



plate)g Hriste] e wgo g FEIAct Wl
A% A& AF3te cyrokine A& $3) 20T B
#HE4h Tcell lineEAME 317 $i8ted, AE
£ Per-CP-conjugated mouse anti-human CD3%}
FITC-conjugated mouse anti-human CD4 %< PE-
conjugated mouse anti-human CD8 monoclonal
antibodies(PharMingen, SanDiego, CA)E 2% d44
3ttt 2 T-cell linee] E¥ ¥ WHL Epics Elite
ESP(Coulter, Hialeah, FL)& ©]-&3%}4 flow cytome-
try2 AR

6. T-Mi= 52 2

) Eo]A T-HE F21& Hr137 |98k, 2} T-
cell lineo|A] :E3} P, gingivalis hsp reactive T-A| X
g 3t4A|9] P, gingivalis hsp antigen’s%(0,1,1,10 #
g/wel)olA] viakst G, &4 Eol S Bret7)

93, 2T FULoE Mytobacterium tuberculosis
hsp 65(Lionex GmH, Braunschweig, Germany)& 2
2 o 2 FHrkslant Z} welldl] dmitomycin CE
]88} antigen presenting cell& H718ITh 724

7+ wie¥st 3, 3H-thymidine(1 #Ci/wel)-& H7}F31aL,
radioactivity32-4]-& 13 24A17F vl 3T

7.Cytokine == A

94-well plate(Corning, Coming, NY)& 4C ol 4] 3}
Z29lE0} sodium carbonate buffer2 343§ mouse
anti-human IFN-Y, IL4%F IL-10(PharMingen, San
Diego, CA, 4 pg/ml)eE coating 3} ¢ T2,
PBS/Tween® & 33] M3 F, well& PBS + 10%
fetal bovine serum(PBS/FBS)E blockdt T
PBS/Tween® & 33] A3t ch 2+ &3} stan-
dard recombinant human IFN-Y", [L-4%+ IL-
10(PharMingen, San Diego, CA)¥} PBS/FBS + 0,05%
Tween20(PBS/FBS/Tween) 0.2 31X ¥ PBSE %A
T &4 g2Fo 2 Wriste 3A1zE vigEkth
Plate® 4| &3} F o bictinylated mouse anti-human
IEN-T, IL45-+= IL-10(PharMingen, San Diego, CA,
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2 pg/ml in PBS/FBS/Tween)& H7F8kal A&olA 1
A1ZF vl ke Th, PBA/TweenS & 43] A%
hydroperoxidase conjugated streptavidin
(PharMingen, San Diego, CA)}& H7}31aL vl 43l
t}. PlateE M &&} 1L, o-phenylenediamine(l mg/ml
in 0,1 M citrate buffer, ph 4,5)& A7}8}1, 2083t
H SRkt 1 3 4 N HiSO4& H718te] vhe-& 3
A Ze}, F3 FHEE 4990 nmipoA EA3Y
t} EF cytokined] B8 TR 34 F ol 5
WjEE 5, v 23t 7 B89 cytokines =& 2%
Eisi=g

8. Synthetic peptide

P, gingivalis GroELS] X-£ amino acid sequence
£ spanningdl % 108 decapeptide&, F moc chem-
istryol] 713k AZARS] A Al m2bA], Epitope-
Scanning Kit(Chiron Mimotopes, Clayton, Victoria,
Australia) & 0]-8-8}a] FA4J3ATE. PeptideEL 570
2] amino acid residues’} XA AF =t §A
ZATE FAY(PLAQ)EE +/(GLAG)UZ peptide
& Z A §Aska, 3 ¥ monoclonal anti-
body& 7H3l], 8= 2 FARIe 2 81
&

9 T-N= &8 3 5% mapping

T4 peptided] 8 AR F-9 Fo)dE B3
719)3), P, gingivalis hsp-specific T- cell lineof]A] 1 x
105T ME & synthetic peptide(0.1 #g/ M)e] W& 5
ZFAF1EA 1 x 100 APCS} §HA| A}=31 4T Plate=
5% CO2 7hall 71 0llA 37°C o] w3 ATt 48A1%E
HjoF 3 M X of 3H-thymidine(1 # Ci/well)}& 3718
F, A7k w3k, liquid scindllation counter® &
A3IATE F4L stimulation index(SD; 3] §lF
counts per minute(cpm)l] thg+ 3487} cpme] ¥]
&2 FIFGT) SI valueZ} 2014 w] o=
A3,



10, Conjugated plate A&}

Microtiter plated]] synthetic peptide g ¥2-3}7]
92l &30 Al 1-ethyl-(3-dimethyl- aminopropyl) car-
bodiimide(EDC)¢} N-hydroxy-succinamide(NHS) &
#7kskdth. EDCOF NHCE 1 M9] F =8 AM-3HS
o} Zt peptidet= 222} dimethy sulfoxide = £-3
%11, 0.1 M carbonate-bicarbonate buffer2 348}
&}, A% peptideF=7H 1 pg/miz} EA SHITh 100
A8 BE-g welld] upeo] 2A2HA FY3tA
t}. platet &M BH2HERE FABAT. A
B2 AL, plaes FFT2 53 AFsta, 4
oM AxAZ. plae LR3I 4T oA 2H
3tact.

11. B-ME 2@ 33 29| mapping® gt
enzyme immunoassay

Conjugated plateE PBS-Tween® 2 A &3}, 3|
Mg g3 38L& APk s ettt Plaes Al
A%} & peroxidase-conjugated mouse anti-human
IgG(H+L)(Jackson ImmunoResearch Laboratories,
West Grove, PA)E AH718} ) 243t v o 3 plate
2 M| A3}, tetramethylbenzidine(Kirkegaard &
Perry Laboratories, Gaithersburg, MD)& 37}38}aL,
HjoF Fof| 0,18 M HaSO4E A7}t ¥hg-& A=) A)
Aok B8 FFEE 450 nmoo A3 22t
o] BEI A peptided]) the}+ ELISAZ| o] HFT} &
FUAE AV, B - RERNE 7)F0z
3te] peptide?] 2t A E P Ex S E WY

4.
i, A7 8
1, SYHSE B}

6782 TR 3E B Meste] AR, &
Al B9 A3} YAE FEIIY BE A 9y
o]t FUAFIL, 1}o] = 50-764] EE HTHTable 1),

2. Recombinant P, gingivalis hsp 602 A

Recombinant P, gingivalis hsp 602 SDS-PAGEH}
Wo g Bapgke] BA $EE N8 tHFigure
1). Gel 9FA& 2k 60 kDa=l7| & recombinant heat
shock protein®] 3t 5 & H o5+ T band

it

3. ELISA "i8® o|RSI0] anti-P. gingivalis
hsp 60 Ig G &M 1t 53

68 3kA}9] anti-P gingivalis hsp 60 1gG 3] 7}
£ 107 gz o wsl F7HE AT Table 2).

4. Westem Immunoblot

S F5lE $xje] AL Western immunoblot
oM P, gingivalis hsp 603} human hsp 60] 7}t
cross-reactive patternsr 2 ¢ UHFigure 2). 1473 ]
27 ME P, gingivalis hsp 60¢]1} human hsp 60

Table 1. Summary of patient characteristics - systemic examination

Gender/Age Medical diagnosis Smoking
1 M/50 Arteriosclerosis obliterans (right superficial femoral artery) Y
2 M/62 Arteriosclerosis obliterans (left superficial femoral artery) Y
3 M/55 Arteriosclerosis obliterans (left supeficial femoral artery) Y
4 M/53 Arteriosclerosis obliterans (both superficial femoral artery) Y
5 M/66 Arteriosclerosis obliterans (right superficial femoral artery) Y
6 M/76 Arteriosclerosis obliterans (right superficial femoral artery) Y
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Figure 1, SDS-PAGE picture of purified recombinant P, gingivalis GroEL 60 (Lane 1),

Table 2, Anti-P. gingivalis heat shock protein IgG antibody titer of sera from each patient and control subjects

Atherosclerosis group Control group (Mean)
1 2 3 4 5 6 N=10
196.1 2186 231.1 188.9 206.8 211.7 1065 £11.8

* number indicates each patient, All the antibody titer is greater than mean value of control subjects + 3,s.d.

M N1 N2 N3 N4 Al A2 A3 Ad

PHPHPH PH PH PHPH PH

1§

60K — —l—

Figure 2, Western immunoblot pattern of cross-recognition of P, gingivalis hsp60 and human hsp60 by sera
obtained from four healthy control subjects (N1-N4) or atherosclerosis (A1-A4), Pairs of two lanes
represent serum reactivity of one subject, left panels being against P, gingivalis hsp 60 (P), while
right panels being against human hsp 60 (H), respectively,
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E kgl §iirh A T-HEEL P, gingivalis hspol] thel] T4
Bh3-& B Yt} B9 33} WiolA &8P, gingi-

5. P, gingivalis heat shock protein-reactive valis hsp reactive T- cell line®] CD3*/CD4*1}
T-cell line] &1t 4 CD3*/CD8"* cell& z}H 321504 THFSH phenotypic
profileg HEHTHCD4'T cell : 55.4-69.2%, CD8*T

9 A5lE Bl 228 F9 As WAl cell 1 15.5-31.8%)(Figure 3). In vitrod|A] P. gingi-
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Figure 3, Phenotype profiles of P, gingivalis hsp60-specific T cell lines established from the atheroma lesion
from six patients analyzed by flow cytometry, Profiles of proportions (%) of CD3*/CD4* T cells (left)
and CD3*/CD8* T cells (right) of T cell lines established from atheroma lesions are demonstrated.,
The number indicates each patient,

Table 3, In vitro proliferating responses of P, gingivalis hsp-specific T cell lines established from 5 atheroma
lesions to different antigen dose of P, gingivalis hsp60*

antigen(gg/ml)  TCL1* TCL2 TCL3 TCL4 TCI5 TCLG
0.1 2120426 311113 219166 2121+192 2332+137 2609+ 89
1 S4B 8) 638241 4519+ 169 5006227 4198+ 214 4220 = 105
10 8158155 14321 +357 7,18 +219 8200296 7982 +210 8226+ 282

* unit expressed as mean counts per minute of triplicate measurements & s.d,
* TCL denotes T cell line and the number indicates each patient
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valis hsp 602 0.1, 1, 10 pg/mlE A=539E o, &
Lo vlgiste] S @7} S7HEATHTable 3).
Atheromadl| ] 23} P, gingivalis hsp-specific T-
cell line®) wioF A% M Tkt Axe) IFN-T
(3.69.1 ng/ml), IL—4(2,1-4_1ng/ml)9+ 1L-10(1,7-3.6
ng/m))o] A& EATHTable 4),

6. T-MIZ 3§ BYF mapping

T AskZel A QA P, gingivalis hsp 60 pep-
tide?] spectrum AR3}7] 913, 659 RI2HE
&8} P, gingivalis hsp-reactive T-cell line®] &4k
& AT 24 @48 T-cell® P. gingivalis
hsp 609] & sequence® spanning3dt 1087 2]
overlapping peptideE %, SI valueZ} 2 o] 4 HQl,
107} ¢} peptideS(Nos. 3, 15, 24, 33, 45, 53, 64, 84,
88, 990 T8 T-AE 39l 2% F-92 AAsigict
(Table 5).

Table 4, Cytokine concentration of culture supernatants

7. B-MZ 3§ Y 59 mapping

Peptide conjugated plated]] 6'8¢] #a}e] A&
F381 epitope mappingdtltt. o] A4 A
AHE $E2 E o] 314 E3 59 scanning patterng
Hl 23 vkt sHEel el A G gRhe-g Bl
207} 2] antigenic peptideE(Nos. 3, 6, 15, 24, 29, 33,
39, 45, 53, 56, 64, 69, 74, 75, 84, 85, 88, 93, 99, 102)
& P. gingivalis hsp 602} ¥ B-AX¥ 3 24 %
A= stk 80€ #3924 F-9 & Figure 4
o LRl AT,

v, &2 I 1ot
Anti-P, gingivalis hsp 60 1gG 38|97} 8T 6
Be] Y AskE A gt e o w3t

o}, P. gingivalis hsp 600 th3t IgGEHA] 9717} F7)
€ FNA3S Bael AL Western immunoblot

of P, gingivalis-specific T cell lines from atheroma

(ng/mi)s
17 2 3 4 5 6
IFN-T 46%07 36102 3.4 1+ 0.6 48104 9106 7.7 £ 0.4
114 3202 41x04 22103 23107 38+09 21+03
IL-10 17403 281+05 21+05 19+08 23%07 3.6+07

§ results from the triplicate measurements (mean =t s.d)
9 number indicates each patient

Table 5, List of T-cell epitope peptide numbers and its amino acid sequences,

Peptide No. position Sequence
P3 RDLLKKGVDA
P15 VKEVASKTND
P24 117-126 RGIDKSVKSV
P33 162-171 [AEAMRKVKK
P45 222-231 IYDKKISVLK
P53 262-271 LVVNRLRGSL
P64 316-325 MLGTAEKVRV
P84 416-425 GTTYIRAIAA
P88 438-447 TGIEIVKRAL
P9 493-502 VIDPAKVTRV
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Figure 4, Bar diagrammatic representation of optical densities as a measure of serum reactivates to 108 syn-
thetic peptides spanning whole P, gingivalis hsp60. The number indicates each patient,
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o|A P, gingivalis hsp 603} human hsp 609} FA]9]
vkesl ) o] AW P, gingivalisst e
A3} AVF MY ¥l 71™A bacterial hspe]
AH e e IS e RIES gX|grpze
0 HZ AR AFAEL bacterial stress proteino]
U human hsp7t £3 o] HAA X7} RojE=r|
T8 4L 8t o]3lo] T AsF Wi
plague] 4L F R F AP,
Bacterial hspol] T8k T-cell HYHEE- Eo] o]
e oM = I E A+,

Hspe H&4J0] &30, hsp 60 9ol mycobacte-
ria®} fr 31 Abole of 6% v d 5 4E Bt
H o z)FHe] s FIME AT EL(cross-reac-
tivity) & BQITHY & conserved sequenced] thgk
E0) & 7 T-A X9 FAEL A e o
olof) 718t 4= ¥ auto-reactived 7HsAdo] ok
Bt F8 AF A8 42 &9 hsp DNA
sepuence”} ¥H&| FH T} 209 Bacterial hspol) th3k T-
AE FANREE 2 hspE BHLE B A7}
HEE FEho ey x5 e HATH wely)
ol Bl 4 Qo

0789 Aol &3 FY A3E WM B
23k Gl I EFNA P, gingivalis hsp-reactive T-
cell lineg &1 4= Q1] Th1¥} Th2 & the]
EE3} cytokine S E8] 3= CD4*9} CD8 T-A| X &
SRt o] A2 o) Ao} YA, P, gin-
givalis hsp-reactive T-cell line in vitrool| A4} M,
tuberculosis hsp 65 &Yl F45= Hol gt
ol 21L& P. gingivalis FBE A TN 485 A}
S T-AE7} 5o ©83h= P. gingivalis hsp 34
of o8 A==, P, gingivalis7} A% atheroma
Wi 28 7 ke 2E T Aol

o] A7+¢] H22 hsp 60 T Ao EA 3= Bl
liner B-A|3E 39 AR E L7193 anti-hsp 60
g3 FAE dash= Aolrt o1& A3l overlap-
ping peptide & CovalLink plate®] coating&}t}. &
2; thR-Rol A 3-8 Whgo] T AL 207)
LAt ol& ¥ A K4 F 10707} 252 %
M B-AXE 3 A4 FHd ¥ o T-HE &
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2% 7911 AL 2 FRIHATEY, whebA 10709
T 2ARFAE 9 A5Ee TF T-4E 9 B-A
¥ o9 AR B2 MR} T3 0] &9 pep-
tide®] sequence® E-A43}e], 59 H3lZ 2ale
human hsp 604 ¥ 3¢l 27 229} Ax)&}
= 0] A=A FRISHATHTable 6). P, gingivalis
hsp 602} peptide no. 15 VKEVASKTND>} human
hsp 609} VQDVANNTNES} F3tH, o] A& Fu
4359 BAXE &9 FA F9l2 d=dr) o]
F-215 human hsp 603} U3l GroELAtole] iz}
whE-o] 22 AU 4 1L, ¢ peptideE 1]
o 39 Qa5 o wiio 2 o] 8% 4 3l A
olt}, ¢S R atheromatous plaquedi| A &g AR
54 Eo| A Tcell lineg S§3}I1, o]E HEEL,
WA BTE FAE] Y93 Ay HAg Hrlshr]
Ak AEH 59 A3 W Ao, Wy 2 #
(severe combined immunodeficiency mice)ol] 2]-4-
& A& Fojr,

No. p39 MQFDRGYISPE E1|& 113 peptide$)
], o] AL thE Al hsp 9} 217k hsp 603} LA
& HATPL, a2y} QIZE hsp 6004 o] H&)=
g 24 742 JeRA] i) whEbA o) pep-
lidets 0. 29} A7 AAZ F3L o] Aol ul
A3

V.EE

o] 7o) B2 5 A5 o)A Porphylomonas
gingivalis (P, gingivalis) 8% @4 (heat shock pro-
tein, hsp) 60°)] 3+ T-H . Huk-E- Eo] 3} T-A|E
Y B-AE 3 A 79 Hol/dE Wrtsh= Aol
Ant-P, gingivalis g GEHH| 97 8 $Exjo| A 27}
) B9 A3E gkl 58 Atheroma B4
oA P, gingivalis hsp-specific Tcell lineg g3}
t}, o131 Thiz} Th X & the] E43 <] cytokine
& BHlsk CD4*s} CD8 A28 &§F¥ 0|3t P,
gingivalis hsp 60 moleculedl| 4 spanningdl 108 over-
lapping synthetic peptideZ-oll 4 T-H| £} B-A|E o] F
FHOE B AR 79 ol vepiE 10719



Table 6, Comparison of peptide sequence homology between T- or B-cell epitopes of P, gingivalis hsp60 and
other published epitopes of human hsp60 in systemic diseases.

Peptide  source sequence remarks reference

3 Pg hsp60 RDLLKKGVDA T-& B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 RAIMLQGVDL T-cell epitope in diabetes 32

15 Pg hsp60 VKEVASKTND T- & B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 VQDVANNTNE B-cell epitope in atherosclerosis 33

24 Pg hsp60 RGIDKSVKSV T-& B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 RGVMLAVDAV Tcell epitope in diabetes 32
T-cell epitope in Behcet syndrome 34

33 Pg hsp60 JAEAMRKVKK T-& B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 ISDAMKKVGR T-cell epitope in Behcet syndrome 34

45 Pg hsp60 IYDKKISVLK T-& B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 LSEKKISSIQ Tcell epitope in Behcet syndrome 34

53 Pg hsp60 LVVNRLRGSL T- & B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 LVLNRLKVGL T-cell epitope in diabetes 32

64 Pg hsp60 MLGTAEKVRV T-& B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 DLGKVGEVIV T-cell epitope in Behcet syndrome 34

84 Pg hsp60 GTTYIRAIAA T-& B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hspG0 GCALLRCIPA T-cell epitope in diabetes 32

88 Pg hspG0 TGIEIVKRAI T-& B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 IGIEIIKRTL T-cell epitope in diabetes 32

9 Pg hsp60 VIDPAKVTRV T-& B-cell epitope in atherosclerosis present study
B-cell epitope in periodontitis 31
hsp60 [IDPTKVVRT T-cell epitope in diabetes 32

Pg hsp60: Porphyromonas gingivalis heat shock protein 60
Hsp60: human heat shock protein 60

peptide® 81313}, P, gingivalis hsp 60 39 2
B 992 B9 AT be 24 o JE
Z= Ao g yzhEnh

1. Ando, T., Kato, T,, Ishihara, K., Ogiuchi, H., &
Okuda, K. Heat shock proteins in human peri-

odontal disease process. Microbial, Immunol

VI #OEH

1995 5 39 : 321-327.
2, Chiu, B, Multiple infections in carotid atheroscle-

rotic plagues. Am, Heart J 1999 ; 138 (part 2) :

$534-55306.

3. Choi, J., Chung, S.W., Kim, S.J., and Kim,
S.J. ’Establishment of Porphyromonas gingivalis-

188

specific T cell lines from atherosclerosis patients,
Oral Microbial, Immunol 2001 ; 16 : 316-318.
4, Haraszthy, V1., Zambon, J.J., Trevisan, M., &



10.

11,

12,

13,

Genco, R ]. Identification of periodontal patuc-
gens in atheromatous plaques, ], Periodontol
2000 ; 71 © 1554-1500.

.Okuda, K., Ishihara, K,, Nakagawa, T,

Hirayama, A., Inayama, Y., & Okuda K,
Detection of Treponema denticola in atheroscle-
rotic lesionj, J, Clin, Microbiol 2000 ; 39 © 1114~
1117.

. Deshpande, R.G., Khan, M B,, & Genco, C, A,

Invasion of aortic and heart endothelial cells by
Porphyromonas gingivalis, Infect, immun
1998 ; 66 5337-5343.

. Slavkin, H.C, Does the mouth put the heart at

risk ?J. Am, Dent, Assn 1998 ; 130 : 109-113.

.Slots, J. Casual or causal relationship between

periodontal infection and non-oral disease ? J.
Dent, Res 1998 ; 77 : 1764-1705.

.Hansson, G.K, Immune mechanism in athero-

sclerosis, Arterioscler, Thromb, Vasc. Biol
2001 ; 21 : 1876-1890.

Hinode, D., Nakamura, R,, Grenier, D,, &
Mayrand, D, Cross-reactivity of specific antibi-
dies directed to heat shock proteins from peri-
odontopathogenic bacteria and human origin,
Oral Microbiol, Immunol 1998 ; 13 : 55-58.
Lamb, J.R., Bal, V., Mendez-Samperio, P,
Mehlert, A., So, A, Rothbard, J., Jindal, S.,
Young, R.A., & Young, D, B, Stress proteins
may provide a link between the immune
response to infection and autoimmunity, Int,
Immunol 1998 ; 1 : 191-196.

Wick, G., Perschinka, H,, & Millonig, G.
Atherosclerosis as an autoimmune disease: an
update. Trends Immunol 2001 ; 22 : 665-
609.

Mori, Y., Kitamura, H,, Song, Q.H., Kobayashi,
T., Uemura, S., & Oyong, J.C. A new murine
model for atherosclerosis with inflammation in

the periodotal tissue induced by immunization

189

15.

16,

17.

18,

19,

20,

2L

with heat shock protein, Hypertens, Res 2000 ;
23 1 475481,

. Wick, G., Kleindienst, R, Schett, G,, Amberger,

A., & AXu, Q. Role of heat shock protein 65/60
in the pathogenesis of atherosclerosis, Int, Arch,
Allergy. Immunol?1995 5 107 : 130-131,
Kaufmann, S.H.E,, Schoel, A, Wand-
Wurttenberger, A, Steinhoff, U,, Munk, M.E., &
Koga, T. T-cell, stress proteins, and pathogenesis
of mycobacterial infections, Curr, Top,
Microbiol, Immunol 1990 ; 155 : 125-141.

Ross, R, The pathogenesis of atherosclerosis: a
perspective for the 1990s, Nature 1993 ; 362 :
801-809.

Lopartin, D.E., Shelburne, C.E,, Van Poperin,
N., Kowalski, CJ., & Bagramian, R A, Humoral
immunity to stress proteins and periodontal dis-
ease, J, Periodontol 1999 ; 70 : 1185-1193.
Ueki, K., Tabeta, K., Yoshie, H,, & Yamazaki, K,
Self-heat shock protein 60 induces tumour
necrosis factor-alpha in monocyte-derived
macrophage: possible role in chronic inflamma-
tory periodontal disease, Clin, Exp. Immunol
2002 ; 127 : 72-77.

Yamazaki, K., Ohsawa, Y,, Tabeta, K., Ito, H,,
Ueki, K., Oda, T,, Yoshie, H,, & Seymour, G.J.
Accumulation of human heat shock protein 60-
reactive T cell in the gingival tissues of periodon-
titis patients, Infect, Immun 2002 ; 70 : 2492-
2501.

Choi, J.1,, Chung, S.W_, Kang, H.S., Rhim, BY,
Kim, S.J, Establishment of Porphyromonas gingi-
valis heat shock protein-specific T cell lines from
atherosclerosis patients, J, Dent, Res 2002 ; 81 ¢
344-348.

Maeda, H,, Miyamoto, M., Hongyo, H., Nagai,
A, Kurihara, H,, & Murayama, Y. Hear shock
protein 60 (GroEL) from Porphyromonas gingi-

valis: Molecular cloning and sequence analysis



22,

23,

of its gene and purification of the recombinant
protein. FEMS Microbiol, Lett 1994 ; 119 : 129-
136.

Choi, ].1., Borrello, M A, Smith, E,, & Zauderer,
M. Polarization of Porphyromonas gingivalis-
specific helper T cell subsets by prior immuniza-
tion with Fusobacterium nucleatum, Oral
Microbiol, Immunol 2000 ; 15 : 181-187.

Choi, J.I1., Borrello, M_A,I, Smith, E,, Cutler,
C.W,, Sojar, H., & Zauderer, M. Prior exposure
of mice to Fusobacterium nucleatum modulates
host response to Porphyromonas gingivalis, Oral
Microbial, Immunol 2001 ; 16 : 338-344.

24, Jindal, S,, Dudani, A.K., Singh, B,, Harley, C.B,,

25,

26,

27,

28,

& Gupta, RS, Primary structure of a human
mitochondrial protein homologous to the bacter-
ial and plant chaperonins and to the 65-
kiloDalton mycobacterial antigen, Mol. Cell,
Biol 1998 ; 9 : 2279-2283,

Schoenfeld, Y., & Isenberg, D.A., Mycobacteria
and autoimmunity, immunol. Today 1998 ; 9 :
178-182.

Kadri, R,, Devine, D,, & Ashraf, W. Purification
and functional analysis of the Dnak homologue
from Prevotella intermedia OMZ 326, FEMS
Microbiol, Lett 1998 ; 167 : 63-68.

Minami, J., Matsumoto, S,, & Yamada, T,
Putative heat shock protein 70 gene from
Actinobacillus actinomycetemcomitans: molecu-
lar cloning and sequence analysis of its gene,
Oral Microbiol, Immunol 1998 ; 13 : 113-119.
Reid, H.I., & Riggio, M.P. Identification and

190

29,

30

3L

32,

33.

34,

nuceotide sequence of the heat shock protein
60(GroEL) gene of Bacteroides forsythus, DNA
Seq 1998 ; 9 : 3359-304.

Skar, C K. & Bakken, V. The heat shock
reponse of Fusobacterium nucleatum, Eur, J.
Oral Sci 2001 ; 109 : 402-408.

Tsai, J.P., Shi, W, Analysis of gene expression in
Treponema denticola with differential display
polymerase chain reaction, Oral Microbiol
2000 ; 15 : 305-308.

Maeda, H., Miyamoto, M., Kokeguchi, S, Kono,
T., Nishimura, F,, Takashiba, S., & Murayama,
Y. Epitope mapping of heat shock protein
60(GroEL) from Porphylomonas gingivalis,
FEMS Immunol, Med. Microbiol 2000 ; 28 : 219-
224,

Abulafia-Lapid, R., Elias, D, Raz, 1., Keren-Zur,
Y., Atlan, H., & Cohen, LR. T cell proliferative
responses of type 1 diabetes patients and
healthy individuals to human hsp60 and its pep-
tides. J. Autoimmun 1999 ; 12 : 121-129.
Metzer, B., Schett, G., Kleindienst, R., van der
Zeee, R,, Ottenhoff, T., Hajeer, A, Bernstein, R,,
Xu, Q., & Wick, G. Epitope specificity of anti-
heat shock protein 65/60 serum antibodies in
atherosclerosis, Arterioscler, Thromb, Vasc, Biol
1997 ; 17 = 536-541.

Rabinovich, C.E., Wagner-Weiner, L,, Pazarli,
H., & Barner, C.G, A controlled trial of azathio-
prine in Behcet's syndrome. eMedicine 2 (6),
2001,



-Abstract-

Epitope specificity of Porphyromonas gingivalis heat shock
protein for T-cell and/or B-cell in human atherosclerosis

Jung-gyu Bak, Sung-Jo kim, Jeom-il Choi

Department of Periodontology, College of Dentistry, Pusan National University

Since periodontal infections are suggested as risk factors for the development of cardiovascular diseases, the
present study was performed to evaluate the T cell immune responses specific to Porphylomonas gingivalis(P.
gingivalis) heat shock protein(hsp) 60 and T-cell and B-cell epitope specificities for P, gingivalis hsp60 in ather-
osclerosis, Anti-P, gingivalis 1gG antibody titers were elevated in all patients, We could establish P, gingivalis
hsp-specific T cell lines from the atheroma lesions, a mixture of CD4* and CD8* cells producing the cytokines
characteristic of both Th1 and Th2 subsets, of 108 overlapping synthetic peptides spanning whole P, gingivalis
hsp60 molecule, ten peptides with common epitopes specificities for both T-cell and B-cell were identified, it
was concluded that P, gingivalis hsp60 might be involved in the immunoregulatory process of atherosclerotic

diseases with epitope specificities.
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