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Expression of Cell Adhesion Molecules by Virulent Treponema Pallidum

Hyun-Joo Choi, Kwang Hoon Lee, Min-Geol Lee, and Jung Bock Lee

Department of Dermatology, Yonsei University College of Medicine,
Seoul, Korea

Syphilis is a chronic, systemic, sexually transmitted disease caused by the spirochetal bacterium
Treponema pallidum subsp. pallidum(T. pallidum). Histopathologically, perivasculitis and endothelial
cell abnormalities are observed. In inflammatory and immune reactions, vascular endothelial cells act
as key effectors. In such reactions the binding of leukocytes to endothelial cells is governed by the
expression of cell adhesion molecules such as intercellular cell adhesion molecule-1(ICAM-1), vascular
cell adhesion mol'ecule-l(VCAM-l) and E-selectin. Their expressions are regulated by biological
response modifiers. ‘ '

The purpose of the present study is to observe the changes of the expression of ICAM-I1,
VCAM-1, and E-selectin on human dermal microvascular endothelial cellstHDMEC) following
incubation with either virulent T. pallidum or non-pathogenic treponemes. The immunofluorescence
flow cytometry and the enzyme-linked immunosorbent assay were used to check the expression of
adhsion molecules on HDMEC.

The expression of ICAM-1 on HDMEC was increased significantly after stimulation with virulent T
pallidum and the expression of VCAM-1 and E-selectin were also induced. These expressions were
increased in a dose dependent manner with increasing cell number of T. pallidum. But we did not
find any difference of expressions of adhesion molecules after stimulation with non-pathogenic
treponemes such as T. phagedenis, T. refringens and T. denticola or heat-inactivated T. pallidum.

These data suggest that virulent 7. pallidum is capable of stimulating HDMEC to increase the
expression of ICAM-1, VCAM-1 and E-selectin on their membranes and this process may play an
important role in the immunopathogenesis of syphilis.
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W) =& Treponema pallidum(T. pallidum)ol] 2}8) o157
ok, ikt R, AdBA ol X F Ty ¢
APFE Bolk A AR AGPolt. 5 |
g9 7Zd7I- dsiMe 43 HEA AR ¥
U, AHA B gRtdd s B2 Il APH
o dagwonyy 7|Q3d, HxAgHoR R
PIAAE 2% GB7IY L BAFe) 2d¢ B
C kA EF Wl A3 AZERAF AFe WS w)
AL olsished] Fasithn SR

W& Hol fiEE uiSel "fﬂ?} Aduk-go] 4o
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L fger?gqu EE xﬂzsﬂr %x}zﬂoz 43 u—g— =4
YT o) T B £8% ATL AT £AE
Y77} YBR2RE o] Y= 2oz ojFAA R

A2 wEA R HIMEA FFetolor FTF. GFAH

T ¥F YIAE 9 KA AZREEA 8 F
A=, 89 WM E FH LHEE intercellular cell
adhesion molecule-1(ICAM-1), vascular cell adhesion
molecule-1(VCAM-1), E-selectin $2] AEHEER7} T
Fz7d R USHAEY §3FE FNse A2 9
A Y

oo £ Aol mjgd AAl Ay mAEE RIAE
(human dermal microvascular endothelail cells: HDMEC)<]
WEdg AN oF HA¥G {FF A ZEA(immuno-
fluorescence flow cytometric analysis)® &4 HAEAY
(enzyme-linked immunosorbent assay: ELISA)C.E HDMEC
EW ICAM-1, VCAM-1 2 E-selectin ¥x}9] &3 WH3lE
BAsA olgo] miET A THIIAA nXE qTE
#ZstnA A

Mz % by
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1) dgaF

EFHFEE "= Centers for Disease Control(CDC,
Atlanta, GA, US.A)oA A 3ol E7|e] nge] A 3
25l BZE3) 9 T pallidum Nichols straing Al-8-31]
. ¥lwFFBAM T phagedenis biotype Reiter(CDC), T.
refringens biotype Noguchi(ATCC, Rockville, MD, U.S.A)),

T. denticola biotype MRB(ATCO)E 7t} wjaksle] A18s}
Aok

2 dEs=

AZ 25kg 99l 3N JIEE 48 FEE AHRSA
AY A 2F o} FEA A HgA tm FAAL
TIEA Fe HAE AEE ARSI 7R EH
X1 RPR ZAHHynson, Wescott and Dunhing, Baltimore,
MD, US.A)¢} TPHA ZAHFujizoki Pharmaceutical Co.
Ltd., Tokyo, Japan)E AAJdtd 4 ¥e-& HQl 7IES
AR FEZ AL '

2. MEdy

) deEF 2 uid

A4 7] 8H(Gibco' Laboratories, Grand Island, NY,
USA)Z B AF7t 47 FFo2 49 89d) 2-3x
10/ml9} T. pallidumo] @8 FF | mA L WETH
A S8 E7Y 4F ne] FARRE 108 Fof J"-?lr‘ﬁ
o] e E7l n¥E AEd AN b 2T IR
g AA dn B E7 8R3F A= Hds 44 5 ml
& Edstd e 9y &4 1083 IR E7)
1L AL AL Hdd 1,000xg2 58T AAA
A& AARE Percoll ] &3 Y=7u] AHEE A3
& T. pallidum& ¥2)31QTF. Z 43% Percoll (Pharmacia
Fine Chemicals AB, Uppsala, Sweden) €<% 16 mlZ pol-
ycarbonate YA ol Yu A AN 8mlE 71 F
70 Ti rotor(Beckman Instruments Inc., Palo, CA, US.A)E
o83t 4TollA] 34,000%g2 3087 YIRS €A
A F Yelue 2719 3% oli3g oE 4334 $7
3 YA} phosphate buffered saline(PBS, pH 7.2)Z 27 mls
A A3 4TAA 100,000Xg2 1A2E B INA A
HEE Hdtd Aok An|AsloA T. pallidum T 373
Epii=g

Y| @524 T phagedenis biotype. Reiter(CDC), T.
refringens biotype Noguchi(ATCC, Rockville, MD, U.S.A),
T. denticola biotype MRBATCO)E 7}du| 5315 10% &
A E7) WYL 4L thioglycollate Ax] wjx|o] ol wjF
&k 37CAA 359 vt 2L izl A wjFst
o 10,000Xg2 2087+ 94 FANA d& JHEL ¥
oz AT

2) HDMEC =2/ s e}
Aol EIE 3mm 79 AFWo= FA e
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0.03% trypsin(Sigma Chemical Co., St. Louis, MO,
USA) 2 1% ethylenediamine tetracetic acid(EDTA,

Sigma)7} ¥4E PBSE 37TCoA 1087 Hyd I

scalpel blade GHE o] &3l Zzte] 2-UE ¥y Ao
Hoz®y mA¥@de] BA ULES 3%tk Hank's
balanced salt solution(HBSS)2. 2 &3l 35% Percoll -£9¥
< ABA Y1 4T, 30,000x gollA] 1087 A3 2
ETHE TE s A vAEdde] $iE £9 1
miE 719 F ALo)A 400xg2 1587 LANAT. 9
- E 1048g/ml o]t AN F vehte F3e
WS e 43 &7 HBSSE Y 4204
400xgz 1587 T dAAZ F o JAES "y
gelatin(Sigma)2 A} 237 wjdgrle] ¥a 1ngml
epidermal growth factor (Clonetics Corp., San Diego, CA,
- US.A), 1 pg/ml hydrocortisone acetate(Sigma), 5% 10°M
dibutyryl cyclic AMP (Sigma), 2 X 10°M glutamine(Sigma),
100 U/ml penicillin, 1004 g/ml sireptomycin, 250 p g/ml
amphotericin  B(Sigma), 30% <A AB ®Ho] ¥84%
endot helial basal media(Clonetics Corp., San Diego, CA,
US.A)E 37T, CO; g27]A wigsiich ujg-L7)q)
2248 & 9943218 A (inverted phase contrast micro-
scope)3toll A UISM X)) T E AEEL FF 45H 25
AolA FAez AANA FAAAA L AP
AR AFgst] wjdE AXt ¢T3 AT £ 28
Adel HDMECS 4¥d] AMsiich Festy #Aze
A4 3duZ o2 B3t en, von Willebrand’s factor
(VWP Zde HIYPHAIZ Hrleigoh Al Eujeks
)(Lab Tek Chamber®, Miles Lab., Naperville, IL, U.S.A.)
oA ¥W%¥ HDMECE 100% HEL2 938} 20C9A 10
B 23A7 & 1:4002 5 A3} rabbit anti-human vWF
(anti-factor VIII-associated antigen, Behring Diagnostics, La
Jolla, CA, USA)E %3 3083 ¥hgAIl thg fluo-
rescein isotlﬁocyanate(i?"lTC)-conjugated goaf anti-rabbit IgG
(Sigma)9} 30E3t A7, ARYFHn| oz A3}
o

3 HABY FY MEEY

P e E5FE JUIRE T 37CAHA FRAL
vj st HDMEC ©-& 5mM EDTAS$} 1% bovine serum
albumin(BSA)c] ¥ HBSSZ Z7 Hj¥w@o 2XEl 43
sto] HBSSZ 33] A3 & JAGNS 98 2 AgBez
733tk 0.5% BSA7} §¥ PBS(BSA-PBS)Z A A3
31X % 9FE 3 84H10(anti-ICAM-1, Immunotech Inc.,
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Westbrook, ME, U.S.A.)), 51-10C9(anti-VCAM-1, Pharmin-
gen, San Diego, CA, U.S.A), ¥ 1.2B6(anti-E-selectin,
Immunotech Inc.)& 2zt Al@#ol] 10414 W ¥ AL
oA 3087 WHg-Al7)3 BSA-PBSE 33 AF I BSA-
PBSE ©]|§3lo] 1:2022 3]4% FITC-conjugated goat
anti-mouse IgG(Fab)’; (Sigma)E % 1 3087+ wrSA|ZA T
BSA-PBSEZ T}HA] 33] AH3F F fluorescence activating
cell sorter(FACStar, Becton-Dickinson, Lincoln, NI, USA)E
o] &3t} ICAM-1, VCAM-1 @ E-selectin £z} 28 FA;
< &% 39 ). Propidium iodide(Sigma)2 F& M ZE A
g3t FEA.

4 g4 WY BEX|Y

vigto] HBE Ze|2eld ujgEr)o] wellF 4x10° A)
¥°| HDMECS ¥ar ujst ¥ 37CellA 100 U/ml TNF-
@ (Amgen Biologicals, Thousnd Oaks, CA, U.S.A)E A}
AU B2 T pallidum, 56 CA 3083t X2 dte] v &A
SN Z T. pallidum, V| QA W\SFQA T phagedenis, T.
refringens = T. denticola 5% A7} & n|E7A
(microaerophilic) 2438} 37 CoA ZAAIZt w3yt A
Aol ME G2 FAE Z wello] W1 37Tl 14]
7t ¥rgAZth. HBSSZ 33 A|H3 I peroxidase-conju-
gated goat anti-mouse IgG(Sigma)E 5% $-Elo} &3 (Gibeo)
©] ¥ HBSSZ 1:1,000 3XA|7] SA3} 37CoA 14]
7t WhgAIZ] o, HBSSE 33 AlE & e ot
71283 wbeAZTE 712 & 100mge] tetramethylbenzidene
(Sigma)& 10 mle] oM Eo]l 4oy stock solutiong FHE 1,
AHE- A A 10011 7] stock solutiong 10 ml ZF-<rof] W
3 1p130% FABFAE A7lste] & EFF o2 100 41
AL 7 welld] €Utk 2541 8N HSO.4 S "o we
< %$AA7]3, ELISA reader(Dynatech Laboratories Inc.,
Alexandria, VA, US.A)Z 450nm|*] HDMEC ¥w
ICAM-1, VCAM-1 9 E-selectin 3} &8 Fz& HE=3}
ek

3. A2

2 499 2343 YFLEZUAZ BASYT A
ERAEAC] B8 A% FARY ¥ue wEadY A
g9 F4HEA%(repeated measures analysis of variance).o.
2 AFsgen, pgkd 005 mEQl Ao HolAdo] 9l
= Aoz B3R
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1. HDMEC i 2RIl A T, paliodume| Y4 EE

E7] R 1097 sl dojRAE T, pallidume)
&= E7] a3 2-8x10%mlo]Qt}. Percoll =u] 9
Ao o8 229 T pallidume 37C, 3714 =
A9 Fujdred o8 AR BRAA D 30% AA
AB ¥3o] ¥H3 endothelial basal mediaZ HjUYA] 16A]
AR 10% ©1739 BEES BATHaE ).

2 WelM WEFel X 8ol UE HOMEC EH R&
Sxto| W st

HDMEC®] 1.5X%10%ml T. pallidum& 37}8}3l. 16A7F
Wlok3t & HDMEC ¥W ICAM-1 2z} @Hdo] Z7131
ot A=3sR] g2 HDMEC H WA E VCAM-13} E-
selectin B2} 2de #AIFY 5 gon, 1.5x10°%ml T
pallidum< A715ta 16A17F ®gd F VCAM-13} E-
selectin ¥4} W< #AY 4 YUk 1.5x107ml T

pallidum& A7}stm wj9E HDMEC W ICAM-1,
VCAM-1 2 E-selectin #2 @3 1.5x10%ml T

pallidumE H7HA FFEAS] 2@l &) T pallidum®)
Fof vl#Hsleq 2E RFIAEA HHol FUIATHE 2).
HHYP §F NIZEMNNE 1.5%x10ml T. pallidum

100
—e— with HDMEC
- -0 -- Media only
80
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Fig. 1. Time course of survival rates of T. pallidum in culture
media of HDMEC.
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: &= TP 1.5%x10% ml
a4l = TP 1.5x10"/ml
€272 TNF-¢ 100 U/ml
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Fig. 2. Dose-dependent expression of cell adhesion mole-
cules on HDMEC in responses to 7. pallidum. *, significantly
different from control(p<0.05) ; TP, T. pallidum.

£ A7}stm 16417 HjFE & HDMEC EHo|A] ICAM-1
Bxle] wgo| Zv)slgen, VCAM-13} E-selectin —r-x]-
$E S A2 + JYATHAE 3).

3 d|HHYd ST
Egalakol

o|gt HDMEC EH wF&HEXte

Bl AA w|EHdQ T. phagedenis, T. refringens E& T.
denticola® Z7}sln wl%g HDMECOA = A= Ao b)
8 ICAM-1, VCAM-1 2 E-selectin 22} 239 §oj%
HstE #EY 4 AAH2E 4.

4 HIBABAIZ oS ol

Ao e}

- S6ToA 30 £t EXesd v BN T pallidum
< A7l WY HDMECHA A= Ae Hl3
ICAM-1, VCAM-1 & E-selectin 2} &d2] fol3l W3}
g 33 + gden, 3% E7 8% 3L 33 E7
18 23E Frista wjd3t HDMEC ERAME A
Aol ¥]8] ICAM-1, VCAM-1 2 E-selectin £2} Z¥9]
folg wsle BAY 4 gAhad 5). "

o|st HDMEC W w32

-

WLy ST P HBAU 2B2AY A3
SERES EE RS SRR EEEER
e BT Bestel ASTE AR 47
o AU ASTL B, /1R L AAR Bl $olA
&%) sl de B9 et dAa) qEd 2
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* *

O.D. at 450 nm
w

VCAM-1

0.0

E-selectin

Fig. 4. Regulation of the expression of cell adhesion
molecules on HDMEC in responses to pathogenic or non-
pathogenic treponemes. *, significantly different from control

(p<0.05)
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o g2 2AUYS wiE5T disixe T LT 3
gysie didAEd o3 wiEsae dste AEnsg
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T. pallidum®] ANujte E71} BAE T A A
€ 7T Qe FE Aoz deA QU wE

< R3718 TFE EREC Jou AuiA 5714
ZAA 84T AN FAHY A4 ¥ 1-20%9)
3NN Ee vIVY 2A4A HAFE oA BEEE #
R ST,

154
ICAM-1 ; VCAM-1 E-selectin
158 158 202
ko
: i
o , L @ TErrrom—r vt
800 2! 1a? 1a? 10? ga! 123 1% 12! @? ga? /
FL1 Fl.t FLt
Fig. 3. Immunofluorescence flow cytometric analysis of the expression of cell adhesion molecules
on HDMEC in response to T. pallidum.
- unstimulated, — ; shinulated with T. pallidum.
6
6 3 Unstimulated Heat-inactivated TP
. m Virulent TP =23 Normal rabbit serum
T Unstimulated ;_‘ phfagedenis 5t Normal rabbit testis extract
[ ] j ezzza T, refringens
St T. pallidum T. dentigola * *

0.D. at 450 nm

VCAM-1

ICAM-1 E-selectin

Fig. 5. Regulation of the expression of cell adhesion mole-
cules on HDMEC by heat-inactivated T. pallidum.*, signifi-
cantly different from control(p<0.05) ; TP, T. pallidum.

Riley 52 #]3t A AciE Y WA E(human umbili-
cal vein endothelial cells: HUVEC)S o] &3 niEae] ¥
FAPA Ad FE 45%9 olAEEA B 5% 24
A wEZe ¥R YIAE £3L FBIAGS. B
AFo)A HDMECH wlEd< 37 vt o vehyd
t AEFREAY HEAsE AP A3 5T
AoJujek 2A4L 27 A3 du|dPE AYsATE e
EE 5% olsle] mEv|g 2AA FE7=RL ¥
) AEgo] ¥k3, 37C ©Es14 =W ske) HDMEC
HjFYol A 16A127HA] 70% o] AEI}FLH, 2 F
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t 3738 AEgol A B A¥olxE HDMECH
EFS 1647 ARG olEd d¥2de FF T
pallidumE ©)1&& in vitro A R¥Yo2AN 7|3t
A7k,
HjeFst HUVECS o] &3F AFdA Borrelia burgdorferi
2 X3 F A=A ®E] HUVEC EH ICAM-1,
VCAM-1 B E-selectin 27te] Wdo] F713he AL #3
313l B. burgdorferi7t @& WA EE ASAA &7
woulge gudn PGt ER ¥94 T
pallidum-& X3 ¥ HUVEC HWHo|A ICAM-1 2219]
BE 2712 #2Y A7 B8 T pallidumel 2)3)
Z718 ICAM-1 £xte] Wdo] wixe] B|7jdd A%
AL AR,
ERzA e nAdFozRE fHd Widze d¥H
A B Folrh Yol FAAT A B
A ¥he ZAE7 (biologic response modifiers: BRM)ol| 2]
3 ATFHEA AT Fol7h U, WEFL
EA(homing)e DA R F9olA doju, 237 Foli
o HAYIE e AXFFEAL o P FARH
0B AFdME wjEde] F2 HF % FHE B
Zasn sgde] vie s1 &3] ISt Ao &
oh3led mR2RE e ujdd HDMECE AHE-35ith
CICAM-1 EAE AR AHAAE 8 yAE E
wjekslA] WA EM, interleukin-1(IL-1), tumor necrosis
factor- @ (TNF- ), ¥ interferon- y (IFN-7) $¢] BRM¢]
2o o3 wEo] AAF) F7Igch VCAM-1 A= 7
ZEA g Ao dF UIAE FdME BEHA
%o} IL-1 & TNF-o S 93] &do] f=He B¢
o= ICAM-1 E2}¢} 317 immunoglobulin supergene
familyo] &3t} E-selectin A1 A|@# oA AFEA
&e Aol WA EgAE REHA gon, IL-1, TNF-
@, ®E lipopoly-saccharide (LPS) A=2.2 HUVECHA
HE S FET 5 ok T EH YSAE B8 2
5 ICAM-1, VCAM-1 £+ E-selectin 2= d354H$
3 AuhgolN GFHES} BT UEAETe £33} 2
FAE 7o BAHYH, |
B Ao wjEgel <js] HDMECe| #X43}ts|o
ICAM-1, VCAM-1 2 E-selectin ¥} 30| 715 &
etk YA WEFE AT I T pallidum<
HZA3NZ Foe FRERS d@NE #2T F
AQEY ol WSl 9§ HDMECS &4 o] v
E79 HEAH BHEC F-EE AT 33 E7
A3 B3 E7] 282H L AT ¥ HDMEC B9 +

ZEzte] d@WsE FAY ¢ glo] FAEAY TEE
7l EFES BIMIT BV oY EAHAARE
ST ATl obd S BAT F AUTh WETO] FHA
o2 g3 YIAE B FI3EAY FEE fFieA,
= o8 AsE & JFAIFAM EHl¥ BRM
o] AEFaAEAR FPS FE3=AE off dEA A
gt dE7 EF Audo] uMIZE BAHIANA
TNFE 445 stn A28 =HAJYEPAY dae
S5 Ao deld Jdn'”, & dFM INF-« 2 A
=3 HDMEC®|A ICAM-1, VCAM-1 2 E-selectin ¥}
o] 2ol F/IE FFIJEH ole vwiETd %
HDMEC E¥9W f3Exe] 2@y} viE5gdl 23 84
3 8¢ WO T $H]E TNF-¢ 59 BRM] 9
& RS AR wEA nisdd] o8 E4sE ¥
# YA M EAA WA= BRMY] g 477 28 A
o2 A, vEF] <% HDMEC EWH HIE2
SEWsE dSAES 83 UgAE e #3e 23
oz wE WHe A 7qE A2 A7 o)
E3e ©§ HDMEC EW #3AExe wdwsis)
HDMEC-Z =7 zto] #% #zle] AuAd] digd A7}
gs g Aoz Algdn.

7 B

=T 7gdo] WS #r|Ad nXe gL Lo}

Bz |EF XX ¥ HDMEC ¥R ATHIEA 23

Wile d93d 4% AXENY 54 HAEAEE of

&, B3l g e AHE AUk

1. T. pallidum? 37}3tn wj¥3 HDMEC WA
ICAM-1 £z} o] A= Ao w3 fefstA St
93 VCAM-13} E-selectin 22 2@o] #EAFHH,
FE FAEAe 2R /IR T pallidum®] 49 H]
#lated F7Feich

2. v|WYA F3FQ T phagedenis, T. refringens, T.
denticola& A7}3l3 vjkg HDMEC EWo|A A3 A
o] 8] ICAM-1, VCAM-1 2 E-selectin 2} 239
frold wste #2E & ATk

3. 2|37 T pallidume 3713n 8)¥3d HDMEC
EHoA A2 Ao v]s} ICAM-1, VCAM-1 ¥ E-
selectin £ T} FJ @ HgE #2E F A
ool AT Hol WY viEZo] A A wAE

# USAE EH ICAM-1, VCAM-1 ¥ E-selectin ¥#}

o] H3lE REFo 2N wFe] ARSH THIA
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