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A Study of Adherence and Migration of Treponema pallidum through
Endothelial Cells

Hyun Joo Choi', Kyoung Ho Kim', Ju Hee Lee', Min Geol Lee"?, Jung Bock Lee?,
and Kwang Hoon Lee'?

Department of Dermatologyl and Cutaneous Biology Research Institute’, Yonsei University College of

Medicine, Seoul, Korea

For T. pallidum to disseminate and cause systemic infection, it must traverse the endothelial cells lining
the vasculature. In inflammatory and immune reactions, vascular endothelial cells act as key effectors.
Fibronectin appears to be important to T. pallidum cytadherence, because antifibronectin antibody prevents
attachment of the T. pallidum to host cells and fibronectin-coated glass surfaces. We investigated the
binding assay of T. pallidum to cultured human demmal microvascular endothelial cells (HDMEC) or
fibronectin.

We observed the adherence of T. pallidum to HDMEC and small percentage of adherent T. pallidum
traverse through HDMEC monolayer, but the nonpathogenic treponemes and heat-inactivated T. pallidum
failed to bind and trasverse to HDMEC. The adherence of T. pallidum to HDMEC was increased by a
47kDa antigen of T. pallidum or TNF- . We also observed the adherence of T. pallidum to fibronectin.

These findings suggest that only live pathogenic T. pallidum is capable of binds to HDMEC or
fibronectin and the binding of T. pallidum to HDMEC can be regulated by a 47kDa antigen of T.
pallidum.

Key words: T pallidum, 47kDa antigen, Human dermal microvascular endothelial cells, Fibronectin,
Migration
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o] R vjse] el Fad o FAA. AX
Rabo| #Hojdl= AEQ 7|2 ©h (extracellular matrix
protein)?] fibronectinol] T3t x| 2= of ol &FAE 2
fibronectin-coated glass EWol gl St Ha2 o4
& vk webA mfSe] 222 el #oldhe fibronec-
tin F-ATH - wj=o] Wole] Aoet A oR Yziwm, H
HAA v =FE fibronectindl] $-261x] &e w2 fibronec-
tin Ao A Eo|olAw YAATF . g W E7F
2 fibronectin®] E-o]gh FA9)of K% 7] w0 staphy-
lococci, streptococei 5-2] fibronectin F-2F Thily}t =1 Eo]4d
o] zpol7k et

oo & ATt A= miket QIA 219 vlAE R WAL
(human dermal microvascular endothelial cells: HDMEC)<}
A2 714 (extracellular matrix)ol] ™3k T. pallidum®] 3
AR} TS AQete] T pallidum®] HDMEC| th gk
#74 9 =njepga Axe) o] g o) g BaEhn
HDMECH| W8t T. pallidum®) -5-2o] v S 47kDadlg,
interleukin-1 (IL-1) ¢ ¢} tumor necrosis factor (TNF) @ ol 2]
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¥Fa5R2 w3 Centers for Disease  Control (CDC,
Atlanta, GA, USA)o| A Al gto} E7]9] 38| A 3
dto] B&Es] @9 T. pallidum Nichols straing AHE3FITH
BwitFE2A T phagedenis biotype Reiter (CDC), T
refringens biotype Noguchi (ATCC, Rockville, MD, USA), T.
denticola biotype MRB (ATCC) & At nfekate] A3k
v}
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73 A} (Hynson, Wescott and Dunhing, Baltimore, MD, USA)
9} TPHA Z3A} (Fujizoki Pharmaceutical Co. Ltd., Tokyo,
Japan) & AAIBE] 24 HHS-E HQl VIES A FEE A}
&3ttt
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X E7] ¥A (Gibco Laboratories, Grand Island, NY,
USA)3 Aef2dart 24z o 4¢ & 2-3 X
10'/mle] T pallidume] 358 H-F Im¥ S vjE 3
A 849 B7)9) = agto] FAI3E 109 Fof] 18+ o)
e E7] 18s AEsto] AUg v a8 iy 23
AA Aa A B @33 A A9 A2 S mlE 238t

€ &9 Yol A 1087t E3dct E7] a8ke A
28 o] 1,000 X g2 5E7F A A Qe A
& Percoll (Pharmacia Fine Chemicals AB, Uppsala,
ol &3t Wrw dAEE AFst] T
pallidum= Baaan)’. 2 43% Percoll 29 16 mE poly-
carbonate Q3 #el W1 Alth] AN §mlE 718 &, 70
Ti rotor (Beckman Instruments Inc., Palo, CA, USA)E o]&
3to] 4T oA 34,000 X g2 3087 DA AT AN F
vehe 2719 25 oliles vE A3 $713 UA
phosphate buffered saline (PBS, pH 7.2)S.% 27 ml=|A] 2}$-
3L 4C o)A 100,000 X g2 1A 7F LA A AAES sk
ShAoF Au|Aslel ] vjEte £5 24kt

B w524 T phagedenis, T. refringens, T. denticolaZ
74 HEA ket 10% 3 E7] E3S 4L thioglycollate
o) WA o] MerekAlTh. 37CAA 3- 59 itk A2
wj R o] Al wjekale] 10,000 X g& 2087+ YA Ao
AHES Jdoz A3tk
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2) HDMEC Z2| tfef

Aol 35 3mm Z7|9 2dA o AA 2} 0.03%
trypsin (Sigma Chemical Co., St. Louis, MO, USA) % 1%
ethylenediamine tetracetic acid (Sigma)7} 32 PBS= 3779
A 1087 2| 2]8F & scalpel blade Y™ S o] 83k z}zto
249 59 AvH oy uARRA0) WA JoEg
353t} Hank’s balanced salt solution (HBSS, Gibco)o. 2 &%}
gk 35% Percoll (Sigma) 8-S A ol ¥ 11 4°C, 30,000 X
gollA 1087 dete] Qs gk vhs e WA
d@Ho] FhE 8 1mlE 1S F AeoA 400 X g=
1527 AAAZTE D= 1.048 g/ml o]3ke] 23 (YA
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& 72| gelatin (Sigma)& A2l F 22 wjE7]o ¥
il 1ng/ml epidermal growth factor (Clonetics Corp., San
Diego, CA, USA), 1 mg/ml hydrocortisone acetate (Sigma), 5
X 10°M dibutyryl cyclic AMP (Sigma), 2 X 10°M glutamine
100 U/ml penicillin (Gibco),
mycin (Gibco), 250 1 g/ml amphotericin B (Sigma), 30% <17
AB d* o] 353 endothelial basal media (Clonetics) 2 3
7C, COy &7]ol|lA skt w87l F28 = o
AR st Al WHAE ele] e AETEE B &
=g 257017 FA e AASAT. BeltAzA} 1
QGBS ABete] g ATt et @9l
2-8 Altje] HDMECE & ARg-3ie.
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Bassford9] Wi o) ma) B AS LA =TS
22 14000 % gol A 1087F AAAZ] T 10% A 57 8

7&>°] 8H-3-% methionine, reducing agents, ¥+ cyclohexi-

wj=to|  Stamm3}

mide”} 1% minimal essential medium (Gibco) 2.2 ml@ 10°
o gHog TEQTE Trans 35S-label (NEN, Boston,
MA, USA)E 224)7]7] & W)=+ 10° Al 100 xCiol
¥SE 37T microaerobic &-2-7]9A 1647+ WHSAZ T
14000 X goll Al 1057F PATe T AABL F8sio]
15% S-elo} A (Gibco)e] &-iE RMPI (Gibco) HIA|Z 2
5 A% TR Aok Aul Al Aolgls BhEel &
£ S8k AEd 4 & Ao 1% titon-X
(Merck, Darmstadt, Germany)2 833t & -1 2-FAES 3
o] "WhALA w|E} =7 7] (Beckman, Fullerton, CA, USA)<]|
A R dERE 2EUE PSS ST,

4) HDMECO et i 57 FEHAe

nicto] MH3 96 well 22 kL7 o] welld 4 x 10°
Ao YW HDMECS 211 48 A)7F viekslo] vh2S vt
E s 2 welld] 2994 ¥Syp 229 1 x 10%ml T
pallidum, T35 56 ColA 3087 Aeldle] v @A 7] T
HAA wjE79) T. phagedenisE 100 114 713}
11 37°C BBL® Campy Pouch (Becton-Dickinson)el| 4] 4 A]7}
fal B S el T 56°Col|A] 305-7F A elste] H|EA
o3t 5% Sejol AL et HBSSE 7P| A 23] 433t
Atk 14,000 X gollA 10827t YalPe] T JAEL 33}
o] 15% 8o} dxo] 347 RPMI HiA & 23] 4|33t T}

pallidum, W)
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e kg 5—7%:_1%
BRM)¥} vjE3F 47 kDa &gle| T pallidum® ZZZF|
R Juks OE]-O]'EJ—D]’ TNF ¢ (Amgen Biologicals,
Thousand Oaks, CA, USA), IL-1 ¢ (R & D system, Minne-
apolis, MN, USA), &1 47 kDa 3+4& A7iste] -28)
t7)94] 16417F A155 HDMEC Tl %994 Ys7} 3
29 T pallidum< 7}3ta A7]9] HDMEC-T. pallidum
FA92 Aaesith

(biological response modifier:

4

5 HDMECO]| CHet Bi=7 Snia

Polycarbonate filter (3 #um pore size, Neuro Probe Inc.,
Cabin John, MD, USA)Z
(Neuro Probe Inc.)ol| A%]8t & welld 4 x 10" A|Z] U%
2 HDMECS 411 24 A|7F Hljokate] @8 A7) oL
ZF welldl] 244 3587 &= T pallidum, 56°C A 30
E7F A elete] vBAEA T T pallidum, T. phagedenisS
7¥8kar 37°C BBL® Campy Poucho]A] 447+ -2 2 =3}
AES Algeiiet A welldt ah Welliﬂrﬂ 7yt A
E 3l 1% triton-XZ2 -83)3F &
AR gt 4714 1" 7}7J%ETE1 weve W
e 2 e,
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48 well chemotaxis chamber

6) Mzl 7| Zof thet =7 FEAH

M Eafekfrglol| 2.5 ug/ml fibronectin (Chemicon, El Se-
gundo, CA, USA), vitronectin (Chemicon) H:+ collagen
(Sigma) < 77 wellF 100 218 A7}aha 2eo)A] 247
W23k & PBSE A& 3] 1% bovine serum albumin’| 3F
8 PBSE 1A|7F 9b-gA17] th3 thA| PBSE A3t & 48
A7 ol ST FAALE RAR EFE U7}
3k 37C BBL® Campy PoucholA] 4 AJ7F 32812 4]
9% T 56CAIA 3087 ANl MBI 5% 29

o A 0 HBSSE A 221 D T e
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AR =S S48l

3. SHAz

e

Agel 295

L
wjEste) 22 9 =3 Asbe) $5H4 EAL paired t test



168
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1. HDMECOI LH3t HSZ2 9%

WA T pallidum® 22 A718E mjE=49] 101+
1.9% | A #ZE AL 56 C A 30 7 A E3te] v 24
A7l T pallidum %= W QA v &9 T. phagedenist=
HDMECd] #231%] ¢koith (Fig. 1).

| E5t 47 kDa &+ == TNF g & #=-3+ 3 HDMECY
W3t HBAA T pallidum®) R EE A5 A 88 + 1.3%9
A Z47F 16.0 + 1.6%, 14.6 + 44% 2 A2 Ad] H|3k] &
oA 7kt IL-1a & A=3 750 = HDMECH|
ek AN T pallidum®) 257} 112 + 33%2 A= A
o Hl3te] fFelatAl FrtskAlE &ttt (Fig. 2).

2. llSz2| HDMEC Ets &1}

Chemotaxis chamber 19| filter ¢ &4 % HDMEC ©
Zd| W&t WAA T pallidum®) F235= 130 £ 1.3%2 T
phagedenis B 56 Co|lA 30 £+ A glete] n|2AdslA
71 T pallidum®) F+22o] Hla) f23 o) 2Auh
HDMEC ©&& £33t W§AA T pallidum-& HDMECH|
2 T pallidum® 21.5 + 3.0%9 2™, T. phagedenis B+
HZ2A8E T pallidume HDMEC ©&& 79 23311
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HITt (Fig. 3).
3. MZe| 7|1Z0il th&t T. pallidum@| T2t
AEZ 9] 7129 tg WL T. pallidume) 52+ o)
o] ¥ &te] fibronectin == collagen Io] tiE|A] #-2] 3t
E B9gon), vitronectind)] thIt FAE AFAHR o

(Fig. 4). Fibronectinol| W3t BQA T. pallidum] 2+
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Fig. 2. The change in adhesion of T. pallidum to HDMEC
stimulated by T. pallidum 47kDa antigen, TNFgeand IL-1¢. The
adhesion of T. pallidum to HDMEC is significantly increased after
stimulated by 47kDa antigen or TNF o however, the adhesion to
HDMEC is only slightly increased when it is stimulated by IL-1¢.
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Fig. 1. The adhesion of treponemas to HDMEC. Inactivated or
avirulent 7. phagedenis does not show an adhesion to HDMEC
where as pathogenic T. pallidum reveals an adhesion to HDMEC.
TP : T. pallidum

Fig. 3. The adhesion and permeation of treponemas to HDMEC.
Both T. palffidum and T. phagedenis show weak adhesions to
HDMEC monolayer and almost no organisms transmit HDMEC
monolayer. 13.0 £ 1.3% of T. pallidum attached to HDMEC pene-
trate HDMEC monolayer and are detected from lower well.
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Fig. 4. The adhesion of T. pallidum to extracellular matrix. The
adhesion of T. pallidum to fibronectin or collagen | shows sig-
nificantly high where as the adhesions to vitronectin do not show
significant difference.

Fibronectin-Treponemaes
Binding( %)
I

Fig. 5. The adhesion of treponemas to fibronectin. The adhesion of
pathogenic T. pallidum to fibronectin is observed in 3.3+0.4% while
the adhesion of T. phagedenis is weakly seen in 0.3+0.1% and the
adhesion of inactivated T. pallidum to fibronectin is not seen.

A7V vt 33 + 04%E T phagedenis T 56°C
oA 30 E2+ At MBS T pallidume] 2%
o HlBte] frefdt Alo] & Btk (Fig. 5).
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v 53te] Wl o] HDMECH wj5te] 2 9 Filo] 9]
oAl Za3S e, viEvre] 3 AL i
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olghe FHutHel ez Uehlr| wjie] & oA
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Fibronectin& & 7} 71%2 2t AE 9 712 EA
MEe F&d Fa3l AeS Itk T pallidum fibronec-
tinof] 2 2231w 3} fibronectin &FA| 2] A X ol&l LA
X 4 fibronectin-coated glass EHeo| et mjEFo] F25
AT & Rgol WA Sel Y EEe
fibronectinol] F-&&1x] o 22 fibronectin Thllo] WA
Zo] QlApz FelA] vk’ B A7) fibronectinol] &
=] e WAL v Eate] 3.3% 4 BEREA e
M vitronecting coating®t 7o+ wjEde F2E A9
H#E 7} §lo] fibronectine] v St ¥ &34 329] F-Ao|
Sojshr] 2ol & + U2Ih Fibronectine] th3k o) St
of A2 v EE2 T phagedenis| XM= #2E
oA clgie] AAEel <la) izl sk 2ol fibro-
nectine] 38k SRS £EAF HAR F1o1T Ao
= g7 w3 dxeletel WBYAZ ASEE fibro
nectindl] &S Ho]x| ¢Fo} fibronectino]| th3l FL-2hof| x|
=30 AEEo] Q3 Aoz AztHATL <oz fibro-
nectinol] 2= T pallidum®) +8-A4) BEAE 3= o
T7F o3 Ao Algdrk
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