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The Cross-reactivity of Anti Human a-enolase Antibody in the Sera of
Behget's Disease Patients to Streptococcus sanguis Antigen

Ju Hee Lee', Wen Hao Wu', Hong Tak Lee?, Jae Yong Chang', Dongsik Bang', and Kwang Hoon Lee'

IDepartment of Dermatology and Cutaneous Biology Research Institute, Yonsei University College of
Medicine, Seoul, Korea,

ZDepartment of Dermatology, Chungbuk National University, College of Medicine, Cheongju, Korea

Behcet’s disease is a chronic inflammatory disease with unknown etiology. Association with anti-endo-
thelial cell antibody (AECA) has been explored since vascular involvements such as vasculitis, thrombo-
phlebitis, or thrombosis can be observed in Behcet’s disease. Also, AECA was detected in the sera of
Behcet’s disease patients. Our previous experiment identified a-enolase as the target protein of AECA in
the sera of Behcet’s disease patients by proteomics technique. Strepfococcus and autoimmune reaction to
oral mucosal antigen have been suggested as the causes of oral ulceration in Behcet’s disease. This study
tried to elucidate the association between Streptococcus sanguis (or Streptococcus sanguinis) antigen and
anti a-enolase antibody (AAEA). Forty two patients with Behcet’'s disease diagnosed at the Behcet’s
Disease Special Clinic in Severance Hospital and ten healthy individuals were included in this study.
Reaction between anti human a-enolase antibody purified from the sera of the patients and Streptococcus
sanguis cell wall antigen were measured by ELISA. Analysis revealed that absorbance in Behcet’s disease
patient group was stronger than that in normal control group with statistical significance. Sera from the
patients with strong reaction to a-enolase also showed strong reaction to Streptococcus sanguis antigen.
Moreover, AAEA used as positive control also showed strong reaction to Streptococcus sanguis antigen.
Further 2-D analysis of Streptococcus sanguis protein revealed streptococcal a-enolase as the target protein
of AAEA. Therefore, we suggest the possibility of cross-reactivity of anti human a-enolase antibody to
Streptococcus sanguis antigen.
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A ER oA df oAz g 3A7
omPE ol Ade] SYmY R 4
ART? FA AFA Ao} Adtete Fdo] A 7
¥ A d# YA E (human dermal microvascular endo-
thelial cells: HDMEC) ¥W o] 47kD wHilQl g-enolase®] S
Hasd o,

Enolase:= 2-phospho-D-glycerate @] 7}5-3l BFS-of Zho]
Ste S4EA 19431 do] Lohman®} Mayerhof 7} T-8-of A
22391, Enolase:= 3714 olgoz UH =4 1% -
enolase= A EEW @l oA ofg7}x] ZZAAE L n|y
oA AZHAP. 2ol a-enolase= streprococci9}
pneumococciol X o] H&A, i Y Z7|HS A LY 220
2 2hg, A7PEG A dud, A T 3, AUt
Holg 11 5 oy 74 AZe] #ojsteE Ao® Yeht
s e A mA dHoxe] Ago] Eeff g i Z}
&2 SketE Aow gEA gl

A datol WA ER S Wl #odtte AR,
AEH At A A gl A 710 ATAA T T2 7}
B, X7 A7 T S| 2 dAAE, WA ER T A

[e]
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Streptococcus (S.) sanguis (or sanguinis), S. pyogenes, S.
faecalis, S. salvaris 5-°] WA EHT Ao )20 K1
HATF. AT S S, sanguiste] QB0 B Ao
2 HaEa o=, HAEE Sxte] WA S. sanguis7}
HAEEJ 77 AT S S, sanguis®] W] &o] F7}1E o
o, HAER gxle] EAol|A o]df tjet IgA E IgG &
A7} Z7 s AP, wat 8. sanguiss 3 IgA BIE
A5 Ve vAAER Fa g Uik gA Ut S7)
o] Qi S, sanguis o] WA EH Fxlo] 2z ol
AN EAAN AT Al ETRIE AT BilE
AT’ W] S, sanguis o] FAEEAT mApk
< doA FAAYGl Yehdthe EauoM e nAED
A 65 kD heat shock protein (HSP) 7tol] AEAlo] 917 w)
o2 Fo|ar| % ST’ LB Kaneko 5 53] ot
¥ 9 ie] HAER Fdo] AT Aded dig
W3 Aol 91, o] Whg-& W o Tl A LA A4t
He A9 AlEFRI 98t s RR Shxjol 7|
minocycline-S o3P Aol i3l gy FHETE ol
2} Abo| BE7IRIS A5 At &l ofal] F4e] Aol
=HAta Hasiglct ol AHERE S sanguis7t ¥
AEH S Flee Fadt 285 vH AR ot

WA EH ] Hefde A 7)Ao a-enolase L S. sanguis
7F #EEo] gl A Jen®E ol F Al wiat
W3S Yottt WAIER S Bds weled e
T o] & Fato] HAERS V|H gy B AIEE X EH
el 71dE Aoz Aztei.

B AP E A, BAHADEAE (enzyme-linked im-
munosorbent assay: ELISA), <33 M5 western blotS
o|-g3to] WAER gzl dH ] 3 a-enolase &A| (anti-
a-enolase antibody: AAEA)®} S. sanguis 3L 74e] vHe-S #
Zalglom, 24, T2E eul A~ 7|He o] &3te] AAEAS}

HFS-3t= S sanguis FHS 4 ACH

Mo S oo o it

O1ACjA T HhH

o o

1. ALHA

FA A e (International Study Group for Behget’s



o|F3] S HAEY Ao A A 3 AA a-enolase FA) ] Streptococcus sanguisol| ™ mz}EFS- 85

Discase, 1990)0] w}e} Avkel 42e] WA= Sps) 73
A% 2 e AP A8 Sue e 44 49 10

ol M g AHsto] Alddel H2 5, A2olA 6417t

1) S. sanguis Hi2F

S. sanguis= KCTC (Korea Collection for Type Culture)
strain 3284, 3290, 3291, 3299, 3731, 3305 & 63} ATCC
(American Type Culture Collection) 49295, 49297 27}A]
T2 AHSIith TS agar plate o] Rt 24413 Hj
oFsl the, A &S 913t & o] = brain heart infusion BJA]
of &7 37TelA 48417 v Fat3irt.

Bl

MY

2) S. sanguis ¥

48417k ke S. sanguisE YA RV BEldt] 5%
2] Yol @S Z] v o] lysis buffer o ¥
4 AlFAT

3) HDMEC®2| s ¥

2

A9 EZ HDMEC (Cambrex, Walkersville, MA,
US.A)S FYdle] AFE314 Tt HDMECS £H]31 0.1%
APeS Ae)dt =Zu| g 87]oA] human epidermal
growth factor, hydrocortisone acetate, VEGF, human fibro-
blast growth factor-B, gentamicin, amphotericin B, 5% fetal
bovine serum, R3-insulin growth factor-1, ascorbic acid”} gt
¥ microvascular endothelial cell medium-2 (Cambrex,
Walkersville, MA, U.S.A.)& A}&3F] 37C, CO, &7
A skt

4) =gt 2l&M a-enolase At

ujekst HDMECo|A] TRIzol reagent (acid guanidinium
thiocyanate-phenol-chloroform extraction method)E ©]-&3}<]
AA RNAZ E389it). AA RNA 10 ug Q. 2 HE Super-
script II Preamplification system (Invitrogen Life Technology,
Paisley, UK)< ©]-83}¢] first strand cDNAE 3H3 & A
£ first strand cDNA¢]| dNTP, MgCl,, +5H8 A =27}
X2 ¥ primer?} DNA polymeraseZ ¥-& 3 94T o A
denaturation 2%, 55Co|A] annealing 1%, 72Co|A] ex-
tension 2% cycleS 403] A]33te] double strand cDNAS

245t th PCRA] A3k primers 2ol 8]z whl o
A7) ES E3En PCR AHES 2 WEQ] pGEX-4T-1
o] subcloning 7] 93t Bam HIZ} Xho 19] A|ghg Ao
g s 97] AES FF P o] whElen
22re] A7) EL 5°-PCR primer (5°>-CAGTTGGATCCTCT
ATTCTCAAGATCCATGCCA-3’), 3’-PCR primer (5’-ATCC
TCGAGT TACTTGGCCAAGGGGTTTCTGAAGTTCCTG-
3ol At

PCR=E %% double strand DNA AH&-8- agarose A 2 -2
3lo] DNAS 92 % 2] 23t4 plasmid DNAE Eschericia coli
DH5a cellol] AMlate] @A AES do7] F ampicillin (50
g/ml)°] 719 LB agar plateo]|A] 1647+ v ok&le] cDNAE
subcloning &} $3 t}-

HellA ElE P4 AgHE E coliE LB broth Hj2] o] 4
thek wjoFate] 600 nmo A FF%=71 0.45-0.557F H = u
3t & 1mM IPTG (isopropyl-D-thiogalactopyranoside) &
W7kl 25Tl o 16412 Wkalel gl BAE §
=ik 94l BeE Bl d 2§ proteinase (1 M
leupeptin, 0.1 M aprotinin, 1 mM NaVQ,, 1 mM PMSF)& 3
313t PBSE Hjkelo] 1/100 volume F & ¥ & 48 99
X 250 W2 2057} sonicationste] - T4t th Triton
X-1005 HFEe 1%7F HA & § dado] & wrs
307t FEGA 2 AolFAth 4TAA 1027F 13,000
pmoz 94 Pels J5els fahe w3 28KkDa
9] glutathion-S-transferase (GST)7} 372 whillo] Zx3t=
2 701l Glutathion-Sepharose 4B beadsol] ¥ i1 12A]7F H&
2 AolF0] beadso] 2 FAAES ), 94 Felal
of bead?t He|3t % PBSE 28] AHa TS, oA AHE
3k proteinaseE E ¢35+ PBSE A2} t). Elution bufferE:
700 9o F AedA 3027 & Hoj%o] beads] Eolg)
| thilo] PelHES itk AaRel 3L 47
to] Thl 2l S A aksteit). HolA] 42 Glutathion-Sepharose
4B beads &2t thaMol] GST-fusion ©H# 100 g2 1 unite]] &
3= thrombin protease (Amersham Pharmacia Biotech,
Piscataway, NJ, USA)E #7}5}e] a-enolaseWt <=4 2|5}
Atk TR e aenolase S A H7]GF 3k Rl F AR
a9k

5 HIMER EXte| HFHO|M AAEA IgM =l

(1) ELISA

HAER gxte] 35 AAEAVF X3e A2 A4
7] 913ko] ELISAZ AlaJasith. whelo] ARG Ee)~e)d

microtiter plate2] Z} wellel] £2]4 4|3} a-enolaseZ 250 n

oQ



I ¥t 0.05% PBS-Tween 20 (PBST) €910 2 H]Eo0]
WS- A3} ske] 33] A 3SI T} Hannks® balanced
salt solution (HBSS), divalent cations (Irvine Scientific), ¥}
1% bovine serum albumin (BSA)ol|A4] 1:502. 2 A& =
o 2 HAER g2k A 100 WS 7 wello] ¥a1 37T
o|A] 1A]7F ¥hS-A|Z T HBSSZ 33 A|H 3k peroxidase-
conjugated goat anti-human IgM (IgM-ELISA)S 5% #:o}A]
A Aol FHo] 4¥ HBSSZE 1:1,000 5AA7] Loz}
37CeA 1A]ZF WA ZITh HBSS® 33| AlH § e
oAl 71 A3} wke-AlZ Tt 7] 2L 100 mge] tetramethyl-
benzidine-2 10 ml2] oAl Eof 4o fH o ghgo] AR
A Aol 100 plE ZHS 10mlol] B3 30% ZHArskeEA 1l
£ 9a 2 33 o 100 WS 2 welle] itk 8N
H,SO, 25u# & gojme] whg-& FAAl7]al, ELISA
reader (Dynatech Laboratories, Inc., Alexandria, VA)= 450
nmel A =SS

@) wAEY 2] AAEA ¥ DA FIAE

IgM 2]

IgM-ELISAO| A 718 WHg-2 Kol WA ER gxto] &
S AHEEITE 15 X 14em 37]9] columndl] PBS (pH
7.3)2 249 Ulirogel AcA 345 A& = & 0.7mlE &
HAIA ASHE 19 F85 T8t AER A<
7oA AAEA7} SHTE IgMS EElskqith

6) HIA EQ BXI AAEAS| S sanguis proteinoll i st

|
WAL 8-S

(1) ELISA

vl=o] 38k microtiter plate®] 2} wello]] carbonate 9+
ol (PH 9.6)2. 2 3]A13} a-enolase} S. sanguis THH-S- 250
ng/well® Y& T 4°Co| A 18A17F W] A7t} 0.05% PBS-
Tween 20 (PBST) &9 2.2 H]Eo] H-3-S AA|517] ¢5}o]
33] AlHsieich 1:202.2 3|AE diza 2 WA EY Sk
AAEA 9 &3 1005 7} welld] ¥a1 37Tl 14]7E
HES-A]Zith. PBS®E 33 A& gk & peroxidase-conjugated
goat anti-human IgM 3}A]E 5% bovine fetal serumo] -
¥ PBSE 1:1000 3|AA71 &3} 37TCAA 1A ¥
7T PBSE 33 A T 42l ghaloln /) dn e
Zt 4N HCIE 2511 gojree] W& $AA7]2 Ha W
o A BEI1Z 450molA] =S,

@ wlgBanR 24

Silane coating &2}o] =0l S. sanguisE =23 U
ol AZAIZ] & methanolol] 1083 371 T} 4
Za B WA ER 22k AAEA HY EHE AR ¢

i o
2 2 oo
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A 308-7F WA 7] 22 YA FITC -goat anti human IgM 23}
A} A-oflA] 3027t WHEAlA FFdv| o m AEst
ATk
3 A ANGEs % HIER
FH|E S, sanguisH T} A 23 a-enolase S FFe] A A
t}s, 10% polyacrylamide 7
ol ¥i, 60mAe] A A FallA45-90%3t A7 EE=
AlgYstsith AL FElate] Yol ERAER 2 A9 7]
e oz Aol At Blottingd Uo|EZAER A 87
£ 0.05% T-PBSZ 33| 2|3 & 3% BSAE 28417 1]
At FRE AGAIFATE 719l ELISAZ Al A g wh-g-
< Bl dxa 9 A ER Ao &E7] A e
g IgMS A4 2417 WEEAIZ] & T-PBSE A3 3faL
peroxidase-conjugated goat anti-human IgM#} 247} WHg-A
Zth Al T-PBSE A# & diaminobenzidines 412 &
o 30% H.0, 5uls o] 37CoA 1087 vke-A17l Tt}
PBSZ A& 3lo] #aslSiTt.
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7) HIM EY 3HX} & L) AAEASR} BFES3H= S sanguis

(1) olxd A719F

S. sanguis 49297 Mol T3t oY A7 ES A3t
it} @S- pH 8.0, 1 M Tris, 0.3% dithiothreitol, 1 mM
PMSE7} gl all¢ha<] 30p19} 412 F 95ToA 5+
b 7143ty @17)o 7M urea, 2 M thiourea, 2 mM tributyl
phosphine (TBP), 4% CHAPS, 0.5% carrier ampholytes, 40
mM Tris, 0.002% bromophenol blue dye’} 3% multiple
chaotrope £ 400 pl-S ¥ 1 sonicatorE A}-g-3fo] ThM-S
Z 71 & endonulease 150 U/mlS goja] A& %o 2558
W28 The o] A 22 207, 12,000 rpmo] 4] 2057+ Q4] &
g so] 429L 2Ptk 20 AES 18eme] pH
3-10 linear immobilized gradient (IPG) strip (Amersham Phar-
macia Biotech, Piscatawy, NS, USA)ol| 24A17F S4=A171 &
IPG-phorZ ©o]-&5}e] = 100000 vhr2 S713}A 7t} o] 3¢
A719%5 7] Aol 2ERE T4 3ol 2583 F
Z 3} (equilibration)A] 7] 21 10-16%gradient polyacrylamide gel
o agarose embedding &N O = HHAIZl & 3mA/gel = 2
AT ANEG? T 15 mAjgel = TS Beleiglh oxtd
A719%5 S A% AL comassie brilliant blue G-2504 4
WS o83l 23e sl Selsinh

(2) MALDI-MS #A

S. sanguis - 0|2l 7] E8te] A2 AoA WA
EH 3z} Y213} goat anti human a-enolase antibody 2} 5 A



o] 53] F:HAEW FAolA FH I

of Wt 2%ts e v, 2% AEo] etubedl] &
At} Methanol® A NS A Ae ¥ 100mM ammomium
bicarbonate (ABC)/50% acetonitrile (ACN)o| 4] 48] A A 3}
At} 100% ACNO.Z 23] o)t ¢d3s] @3 & speedvac
evaporatorol| A €438 7AZxA|7] THE 0.1g sequencing grade
modified trypsin (Promega, Madison, WI, USA)& &3 25
mM ABC9l ¥ 37CoA 16A]7F ¥FS-A1Z T} 50% ACN/
0.1% trifluoroacetic acid (TFA)Z FZ3}o] speedvac evapo-
ratorof| 4] A3 AZFA]7] 3 MALDI TOF-MS (Micromass,
Manchester, UK)E o] &-3}o] Ak ~AEZ g o] ]
5 d4& % ProFound (http://prowl.rockfeller.edu/cgi-bin/
ProFound) 59| Z2I1HE o] §-3to] A dte] Tl s 54

sk
2 =

1. HAHEH

A Z3} a-enolasec] o3t IgM-ELISA ZARIA A4 tlx=
9] A% (optical density) Hox|ol] EFEAA} 3uj4E T
g gk o4& AAEA FPom Asisle o, 42759 A
EW gxle] €3 2 209 47%)0l4 AAEA SAolqlth
(Table 1).

2Rl S0M AAEAS| HEHIE

2. a-enolase®} S. sanguisOf| CHst WX} HiS 2k

BN

s |

0 rdt

1) a-enolase®} S. sanguis Trlol| o3k A o
AEY gxte] dH IgMIA W= wE
a-enolase®} S. sanguis 3ol 3t A EH 22} AAEA
o] WhE A =E ELISAY S o] &3t S4% A, 2049
AAEA ¥ WA ER gkxte] A IgMe A diz=ate]
% IgMol| H]&]] 25 a-enolasedl] tjste] f-olatA =2 3
=5 Uelgok B dixTe] 8L g-enolaset} S.
sanguis BE 7379} WkS-3kA] ¢kgtom] AAEA %A WA E
Wogxte] @A el uhEt weRe] AolE HS
ATCC 492970 tdle] RE AAEA A WA EH Fxe]
o] IS e, WAER ko] AAEAS}
o] WhgEE KCTC 3284 (85%), ATCC 49295 (80%), KCTC

0+

o1 A a-enolase 3}A| 2] Streptococcus sanguis©l| thEh wA}Ek-S- 87

3291 (75%), KCTC 3290 (75%), KCTC 3299 (55%), KCTC
3731 (45%), KCTC 3305 (40%) o= Jehgeh 713 vke-
T} Be FFE ATCC 492972 #EH o] Ags|= 23
o o] #F& ATk (Fig. ).

2) S. sanguis0l| CHst D49 &2t A AHq|

=

WA EH 32} A F a-enolase®} S. sanguisol] T3t
ELISA ZAA TF%rt 71 =2 g83L8 Hesiy S
sanguisS} WS- A|7] & o)z} A& WA ZTh WY
AR o 7 A&t A} S. sanguisol] D& 2T A

oﬁL’

& RE FFo v @ i WA EY o] AAEA
E gl #Fe de) BE we ueg deidr
(Fig. 2)

3) a—enolase®t S. sanguis THEH T} H| X EB &K}
AAEAS| HhSof CH$F western blota=7d

WA ER gkxjo] oA gk AAEA 34 9 goat
anti-human a-enolase A= S. sanguis®] 45-50 kDa2] 3¢
7} Hheo wol why HA gzTe] FHTE= WSS Hol
A oyt ok WA Er ko] AAEA 9 goat anti-human

a-enolase &A= A Z3 a-enolaseo] M= 72 Ex}aF

1.00 1
E 5
E 075
7] .
b i g
= '-::
® 550 i
A ik
(=]
0.25 - =
l-:-
=
0,00
ML BD

Fig. 1. The reaction of IgM of normal control group and the AAEA
of BD patients to S. sanguis (ATCC 49297) antigen. The serum IgM
of all AAEA-positive BD patients showed a significantly higher
optical density than control group.

Table 1. The Reactivity of the Sera of Normal Control and AAEA Positive BD Patients to a-enolase and S. sanguis Antigen

(NC: normal control, BD: Behget's disease patients)

Positive No. (% positive)

Grou

P Alpha enolase ATCC 49297 ATCC 49295 KCTC 3284 KCTC 3291 KCTC 3290 KCTC 3299 KCTC 3731 KCTC 3305
NL n=10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
BD n=20 20(100) 20(100) 16(80) 17(85) 15(75) 15(75) 11(35) 9(45) 9(45)
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a: negathve conbrol
d: from KETE type strain 3281
@: fram KOTO type sirain 3200

b: from ATCC type straln 48257
w; from KETE type strain 3384
h: freen KETC fyos sirain 3731

-
2 from ATCC typse stralm 48285

1: from KETE type strain 3280
i from KCTS type sirain 3308

Fig. 2. The result of immunofluorescence micro-
scopic examination of the reaction of AAEA of BD
patients against S. sanguis. The serum of control
group did not react with all bacteria (a) whereas
AAEA of Behget's disease patients showed a high
positive response to all 8 bacterial strains (b-i).
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|
217 5. sanguis extracts Recombinant
[ human a-enoclaze
KN o d ]

LTE]

113 a
ag ap b L c
52 u ‘é; ] x‘-\lb/ (-i_“,h
] - .
nE ; R |
-
e - -

E i
a, d: 5. sanguis b, & 5. gangiis with c-enolase Ab
¢, f: 5. sanguis with serum of BD

f

Fig. 3. The result of the immunoblot against a-enolase and S.
sanguis antigen of AAEA of BD patients and the serum of normal
control group. AAEA of BD patients and goat anti-human a-enolase
antibody react with a protein with the molecular weight identical to
a- enolase and S. sanguis.

of Wz} wgeke Ag FAT & AT Fig. 3.

d

3. WM EY &K &8 L} AAEAQ} HI25+= S. sanguis

S. sanguis VL oA A7
lulose membraned] %71 A EHW 3A} PAe] AAEA ¥

goat anti-human a-enolase &9} WES-A|Z1 AF), TE Ao

offl
o
f
o
)
ol
=
E.
3
3,

A BAF BAF 2L SR Rolk B Ago] B

90} (Fig. 4).

Fig. 4. The result of the two-dimensional electrophoresis of S.
sanguis Treated with S. sanguis total protein (a and d), AAEA of BD
patients (b and e), or goat anti-human c-enolase antibody (c and f),
all reacted with a protein spot with the same molecular weight and
pl location.

Sls
chal Al - streptococcus] a-enolase & F7 | S

o g
WAEge Wele W FREAL wsko), 944
o= FAgudo] Bxbel 30%ax ekn, 22 T



o|F3] T :WAEY FAtolA A & A a-enolase IS Streprococcus sanguisol| I w NS 89

\rpager Spre 6=l - BT =M = A, 505
L e o
| 1 ot g “:_ B B el
a | s || --Li.E:‘ 5 ’ + ! { i : O T I} ,.,\_L,,..\_.;_. J i --L» =
#25(%) % % Mean Data Ms- Pratain
Masses | Cov | TIC Err Tol | Digest | Mw Ti‘: Species Protein Name
Sl
[13 (52 40 52 a7y 25 47073 {2 IRk B
1 [13(52) 4 s gL siphe-enolase
47103 | 015900904 |ref|NP_345588.1| enclage
2 13 (32 40 52 | 254 ] UNREADABLE
(52) 4.7 [Streptecoccus preumaniae TIGRY]

Fig. 5. By applying the peptide fingerprint of the protein obtained by mass spectrometry, the data were searched, and it was identified
as S. pneumoniae alpha enolase with 40% of sequence coverage.

A% 5 AU ego BN, zARHeRE WA W A% 9@ 924 43S FUL 1 cenolasei= A
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