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ABSTRACT
O b j e c t i v e s . Lipoteichoic acid (LTA ) ,
induces some of the clinical symptoms
of Behçet’s disease (BD) in a rat ani -
mal model. These results led to the
hypothesis that LTA may also trigger
BD in humans. We investigated the
humoral and cellular immune response
against LTA and lipopolysaccharide
(LPS) in patients with BD, and com -
p a red these responses with those of
patients with active chronic oral ulcers
(OU) and normal controls. 
Methods. Samples were obtained from
12 active BD, 12 inactive BD, 12 active
OU and 12 normal controls. Anti-LTA,
anti-LPS antibodies levels and the ca -
pacity of immune complexes anti-LTA
IgG-LTA to activate complement were
studied. Exposed mannose residues in
anti-LTA IgG were analyzed in the four
groups. The interleukin-8 (IL-8) produ -
ction by peripheral blood mononuclear
cells cultures after LTA and LPS stimu -
lation was also studied in all groups. 
Results. The capacity to bind mannan
binding protein (MBP) of anti-LTA
IgGs was significantly higher in BD
and active OU patients relative to nor -
mal controls (p<0.001). However, only
active BD patients generated signifi -
cantly higher levels of C5a than con -
t rols (p<0.0001). The IgGs purified
from the sera of BD patients showed a
high specificity for LTA from Strepto-
coccus sanguis or Streptococcus fae-
calis. LTA also stimulates the secretion
of IL-8 in peripheral blood mononu -
clear cells isolated from active BD pa -
tients. Anti-LPS IgA and IgG titers
were significantly higher only in active
OU patients relative to normal controls
(p<0.0018). 
Conclusion. These results suggest a
mechanism involving LTA from strepto -
cocci in the pathogenesis of BD. 

Introduction
BD is an inflammatory disorder cha-
racterized by recurrent oral and genital
ulcers, uveitis, and skin lesions (1-4).
Several streptococcal species have been
suggested as causative agents of BD
and uveitis (5,6), although Streptococ -
cus sanguis is common in the oral flora
of BD patients (7). One streptoccocal
antigen, LTA, induces multiple abnor-
mal biologic functions in lymphocytes
(8) and anterior uveitis in a rat animal
model (9), one of the systemic manifes-
tations of BD in humans (5). Therefore,
we hypothesized that LTA from strep-
tococci may possibly be implicated in
the pathogenesis of BD. For this pur-
pose, we assessed the titers of total
IgG, IgA, and their anti-LTA levels in
BD, active chronic benign oral ulcers
(OU), and healthy individuals. 
In addition to evaluating the specificity
of anti-LTA IgGs, their glycosylation
status and their capacity to activate com-
plement, we also assessed the immune
response against LPS in these patients.
Furthermore, because high serum lev-
els of IL-8 are also detected in BD (10),
we measured the IL-8 production by
peripheral blood mononuclear cells
(PMB) isolated from these patients
after LTAor LPS stimulation. 

Patients and methods
Patients
The protocol was approved by the In-
stitutional Review Boards of all partici-
pating centers. Serum samples were
obtained from 24 BD patients fulfilling
diagnostic criteria proposed by the In-
ternational Study Group for BD (11).
Twelve BD patients were active and the
other twelve were inactive at the time
of the study. Patients were considered
inactive if they did not present any
symptoms of the disease during the 3
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previous months. Since high glucocor-
ticoid doses may modify protein syn-
thesis and protein glycosylation, none
of the patients included in this study
was administered doses greater than 10
mg of prednisone per day. Active BD
patients were selected at the moment of
diagnosis or clinical reactivation (most
of them had active retinal vasculitis,
11/12). Five active BD patients were
receiving maintenance treatment with
steroid and colchicine, one was receiv-
ing steroids and cyclosporine. Four in-
active BD patients were receiving col-
chicine and chlorambucil, and 7 pa-
tients were not treated with drugs at all.
Blood samples were taken before ini-
tiation or dose augmentation of predni-
sone and immunosuppressive treat-
ment. An additional group of 12 patients
with active OU and 12 normal controls
matched by age and sex were also in-
cluded in this study. Because high lev-
els of anti-LTAantibodies are common
in patients with chronic gingivitis (12),
all patients were thoroughly examined
to rule out periodontal disease. 

Antibodies
Alkaline phosphatase labeled secon-
dary antibodies against human, rabbit
and mouse IgG, human IgM and IgA,
and horseradish peroxidase conjugated
to protein G were purchased from Sig-
ma (St. Louis, MO, USA). The mouse
monoclonal antibody (Mab) to mannan
binding protein (MBP) (clone 131-1)
was purchased from Research Dia-
gnostics (Flanders, NJ. USA).

Lipoteicoic acids and lipopolisaccha-
rides
LTAs from S. sanguis, S. faecalis and S.
aureus and LPS were purchased from
Sigma. LTAs were further purified by
hydrophobic chromatography on Oc-
tyl-Sepharose (13), producing LTAs es-
sentially free of contaminant LPS
(mean concentration < 0.005 µg LPS-
/mg LTA) as determined by the Limu-
lus Amebocyte Lysate (LAL) method
(14, 15).

Purification of human anti-LTAIgG
IgG was purified from 2 ml of sera of
normal and BD individuals by a combi-
nation of chromatographies on Protein

A Sepharose (16) and the conjugate
LTA-ovoalbumin covalently attached
to Sepharose. The second procedure in-
volved a rinsing with 50 mM glycine-
HCl, pH 3.2, to remove contaminant
rheumatoid factor (RF), followed by
addition of 50 mM Tris-HCl, pH 7.5
buffer containing 4 M guanidine-HCl
to elute the high affinity anti-LTA IgG,
followed by dialysis against buff e r
alone. The specificity of the IgG was
assessed by immunoblotting tech-
niques (19). 

Enzyme-linked immunosorbent assays
Total IgAand IgG in serum were assay-
ed by enzyme linked immunosorbent
assays (ELISA) as previously describ-
ed (20). Analyses of anti-LTAand anti-
LPS IgGs were determined in plates
coated with S. sanguis LTAand E. Coli
LPS. Serum samples (1: 5000 dilution)
in PBS-Tween (200 l) were incubated
at 37ºC for 2h. The secondary antibod-
ies as well as the conditions of the as-
say were similar to those described
above (20). Calibration curves were
constructed with anti-LTA or anti-LPS
IgAor IgG purified from the serum of a
single BD patient by affinity chromato-
graphy on LTAor LPS immobilized on
Sepharose 4B, as described above. To
avoid cross-reactivity between anti-
LTA and LPS antibodies or viceversa,
assays for anti-LTA antibodies were
conducted in the presence of LPS (50
ng/ml). Similarly, assays for anti-LPS
antibodies were conducted in the pres-
ence of LTA (50 ng/ml). Plates were
then rinsed with PBS-Tween and incu-
bated with 200 l of a solution contain-
ing specific anti-human IgA or IgG
F(ab’)2 fragments conjugated to alka-
line phosphatase for 1 h at 37ºC, fol-
lowed by rinsing with PBS-Tween and
incubation with 200 l of alkaline phos-
phatase substrate (1 mg/ml p-nitrophe-
nylphosphate) in 0.1 M glycine, 1 mM
MgCl2, 1 mM ZnCl2, pH 10.4. Absor-
bance was monitored at 405 nm using
an Anthos Labtec kinetic plate reader.
Bound immunoglobulins were calcu-
lated from calibration curves construct-
ed with purified human anti-LTA IgG,
where specific values of absorbance at
405 nm are plotted versus concentra-
tions of purified human IgAor IgG.

Binding of anti-LTAIgG to LTA by 
slot blot analysis
LTAs from S. sanguis, S. faecalis and S.
aureus (10 µg) in 100 mM sodium car-
bonate, pH 9.6, were bound to nitrocel-
lulose membranes using a Minifold II
slot blotter (Schleicher & Schuell,
Keene, NH). The slots were thoroughly
rinsed with phosphate-buffered saline
(PBS) solution and the membranes in-
cubated with 3% BSAin PBS for 1 h at
22°C to block non-conjugated areas.
Each serum (100 µl) in 5 ml PBS was
singly incubated with membranes con-
taining dots of the 3 LTAs overnight at
22°C, followed by 3 rinses in PBS for
10 min at 22°C an then incubation in 5
ml PBS containing alkaline phospha-
tase-conjugated anti-human IgG (1 µg/
ml) for 60 min at 22°C. Detection was
performed after incubation of the mem-
branes with the alkaline phosphatase
substrate 5-bromo-4-chloro-3-indolyl
phosphate in the presence of nitro blue
tetrazolium (1 mM each) in 10 mM
Tris-HCl, pH 8.5, containing 1 mM
MgCl2 at 22°C. Densitometric analysis
of the dots were performed with a Mol-
ecular Dynamics Storm 860 System
(Amersham Biosciences, NJ, U.S.A.)
using an Image Quantification software
for WINDOWS according to manufac-
turer’s instructions. 

Mannose binding protein assay
Plates coated with LTAwere incubated
with 200 ng of purified anti-LTA IgG.
Plates were then washed twice with 50
mM glycine-HCl, pH 3.2, and 3 times
with PBS-Tween and incubated in a
200 l final volume with increasing con-
centrations of mannose binding protein
(MBP), purified according to the pro-
cedure described by Lu et al. (17), in
50 mM Tris-HCl, 150 mM NaCl, 20
mM CaCl2, pH 7.5, for 2 h at 37°C.
The final concentration of MBP bound
to the anti-LTA IgG (specific binding)
was determined as previously de-
scribed (21).
MBPbinding to IgG by slot blot assays
MBP (5 µg/slot) was adsorbed to nitro-
cellulose using a Minifold II slot blot-
ter as described above. The membrane
was then incubated in PBS containing
3% BSAto block areas non-conjugated
with MBP. Purified IgGs (100 µg) from

Lipoteichoic acid and Behçet’s disease antibodies / M. Cuchacovich et al.  

S-28



BD patients and normal controls were
singly incubated with these membranes.
After 1 h at 22°C the membranes were
rinsed in PBS followed by incubation
with alkaline phosphatase-conjugated
anti-human IgG for 1 h at 22°C. Detec-
tion of the bound IgG was performed as
described above.

Assay of terminal carbohydrate
residue of anti-LTA IgG
Specific detection of terminal carbohy-
drate residues to anti-LTA IgGs was
performed with a glycan differentiation
kit purchased from Roche Diagnostics
Corporation (Indianapolis, IN). Briefly,
LTA from S. sanguis (10 µg) was first
loaded to nitrocellulose membranes by
slot blot adsorption. After blocking non-
specific areas with 3% BSAin PBS, the
membranes were singly incubated with

IgGs purified from sera of BD patients
or normal controls for 1 h at 22°C, fol-
lowed by single incubation with digox-
igenin-labeled peanut agglutining (PNA)
or galanthus nivalis agglutinin (GNA)
which recognize the core disaccharide
galactose β(1-3) N-acetylgalactosamine
or terminal mannose α(1-3), α(1-6) or
α(1-2) linked to mannose, respectively
( 1 8 ,19). Bound lectins were assayed ac-
cording to manufacturer’s instructions. 

Human complement C5a des Arg 
assay system
The assay was performed in 96 well
microtiter plates using purified anti-
LTA IgG following to a previously re-
ported protocol (21).

Cytokine production by PMB
Heparinized blood samples were col-

lected from 8 active BD patients, 8
active OU patients, and 8 normal con-
trols. Fresh PBM were isolated by den-
sity gradient centrifugation with Ficoll-
Paque (Pharmacia LKB Biotechnology,
Upsala, Sweden). Cells were washed
twice in Hanks’ balanced salt solution
and suspended in A I M - V m e d i u m
(Gibco BRL, Gaithersburg, MD) at a
density of 1 x 106 cells/ml. 60% of the
mononuclear cells obtained by this me-
thod are lymphocytes, and the remain-
ing 40% is composed of monocytes
and macrophages. 
Cells were >95% viable as assessed by
trypan blue exclusion. PBM were stim-
ulated with S. sanguis LTA and E. coli
LPS (10 µg/ml) and incubated in an
atmosphere of 5% CO2 and 95% O2 at
for 24 h at 37°C. Supernatans were har-
vested and frozen at -70°C until use
(22). IL-8 was measured by an ELISA
technique (Bender MedSystems, Vien-
na, Austria) according to manufactur-
er’s instructions.

Statistics
The statistical significance of diff e r-
ences between total Igs levels, anti-
LTAIgA, and IgG, as well as the degly-
cosilated anti-LTA IgG levels were
evaluated by means of Kruskal-Wallis
analysis of variance. The specific com-
parisons within each group of variables
were performed by means of the Bon-
ferroni test. 

Results
Clinical manifestations and treatment
of patients
All demographics and clinical manifes-
tations of patients whose sera were ana-
lyzed in this study are summarized in
Table I. All BD patients had ocular in-
volvement and recurrent oral ulcers. 

Total IgA and IgG concentrations of
patients in all groups
The median of total serum IgA titers
were 1.58 mg/ml in patients with active
BD, 1.52 mg/ml in patients with inac-
tive BD, 1.86 in active OU, and 1.12 in
normal controls. The differences be-
tween BD patients and controls and be-
tween active OU patients and normal
controls were statistically significant
(BD versus controls p < 0.002, OU ver-
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Table I. Demographics, ocular and systemic features of patients.

Active BD Inactive BD Active OU 
(n=12) (n=12) (n=12)

Male 5 6 4

Female 7 6 8

Disease duration, years (mean SD) 10.66 ± 6.48 9.41 ± 5.1 12.27 ± 11.33

Age at examination, years (mean SD ) 37.4 ± 9.6 34.8 ± 0.3 41.08 ±18.23

Oral ulcer 12 12 12

Genital ulcer 8 9 -

Skin lesions 7 9 -

Thromboflebitis 2 4 -

Retinal vasculitis 11 11 -

Iridocyclitis 5 6 -

Neuro-BD 1 0 -

Fig. 1. Analysis of serum titers of anti-LTAantibodies from patients. Serum anti-LTAantibody titers of
active BD (Group 1), inactive BD (Group 2), active OU (Group 3) and normal controls (Group 4). (A)
median titers of anti-LTA IgAs were 1.2 µg/mg IgAin active BD, 0.61 µg/mg IgAin inactive BD, 0.96
µg/mg IgAin active OU and 1.47 µg/mg IgA in normal controls. (B) median titers of anti-LTA IgG
were 2.34 µg/mg IgG in active BD, 1.83 µg/mg IgG in inactive BD, 2.0 µg/mg IgG in active OU, and
2.02 µg/mg IgG in normal controls.



sus normal controls p < 0.00001). The
median of total serum IgG titers were
8.94 mg/ml in active BD, 8.42 mg/ml
in inactive BD, 8.14 mg/ml in active
OU, and 6.87 mg/ml in normal con-
trols. Only active BD patients show sig-
nificantly greater titers than normal
controls. (active BD versus controls p <
0.004).

Anti-LTA antibodies
IgAand IgG from all groups of patients
bind to LTA with similar affinity (data
not shown). The median serum titers of
anti-LTA IgA were 1.2 µg/mg IgA in
active BD, 0.61 µg/mg IgA in inactive
BD patients, 0.96 µg/mg IgA in active
OU and 1.47 µg/mg IgAin normal con-
trols (Fig. 1A). The A N O VAtest did not
detect an overall difference between
the four groups. The median serum ti-
ters of anti-LTA IgG in active BD pa-
tients were 2.34 µg/mg IgG, 1.83 µg/
mg IgG in inactive BD patients, 2.0 µg/
mg in active OU patients IgG and 2.02
µg/mg IgG in normal controls (Fig.
1B). Statistically, there was an overall
difference in the IgG anti-LTAantibody
levels between the four groups. Only
patients with active BD had signifi-
cantly higher levels than patients with
inactive BD (p < 0.05). 

Specificity of the anti-LTA IgG 
reactivity
Sera (100 µl) from five active BD pa-
tients, were individually reacted with a
blot containing bound LTA(10 µg) from
S. sanguis, S. faecalis and S. aure u s a n d
assayed with an anti-human IgG anti-
body conjugated to alkaline phospha-
tase (Fig. 2A). A densitometric analysis
of the blots (Fig. 2B) suggests that anti-
LTAIgGs in the serum of these patients
show a greater reactivity for LTAs from
S. sanguis or S. faecalis than for LTA
from S. aureus. 

Binding of purified BD IgGs to 
immobilized MBP
M B P was adsorbed to nitrocellulose
membranes. Five active BD sera con-
taining 2.70, 2.68, 2.32, 1.49 and 2.17
µg anti-LTAIgG/ mg IgG, respectively,
and five matched normal controls con-
taining 1.81, 3.38, 2.30, 2.13 and 1.93
µg anti-LTAIgG/mg IgG, respectively,

were individually purified by chroma-
tography in protein A-Sepharose. Each
blot was singly incubated with 100 µg
of pure IgGs.The results (Fig. 3), sug-
gest binding of the BD IgGs to MBP
with different affinities, whereas bind-
ing of control IgGs to MBP is almost
undetectable. 

MBP binding capacity of anti-LTA
immune complexes
The medians of MBP binding to anti-
LTA IgGs were 0.82 µg MBP/ µg IgG
in active BD, 0.49 µg MBP/ µg IgG in
inactive BD, 0.52 µg MBP/ µg IgG in
active OU, and 0.15 µg MBP/ µg IgG
in normal controls. The differences be-
tween each BD group and normal con-
trol, as well as between active OU group
and controls are statistically significant
(active BD versus controls p < 0.001,
inactive BD versus controls p< 0 . 0 1
and active OU versus controls p <
0.001). (Fig. 4). 

C5 activation assay of anti-LTA anti -
body complexes
The antigen-antibody complexes were
also evaluated for their capacity to acti-
vate C5 to C5a. Statistically, there was
an overall difference in the IgG anti-
LTA antibody levels between the four
groups (p<0.001). When diff e r e n c e s
between the four groups were studied,
only patients with active BD generated
significantly greater levels of C5a than
controls (p < 0.0001) (Figure 5). 

Identification of exposed carbohydrate
residues in IgGs from BD patients by 
a dot blot assay
The results (Figs. 6Aand 6B) show in-
tense reactivity of the BD IgG with
both PNAor GNA lectins, whereas the
control (C) IgGs (Figs. 6A and 6B)
show decreased reactivity with these
lectins. These data suggests that both
galactose β(1-3) and mannose α(1-3, 1-
6 or 1-2) are terminally exposed in the
BD IgGs, thereby favoring the reactivi-
ty toward MBP described above.
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Fig. 2. Specificity of the anti-LTA IgG reactivi-
ty. LTAs (10 µg) from S. sanguis, S. faecalis and
S. aureus were adsorbed to nitrocellulose filters.
Membranes containing slots with the three LTAs
were singly incubated with five active BD sera
(100 µl) for which the numbers (1-5) represent
each individual serum, and the bound anti-LTA
IgG was detected with a secondary alkaline
phosphatase conjugated anti-human IgG. (A)
represent the dot blot analysis of each individual
serum with membranes containing LTAs from S.
sanguis, S. faecalis and S. aureus .(B) Columns
show the densitometric analysis of S. sanguis
(white), S. faecalis (black) and S. aureus (gray);
LTAdots shown above.

Fig. 3. Binding of immobilized MBP to IgG.
M B P (5 µg) was adsorbed to nitrocellulose
membranes an singly incubated with IgGs (100
µg) purified from five active BD and five match-
ed controls. The numbers (1-5) represent each
individual serum. The amount of bound IgG was
detected by reaction of the membranes with a se-
condary alkaline phosphatase conjugated anti-
human IgG.

LTA

S. sanguis

S. faecalis

S. aureus

1 2 3 4 5
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Quantification of anti-LPS 
antibodies
The median serum titers of anti-LPS
IgA were 1.31 µg/mg IgA in active BD
patients, 3.33 µg/mg IgA in inactive
BD patients, 4.55 µg/mg IgA in active
OU patients, and 1.1 µg/mg IgAin nor-
mal controls (Fig. 7A). Specific diffe-
rences were only detected between ac-
tive OU and normal controls (p <
0.023). The median serum titers of anti-
LPS IgG were 0.76 µg/mg IgG in ac-
tive BD patients, 1.51 µg/mg IgG in in-
active BD patients, 1.63 µg/mg IgG in
active OU patients, and 0.38 µg / m g
IgG in normal controls (Fig. 7B). The
overall difference between groups was
statistically significant (p <0.01), as
well as the difference between active
OU and control patients (p<0.0018). 

IL-8 production by PMB after 
stimulation with LTA or LPS
These studies were performed on 8 ac-
tive BD, 8 inactive BD, 8 active OU
and 8 healthy individuals. High levels
of IL-8 were detected in culture super-
natants of non-stimulated PBM cells
from BD patients when compared with
secretion levels by cultured PMBs
from patients of the other groups stud-
ied. The median values were 1877,
434, 398, and 478 pg/ml for active BD,
inactive BD, active OU, and healthy in-
dividuals, respectively. The overall dif-
ference between groups, as well as dif-
ferences between active BD and any of
the other groups are statistically signi-
ficant (p < 0.05). No differences were
found between active OU, inactive BD
or healthy controls.
Figure 8 shows IL-8 concentration in
PBM cultures, 24 h after stimulation
with S. sanguis LTA or E. coli LPS (10

µg/ml) in the four groups. Median lev-
els of IL-8 after LTA stimulation were:
62425 pg/ml in active BD patients,
39588 pg/ml in BD patients with inac-
tive disease, 38630 pg/ml in active OU,
and 39118 pg/ml in normal controls
(Fig. 8A). The overall difference be-
tween groups was statistically signifi-
cant (p < 0.001), as well as the differ-
ence between active BD group and nor-
mal controls (p < 0.0005). Median lev-
els of IL-8 after LPS stimulation were:
49028 pg/ml in active BD patients,
50100 pg/ml BD patients with inactive
disease, 50953 pg/ml in active OU, and
49732 pg/ml in normal controls. No si-
gnificant differences were found bet-
ween groups (p = 0.4) (Fig. 8B). 

Discussion
LTA found in the cell membrane of
streptoccoci is a potent immunogen
(23). Since streptococci are frequently
found in the oral flora of patients suf-
fering from BD or active OU (7), we
evaluated the titers of anti-LTA antibo-
dies in their sera. Total IgAtiters in BD
or active OU patients were greater than
those of normal controls, but total IgG
titers were greater only in active BD
when compared with normal individu-
als. Our experiments suggest that the
reactivity of anti-LTA IgGs from BD
for LTAs from Streptococcus sanguis
or Streptococcus faecalis are similar in
dot blot analyses, whereas their reactiv-
ity for LTA from Staphylococcus au-
reus appears reduced, thereby suggest-
ing streptococcal LTA as the immuno-
genic agent in these patients. T h e s e
conclusions are supported by reports
showing that pathogenic streptococcal
strains are frequently identified in pa-
tients with BD (12, 24) or that antigens
from Streptococcus sanguis show im-
munologic cross-reaction with heat
shock proteins, and oral mucosa anti-
gens from BD patients (25).
We found a greater binding of MBP to
anti-LTA IgG of BD or active OU pa-
tients compared with normal controls,
using ELISA or dot blot analyses. We
also show that BD IgGs contain a larg-
er proportion of exposed terminal man-
nosyl and galactosyl residues than
those of normal controls. Furthermore,
the complement activating capacity of

Fig. 4. MBP binding capacity of specific anti-
LTA IgG antibodies. MBP binding to specific
anti-LTA IgG antibodies in the four groups was
measured by an ELISA technique. The median
concentrations of MBP bound to anti-LTA IgG
antibodies were 0.82 µg MBP/ µg IgG in active
BD (Group 1), 0.49 µg MBP/µg IgG in inactive
BD (Group 2), 0.52 µg MBP/µg IgG in active
OU (Group 3), and 0.15 µg MBP/µg IgG in nor-
mal controls (Group 4). 

Fig. 5. C5 activation assay of anti-LTAantibody
complexes. Generation of C5a was measured by
radioimmunoassay. Results are expressed as the
average ng of C5a generated by a given ng of
bound anti-LTA IgG/ml of serum. Active BD
(Group 1), inactive BD (Group 2), active OU pa-
tients (Group 3, normal controls (Group 4).

Fig. 6. Identification of ter-
minal carbohydrate residues
in IgGs isolated from BD pa-
tients and normal controls.
Two sets of samples con-
taining purified IgGs from 5
active BD patients (BD) and
5 normal controls (C) were
analyzed. LTA (10 µg) from
S. sanguis adsorbed to a
nitrocellulose membrane was
singly incubated with each
IgG. The numbers (1-5) rep-
resent each individual IgG
(A) reaction of the IgG with
PNA. (B) reaction of the
IgGs with GNA. 



immune complexes between LTA and
their IgG antibodies generated signifi-
cantly greater levels of C5a only in ac-
tive BD patients. 
The differences in the complement ac-
tivating capacity observed between ac-
tive, inactive BD and active OU pa-
tients may be the result of differential
glycosylation, which in addition to the
one present in the Fc region, also af-
fects the Fab sugars as a result of inter-
vention by a number of factors, includ-
ing cytokines, participating in differen-
tiation and proliferation of B cells (26).
It is known that glycosylation can alter
the ability of IgG to aggregate and form
immune complexes, thereby affecting
its interaction with the Fc receptor (27)
or the binding affinity of the IgG mole-
cule (28). Furthermore, circulating IgGs

secreted with exposed terminal gal-
actosyl or mannosyl carbohydrate resi-
dues are pathogenic in rheumatoid
arthritis, where their titers correlate
with the clinical severity of the disease
(29, 30). 
Oligosaccharide chains with nonreduc-
ing terminal mannose in the IgG Fc re-
gion are ligands for the serum mannose
binding protein (MBP), which associat-
ed to proteases like C1r and C1s lead to
complement activation through the
classical pathway (21). This is the case
for deglycosylated IgGs, cross reactive
with streptokinase and fibronectin
commonly found in sera from rheuma-
toid arthritis patients, which bind MBP
and have a greater complement activat-
ing activity than normal IgGs (31).
Changes in glycosylation of anti-LTA

IgGs of BD or active OU patients are
also affecting their complement acti-
vating capacity but only in active BD
patients. Although these data suggest a
humoral immune response in the clini-
cal manifestations of BD, its pathoge-
nicity may be also expressed by other
mechanisms. 
Patients with BD show an increased T
cell activity upon challenge with sever-
al peptides derived from the primary
structure of heat shock protein 60, which
are also able to induce uveitis in a rat
animal model (32). Our experiments
show that PBM in culture from active
BD subjects spontaneously produce IL-
8 at levels greater than those of inactive
BD, active OU or normal subjects
when stimulated with LTA. A previous
study demonstrated that serum IL-8
levels were significantly greater in ac-
tive BD than those of inactive BD or
normal control subjects (33). Consis-
tent with these results, our data show
an strong correlation between IL-8 lev-
els and disease. No differences in IL-8
production were observed in PBM cells
from the three groups of patients stimu-
lated with LPS, suggesting LTA as one
causal agent of BD.
An increased expression of IL-8 by
PMBs including monocytes, T lympho-
cytes, neutrophils, fibroblasts, endothe-
lial cells, and epithelial cells has been
previously reported for BD (10). It is
known that T-cells can be stimulated by
streptococcal antigens to produce IL-6
and INF-γ (34). LTAbinds and in some
cases influences the function of poly-
morphonuclear leukocytes, lymphocy-
tes, monocytes, and macrophages (35,
36) inducing maximal stimulation of
TNF-α, IL-1β, IL-6, and IL-8 release
from human monocytes (37, 38). Anti-
LTA antibodies are known to induce
not only an aggregation of LTA recep-
tors in LTA-sensitized monocytes, but
also enhance expression and secretion
of pro-inflammatory cytokines (39). 
The mechanisms involved in the i n
vitro stimulation are controversial. Two
groups have recently proposed that
LTA stimulates the in vitro secretion of
these cytokines via interaction with
Toll-like receptors 2 and 4 (40, 4 1 ) .
However, other groups have proposed
an alternative mechanism in which
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Fig. 8. IL-8 concentration in peripheral blood mononuclear cell cultures after stimulation with LTAor
LPS. 24 hours after stimulation with S. sanguis LTA or E. coli LPS (10 µg/ml) among active BD (n =
8), inactive BD (n= 8), active OU and normal controls (n = 8). (A) Median levels of IL-8 after LTA
stimulation were: 62425 pg/ml in active BD patients, 39940 pg/ml in inactive BD patients, 38630
pg/ml in active OU, and 39118 pg/ml in normal controls. (B) Median levels of IL-8 after LPS stimula-
tion were: 47925 pg/ml in active BD patients, 48836 pg/ml in inactive BD patients, 50953 pg/ml in
active OU, and 49732 pg/ml in normal controls.

Fig. 7. Serum titers of specific anti-LPS antibodies. The anti-LPS titers in the four groups were mea-
sured by an ELISA. (A) Median titers of anti-LPS IgAwere 1.31 µg/mg IgAin active BD, 3.33 µg/mg
IgAin inactive BD, 4.55 µg/mg IgAin active OU and 1.1 µg/mg IgAin normal controls. (B) Median
titers of anti-LPS IgG were 0.76 µg/mg IgG in active BD, 1.51 µg/mg IgG in inactive BD, 1.63 µg/mg
IgG in active OU, and 0.38 µg/mg IgG in normal controls. 
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LTA stimulates IL-8 production by mo-
nocytes in a CD14-dependent manner
(42-44). Therefore, it is difficult to hy-
pothesize which receptors may be in-
volved in the LTA stimulated secretion
of IL-8 by PMBs from BD patients in
our study. Although anti-LTA antibo-
dies are present in normal human sera
(45), the local secretion of cytokines
stimulated by LTA antibodies may be
pivotal in the pathogenesis of BD (39).
In this context, the enhanced secretion
of TNF-α or soluble TNF-α receptor in
active BD patients plays a major role
(46), because treatment of these pa-
tients with a monoclonal antibody to
TNF-α results in remission of the dis-
ease (47, 48).
The immune response against LTA ap-
pears to be specific because titers of
anti-LPS antibodies are similarly low
in BD or healthy individuals, although
all BD patients had active oral ulcers.
Only the active OU patients show sig-
nificantly greater anti-LPS antibody ti-
ters than normal controls, which may
result from colonization by gram-nega-
tive bacteria of previously damaged
mucosal cells, as it is common in pa-
tients with viral induced oral mucositis
who show increased adherence of “ab-
normal” aerobic gram-negative bacilli
to infected mucosal cells (49). 
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