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Abstract. Bacteroides thetaiotaomicron, a Gram-negative anaerobic rod belonging to the Bacteroides fragilis
group (BFG), is involved in many systemic and local, most frequently suppurative infections in man. The cell
envelope of these rods is composed of two carbohydrate-containing antigens: lipopolysaccharide (LPS) and
capsular polysaccharide (CPS). Adhesion molecules ICAM-1, VCAM-1 and E-selectin (ELAM-1) are induced
on the endothelial cells by mediators of inflammation. The aim of this study was to assay the ability of B. the-
taiotaomicron surface antigens to induce adhesion molecule expression on the endothelial cells. The influence of
LPS and CPS on the expression of adhesion molecules on HMEC-1 cell line was examined in an ELISA test.
ELISA was performed with monoclonal mouse anti-human: ICAM-1, VCAM-1 and E-selectin antibodies of the
IgG class. B. thetaiotaomicron lipopolysaccharides revealed the ability to induce ICAM-1, VCAM-1 and E-se-
lectin expression on the endothelial cells. Their activities were similar, but lower than the activity of Eschericha
coli LPS. ICAM-1 was the most stimulated adhesion molecule. The strongest activation by LPS was achieved at
the concentrations of 10.0 and 1.0 pg/ml. The ability of capsular polysaccharide to induce the expression of
adhesion molecules was considerably weaker.

Key words: adhesion molecules; endothelium; Bacteroides thetaiotaomicron; lipopolysaccharide; capsular poly-
saccharide.

Introduction BFG strains are now recognized as the most frequently
isolated and medicaly important anaerobic bacteria.

Bacteroides fragilis group (BFG) rods dominate Two species belonging to BFG, B. fragilis and B. the-
among bacteria physiologically colonizing the human taiotaomicron, are especialy often isolated from clini-
intestine. These Gram-negative rods are strictly an- ca specimens and are also highly resistant to many
aerobic, non-sporeforming and capsule-producing. antibacterial drugs. They are etiological agents of en-
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Abbreviations used: BFG — Bacteroides fragilis group, LPS — lipopolysaccharide, CPS — capsular polysaccharide, ELISA — enzyme-
-linked immunosorbent assay, ICAM-1 — intercellular adhesion molecule-1, VCAM-1 — vascular cell adhesion molecule-1, ELAM-1
— endothelid leukocyte adhesion molecule-1, IL — interleukin, HMEC-1 — human derma microvascular endothelia cells, LSR — local
Shwartzman reaction, LAL — Limulus amoebocyte lysate, TNF-a — tumor necrosis factor o, HUVEC — human umbilical vein endothelial
cells, LBP — LPS-binding protein.
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dogenous, suppurative and septic infections in man.
These bacteria primarily are isolated from abscesses,
soft-tissue infections and blood in cases of bacteremia®
10, 30, 37, 43.

The virulence factors of Bacteroides sp. rods are
quite well-known. The best characterized determinants
of pathogenicity are the cell-surface antigens: lipopoly-
saccharide and capsular polysaccharide. Lipopolysac-
charide (LPS; endotoxin) of these anaerobes is respon-
sible for numerous biological activities such as:
lethality for experimental animals, pyrogenicity, leu-
kopenia and subsequent leukocytosis, positive local
Shwartzman reaction (L SR), positive Limulus amoebo-
cyte lysate (LAL) test, release of TNF-q, toxicity for
chicken embryos and retardation of fetal growth? 3 %
28, 29,34 35 Cgpsular polysaccharide of Bacteroides sp.
rods is an antiphagocytic factor, contributes to adhesion
and plays an important role in abscess formation'! 1"
19, 25, 31

The outer layers of B. thetaiotaomicron rod cell-
-wall are composed of two high-molecular weight, car-
bohydrate-containing antigens: LPS, which is a hetero-
polymer forming an integral part of the outer membrane
of the cell-wall of Gram-negative bacteria and CPS,
which forms a capsule localized on the outer surface of
the cell-wall and composes the external layer of the
cellt 24 25 3% % The immunochemical properties
(chemical composition and serological activity) and bi-
ological properties of purified B. thetaiotaomicron cell-
-surface antigens (LPS and CPS) were investigated by
our group in 1987-1988 and their characterization was
described previously?: 33 34 36,

Appearance and upregulation of the adhesion mole-
cules on endothelium are significant for leukocyte ex-
travasation and migration towards inflammatory sites.
Adhesion molecules ICAM-1 (CD54), VCAM-1
(CD106) and E-selectin (CD62E) are induced on the
endothelial cells by mediators of inflammation> 38,
Intercellular adhesion molecule-1 (ICAM-1) belongsto
the endothelial Ig-proteins (Ig gene superfamily). Five
members of this family, expressed on the endothelial
cells, are involved in leukocyte adhesion and transmi-
gration. ICAM-1 is expressed on leukocytes, fibro-
blasts, epithelial cells and endothelial cells. ICAM-1
bindsto leukocytes viaintegrins CD11a/CD18 (LFA-1)
and CD11b/CD18 (Mac-1). Mediators of inflammation
such as IL-1, TNF-a as well as LPS, enhance produc-
tion of thismolecule® ® *°. Vascular cell adhesion mole-
cule-1 (VCAM-1), another member of the Ig gene super-
family (Ig SF), serves as an endothelid adhesion molecule
for leukocytes. The counter-receptor for this molecule
is leukocyte integrin VLA-4 (CD49d/CD29)> ° %5, The
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selectin family comprises 3 proteins. One of them is
E-selectin (CD62E). This adhesion molecule is ex-
pressed by the endothelial cells and is mainly involved
in the adhesion of neutrophils. Selectins recognize and
bind the carbohydrate ligands. siayl Lewis X and
closely related structures. These carbohydrate determi-
nants are heavily expressed on neutrophils and mono-
cytes, and are also found on natura killer cells. E-se-
lectin appears on the endothelia cells after their
stimulation. Production of this molecule is induced by
LPS, TNF-qa, IL-1 and thrombin. E-sdlectin mediatesarall-
ing interaction of neutrophils with endothelium® ° 5,

It is known that endotoxic activity of B. fragilis
group rods is lower than biological activity of LPS ex-
tracted from the Enter obacteriaceae family rods'” 18 22
2340 1n 1993 stimulation of the human T cell adhesion
to endothelium by the components (LPS and CPS) ex-
tracted from B. vulgatus strains was examined by our
group. The degree of T cell adhesion to human umbili-
ca vein endothelia cells (HUVEC) stimulated by
B. wulgatus antigens was markedly lower than the ad-
hesion caused by E. coli 055: B5 LPS. There were no
differences in stimulatory activity between B. vulgatus
LPS and CPS*.

The am of this study was to determine the ability of
B. thetaiotaomicron LPS and CPS to induce adhesion
molecule expression on the vascular endothelial cells. For
this purpose a direct method of adhesion molecule esti-
mation (EL1SA with monoclonal antibodies) was applied.

Materials and Methods

Bacterial strains. B. thetaiotaomicron NCTC
10582, a reference strain of the species, representing
serotype A of the B. fragilis group according to BEer-
ens et al.* was kindly supplied by Dr. H. Beerens (Fa-
culté de Pharmacie, Lille, France). B. thetaiotaomicron
312/85 was isolated from a clinical specimen (pancre-
atic fistula drain). B. thetaiotaomicron 9/18 was iso-
lated from a normal human intestina microflora. The
two latter strains were cultured and identified at the
Department of Medical Microbiology of the University
Medical School in Warsaw.

Media and growth conditions. The bacterial bulk for
LPS extraction was grown at 37°C for 48 h in 150 | of
liquid VL (yesst-broth medium) supplemented with
hemin and vitamin K°. The bacterial mass for capsular
polysaccharide isolation was washed off the surface of
a solid VL medium containing blood, hemin and vit-
amin K% The capsular materiad was obtained from
a strain cultured at 37°C for 72 h in the system “Gas
generating box H,+CO,” (bioMérieux, France).
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Extraction and purification of lipopolysaccharides.
Three analyzed strains were used for the extraction of
endotoxin. Pelleted bacteria were extracted by the hot
phenol-water method according to WEestPHAL and
JANN*, The water phase after extraction was ultracen-
trifuged (105 000 x g for 3 h) and finally lyophilized.
Further purification was achieved with nuclease treat-
ment according to GMeINER’. This treatment was done
in 10 mM Tris — HCI buffer (pH 7.6) for 18 h at room
temperature with RNAse and DNAse (Merck, Ger-
many), each at the concentration of 2 mg/g LPS, with
subsequent ultracentrifugation (105 000 x g for 3 h).

Extraction and purification of capsular polysac-
charide. The capsular antigen of clinical strain 312/85
was prepared according to the procedure described by
PoxTon and Ip in 1981%,

Expression of adhesion molecules. Cdll of line human
dermal microvascular endothelial cells (HMEC-1), ob-
tained from the Department of Dermatology, Emory
University School of Medicine in Atlanta (Georgia,
USA), was used in each experiment. HMEC-1 cells
were cultured in plastic bottles (Sigma, USA) coated
with 0.2% gelatin (Sigma, USA) for 24 h and trans-
ferred by means of 0.5% trypsin —0.2% EDTA solution
(Sigma, USA) to the flat-bottom 96-microwell plates
(Nunc, Denmark) aso coated with 0.2% gelatin. Con-
fluent HMEC-1 monolayers were stimulated with LPS
and CPS. The following concentrations of antigens
were applied: 0.01, 0.1, 1.0 and 10.0 pg/ml. LPS of
E. coli O55: B5 (Sigma, USA) and resting HMEC-1
cells were used in each experiment as controls. Deter-
minations of ICAM-1 and VCAM-1 expression were
performed after 24 h of cell activation, and E-selectin
after 4 h. After stimulation of the cells, the plate was
rinsed 3 times with PBS and fixed with 0.025% glutar-
dialdehyde (Merck, Germany) for 15 min. Then the
plate was rinsed 3 times with PBS and blocked with
1% BSA (Sigma, USA) in PBS for 1 h.

The immunoenzymatic ELISA test was used to
examine the influence of B. thetaiotaomicron cell-sur-
face antigens on the expression of adhesion molecules:
ICAM-1, VCAM-1 and E-selectin on the endothelial
cells. ELISA was performed using the modified meth-
ods described by LassaLLE et al.?°, SwerLick et al.*! and
Lee et a.?. Monoclonal mouse anti-human: ICAM-1,
VCAM-1 and E-sdlectin antibodies of IgG class
(Genzyme, USA) at the concentration of 1 pg/ml were
applied. Antibody solution (100 pl) was added to each
well containing cells for 90 min (37°C, 5% CO,). Then
the plate was rinsed thrice with PBS and 100 pl of
peroxidase-conjugated rabbit anti-mouse immunoglo-
bulins (Dako A/S, Denmark) diluted 1:1500 was sup-
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plied to each well for further 90 min (37°C, 5% CQO,).
The conjugate was diluted with 1% BSA in PBS.
Thereafter the plate was washed 3 times with PBS. 100
I of o-phenylenediamine dihydrochloride (Sigma, USA)
at the concentration of 1 mg/ml in 0.1 M phosphate-ci-
trate buffer (pH 5.0) containing H,0O,, was added to
each well. The plate was incubated for 10-15 min at
room temperature in darkness. The enzymatic reaction
was stopped with 100 pl of 6 N H,SO,. The colored
reaction product was measured by reading the absorb-
ance at 492 nm in SPECTRA 1l reader (SLT, Austria),
Each determination was carried out 3 times.

Satistical analysis. Statistical significance was
determined by the Student’s t-test and the differences
were regarded as significant for p<0.05.

Results

The obtained results are presented in Fig. 1-4. Each
figure illustrates the influence of one bacterial antigen
(in 4 concentrations) on the expression of 3 examined
adhesion molecules. The data are presented as a mean
+ SEM. The results marked with an asterisk are statis-
tically significant (p<0.05) in comparison to the values
obtained for resting cells. Vaues obtained for resting
HMEC-1 cells indicate the level of expression of respec-
tive adhesion molecules on non-stimulated endothelial
cedls. E. coli O55:B5 LPS was used as a positive control.

B. thetaiotaomicron NCTC 10582 LPS
as the stimulator of adhesion molecules

The results presented in Fig. 1 demonstrate the in-
fluence of B. thetaiotaomicron NCTC 10582 LPS on
adhesion molecul e expression on the HMEC-1 cell line.
Almost all obtained results are statistically significant
except for the result obtained for 0.01 pg/ml dose of
LPS in the case of VCAM-1 expression. The most
stimulated adhesion molecule is ICAM-1. B. thetaio-
taomicron NCTC 10582 LPS ability to upregulate
ICAM-1 is dightly lower than E. coli O55:B5 LPS ac-
tivity. Doses of 1.0 and 10.0 pg/ml of NCTC 10582
L PS are the most effective in the induction of the tested
adhesion molecules. Additionally, this LPS at the con-
centration of 0.01 pg/ml shows similar activity to
E. coli LPS in stimulation of E-selectin.

B. thetaiotaomicron 312/85 LPS as the stimulator
of adhesion molecules

The results obtained for B. thetaiotaomicron 312/85
LPS are shown in Fig. 2. All concentrations of antigen
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Fig. 1. The influence of B. thetaiotaomicron NCTC 10582 LPS on the adhesion molecule expresson on HMEC-1. The influence of
B. thetaiotaomicron LPSs and CPS on the adhesion molecule expression on endothelial cells (HMEC-1) was examined in ELISA test.
Mouse monoclonal antibodies anti-human: ICAM-1, VCAM-1 and E-selectin were applied. Resting HMEC-1 and E. coli O55: B5 LPS
were used as control. * p<0.05 (statistically significant result)
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Fig. 2. The influence of B. thetaiotaomicron 312/85 LPS on the adhesion molecule expression on HMEC-1. Further information see

under Fig. 1
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Fig. 3. The influence of B. thetaiotaomicron 9/18 LPS on the adhesion molecule expression on HMEC-1. Further information see
under Fig. 1
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Fig. 4. The influence of B. thetaiotaomicron 312/85 CPS on the adhesion molecule expression on HMEC-1. Further information see
under Fig. 1
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caused a statistically significant induction of adhesion
molecules. The highest upregulation of ICAM-1 is ob-
served the concentration of 1.0 pg/ml and is slightly
wesker than in the case of standard E. coli LPS. VCAM-1
is mogt efficiently stimulated by 1.0 pg/ml dose of LPS
and E-selection by lower doses 0.1 and 0.01 pg/ml.

B. thetaiotaomicron 9/18 LPS as the stimulator
of adhesion molecules

Figure 3 illustrates the ability of B. thetaiotaomi-
cron 9/18 LPS to induce adhesion molecules on the
endothelial cells. All results obtained with this antigen
are statistically significant. The ICAM-1 upregulation
ability of this LPS is comparable with that of E. coli
LPS and even identical results are received for these
two lipopolysaccharides at the concentration of 1.0
pg/ml. The strongest stimulation of VCAM-1 and E-se-
lectin is obtained by 1.0 pg/ml dose of 9/18 LPS.

B. thetaiotaomicron 312/85 CPS as the stimulator
of adhesion molecules

The results obtained for B. thetaiotaomicron 312/85
CPS are presented in Fig. 4. They are statistically sig-
nificant only for the dose of 10.0 pg/ml of this antigen.
CPS induces the expresson of 3 examined adhesion
molecules on the endothelial cells, but its stimulatory
ability is considerably weaker than in the case of E. cali
LPS and B. thetaiotaomicron LPS.

Discussion

Bacteroides fragilis group rods exist in a normal
intestinal microflora of humans and animals. These
Gram-negative anaerobic rods are most commonly iso-
lated from clinical specimens. The gastrointestinal tract
is often the source from which endogenous infection
begins. BFG rodsfirst of all cause abscesses, soft-tissue
infections and bacteremia. Leukocytic infiltration, asso-
ciated with infection and inflammation, depends on cell
extravasation and trafficking towards the site of
antigen. This process is regulated by adhesion mole-
cules expressed on the endothelial cells, which are able
to recognize endotoxin and respond to it. The vascular
endothelial cells can be activated during infection and
produce cytokines (IL-1, IL-6, IL-8) and other media-
tors of inflammation. LPS aone has a stimulatory ac-
tivity, but activation by cytokines (IL-1, TNF) is most
effective. Serum proteins that mediate stimulation of
cells by LPS are: LPS-binding protein (LBP) and
SCD14. LPS forms complexes with LBP and sCD14,
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LBP also enhances the binding of LPS to sCD14. The
endothelia cells probably have a surface receptor for
LPS/sCD14 complexes'.

The ability of B. thetaiotaomicron LPS and CPS to
induce adhesion mol ecul e expression on the endothelial
cells was investigated in our report. B. thetaiotaomi-
cron lipopolysaccharides revedled the capacity to
stimulate ICAM-1, VCAM-1 and E-selectin on the cells
of endothelium. The activities of lipopolysaccharides
obtained from 3 strains of different origin were similar,
but lower than in the case of E. coli LPS. The lowered
ability of endothelial ICAM-1, VCAM-1 and E-selectin
stimulation by B. thetaiotaomicron products was
proved with the direct method of adhesion molecule
determination. The strongest stimulation was noted for
the ICAM-1 adhesion molecule. In general, the stron-
gest activations by B. thetaiotaomicron LPS were
achieved at the concentrations of 10.0 and 1.0 pg/ml.
The ability of CPS to induce expression of the adhesion
molecules was weak. Statistically significant results
were obtained only for 10.0 pg/ml dose of CPS, where-
as in the case of LPS — for much lower dose 0.01
pg/ml.

We can conclude that following B. thetaiotaomicron
LPS stimulation, the constitutive endothelial ICAM-1 ex-
pression is upregulated and expresson of VCAM-1 and
E-selectin is induced on HMEC-1. B. thetaiotaomicron
CPS was found to induce the appearance of adhesion
molecules markedly weaker than the LPS of this species.
Both cdl-surface antigens caused the strongest stimula-
tion of the ICAM-1 adhesion molecule. B. thetaio-
taomicron LPS had lower and CPS had much lower
ability to upregulate endothelial ICAM-1 expression
and to induce VCAM-1 and E-selectin expression in
comparison to E. coli LPS. This lower endotoxic activ-
ity of Bacteroides sp. LPS depends probably upon the
differences in lipid A structure. LPS of the genus Bac-
teroides rods contains faity acids with longer carbon
chains and its lipid component differs also in the phos-
phorylation and acylation patterns'® ** 42,

Upregulation and induction of adhesion molecule
expression on the endothelial cells should be considered
as the novel immunobiological activities of B. thetaio-
taomicron cell-surface antigens LPS and CPS. Out of
these two surface B. thetaiotaomicron antigens, LPS is
considerably more active as the inducer of adhesion
molecules on the endothelial cells.
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