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A
	

bstract. B



acteroides thetaiotaomicron, a Gram-negative anaerobic rod belonging to the B



acteroides fragilis
g� roup (BFG), is involved in many systemic and local, most frequently suppurative infections in man. The cell
e� nvelope of these rods is composed of two carbohydrate-containing antigens: lipopolysaccharide (LPS) and
c
 apsular polysaccharide (CPS). Adhesion molecules ICAM-1, VCAM-1 and E-selectin (ELAM-1) are�  induced
o� n the endothelial cells by mediators of inflammation. The aim of this study was to assay the�  ability of B. the-
t� aiotaomicron surface antigens to induce adhesion molecule expression on the endothelial cells. The infl

�
uence 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-
l

�
ectin expression on the endothelial cells. Their activities were similar, but lower than th

�
e activity of E

�
schericha

c� oli LPS. ICAM-1 was the most stimulated adhesion molecule. The strongest activation by LPS was ac
 hieved at
t

�
he concentrations of 10.0 and 1.0 µg� /ml. The ability of capsular polysaccharide to induce the expression of

a� dhesion molecules was considerably weaker.

Key words: a� dhesion molecules; endothelium; Bacteroides thetaiotaomicron; lipopolysaccharide; capsular poly-
saccharide.

Introduction

Bacteroides fragilis g� roup (BFG) rods dominate
a� mong bacteria physiologically colonizing the human
intestine. These Gram-negative rods are strictly an-
a� erobic, non-sporeforming and capsule-producing.

B
�

FG strains are now recognized as the most frequently
isolated and medically important anaerobic bacteria.
Two species belonging to BFG, B. fragilis a� nd B. the-
t� aiotaomicron, are especially often isolated from clini-
c
 al specimens and are also highly resistant to many
a� ntibacterial drugs. They are etiological agents of en-

* To whom all correspondence should be addressed.
Abbreviations used: BFG – Bacteroides fragilis g� roup, LPS – lipopolysaccharide, CPS – capsular polysaccharide, ELISA – enzyme-

-linked immunosorbent assay, ICAM-1 – intercellular adhesion molecule-1, VCAM-1 – vascula� r cell adhesion molecule-1, ELAM-1
– endothelial leukocyte adhesion molecule-1, IL – interleukin, HMEC-1 – human dermal micro� vascular endothelial cells, LSR – local
S
�

hwartzman reaction, LAL – Limulus amoebocyte lysate, TNF-α�  – tumor necrosis factor α� , HUVEC – human umbilical vein endothelial
c� ells, LBP – LPS-binding protein.



d
�
ogenous, suppurative and septic infections in man.

These bacteria primarily are isolated from abscesses,
soft-tissue infections and blood in cases of bacteremia8,

10, 30, 37, 43.
The virulence factors of Bacteroides sp. rods are

q� uite well-known. The best characterized determinants
o� f pathogenicity are the cell-surface antigens: lipopoly-
saccharide and capsular polysaccharide. Lipopolysac-
c
 haride (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 (LSR), positive L

�
imulus a� moebo-

c
 yte lysate (LAL) test, release of TNF-α, toxicity for
c
 hicken embryos and retardation of fetal growth2, 3, 26,

28, 29, 34, 35. Capsular polysaccharide of B



acteroides sp.
rods is an antiphagocytic factor, contributes to adhesion
a� nd plays an important role in abscess formation11, 17,

19, 25, 31.
The  outer  layers  of B. thetaiotaomicron rod cell-

-wall are composed of two high-molecular weight, car-
b

 
ohydrate-containing antigens: LPS, which is a hetero-

p! olymer forming an integral part of the outer membrane
o� f the cell-wall of Gram-negative bacteria and CPS,
w" hich forms a capsule localized on the outer surface of
t

�
he cell-wall and composes the external layer of the

c
 ell1, 24, 25, 39, 45. The immunochemical properties
(chemical composition and serological activity) and bi-
o� logical properties of purified B. thetaiotaomicron c
 ell-
-surface antigens (LPS and CPS) were investigated by
o� ur group in 1987–1988 and their characterization was
d

�
escribed previously25, 33, 34, 36.

A
#

ppearance and upregulation of the adhesion mole-
c
 ules on endothelium are significant for leukocyte ex-
t

�
ravasation and migration towards inflammatory sites.

Adhesion molecules ICAM-1 (CD54), VCAM-1
(CD106) and E-selectin (CD62E) are induced on the
e� ndothelial cells by mediators of inflammation5

$
, 9, 38.

I
%
ntercellular adhesion molecule-1 (ICAM-1) belongs to

t
�
he endothelial Ig-proteins (Ig gene superfamily). Five

members of this family, expressed on the endothelial
c
 ells, are involved in leukocyte adhesion and transmi-
g� ration. ICAM-1 is expressed on leukocytes, fibro-
b

 
lasts, epithelial cells and endothelial cells. ICAM-1

b
 
inds to leukocytes via integrins CD11a/CD18 (LFA-1)

a� nd CD11b/CD18 (Mac-1). Mediators of inflammation
such as IL-1, TNF-α a� s well as LPS, enhance produc-
t

�
ion of this molecule5

$
, 9, 15. Vascular cell adhesion mole-

c
 ule-1 (VCAM-1), another member of the Ig gene super-
family (Ig SF), serves as an endothelial adhesion molecule
f

&
or leukocytes. The counter-receptor for this molecule

is leukocyte integrin VLA-4 (CD49d/CD29)5
$
, 9, 15. The

selectin family comprises 3 proteins. One of them is
E-selectin (CD62E). This adhesion molecule is ex-
p! ressed by the endothelial cells and is mainly involved
i

'
n the adhesion of neutrophils. Selectins recognize and

b
 
ind the carbohydrate ligands: sialyl Lewis X and

c
 losely related structures. These carbohydrate determi-
n( ants are heavily expressed on neutrophils and mono-
c
 ytes, and are also found on natural killer cells. E-se-
lectin appears on the endothelial cells after their
stimulation. Production of this molecule is induced by
LPS, TNF-α, IL-1 and thrombin. E-selectin mediates a roll-
ing interaction of neutrophils with endothelium5

$
, 9, 15.

I
%
t is known that endotoxic activity of B



. fragilis

g� roup rods is lower than biological activity of LPS ex-
t

�
racted from the E

�
nterobacteriaceae f

&
amily rods17, 18, 22,

23, 40. In 1993 stimulation of the human T cell adhesion
t

�
o endothelium by the components (LPS and CPS) ex-

t
�
racted from B. vulgatus strains was examined by our

g� roup. The degree of T cell adhesion to human umbili-
c
 al vein endothelial cells (HUVEC) stimulated by
B



. vulgatus a� ntigens was markedly lower than the ad-

h
�
esion caused by E

�
. coli 0

)
55: B5 LPS. There were no

d
�
ifferences in stimulatory activity between B. vulgatus

LPS and CPS27.
T

*
he aim of this study was to determine the ability of

B. thetaiotaomicron LPS and CPS to induce adhesion
m+ olecule expression on the vascular endothelial cells. For
t

�
his purpose a direct method of adhesion molecule esti-
mation (ELISA with monoclonal antibodies) was applied.

M
,

aterials and Methods

B



acterial strains. B. thetaiotaomicron N
-

CTC
10582, a reference strain of the species, representing
serotype A of the B. fragilis g� roup according to BEER-

ENS et al.4 was kindly supplied by Dr. H. Beerens (Fa-
c
 ulté de Pharmacie, Lille, France). B



. thetaiotaomicron

312/85 was isolated from a clinical specimen (pancre-
a� tic fistula drain). B



. thetaiotaomicron 9

.
/18 was iso-

lated from a normal human intestinal microflora. The
t

�
wo latter strains were cultured and identified at the

Department of Medical Microbiology of the University
M

/
edical School in Warsaw.
Media and growth conditions. The bacterial bulk for

L
0

PS extraction was grown at 37o1 C
2

 for 48 h in 150 l of
liquid VL (yeast-broth medium) supplemented with
hemin and vitamin K1

6
3
. The bacterial mass for capsular

p! olysaccharide isolation was washed off the surface of
a�  solid VL medium containing blood, hemin and vit-
a� min K1

6
3
. The capsular material was obtained from

a�  strain cultured at 37o1 C
2

 for 72 h in the system “Gas
g� enerating box H2

� +CO2
� ”  (bioMérieux, France).
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E
�

xtraction and purification of lipopolysaccharides.
Three analyzed strains were used for the extraction of
e� ndotoxin. Pelleted bacteria were extracted by the hot
p! henol-water method according to WE

4
STPHAL and

J
5

ANN4
6

4. The water phase after extraction was ultracen-
t

�
rifuged (105 000 × g for 3 h) and finally lyophilized.
F

7
urther purification was achieved with nuclease treat-

ment according to GMEINER7
8
. This treatment was done

in 10 mM Tris – HCl buffer (pH 7.6) for 18 h at room
t

�
emperature with RNAse and DNAse (Merck, Ger-

many), each at the concentration of 2 mg/g LPS, with
subsequent ultracentrifugation (105 000 × g for 3 h).

E
�

xtraction and purification of capsular polysac-
c� haride. The capsular antigen of clinical strain 312/85
w" as prepared according to the procedure described by
P

9
OXTON and IP

:  in 19813
;
2.

Expression of adhesion molecules. C
2

ell of line human
d

�
ermal microvascular endothelial cells (HMEC-1), ob-

t
�
ained from the Department of Dermatology, Emory

U
<

niversity School of Medicine in Atlanta (Georgia,
U

<
SA), was used in each experiment. HMEC-1 cells

w" ere cultured in plastic bottles (Sigma, USA) coated
w" ith 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) also coated with 0.2% gelatin. Con-
f

&
luent HMEC-1 monolayers were stimulated with LPS

a� nd CPS. The following concentrations of antigens
w" ere applied: 0.01, 0.1, 1.0 and 10.0 µg� /ml. LPS of
E. coli O

=
55: B5 (Sigma, USA) and resting HMEC-1

c
 ells were used in each experiment as controls. Deter-
minations of ICAM-1 and VCAM-1 expression were
p! erformed after 24 h of cell activation, and E-selectin
a� fter 4 h. After stimulation of the cells, the plate was
rinsed 3 times with PBS and fixed with 0.025% glutar-
d

�
ialdehyde (Merck, Germany) for 15 min. Then the

p! late was rinsed 3 times with PBS and blocked with
1% BSA (Sigma, USA) in PBS for 1 h.

T
*

he immunoenzymatic ELISA test was used to
e� xamine the influence of B. thetaiotaomicron c
 ell-sur-
face antigens on the expression of adhesion molecules:
ICAM-1, VCAM-1 and E-selectin on the endothelial
c
 ells. ELISA was performed using the modified meth-
o� ds described by LASSALLE et al.20, SW

>
ERLICK et al.41 and

L
0

E
4

E et al.21. Monoclonal mouse anti-human: ICAM-1,
V

?
CAM-1 and E-selectin antibodies of IgG class

(Genzyme, USA) at the concentration of 1 µg� /ml were
a� pplied. Antibody solution (100 µl) was added to each
w" ell containing cells for 90 min (37o1 C

2
, 5% CO2)

@
. Then

t
�
he plate was rinsed thrice with PBS and 100 µl of

p! eroxidase-conjugated rabbit anti-mouse immunoglo-
b

 
ulins (Dako A/S, Denmark) diluted 1:1500 was sup-

p! lied to each well for further 90 min (37o1 C
2

, 5% CO2)
@
.

The conjugate was diluted with 1% BSA in PBS.
Thereafter the plate was washed 3 times with PBS. 100
µl

�
 of o-phenylenediamine dihydrochloride (Sigma, USA)

a� t the concentration of 1 mg/ml in 0.1 M phosphate-ci-
t

�
rate buffer (pH 5.0) containing H2O

=
2, was added to

e� ach well. The plate was incubated for 10–15 min at
room temperature in darkness. The enzymatic reaction
w" as stopped with 100 µl of 6 N H2

� SO4
6 . The colored

rA eaction product was measured by reading the absorb-
a� nce at 492 nm in SPECTRA II reader (SLT, Austria),
Each determination was carried out 3 times.

S
B

tatistical analysis. Statistical significance was
d

�
etermined by the Student’s t� -test and the differences

w" ere regarded as significant for p<0.05.

R
C

esults

T
*

he 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
a� dhesion molecules. The data are presented as a mean
± SEM. The results marked with an asterisk are statis-
t

�
ically significant (p<0.05) in comparison to the values

o� btained for resting cells. Values obtained for resting
HMEC-1 cells indicate the level of expression of respec-
t

�
ive adhesion molecules on non-stimulated endothelial
c
 ells. E

�
. coli O

=
55:B5 LPS was used as a positive control.

B. thetaiotaomicron NCTC 10582 LPS 
aD s the stimulator of adhesion molecules

T
*

he results presented in Fig. 1 demonstrate the in-
fluence of B. thetaiotaomicron N

-
CTC 10582 LPS on

a� dhesion molecule expression on the HMEC-1 cell line.
Almost all obtained results are statistically significant
e� xcept for the result obtained for 0.01 µg� /ml dose of
LPS in the case of VCAM-1 expression. The most
stimulated adhesion molecule is ICAM-1. B



. thetaio-

t� aomicron N
-

CTC 10582 LPS ability to upregulate
ICAM-1 is slightly lower than E. coli O

=
55:B5 LPS ac-

t
�
ivity. Doses of 1.0 and 10.0 µg� /ml of NCTC 10582

L
0

PS are the most effective in the induction of the tested
a� dhesion molecules. Additionally, this LPS at the con-
c
 entration of 0.01 µg� /ml shows similar activity to
E. coli LPS in stimulation of E-selectin.

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

T
*

he 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 expression on HMEC-1. The influence of
B

F
. thetaiotaomicron L

G
PSs 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
wH ere 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 
uI nder 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 
uI nder 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 
uI nder Fig. 1
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c
 aused a statistically significant induction of adhesion
molecules. The highest upregulation of ICAM-1 is ob-
served the concentration of 1.0 µg� /ml and is slightly
w" eaker than in the case of standard E

�
. coli L

0
PS. VCAM-1

is most efficiently stimulated by 1.0 µg� /ml dose of LPS
a� nd E-selection by lower doses 0.1 and 0.01 µg� /ml.

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

Figure 3 illustrates the ability of B. thetaiotaomi-
c� ron 9

.
/18 LPS to induce adhesion molecules on the

e� ndothelial cells. All results obtained with this antigen
a� re statistically significant. The ICAM-1 upregulation
a� bility of this LPS is comparable with that of E

�
. coli

L
0

PS and even identical results are received for these
t

�
wo lipopolysaccharides at the concentration of 1.0

µg� /ml. The strongest stimulation of VCAM-1 and E-se-
l

�
ectin is obtained by 1.0 µg� /ml dose of 9/18 LPS.

B



. thetaiotaomicron 312/85 CPS as the stimulator
oE f adhesion molecules

The results obtained for B. thetaiotaomicron 312/85
C

2
PS are presented in Fig. 4. They are statistically sig-

nificant only for the dose of 10.0 µg� /ml of this antigen.
C

2
PS induces the expression of 3 examined adhesion

molecules on the endothelial cells, but its stimulatory
a� bility is considerably weaker than in the case of E. coli
LPS and B. thetaiotaomicron LPS.

Discussion

Bacteroides fragilis g� roup rods exist in a normal
intestinal microflora of humans and animals. These
G

J
ram-negative anaerobic rods are most commonly iso-

l
�
ated from clinical specimens. The gastrointestinal tract

is often the source from which endogenous infection
b

 
egins. BFG rods first of all cause abscesses, soft-tissue

infections and bacteremia. Leukocytic infiltration, asso-
c
 iated with infection and inflammation, depends on cell
e� xtravasation and trafficking towards the site of
a� ntigen. This process is regulated by adhesion mole-
c
 ules expressed on the endothelial cells, which are able
t

�
o recognize endotoxin and respond to it. The vascular

e� ndothelial cells can be activated during infection and
p! roduce cytokines (IL-1, IL-6, IL-8) and other media-
t

�
ors of inflammation. LPS alone has a stimulatory ac-
t

�
ivity, but activation by cytokines (IL-1, TNF) is most

e� ffective. Serum proteins that mediate stimulation of
c
 ells by LPS are: LPS-binding protein (LBP) and
sCD14. LPS forms complexes with LBP and sCD14,

L
0

BP also enhances the binding of LPS to sCD14. The
e� ndothelial cells probably have a surface receptor for
LPS/sCD14 complexes14.

T
*

he ability of B



. thetaiotaomicron L
0

PS and CPS to
induce adhesion molecule expression on the endothelial
c
 ells was investigated in our report. B. thetaiotaomi-
c� ron l

�
ipopolysaccharides revealed the capacity to

stimulate ICAM-1, VCAM-1 and E-selectin on the cells
o� f endothelium. The activities of lipopolysaccharides
o� btained from 3 strains of different origin were similar,
b

 
ut lower than in the case of E. coli LPS. The lowered

a� bility of endothelial ICAM-1, VCAM-1 and E-selectin
stimulation by B



. thetaiotaomicron p! roducts was

p! roved with the direct method of adhesion molecule
d

�
etermination. The strongest stimulation was noted for

t
�
he ICAM-1 adhesion molecule. In general, the stron-

g� est activations by B. thetaiotaomicron LPS were
a� chieved at the concentrations of 10.0 and 1.0 µg� /ml.
T

*
he ability of CPS to induce expression of the adhesion

molecules was weak. Statistically significant results
w" ere obtained only for 10.0 µg� /ml dose of CPS, where-
a� s in the case of LPS – for much lower dose 0.01
µg� /ml.

W
K

e can conclude that following B. thetaiotaomicron
L

0
PS stimulation, the constitutive endothelial ICAM-1 ex-

p! ression is upregulated and expression of VCAM-1 and
E

L
-selectin is induced on HMEC-1. B



. thetaiotaomicron

C
2

PS was found to induce the appearance of adhesion
molecules markedly weaker than the LPS of this species.
Both cell-surface antigens c
 aused the strongest stimula-
t

�
ion of the ICAM-1 adhesion molecule. B



. thetaio-

t� aomicron LPS had lower and CPS had much lower
a� bility to upregulate endothelial ICAM-1 expression
a� nd to induce VCAM-1 and E-selectin expression in
c
 omparison to E. coli LPS. This lower endotoxic activ-
ity of Bacteroides sp. LPS depends probably upon the
d

�
ifferences in lipid A structure. LPS of the genus B



ac-

t� eroides rods contains fatty acids with longer carbon
c
 hains and its lipid component differs also in the phos-
p! horylation and acylation patterns12, 13, 42.

U
<

pregulation and induction of adhesion molecule
e� xpression on the endothelial cells should be considered
a� s the novel immunobiological activities of B



. thetaio-

t� aomicron c
 ell-surface antigens LPS and CPS. Out of
t

�
hese two surface B



. thetaiotaomicron a� ntigens, LPS is

c
 onsiderably more active as the inducer of adhesion
molecules on the endothelial cells.
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hemagglutination. Med. Dośw. Mikrobiol., 47,�  189–195.
37. SI

Q
MON G. L. and GO

R
RBACH S. L. (1984): Intestinal health and

d
w
isease. Gastroenterology, 86, 174–193.

38. SPRINGER T. A. (1990): Adhesion receptors of the immune sys-
t
i
em. Nature, 346, 425–434.

A. Rokosz et al.: Adhesion Molecules and B. thetaiotaomicron 177



3
x
9. ST

y
ROHM H., PA

M
YNE C. M. and RY

n
AN K. J. (1983): Demonstra-

tion of Bacteroides c� apsules by light microscopy and ultrastruc-
tural cytochemistry. Am. J. Clin. Pathol., 79,�  591–597.

40. SV
^

EEN K. (1977): The capacity of lipopolysaccharides from
Bacteroides,�  Fusobacterium and Veillonella t

i
o produce skin

inflammation and the local and generalized Shwartzman reac-
tion in rabbits. J. Periodontal Res., 12,�  340–350.

41. SW
g

ERLICK R. A., LEE K. H., LI L.-J., SEPP N. T., CAUGHMAN

S. W. and LAWLEY T. J. (1992): Regulation of vascular cell ad-
hesion molecule 1 on human dermal microvascular endothelial
cells. J. Immunol., 149, 698–705.

4
z
2. WE

P
INTRAUB A., ZÄ

j
HRINGER U., WO

R
LLENWEBER H. W., SE

P
YDEL

U. and RIETSCHEL E. T. (1989): Structural characterization of
the lipid A component of B

F
acteroides fragilis strain NCTC

9343 lipopolysaccharide. Eur. J. Biochem., 183, 425–431.

43. WE
P

RNER H. (1974): Differentiation and medical importance of
sk accharolytic intestinal Bacteroides.`  Drug Res., 24, 340–343.

44. WE
P

STPHAL O. and JA
M

NN K. (1965): Bacterial lipopolysac-
c� harides. Extraction with phenol-water and further applications
o� f the procedure. Methods Carbohydr. Chem., 5, 83–91.

45. WO
R

LLENWEBER H. W., RI
Q
ETSCHEL E. T., HO

R
FSTAD T., WE

P
IN-

TRAUB A. and LINDBERG A. A. (1980): Nature, type of linkage,
q{ uantity and absolute configuration of (3-hydroxy) fatty acids
in lipopolysaccharides from Bacteroides fragilis NCTC 9343
a� nd related strains. J. Bacteriol., 1

O
44, 898–903.

Received in July 1998
Accepted in November 1998

178 A. Rokosz et al.: Adhesion Molecules and B. thetaiotaomicron


