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TUBERCULOSIS is characterized by the presence of
activated mononuclear cells both in the periph-
eral circulation and in pleural fluid. Expression
and up-regulation of adhesion molecules is the
basis of cell-cell adhesion in granuloma forma-
tion and in leukocyte migration to the inflamma-
tory site. Soluble isoforms of adhesion molecules
have been described, and their expression at
high levels indicated an activated state. The
purpose of this study was to evaluate levels of
soluble adhesion molecules in serum and pleural
fluid from patients with tuberculous pleural effu-
sions, compared with non-tuberculous pleural
effusions. We analysed levels of soluble vascular
cell adhesion molecule-1 (s.VCAM-1), soluble
intercellular adhesion molecule-1 (s.ICAM-1), and
soluble E-selectin (sE-selectin) in serum and
pleural fluid from patients with tuberculous
pleuritis, by sandwich ELISA. Serum levels of
s.ICAM-1 and s.VCAM-1 in patients with tubercu-
losis were higher than those in healthy controls
(p < 0.001). Levels of sE-selectin levels were in
the normal range compared with control groups.
In pleural fluid, levels of s.VCAM-1 and s.ICAM-1
were increased in pleural effusions. Patients with
tuberculous pleural effusion exhibited high levels
of s.ICAM-1 compared with patients with neoplas-
tic pleural involvement. Up-regulation of s.VCAM-
1 and s.ICAM-1 in serum, along with increased
levels of sE-selectin in pleural effusions from
tuberculous patients, may result in transmigra-
tion of activated inflammatory cells inducing
pleural damage, which may contribute to the
pathological processes involved.
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Introduction

Infection with Mycobacterium tuberculosis
leads to the activation of macrophages and lym
phocytes and to the formation of granuloma.'
The immunopathologic status of tuberculous
pleuritis is charactenzed by a number of T-lym-
phocyte abnormalities.> Lymphocytosis in tuber-
culosis infection involves both CD4 and CD8
cells. The pleural effusion cells contain T-lym-
phocytes, with an inverted CD45RA to CD45RO
ratio, and a high level of interleukin-2 receptor.®
The sites of tuberculosis inflammation are char-
acterized by Thl cytokines: interferon-gamma, IL-
2 product, significantly greater than correspond-
ing concentrations in supematants of stimulated
peripheral blood T-lymphocytes.* Accumulation
of monocytes, lymphocytes and polymorphs
occurs at the sites of infection following cell
adhesion to endothelial cells and migration from
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blood vessels into tissues.” These adhesive pro-
cesses are mediated by a variety of adhesion pro-
teins: adhesion molecules, which play key roles
in the pathogenesis of tuberculosis.® Mycobacter-
ium tuberculosis, the causative agent of tubercu-
losis, is an obligate intracellular pathogen and
was the causative agent of activation of mono-
nuclear cells both in the peripheral c1rculat10n
and in pleural fluid from tuberculous patients.®

In vitro studies with blocking antibodies have
identified adhesion molecules participating in the
adherence of macrophages to one another, to T-
lymphocytes and to vascular endothelial cells. E-
selectin is expressed exclusively on endothehal
cells after stimulation with cytokines iz vitro.” It
interacts with carbohydrate structures on circulat-
ing cells, thereby initiating the so-called ‘rolling’
of leukocytes on the endothelial surface’ with
subsequent up-regulation of the expression of
intercellular adhesion molecule-1 (ICAM-1) and
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vascular cell adhesion molecule-1 (VCAM-1) on
the endothelial surface. Cell activation results in
the shedding of adhesion molecules, which may
then be detected in a soluble form in serum.
Soluble isoforms of adhesion molecules: ICAM-1,
VCAM-1, and E-selectin are capable of binding to
their respective ligands after stimulation of endo-
thelial cells with cytokines #n wvitro® Levels of
these isoforms may reflect enhanced expression
of adhesion molecules on immunocompetent
activated cells. To investigate the involvement of
these molecules, we measured levels of soluble
VCAM-1 (s.VCAM-1), soluble ICAM-1 (sICAM-1),
and soluble E-selectin (sE-selectin) in sera and in
pleural fluid effusion from tuberculous patients.

Materials and Methods

Patients: This study concerns 25 patients with
pleural effusions. The differential diagnosis
between the two clinical situations studied
(tuberculous and neoplastic) was based on other
laboratories tests (protein, amylase, pH values,
etc.), on the presence on direct examination and
positive cultures of Mycobacterium tuberculosis,
on the histopathology of pleural biopsies, and on
a search for malignant cells in the pleural fluid.
This method allowed the formation of two
groups: (A) 15 patients with tuberculous pleural
effusions, with an average age of 34 + 5.4 years;
and (B) ten patients with neoplastic pleural effu-
sions, with an average age of 58.3 + 10.8 years.

Pleural exudates: Soluble vascular cell adhesion
molecule-1 (sVCAM-1), soluble intercellular
adhesion molecule-1 (sICAM-1), and sE-selectin,
were studied in pleural exudates and in serum
obtained from 25 patients (15 patients with
tuberculous pleural effusions and ten patients
with neoplastic pleural effusions). Sera from 20
healthy controls with an average age of 36 + 7.2
years were also studied.

SVCAM-1, sICAM-1 and sE-selectin analysis:
Serum and pleural fluids levels of s.VCAM-1,
s.ICAM-1 and sE-selectin were analysed by sand-
wich ELISA according to the instructions of the
manufacturer (British Biotechnology Products
Ltd, Abingdon, UK). All measurements were done
with the same batch in duplicate. In brief, micro-
titre plates were coated with a murine IgG class
monoclonal antibody (MoAb) directed against
one epitope on s.VCAM-1, s.ICAM-1 or sE-selectin,
respectively. After incubation with serum samples
or standards in appropriate dilution, a biotinylated
murine IgG class MoAb directed against a second
epitope on s.VCAM-1, sICAM-1 and sE-selectin,
respectively, was added. After addition of strepta-

vidin conjugated horseradish peroxidase (HRP),
colour reaction was obtained by tetra-
methylbenzidine, and the plates were read on an
automated multiscanner. To determine the
normal range, serum control samples were
obtained from 20 healthy individuals. The mean
+ 2 SD from this control group was taken as the
normal range.

Stastistical analysis: All measurements are shown
as the mean + SD. In the statistical analysis of
the data, we used the Student—Fisher #test.

Results

Level of soluble adbesion molecules in serum:
The mean serum values in 20 healthy individuals
(+ SD) for sVCAM-1, sICAM-1 and sE-selectin
were 438 + 140 ng/ml, 329 + 56 ng/ml and 53
+ 17 ng/ml, respectively. Soluble serum VCAM-1
(620 + 56 ng/ml) and sICAM-1 (536 + 23 ng/
ml), exhibited increased levels in patients with
tuberculosis, compared with healthy controls (p
< 0.01). Levels of sE-selectin in serum from
tuberculosis patients (60 + 19 ng/ml) were not
different from those of controls.

In serum from patients with neoplastic pleural
involvement, s VCAM-1 (630 + 180 ng/ml) and
sICAM-1 (430 + 32 ng/ml) were higher than
healthy controls (p < 0.001). Soluble E-selectin
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FIG. 1. Pleural fluid levels of soluble vascular cell adhesion mole-
cule-1 (s.VCAM-1), soluble intercellular molecule-1 (s.ICAM-1),
and sE-selectin in 15 patients with tuberculous pleural effusions
[ and ten patients with neoplastic effusions #§. Concentrations
are given as ng/ml. Levels of s.ICAM-1 are significantly higher in
patients with pleural tuberculosis (p < 0.001), and s.VCAM-1
and E-selectin are compatible with patients with neoplastic effu-
sions,
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were at the normal range (58 + 22 ng/ml) as
for healthy controls. A significant difference was
found in sICAM-1 levels between patients with
tuberculosis and patients with neoplastic pleural

fluid (p < 0.01).

Level of soluble adbesion molecules in pleural
effusions: ‘Tuberculous and nontuberculous
pleural effusions exhibited similar levels of
sVCAM-1 and sE-selectin (Fig. 1). Soluble
ICAM-1 levels were higher in patients with
tuberculosis (672 + 31 ng/ml) compared with
patients with neoplastic pleural involvement
(390 + 61 ng/ml; p < 0.001). No correlation
was found between the levels of the three
adhesion molecules studied both in serum and
in pleural effusions.

Discussion

In this study, we analysed levels of soluble
adhesion molecules in serum and in pleural effu-
sion in patients with tuberculosis, to analyse the
state of activation of the immune system in the
site of inflammation. Both in serum and in
pleural fluid, patients with tuberculosis were
characterized by increased levels of s.VCAM-1
and sICAM-1. In their pleural effusion, patients
with tuberculosis were characterized by the high
level of sICAM-1, compared with neoplastic
pleural effusion.

The host response to M. tuberculosis is char-
acterized by interactions between mononuclear
cells, with recruitment and fusion of these cells
cumulating  in granuloma formation. This
response requires CD4" T-cell reactivity, medi-
ated by antigen-independent as well as antigen-
dependent mechanisms. A continuous upregula-
tion of the expression of ICAM-1 on mono-
nuclear phagocytes induced by M. tuberculosis
was reported.” ! The increase in ICAM-1 protein
expression was accompanied by an increase in
steady-state mRNA analysis® but neither the
expression of VCAM-1 nor CD11a/CD18 or
CD11b/CD18 were increased to a similar extent.
Circulating ICAM-1, VCAM-1 and E-selectin were
found to be elevated in serum patients with
tuberculosis.'® Our data support these findings,
plus an increased expression of ICAM-1 in
pleural fluid effusion. The release of ICAM-1 and
VCAM-1 in serum and pleural fluid may indicate
their overexpression. Important immunopatholo-
gical consequences of experimental mycobacter-
ial infection is the suppression of T-cell-mediated
immune response to both mitogens and myco-
bacterial antigens. Upon infection with M. tuber-
culosis ICAM-1 expression on infected
macrophages was increased in BALB/c mice."
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The changes of ICAM-1 expression on the
surface of infected macrophages resulted in inhi-
bition of delayed-type hypersensitivity-mediating
functions of T-helper cells from BAIB-c mice.
The presence of soluble adhesion molecules in
serum and in pleural fluid effusion, support that
this could be a pathway of specific susceptibility
to M. tuberculosis infection.*?

Activation of the endothelium may result in
increased expression of adhesion molecules.
Immunohistological examination of the tubercu-
lous lung tissues from patients showed intensive
cellular ICAM-1 expression on epitheloid cells
%mmt cells as well as on vascular endothelial’
cells Levels of the soluble forms of the mote
broadly expressed ICAM-1 and VCAM-1 were sig-
nificantly elevated in sera whereas those of E-
selectin, which is only expressed on endothelial
cells, were not. Tuberculous and nontuberculous
pleural effusion exhibited similar levels of
s.VCAM-1 and sE-selectin, contrasting with a sig-
nificant difference in sICAM-1 expression. The
differential local expression of adhesion mole-
cules may reflect differences in local cytokine
concentrations. The expression of E-selectin,
VCAM-1 and ICAM-1 on endothelial cells is
induced by IL-1 and TNF-a, both of which are
produced in increased amounts 1n tuberculosis*
and neoplastic pleural effusions.* Thus, in vitro
T-cell clones specific for purified protein deriva-
tive of Mycobacterium tuberculosis have the
same cytokine secretory profile as TH1 cells, pro-
ducing IL-1, TNF-a, IFN-y."° I vitro and animal
studies have suggested differential endothelial
expression of ICAM-1, VCAM-1 and E-selectin
upon stimulation with dlfferent combinations of
IL-1, TNF-o and IL4."

At the present time the significance of
release of these molecules is unknown. The
physiological importance of these soluble
molecules is unclear, but the presence of
soluble adhesion molecules may influence T-
lymphocyte function. Since they retain the
capacity to bound to their ligands, they may
regulate cell adhesion by competition,'® or
trigger a response in a ligand-bearing cell
Tuberculous pleural effusions are characterized
by a lymphocytos1s containing a majority of T
CD4"  lymphocytes. These lymphocytes show
an inverted CD45RA to CD45RO ratio, and
high levels of the IL-2 receptor in some
patients, suggesting the existence of periods of
cell activation together with non-activation
periods.® Soluble adhesion molecules may be
involved in modulating T-cell activation. Further
studies are needed to clarify the precise patho-
physiological role of s.VCAM-1 and sICAM-1 in
tuberculosis.
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