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Adhesive proteins in inflammation process
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The inflammation process is accompanied by the expression of different adhesive molecules on the surface
of both endothelium and blood cells. The adhesion proteins of immunoglobulin, selectin, and integrin fam-
ily are involved at the certain stages of inflammation response. To cure chronic inflammation processes the
selective influence on the molecular mechanism of adhesive interaction of leukocytes is necessary. In the
present paper the search for anti-inflammatory anti-adhesive preparations on the basis of structural fea-
tures of adhesive molecules is discussed.
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The classical scheme of inflammatory reaction devel-
opment, when leukocytes bind to endothelium and af-
terwards migrate to inflammation area, was described
over 150 years ago. Yetonly recently the investigation
of CAMs (cell adhesion molecules), providing the in-
teraction of blood cells with endothelium, clarified the
underlying molecular mechanisms. There are four
stages of inflammatory response, characterized by the
expression of certain CAMs [1]. The first stage is
called “rolling”, specific for leukocytes (monocytes,
neutrophils, and lymphocytes) slowing down their
movement along the surface of the vessel wall. This
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process is mediated by selectins — adhesive proteins —
capable of binding to carbohydrate ligands on the cell
surface [2]. Itis remarkable that selectins are expressed
by both endothelium and leukocytes. Rolling does not
provide firm adhesion of leukocytes to endothelium,
but leads to activation of these blood cells and then
integrins. Integrins are the next class of CAMs, which
take part in the next stage of inflammatory process, i.e.
activation of leukocytes and platelets followed by the
change in their cell shape.

The third stage is characterized by firm adhesion of
leukocytes to endothelium. On the molecular level it is
performed via interaction of integrins with adhesive
proteins of immunoglobulin superfamily, Ig-CAM.
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During the fourth stage, leukocytes transmigrate
through the junctions of endothelial cells to the inflam-
mation site (diapedesis). The proteins of Ig-CAM
superfamily are considered to have the main role in this
process. Literature data allow reproducing stage-like
involvement of adhesive proteins in inflammatory pro-
cess.

Rolling. This process is not observed without the
inflammatory reaction. It is initiated by stimulators,
which activate endothelium of vessels. These stimula-
tors are: histamine, thrombin, bradykinin, leukotriene
C4 or free radicals. The number of these agents has in-
creased with the further investigation on the stage of
rolling, described in detail in [3]. Activation of endo-
thelium leads to expression of two important members
of selectin family, i.e. E-selectin (E-endothelial) and
P-selectin (P-platelet). They are also respectively
called CD62-E and CD62-P, according to classifica-
tion of the clusters of differentiation. Despite its name
P-selectin is the most important marker of inflamma-
tory state of endothelium.

On the other hand, inflammatory agents stimulate
high expression of L-selectin (L-leukocyte), also called
CD62-L. Selectins have specific ligands for binding.
These ligands are known to be glycoprotein ligand
(PSGL) and Lewis tetrasaccharide (CD15S), which
contains galactose residues, N-acetylglucosamine,
fucose, and sialic acid — for P-selectin; mucine-like en-
dothelium proteins: mucosal addressin MAdCAM,
GlyCAM-1, and CD34 — for L-selectin; leukocyte
glycoprotein, which contains fucose and sialic acid res-
idues — for E-selectin [3].

It is noteworthy that PSGL can bind all selectin
molecules and for all selectins, the presence of sialic
acid residue in the structure of ligand is important.

Thus, selectin expression by leukocytes and endo-
thelium provides the slowing down of the blood cell
movement along the vessel [4]. Besides, according to
some authors, during the stage of rolling the most im-
portant event is the expression of P-selectin on the en-
dothelium surface. This protein is released from
Weibel-Palade’s bodies of endothelial cells and is capa-
ble of binding PSGL on the surface of monocytes, neu-
trophils, and platelets [5, 6]. Because of proteolytic
cleavage, P-selectin is transformed into soluble
isoform, sP-selectin (s — soluble). On binding
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monocytes this protein leads to the appearance of tissue
factor (coagulation factor) on their surfaces [5]. This
event demonstrates close relationship between inflam-
mation and thrombosis.

Selectin adhesion is reversible and unstable, but in
the presence of stimulators, selectin rolling activates
leukocytes. The details of this process are not clear yet,
but the activation process could be represented in the
following way. L-selectin binding to the ligand on en-
dothelium surface leads to intracellular release of cal-
cium ions. These ions activate leucocyte integrins and
stimulate m-RNA synthesis, which are necessary for
synthesis of cytokines [7]. In their turn cytokines acti-
vate both endothelium cells and leukocytes, which are
not involved in rolling. It is remarkable that leukocyte
selectins, binding to ligand on the endothelium surface,
form clusters in the regions of cell contact [8]. After
integrin activation, these clusters were co-localized
with integrin ones.

It is suggested that selectin clustering is a condition
for the following activation of integrin adhesive pro-
teins. Simon S. and Green C. made a suggestion of
mechanotransducer role of selectins, i.e. of their partic-
ipation in the process of signal transduction into the
cell [1]. The binding of L-selectin to the ligand in-
duces phosphorylation of tyrosin residue in the cyto-
plasmic domain of the selectin, which in its turn, acti-
vates some intracellular kinases and, finally, leads to
integrin transformation into high-affinity state and as
a result to the firm cell adhesion [9].

Leukocyte activation and integrin transformation
into high-affinity state. As it has been mentioned
above, rolling and integrin clusterization activate leu-
kocytes. During this process leukocytes change their
shape and integrins are converted from low-affinity
into high-affinity state, which allows their effective
binding to ligands on the neighbouring leukocytes and
endothelial cells.  Integrins are transmembrane
glycoproteins, which contain non-covalently linked a
and B-subunits. The most important integrins, partici-
pating in inflammatory response, are [,-integrins,
namely LFA-1 (CDI11a/CD18) and Mac-1
(CD11b/CD18) [10, 11]. It was shown that prior to
neutrophil activation one cell expresses approxi-
mately 15 000 sites of Mac-1 and 50 000 sites of
LFA-1. Atthese conditions approximately 1 000 sites
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of Mac-1 and 9 000 sites of LFA-1 are in the high-af-
finity conformation [12].

The activation of neutrophil is accompanied by the
increase in Mac-1 expression up to 140 000 sites, but
only 13 000 of them are in the high-affinity state.

LFA-1 expression has its own peculiarities. During
activation of neutrophil, within a few seconds circa
100% of the whole amount of expressed LFA-1 is con-
verted into active state. However, LFA-1 binding to
ligand is not stable and could be reversed completely
within 30 sec after activation of neutrophil. Unlike
LFA-1, Mac-1 is capable of supporting active state and
interacting with ligand for 10 minutes after activation
starts. The conclusion could be made on different func-
tional roles of these two integrins. Apparently, LFA-1
is intended for quick involvement into rolling and for
reversible contact of activated leukocyte, while Mac-1
provides long-term firm adhesive contact.

Integrins mediate the contact between leukocytes
and platelets [5, 6]. Here the main role belongs to
Mac-1, because of its ability to bind to different lig-
ands. As it was shown in figure, Mac-1 can contact
with either other adhesive molecules, for example
fibrinogen or vitronectin, or with platelet adhesive pro-
tein GP1b.

There is a constant expression of [3,-integrin
GPIIbllla on the surface of the resting platelet.
Selectin rolling can convert platelet into active state
and GPIIbllla mediates platelet binding to leukocytes
via fibrinogen. That is why anticoagulant prepara-
tions, which block adhesive action of GPIIblIla, pos-
sess anti-inflammatory activity as well [13, 14].

Interaction of integrins with endothelial adhesive
proteins. The main counter-structures for f3,-integrins
are endothelial adhesive proteins, which belong to
Ig-CAMs. Some of them, for example [-CAM-2, are
constantly expressed by endothelial cells, while others
(I-CAM-1 and [-CAM-3) are expressed only during
the activation of endothelium [15]. [-CAM-1 is the
most specific ligand for LFA-1, other ligands
(I-CAM-2 and [-CAM-3) are less specific towards this
integrin [16]. Besides I-CAMs the cells of activated
endothelium are characterized by the expression of an-
other member of Ig-superfamily — V-CAM-1. There
are some molecular isoforms of this protein due to al-
ternative splicing. The dominant isoform of V-CAM-1

consists of seven Ig-like domains. The first and fourth
domains provide V-CAM-1 binding to VLA-4
integrin on the monocyte surface. After binding to en-
dothelial adhesive proteins, the integrins are redistrib-
uted. It was shown that after firm contacts the
stretched parts of the neutrophil were drawn inside the
cell and there was clustering of LFA-1 and Mac-1 in
the contact area [17, 18]. Apparently, it is the begin-
ning for the new stage.

Diapedesis. This is the least studied stage of the in-
flammatory reaction. PECAM-1 (platelet-endothelial
cell adhesion molecule), the member of
Ig-superfamily, is known to be the main adhesive pro-
tein of diapedesis. Because of its expression on both
leukocyte and endothelium this protein mediates
haemophilic contact [19]. In vitro models revealed
that antibodies to PECAM-1 suppressed transmigra-
tion of leukocytes through the activated endothelial
monolayer significantly, while adhesion of neutro-
phils to endothelium was not disturbed [3]. The whole
process of transmigration has not been elucidated yet,
but it is assumed that chemotactic stimulus triggers
signal transduction via PECAM into the endothelial
cell. This process is accompanied by the increase in
intracellular calcium and changes in cytoskeleton
structure. Finally it leads to the weakening of the con-
tact between endothelial cells.

Modern approaches of using anti-adhesive prepa-
rations to block the inflammatory process. Inflamma-
tory reaction is a natural way to protect the organism,
but once the reaction becomes chronic, it leads to de-
struction of healthy tissues and to weakening of im-
mune system. The investigation on the molecular
mechanisms of inflammatory reaction is necessary to
elaborate new approaches, which allow decreasing ad-
hesive properties of endothelium and/or leukocytes
[21, 22]. The use of monoclonal antibodies to adhe-
sion proteins seems to be the most effective remedy.
However, successful application of humanized anti-
bodies to selectins for therapeutic purposes has not
been reported. The data on the use of anti-integrin an-
tibodies are of research character only [23].

The approach connected with the use of active and
stable analogues of Lewis tetrasaccharide and similar
carbohydrate fragments to block selectin rolling is
considered to be more promising.
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The scheme of interaction of blood cell adhesive proteins with endothelium

Recently Preissner et al. [23] have proposed the
use of angiostatin fragments as anti-inflammatory
agents. Angiostatin is a proteolytic fragment of
plasminogen. Angiostatin or its fragments (first three
or the fourth kringle domains) were shown to inhibit
the adhesion of leukocyte integrins to [-CAM-1,
fibrinogen, and vitronectin. It could be the best solu-
tion of this problem, but there is a serious obstacle:
plasminogen kringles have high affinity to prion pro-
teins [24].

Concluding on the mentioned above, we can say
that structural and functional peculiarities of adhesion
proteins and their ligands, the systems of natural prote-
olysis of these agents have not been elucidated yet. The
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further investigation in this field could be useful for ef-
ficient anti-inflammatory preparations.

M. JI. ’Kepnocexos
Ajre3uBHbIE OCIIKH B ITPOLIECCe BOCTATICHHS

Pesrome

Ipu socnanieHuu pasiuyHvle aoeesusnvie MOJLEKY bl
9KCApeccupylomes — Kiemkamu — dHoomenus U Kpogu. B
Gopmuposanue BoCnAIUMENbHO20 OMEEMd HA ONpPeOeeHHbIX
cmaousx npoyecca BKIIOUAIOMCS Oenku aoeesuu
UMMYHORIOOYIUNOB020, — CELeKMUHOB020 U UHMEZPUHOBO2O
cemelicms. B pabome oxapaxmepuzosanvi  yuacmeyiowue 6
6ocnanumenbHoM npoyecce adze3uenvie OeiKu U UX AU2AHObL, a
maxkoice HameueHbl 0CHOBHbLE nymu noucka
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npomueoeoCnaiIuneslbHblx AHMUAO2e3UBHBLX

npenapamos  Ha

0CHOGE CMPYKMYPHbIX 0COOeHHOCmel A02e3UBHbIX MONEKYIL.

Knioueswie

crosa:  cenekmunvl,  unmeepunvl, 1g-CAM,

eocnajenue.
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