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The in flam ma tion pro cess is ac com pa nied by the ex pres sion of dif fer ent ad he sive mol e cules on the sur face
of both en do the lium and blood cells.  The ad he sion pro teins of im mu no glob u lin, selectin, and integrin fam -
ily are in volved at the cer tain stages of in flam ma tion re sponse.  To cure chronic in flam ma tion pro cesses the
se lec tive in flu ence on the mo lec u lar mech a nism of ad he sive in ter ac tion of leu ko cytes is nec es sary.  In the
pres ent pa per the search for anti-in flam ma tory anti-ad he sive prep a ra tions on the ba sis of struc tural fea -
tures of ad he sive mol e cules is dis cussed.
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The clas si cal scheme of in flam ma tory re ac tion de vel -
op ment, when leu ko cytes bind to en do the lium and af -
ter wards mi grate to in flam ma tion area, was de scribed
over 150 years ago.  Yet only re cently the in ves ti ga tion
of CAMs (cell ad he sion mol e cules), pro vid ing the in -
ter ac tion of blood cells with en do the lium, clar i fied the
un der ly ing mo lec u lar mech a nisms.  There are four
stages of in flam ma tory re sponse, char ac ter ized by the
ex pres sion of cer tain CAMs [1].  The first stage is
called “roll ing”, spe cific for leu ko cytes (monocytes,
neu tro phils, and lym pho cytes) slow ing down their
move ment along the sur face of the ves sel wall.  This

pro cess is me di ated by selectins – ad he sive pro teins –
ca pa ble of bind ing to car bo hy drate lig ands on the cell
sur face [2].  It is re mark able that selectins are ex pressed 
by both en do the lium and leu ko cytes.  Roll ing does not
pro vide firm ad he sion of leu ko cytes to en do the lium,
but leads to ac ti va tion of these blood cells and then
integrins.  Integrins are the next class of CAMs, which
take part in the next stage of in flam ma tory pro cess, i.e.
ac ti va tion of leu ko cytes and plate lets fol lowed by the
change in their cell shape.  

The third stage is char ac ter ized by firm ad he sion of
leu ko cytes to en do the lium.  On the mo lec u lar level it is
per formed via in ter ac tion of integrins with ad he sive
pro teins of im mu no glob u lin superfamily, Ig-CAM.
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Dur ing the fourth stage, leu ko cytes trans mi grate
through the junc tions of en do the lial cells to the in flam -
ma tion site (diapedesis).  The pro teins of Ig-CAM
superfamily are con sid ered to have the main role in this
pro cess.  Lit er a ture data al low re pro duc ing stage-like
in volve ment of ad he sive pro teins in in flam ma tory pro -
cess.

Roll ing. This pro cess is not ob served with out the
in flam ma tory re ac tion.  It is ini ti ated by stimu la tors,
which ac ti vate en do the lium of ves sels.  These stimu la -
tors are: his ta mine, thrombin, bradykinin, leukotriene
C4 or free rad i cals.  The num ber of these agents has in -
creased with the fur ther in ves ti ga tion on the stage of
roll ing, de scribed in de tail in [3].  Ac ti va tion of en do -
the lium leads to ex pres sion of two im por tant mem bers 
of selectin fam ily, i.e. E-selectin (E-en do the lial) and
P-selectin (P-platelet). They are also re spec tively
called CD62-E and CD62-P, ac cord ing to clas si fi ca -
tion of the clus ters of dif fer en ti a tion.  De spite its name 
P-selectin is the most im por tant marker of in flam ma -
tory state of en do the lium.

On the other hand, in flam ma tory agents stim u late
high ex pres sion of L-selectin (L-leu ko cyte), also called
CD62-L.  Selectins have spe cific lig ands for bind ing. 
These lig ands are known to be glycoprotein ligand
(PSGL) and Lewis tetrasaccharide (CD15S), which
con tains galactose res i dues, N-acetylglucosamine,
fucose, and sialic acid – for P-selectin;  mucine-like en -
do the lium pro teins: mucosal addressin MAdCAM,
GlyCAM-1, and CD34 – for L-selectin; leu ko cyte
glycoprotein, which con tains fucose and sialic acid res -
i dues – for E-selectin [3].

It is note wor thy that PSGL can bind all selectin
mol e cules and for all selectins, the pres ence of sialic
acid res i due in the struc ture of ligand is im por tant.

Thus, selectin ex pres sion by leu ko cytes and en do -
the lium pro vides the slow ing down of the blood cell
move ment along the ves sel [4].  Be sides, ac cord ing to
some au thors, dur ing the stage of roll ing the most im -
por tant event is the ex pres sion of P-selectin on the en -
do the lium sur face.  This pro tein is re leased from
Weibel-Palade’s bod ies of en do the lial cells and is ca pa -
ble of bind ing PSGL on the sur face of monocytes, neu -
tro phils, and plate lets [5, 6].  Be cause of proteolytic
cleav age, P-selectin is trans formed into sol u ble
isoform, sP-selectin (s – sol u ble).  On bind ing

monocytes this pro tein leads to the ap pear ance of tis sue
fac tor (co ag u la tion fac tor) on their sur faces [5].  This
event dem on strates close re la tion ship be tween in flam -
ma tion and throm bo sis.

Selectin ad he sion is re vers ible and un sta ble, but in
the pres ence of stimu la tors, selectin roll ing ac ti vates
leu ko cytes.  The de tails of this pro cess are not clear yet,
but the ac ti va tion pro cess could be rep re sented in the
fol low ing way.  L-selectin bind ing to the ligand on en -
do the lium sur face leads to intracellular re lease of cal -
cium ions.  These ions ac ti vate leu co cyte integrins and
stim u late m-RNA syn the sis, which are nec es sary for
syn the sis of cytokines [7].  In their turn cytokines ac ti -
vate both en do the lium cells and leu ko cytes, which are
not in volved in roll ing.  It is re mark able that leu ko cyte
selectins, bind ing to ligand on the en do the lium sur face,
form clus ters in the re gions of cell con tact [8].  Af ter
integrin ac ti va tion, these clus ters were co-lo cal ized
with integrin ones.

It is sug gested that selectin clus ter ing is a con di tion
for the fol low ing ac ti va tion of integrin ad he sive pro -
teins.  Si mon S. and Green C. made a sug ges tion of
mechanotransducer role of selectins, i.e. of their par tic -
i pa tion in the pro cess of sig nal transduction into the
cell [1].  The bind ing of L-selectin to the ligand in -
duces phosphorylation of tyrosin res i due in the cy to -
plas mic do main of the selectin, which in its turn, ac ti -
vates some intracellular kin ases and, fi nally, leads to
integrin trans for ma tion into high-af fin ity state and as
a re sult to the firm cell ad he sion [9]. 

Leu ko cyte ac ti va tion and integrin trans for ma tion
into high-af fin ity state. As it has been men tioned
above, roll ing and integrin clusterization ac ti vate leu -
ko cytes.  Dur ing this pro cess leu ko cytes change their
shape and integrins are con verted from low-af fin ity
into high-af fin ity state, which al lows their ef fec tive
bind ing to lig ands on the neigh bour ing leu ko cytes and 
en do the lial cells.  Integrins are transmembrane
glycoproteins, which con tain non-co va lently linked a
and b-sub units.  The most im por tant integrins, par tic i -
pat ing in in flam ma tory re sponse, are b2-integrins,
namely LFA-1 (CD11a/CD18) and Mac-1
(CD11b/CD18) [10, 11].  It was shown that prior to
neutrophil ac ti va tion one cell ex presses ap prox i -
mately 15 000 sites of Mac-1 and 50 000 sites of
LFA-1.  At these con di tions ap prox i mately 1 000 sites
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of Mac-1 and 9 000 sites of LFA-1 are in the high-af -
fin ity con for ma tion [12].

The ac ti va tion of neutrophil is ac com pa nied by the
in crease in Mac-1 ex pres sion up to 140 000 sites, but
only 13 000 of them are in the high-af fin ity state.

LFA-1 ex pres sion has its own pe cu liar i ties.  Dur ing 
ac ti va tion of neutrophil, within a few sec onds circa
100% of the whole amount of ex pressed LFA-1 is con -
verted into ac tive state.  How ever, LFA-1 bind ing to
ligand is not sta ble and could be re versed com pletely
within 30 sec af ter ac ti va tion of neutrophil. Un like
LFA-1, Mac-1 is ca pa ble of sup port ing ac tive state and
in ter act ing with ligand for 10 min utes af ter ac ti va tion
starts.  The con clu sion could be made on dif fer ent func -
tional roles of these two integrins.  Ap par ently, LFA-1
is in tended for quick in volve ment into roll ing and for
re vers ible con tact of ac ti vated leu ko cyte, while Mac-1
pro vides long-term firm ad he sive con tact.

Integrins me di ate the con tact be tween leu ko cytes
and plate lets [5, 6].  Here the main role be longs to
Mac-1, be cause of its abil ity to bind to dif fer ent lig -
ands.  As it was shown in fig ure, Mac-1 can con tact
with ei ther other ad he sive mol e cules, for ex am ple
fibrinogen or vitronectin, or with platelet ad he sive pro -
tein GP1b.

There is a con stant ex pres sion of b3-integrin
GPIIbIIIa on the sur face of the rest ing platelet. 
Selectin roll ing can con vert platelet into ac tive state
and GPIIbIIIa me di ates platelet bind ing to leu ko cytes
via fibrinogen.  That is why an ti co ag u lant prep a ra -
tions, which block ad he sive ac tion of GPIIbIIIa, pos -
sess anti-in flam ma tory ac tiv ity as well [13, 14].

In ter ac tion of integrins with en do the lial ad he sive
pro teins. The main coun ter-struc tures for b2-integrins
are en do the lial ad he sive pro teins, which be long to
Ig-CAMs.  Some of them, for ex am ple I-CAM-2, are
con stantly ex pressed by en do the lial cells, while oth ers 
(I-CAM-1 and I-CAM-3) are ex pressed only dur ing
the ac ti va tion of en do the lium [15].  I-CAM-1 is the
most spe cific ligand for LFA-1, other lig ands
(I-CAM-2 and I-CAM-3) are less spe cific to wards this 
integrin [16]. Be sides I-CAMs the cells of ac ti vated
en do the lium are char ac ter ized by the ex pres sion of an -
other mem ber of Ig-superfamily – V-CAM-1. There
are some mo lec u lar isoforms of this pro tein due to al -
ter na tive splic ing. The dom i nant isoform of V-CAM-1 

con sists of seven Ig-like do mains. The first and fourth
do mains pro vide V-CAM-1 bind ing to VLA-4
integrin on the monocyte sur face. Af ter bind ing to en -
do the lial ad he sive pro teins, the integrins are re dis trib -
uted. It was shown that af ter firm con tacts the
stretched parts of the neutrophil were drawn in side the
cell and there was clus ter ing of LFA-1 and Mac-1 in
the con tact area [17, 18]. Ap par ently, it is the be gin -
ning for the new stage.

Diapedesis. This is the least stud ied stage of the in -
flam ma tory re ac tion. PECAM-1 (platelet-en do the lial
cell ad he sion mol e cule), the mem ber of
Ig-superfamily, is known to be the main ad he sive pro -
tein of diapedesis. Be cause of its ex pres sion on both
leu ko cyte and en do the lium this pro tein me di ates
haemophilic con tact [19]. In vi tro mod els re vealed
that an ti bod ies to PECAM-1 sup pressed trans mi gra -
tion of leu ko cytes through the ac ti vated en do the lial
monolayer sig nif i cantly, while ad he sion of neu tro -
phils to en do the lium was not dis turbed [3]. The whole
pro cess of trans mi gra tion has not been elu ci dated yet,
but it is as sumed that chemotactic stim u lus trig gers
sig nal transduction via PECAM into the en do the lial
cell. This pro cess is ac com pa nied by the in crease in
intracellular cal cium and changes in cytoskeleton
struc ture. Fi nally it leads to the weak en ing of the con -
tact be tween en do the lial cells.

Mod ern ap proaches of us ing anti-ad he sive prep a -
ra tions to block the in flam ma tory pro cess. In flam ma -
tory re ac tion is a nat u ral way to pro tect the or gan ism,
but once the re ac tion be comes chronic, it leads to de -
struc tion of healthy tis sues and to weak en ing of im -
mune sys tem. The in ves ti ga tion on the mo lec u lar
mech a nisms of in flam ma tory re ac tion is nec es sary to
elab o rate new ap proaches, which al low de creas ing ad -
he sive prop er ties of en do the lium and/or leu ko cytes
[21, 22]. The use of monoclonal an ti bod ies to ad he -
sion pro teins seems to be the most ef fec tive rem edy.
How ever, suc cess ful ap pli ca tion of hu man ized an ti -
bod ies to selectins for ther a peu tic pur poses has not
been re ported. The data on the use of anti-integrin an -
ti bod ies are of re search char ac ter only [23].

The ap proach con nected with the use of ac tive and
sta ble an a logues of Lewis tetrasaccharide and sim i lar
car bo hy drate frag ments to block selectin roll ing is
con sid ered to be more prom is ing.
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Re cently Preissner et al. [23] have pro posed the
use of angiostatin frag ments as anti-in flam ma tory
agents. Angiostatin is a proteolytic frag ment of
plasminogen. Angiostatin or its frag ments (first three
or the fourth kringle do mains) were shown to in hibit
the ad he sion of leu ko cyte integrins to I-CAM-1,
fibrinogen, and vitronectin. It could be the best so lu -
tion of this prob lem, but there is a se ri ous ob sta cle:
plasminogen kringles have high af fin ity to prion pro -
teins [24].

Con clud ing on the men tioned above, we can say
that struc tural and func tional pe cu liar i ties of ad he sion
pro teins and their lig ands, the sys tems of nat u ral pro te -
ol y sis of these agents have not been elu ci dated yet. The

fur ther in ves ti ga tion in this field could be use ful for ef -
fi cient anti-in flam ma tory prep a ra tions.

Ä. Ä. Æåðíîñåêîâ 

Àäãåçèâíûå áåëêè â ïðîöåññå âîñïàëåíèÿ

Ðåçþìå

Ïðè âîñïàëåíèè ðàçëè÷íûå àäãåçèâíûå ìîëåêóëû
ýêñïðåññèðóþòñÿ êëåòêàìè ýíäîòåëèÿ è êðîâè. Â
ôîðìèðîâàíèå âîñïàëèòåëüíîãî îòâåòà íà îïðåäåëåííûõ
ñòàäèÿõ ïðîöåññà âêëþ÷àþòñÿ áåëêè àäãåçèè
èììóíîãëîáóëèíîâîãî, ñåëåêòèíîâîãî è èíòåãðèíîâîãî
ñåìåéñòâ. Â ðàáîòå îõàðàêòåðèçîâàíû  ó÷àñòâóþùèå â
âîñïàëèòåëüíîì ïðîöåññå àäãåçèâíûå áåëêè è èõ ëèãàíäû, à
òàêæå íàìå÷åíû îñíîâíûå ïóòè ïîèñêà
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ïðîòèâîâîñïàëèòåëüíûõ àíòèàäãåçèâíûõ ïðåïàðàòîâ íà
îñíîâå ñòðóêòóðíûõ îñîáåííîñòåé àäãåçèâíûõ ìîëåêóë.

Êëþ÷åâûå ñëîâà: ñåëåêòèíû, èíòåãðèíû, Ig-CAM,
âîñïàëåíèå.
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