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THROMBIN AND TRYPSIN RECEPTORS: THE SAME MECHANISM
OF SIGNALLING ON CELLULAR SURFACES

OLEJAR T, NOUZA K

RECEPTORY PRO TROMBIN A TRYPSIN, STEJNY MECHANISMUS SIGNALIZACE
NA BUNECNYCH POVRSICH
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Proteinase-activated receptors (PARs), ubiquitous surface
molecules participating on many biological processes have
been recently discovered. Specific receptors for thrombin
(PAR-1 and PAR-3) and trypsin (PAR-2) are described in
this review. They belong to a family of G protein-coupled re-
ceptors activated by amino acid sequence of N-terminal part
of bound ligand revealed by site-specific proteolysis. PARs
participate in tissue growth and differentiation, regeneration
and reparation, inflammatory response regulation, malig-
nant transformation, but even in vascular tonus and blood
pressure regulation. (Fig. 5, Ref. 35.)
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The currently known signal mechanisms of the cell communi-
cation rely on the production of cytokines, adhesive molecules,
relevant receptors and in their interactions. Tens of cytokines, ad-
hesive molecules and their natural ligands are known, which are
interconnected to form very complex networks. The newest know-
ledge, however, demonstrates that there is a further mechanism of
cell communication provided by cell receptors activable by the
action of proteinases (proteinase-activated receptors, PAR). The
receptors for thrombin and trypsin are expressed on the surface of
various cells. The activation of these receptors results in a number
of biochemical changes — mobilization of calcium ions, synthe-
sis of prostaglandins, etc. — in the cell interior.

The sites of proteinase-activated receptors occurrence

Proteinase-activated receptors are essentially ubiquitous. They
are particularly present on normal as well as tumorously transfor-
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V nedavné dobé¢ byly popsany tzv. receptory aktivovatelné protei-
nazami (PAR; Proteinase-activated receptors). Jde o ubiquitni po-
vrchové molekuly, které se podileji na regulaci celé fady biologic-
kych pochodtl. V tomto ptehledném referatu jsou popsany speci-
fické receptory pro trombin (PAR-1 a PAR-3) a trypsin (PAR-2).
Patii do rodiny receptori spfazenych s G-proteinem, aktivovatel-
nych aminokyselinovou sekvenci vazaného ligandu z vlastniho N-
konce, ktery je odkryt specifickou proteolyzou. Uplatiuji se pfi
rustu a diferenciaci, regeneracnich a reparacnich procesech, regu-
laci zanétlivé odpovédi, maligni transformaci, ale i pfi regulaci
cévniho tonu a krevniho tlaku. (Obr. 5, lit. 35.)

Klic¢ova slova: PAR, trypsin, trombin, vazany ligand.

med immunocompetent cells, on endothelial and muscle cells of
major as well as minor vessels. Their presence was also immuno-
histochemically demonstrated on intestinal epithelial cells, epit-
helial cells of endocrine as well as exocrine organs, keratinocytes,
fibroblasts and further cells (Baffy etal., 1994; Aj-Ani et al., 1995;
Santulli et al., 1995; Bohm et al., 1996 b; Mari et al., 1996; Mirza
et al., 1996; Saifeddine et al., 1996; Corvera et al., 1997; Howells
et al., 1997; Kong et al., 1997; Even-Ram et al., 1998).

Function of proteinase-activated receptors

PAR are bound to transmembrane G-protein. There are recep-
tors specific for a-thrombin (PAR-1 and PAR-3) and for trypsin
and tryptase (PAR-2). These proteinases activate PAR through the
mediation of a unique process characterising by the recognition
of the receptor by an enzyme, subsequent cleavage at a specific
site of the NH, terminal and presentation of a new NH, terminal,
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proteolysis

—

Fig. 1 a. Mechanism of PAR activation: in the first phase an oligopep-
tide is cleaved from the N-terminal part and tethered ligand is ex-
pressed. Adapted according to Deri et al. (1998).

Obr. 1 a. Mechanismus aktivace PAR: v prvni fazi dochazi k odstépe-
ni oligopeptidu z N-konce a expresi vazaného ligandu. Upraveno podle
Deriho a spol. (1998).

tethered ligand
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Fig. 1 b. Mechanism of PAR activation: the tethered ligand activates
the receptor in the reaction with its 1. and 2. extracellular domain.
Adapted according to Deri et al. (1998).

Obr. 1 b. Mechanismus aktivace PAR: vazany ligand aktivuje recep-
tor reakei s jeho 1. a 2. extracelularni doménou. Upraveno podle De-
riho a spol. (1998).
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Fig. 1 c. Mechanism of PAR activation: receptor can be activated also
by free oligopeptide ligand without proteolysis. Adapted according to
Deri et al. (1998).

Obr. 1 c¢. Mechanismus aktivace PAR: receptor je aktivovan i volnym
oligopeptidovym ligandem bez proteolyzy. Upraveno podle Deriho
a spol. (1998).

which behaves as “a tethered ligand” and which is bound to the
extracellular domain of the molecules split (Figs. 1 a, b). Thus,
PAR are receptors, whose ligand is a physical part of the receptor
molecule (Deri et al., 1998).

PAR-1 activation

The extracellular NH, terminal of human PAR-1 contains a cle-
avage site for a-thrombin (LDPR*'! S*' FLLRN), after which a se-
quence of residues follows with a negative electric charge
(D°.KYEPF*) (Vu et al., 1991 a, b). This is very similar to the
COOH part of the leech anticoagulant hirudin. Hirudin inhibits
thrombin through an analogous bond at the same site. The domain
D3.KYEPF* reacts (in the same way as hirudin) with the area
binding anions on an O-thrombin molecule and it probably indu-
ces conformational changes of the receptor molecule, which ad-
justs its cleavage site for catalytic domains of 0-thrombin (Fig. 2).
The PAR-1 activation with y-thrombin, which contains no area
binding anions, is weaker by a factor of 100. The deletion of this
domain (D°'. KYEPF*¢) results in losing the activability with throm-
bin (Vu et al., 1991 b).

Thus, thrombin splits PAR at the NH2 terminal. Synthetic,
free peptide ligands can, however, activate PAR without splitting
the receptor (Vu et al., 1991 a; Scarboroough et al., 1992); they
are, however, very weak agonists in comparison with proteinases
(Fig. 1 ¢). The reason for this is obviously an imperfect presenta-
tion of the soluble peptide to the binding domain in comparison
with “the tethered ligand”. In addition, soluble peptides are imme-
diately degraded by proteolysis (Godin et al., 1994).

PAR-2 activation

The second member of the family of proteinase-activated re-
ceptors, PAR-2 was identified in the course of a PCR screening of
the mouse genome with the use of primers for the second and
sixth transmembrane domain of the receptor for neurokinin 2 (Nys-
ted et al., 1994, 1995). It was shown that in this case, the protein is
encoded with typical characteristics of a receptor coupled with G-
protein and with a 30 % degree of identity with human PAR-1.
The mouse PAR-2 contains a cleavage site for trypsin (SKGR!
S¥LIGR). PAR-2 was later identified in humans and rats (Nysted
et al., 1995; Bohm et al., 1996; Saifeddine et al., 1996). Trypsin,
similarly as thrombin in the case of PAR-1, splits PAR-2 at a cer-
tain site (Fig. 2) and it makes an exposure of a bound ligand to its
own extracellular domain possible (Nysted et al., 1994; Bohm et
al., 1996). Synthetic peptides (SLIGRL in mice, SLIGKYV in hu-
mans) also activate PAR-2 without necessary cleavage of their own
receptor (Nysted et al., 1994, 1995 a, b; Bohm et al., 1996).

Thus, PAR-1 and PAR-2 are activated by the same mechanism
— cleavage of the receptor and exposure of the bound ligand. One
difference was, however demonstrated: there is no evidence for
the interaction of trypsin with other parts of the receptor than with
the split one.

PAR-3 activation

The demonstration of PAR-2 presented a possibility of sear-
ching for the existence of further receptors from this family. The
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Fig. 2. PAR structure: aminoacid sequence of N-terminal part and
second extracellular domain are principal prerequisities for the re-
ceptor activation.Frames denote domains of tethered ligands and ne-
gatively charged parts reacting with thrombin (PAR1 and PAR3).
Adapted according to Deri et al. (1998).

Obr. 2. Struktura PAR: sekvence aminokyselin N-konce a druhé ex-
tracelularni domény jsou pro aktivaci receptoru principialni. Ramecky
oznacuji domény vazanych ligandu a zaporné nabité oblasti reaguji-
cis trombinem (PAR1 a PAR3). Upraveno podle Deriho a spol. (1998).

existence of a further receptor for thrombin, PAR-3, was demon-
strated with the help of primers for different domains of PAR-1
and PAR-2. RNA of rat thrombocytes was used (Ishihara et al.,
1997). Thrombin splits the LPIK* ! T* FRG PAR-3 sequence. Si-
milarly as in the case of PAR-1, PAR-3 contains a site similar to
hirudin (FEEFP), which reacts with a-thrombin. In contrast to
PAR-1, peptides analogous to the bound ligand, however, do not
activate the receptor. Here, a stereochemical change of the mole-
cule due to the thrombin bond is necessary (Deri et al., 1998).

PAR interactions with other proteinases

The other proteinases (cathepsin, proteinase 3, human leuko-
cyte elastase) split PAR at a site different from the activation site
(Fig. 3) and thus, the receptor is not activated (Molino et al., 1995,
1997). Thus, on thrombocytes and endothelial cells, these enzy-
mes can block the biological effect of thrombin (Renesto et al.,
1997). In contrast to this, the heparinocyte tryptase, which splits
the ligand from the C- as well as N-terminal is able to activate the
cell (Molino et al., 1995).

Signal transfer

The PAR activation results in a conformational change of
heterodimeric G protein, which catalyzes replacement of GDP
with GTP at the a-subunit of G-protein. The a-subunit and By-
heterodimer activate numerous effector enzymes or ion chan-
nels leading to GTP hydrolysis. G protein is then returned to
the inactive state. The transfer of the signal through the PAR-1
activation has been most thoroughly studied till now (Grand et
al., 1996).

thrombin
cG
trypsin (] cG
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Fig. 3. Proteolytical cleavage of PAR by various enzymes. Only the
influence of thrombin, trypsin and tryptase leads to activation of the
process. (CG — catepsin, PR3 — proteinase 3, HLE — elastase of
human leukocytes). Adapted according to Deri et al. (1998).

Obr. 3. Proteolytické $tépeni PAR ruznymi enzymy. K aktivaci do-
chazi pouze vlivem trombinu, trypsinu a tryptazy (CG — Katepsin,
PR3 — proteindza 3, HLE — elastaza lidskych leukocytii). Upraveno
podle Deriho a spol. (1998).

Substrate specificity and role of PAR

In spite of a relatively good description of the mechanism of
the action mediated through the mentioned three types of recep-
tors, a further potential substrate specificity of these receptors
for the other enzymes is not yet quite clear. The effect of a-
thrombin (PAR-1 and PAR-3), trypsin, tryptase and acrosin (PAR-
2) (Deri et al., 1998) has been already unambiguously documen-
ted. In the other enzymes (chymotrypsin, cathepsin G, thermo-
lysin, neutral endopeptidase) the ability of the PAR activation
was not observed and, in contrast to this, some of these enzymes
block the PAR activation (Molino et al., 1995; Renesto et al.,
1997; Deri et al., 1998). In experiments it is, however, possible
to induce the apoptosis of neutrophils with elastase, trypsin and
chymotrypsin (Trevani et al., 1996), i.e. with enzymes exerting
either antagonistic or zero effects on the known PAR. It is assu-
med that the induction of the neutrophil apoptosis through the
mediation of PAR could be an important mechanism regulating
(restricting) the inflammatory reaction. Experimental works on
SD/Ipcv rats with the spontaneous T-lymphoblastic leukemia de-
monstrated that rectally administered proteinases (trypsin, chy-
motrypsin and papain) reduce absolute counts of blasts in the
peripheral blood and that they are able to induce a transient la-
boratory remission in experiments (Wald et al., 1998). PAR can
also perhaps be a target structure for endopeptidases (as e.g. CD
10, ECE, KELL, PEX), which are common parts of cellular mem-
branes (Mari et al., 1997; Turner and Tanzawa, 1997). The biolo-
gical importance of PAR is not yet quite clear. Based on the re-
sults of experimental works, a possibility is suggested of a feed-
back control of different processes. The PAR-2 activation on
epithelial cells of the large intestine with trypsin resulted in the
inhibition of spontaneous contractions under experimental con-
ditions (Corvera et al., 1997). Through the mediation of activa-
ted PAR-2, the phosphatidyl-inositol system is also activated on
intestinal epithelial cells, which results in the intracellular utili-
zation of arachidonic acid and secretion of prostaglandins (Kong
et al., 1997). Thus, trypsin obviously directly participates in re-
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sorption processes in the intestine The other studies demonstrate
that the cellular response of immunocompetent cells to the PAR-
1 stimulation with a-thrombin or SLIGRL depend on the degree
of its activation (Joyce et al., 1997). In this way, thrombin me-
diates a direct functional binding between the hemostatic and
immune systems. In the regulation of the systemic inflammatory
response, the proteolytic activity of plasma seems to be of im-
portance, particularly the specific plasmatic activity of trypsin.
The biphasic, alimentarily independent secretion of trypsin thro-
ugh the basolateral membrane of acinar cells of the pancreas is
thus obviously not useless. The knowledge concerning the effect
of PAR on the blood circulation is also of interest. For example,
in rats, the intravenous administration of the synthetic peptide
SLIGRLETQPPI in a dose of 150 nmol/kg leads to a conside-
rable drop of blood pressure (from 110 to 60 mmHg) (Emilsson
et al., 1997). Under in vivo conditions, by the action of trypsin
or SLIGRL, through the PAR-2 activation, dilatation of the basi-
lar artery occurs in rats (Sobey and Cocks, 1998). Thrombin and
trypsin cause a dilatation of the contracted segment of the hu-
man coronary artery ring ex vivo (Hamilton et al., 1998). Certa-
in works suggesting the expression of PAR-1 on atheromatous
plates assume a contribution of PAR to sclerotic and inflamma-
tory processes in vessel walls (Nelken et al., 1992). A connec-
tion was demonstrated between the PAR-1 expression and histo-
logical grading with a high degree of the invasion of human bre-
ast carcinoma. Thus, it seems that PAR play a crucial role in
processes of the physiological as well as pathological invasion,
particularly in tumor processes connected with the metastatic
dissemination (Even-Ram et al., 1998). In a model of the cells
of pancreas carcinoma in vitro (PaCa-2), trypsin or its agonistic
peptide caused a mobilization of Ca®"ions, transient enhance-
ment of the I-P, level and PKC translocation. In addition, there
was a decrease of the DNA synthesis in these cells. The authors
assume that PAR-2 can play a role of a negative regulator of the
tumor growth (Kaufmann et al., 1998). This fact is also indirec-
tly supported by experimental experiences with a certain anti-
proliferative action of a mixture of proteinases (trypsin, chymot-
rypsin and papain) on the growth of human pancreas carcinoma
and carcinoma of tonsils in nude mice (Wald et al., personal com-
munication).

Conclusion

PAR are a relatively newly described unit in concepts of acti-
vation and regulatory processes of the cellular differentiation, re-
gulation or possibly decay. In spite of the fact that their exact fun-
ction in the organism has no yet been perfectly elucidated, the
ubiquity of PAR in tissues suggests their considerable importance
in physiological as well as pathophysiological processes and indi-
rectly also irreplaceable role of proteinases as a triggering or re-
gulatory factor in a number of biological processes on cellular
membranes and inside of cells as well as in the course of subsequ-
ent cellular responses.
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RECENZIA KNIHY

Jira J.: Léka¥ska helmintologie. Praha, Galén 1998, 120 obraz-
kov, 9 tabuliek, 491 stran.

Popredny ¢esky parazitoldg prof. MUDr. RNDr. Jindtich Jira,
DrSc., napisal aj v eurdpskom meradle ojedineltl monografiu o
helmintézach, Castych parazitirnych nakazach ¢loveka. Rozsah
publikacie vzhladom na vyznamnost odboru sa méze zdat nel-
merny. Na druhej strane nam chybala publikacia s komplexnym
pohladom na helmintoldgiu ako vednu disciplinu.

Monografia hovori o nakazach, ktoré postihuju statisice oby-
vatelov najmé v tropickych a subtropickych oblastiach a ktoré
ohrozuju podstatne §ir$i okruh Tudi mierneho pasma, ktori stale
CastejSie tieto oblasti nav§tevujui. Nehovoriac o helmintdzach, ktoré
sa kozmopolitne vyskytuju na vsetkych kontinentoch.

Kniha mé 491 stran, je obohatend 47 véc¢Sinou farebnymi ob-
razkami a mikrofotografiami, 73 perokresbami a 9 tabulkami. Pri
jednotlivych kapitolach je zoznam pouzitej literatury a v zaverec-
nej Casti bibliografia ucebnic, monografii a prehladovych ¢lan-
kov. V zavere autor uvadza zoznam periodik, Specializovanych na
helmintoldgiu a parazitoldgiu.

Monografia je rozdelend na 6 viacsich kapitol, z nich prvu tvo-
ri v§eobecnd helmintoldgia, ktora hovori o prabidlach nomenkla-
tury v helmintoldgii, o vztahoch hostitela a parazita, o molekulo-
vej bioldgii a genetike helmintov, patobioldgii helmintéz a ich

epidemiologii. Cenny je prehlad laboratérnych vysetrovacich me-
téd v lekarskej helmintoldgii, ako aj rozsiahla kapitola o sucas-
nych moznostiach farmakoterapie helmintdz.

Dalsie kapitoly sa venuju predstavitelom trematoddz, cesto-
ddéz a nematoddz, kazda so vseobecnym tivodom, biologickym
cyklom a zakladnymi spolo¢nymi morfologickymi znakmi. Jed-
notlivé helmintézne nékazy ako klinické jednotky maju spolo¢nu
Strukturu: pdvodca — nozogeografia a prevalencia — epidemio-
l6gia — patobiologia — klinicky obraz a symptomatologia — dia-
gnostika — terapia — zdravotnicke opatrenia (prevencia).

V Dodatku je prehlad histérie lekarskej helmintoldgie, stat o
evolucii helmintoparazitov, paleohelmintologie a zakladoch lekar-
skej malakoldgie.

Opétovne mozno konstatovat prioritu tejto monografie z eu-
ropskeho hladiska. Je uréend ako zékladna odborna prirucka leka-
rom teroretickych a klinickych odborov, mikrobiolégom, parazi-
toldgom, epidemiolégom a patoléogom. Posluzi aj infektoldgom,
pediatrom, gastroenterolégom a lekarom zameranym na tropicku
geograficku a cestovni medicinu.

Publikécia je na vynikajucej odbornej a vedeckej urovni si-
¢asnych poznatkov. Je reprezentativna obsahom aj reprografickou
uroviiou a ndjde urcite v lekarskej komunite v ¢esku a na Sloven-
sku svoje uplatnenie.

G. Catdr



