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Streszczenie

Wstep: Proteazy odpowiedzialne za degradacje biatek strukturalnych $ciany aorty sa syntetyzowane
w komodrkach $ciany aorty i w komdrkach naptywajacych do $ciany aorty zmienionej tetniakowo. Do
Sciany tetniaka moga rowniez przechodzi¢ proteinazy i inhibitory proteinaz ze skrzepliny przysciennej
tetniaka i z osocza krwi. Celem pracy jest ocena aktywnosci i stezenia inhibitorow proteinaz serynowych
(serpin) i inhibitorow proteinaz cysteinowych (cystatyn) w osoczu krwi u chorych z tetniakiem aorty.
Materiat i metody: Badaniami objeto 15 chorych z tetniakiem aorty i 12 oséb zdrowych w podobnym
wieku. Aktywnos¢ inhibitorow w osoczu krwi oznaczono, mierzac stopien obnizenia aktywnosci specy-
ficznej dla kazdego z nich proteinazy dziatajacej na specyficzny substrat. Do oznaczenia aktywnosci inhibi-
torow uzyto w przypadku: «;-antyproteinazy — trypsyne i Cbz-DL-Arg-pNA, a;-antychymotrypsyny
— chymotypsyne i Cbz-Phe-pNA, a,-makroglobuliny — trypsyne i Cbz-Val-Gly-Arg-pNA (w obecnosci
trasylolu), a,-antyplazminy — plazmine i D-Val-Leu-Lys-pNA, antytrombiny IIl (AT-lll) — trombine i fibry-
nogen, cystatyn — papaine i kazeine (po inaktywacji a,-MG). Stezenie inhibitoréw proteinaz w osoczu
oznaczono nefelometryczng metodg immunochemiczna.

Wyniki: U chorych z tetniakiem aorty stwierdzono znacznie wyzsza aktywnos$¢ a;-AP w osoczu krwi niz
u 0s6b zdrowych. Aktywnos$é AT-IIl i aktywnos$é cystatyn w osoczu krwi pozostawata nizsza u chorych
z tetniakiem aorty niz u oséb zdrowych. Obserwowano wyzsze stezenie a;-AP w osoczu krwi u pacjentow
z tetniakiem aorty niz u oséb zdrowych oraz nizsze wartosci stezenia AT-lll i stezenia cystatyny C
w osoczu u chorych z tetniakiem.

Whioski: Tetniakowi aorty brzusznej towarzyszy odczyn ogélnoustrojowy przejawiajacy sie zwigkszeniem
aktywnosci i stezenia a;-AP, obnizeniem aktywnosci i stezenia AT-Ill oraz obnizeniem aktywnosci i steze-
nia cystatyn w osoczu krwi. Wskazuje to na zaburzenia réwnowagi proteinaza-antyproteinaza i aktywacje
krzepnigcia krwi u chorych z tetniakiem aorty.

Stowa kluczowe: tetniak aorty brzusznej, a;-AP, a,-ACT, a;-MG, a;-API, AT-lll

Abstract

Background: Proteinases responsible for the degradation of structural proteins of the aortic wall are syn-
thesized in cells of the aortic wall and in cells infiltrating the aortic wall changed because of aneurysm.
Proteinases and proteinase inhibitors may also penetrate the aortic wall from aneurysmal parietal throm-
bus and from blood plasma. The aim of this work was to evaluate the activity and concentration of serine
proteinase inhibitors (serpins) and cysteine proteinase inhibitors (cystatins) in the blood plasma of pa-
tients with aortic aneurysm.

Material and methods: Examinations included 15 patients with aortic aneurysm and 12 healthy subjects
of a similar age. The activity of blood plasma inhibitors was determined by measuring the degree of the
specific activity for each proteinase affecting specific substrate. The following enzymes and substrates
were used to determine inhibitor activity: trypsin and Cbz-DL-Arg-pNA to determine «;-antiproteinase,
chymotrypsin and Cbz-Phe-pNA to determine a;-antichymotrypsin, trypsin and Cbz-Val-Gly-Arg-pNA (in
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the presence of trasylol) to determine a,-macroglobulin, plasmin and D-Val-Leu-Lys-pNA to determine
ap-antiplasmin, thrombin and fibrinogen to determine antithrombin lll (AT-Ill), papain and casein (after the
inactivation of «,-MG) to determine cystatin activity. The concentration of proteinase inhibitors in the
plasma was determined by the nephelometric immunochemical method.

Results: The activity of «,-AP was markedly higher in the blood plasma of patients with aortic aneurysm
than in the blood plasma of healthy subjects. The activity of AT-lll and of cystatins in the blood plasma of
patients with aortic aneurysm were lower than in the blood plasma of healthy subjects. The concentration
of a,-AP in the blood plasma of patients with aortic aneurysm was higher than in the blood plasma of
healthy subjects with lower levels of AT-lIl and cystatin C.

Conclusions: Abdominal aortic aneurysm is accompanied by the systemic reaction of the organism man-
ifested by the increased activity and concentration of «;-AP, the decreased activity and concentration of
AT-Ill and the decreased activity and concentration of cystatins in the blood plasma. It points at a distur-
bance in the proteinases-antiproteinases balance and the activation of blood coagulation in patients with

aortic aneurysm.

Key words: aortic aneurysm, a;-AP, a;-ACT, a,-MG, a,-API, AT-Il

Wstep

Zachowanie rownowagi proteolityczno-antyproteoli-
tycznej chroni biatka strukturalne $ciany aorty przed de-
gradacja. Przesuniecie tej rownowagi na korzys¢ prote-
inaz powoduje niekontrolowang degradacje tych biatek
i prowadzi do powstania, powigkszania i pekniecia tet-
niaka [1-9]. Proteinazy sg syntetyzowane w komorkach
$ciany aorty (komorki $rodbtonka, miocyty, fibroblasty)
i w komorkach naptywajacych do $ciany aorty zmienio-
nej tetniakowo (monocyty/makrofagi, granulocyty, lim-
focyty, mastocyty) [10, 11]. Ze skrzepliny przyScienne;j tet-
niaka i z osocza krwi do $ciany tetniaka moga rowniez
przechodzi¢ proteinazy i inhibitory proteinaz. Skrzeplina
przy$cienna zawiera kilka proteinaz o réznej strukturze
miejsca katalicznego [12]. W osoczu wystepuje ponad
10 inhibitoréow proteinaz o réznej specyficznosci [13-16].

Celem niniejszej pracy jest ocena aktywnosci i stezenia
inhibitoréw proteinaz serynowych (serpin) i inhibitoréw
proteinaz cysteinowych (cystatyn) w osoczu krwi u cho-
rych z tetniakiem aorty.

Materiat i metody

Badaniami objeto 15 chorych z tetniakiem aorty ($red-
nia wieku 65,3 roku) i 12 oséb zdrowych w podobnym
wieku. Krew pobierano z zyty tokciowej do 0,1 mol/I
cytrynianu sodu w stosunku objeto$ciowym 9:1. Otrzy-
mane poprzez wirowanie (2700 x g, 2°C, 30 min) osocze
przechowywano w temperaturze -75°C i odmrazano
przed wykonaniem oznaczen w temperaturze 2°C.

Aktywnos¢ inhibitoréw w osoczu krwi oznaczono
przez pomiar stopnia obnizenia aktywnosci specyficznej
dla kazdego z nich proteinazy, dziatajacej na specyficzny
substrat. Do oznaczenia aktywnosci inhibitoréw uzyto
w przypadku: a,-antyproteinazy (a,-AP) —trypsyny i Cbz-
-DL-Arg-pNA, a;-antychymotrypsyny (a;-ACT) — chymo-
typsyny i Cbz-Phe-pNA, a,-makroglobuliny (a,-MG)
— trypsyny i Cbz-Val-Gly-Arg-pNA, w obecnosci trasy-
lolu [17], a,-antyplazminy (a,-APIl) — plazminy i D-Val-Leu-
-Lys-pNA, antytrombiny Ill (AT-lll) — trombiny i fibryno-

Introduction

The proteolytic-antiproteolytic balance protects struc-
tural proteins of the aortic wall against degradation. Shift-
ing the balance to the prevalence of proteinases results in
uncontrolled degradation of these proteins and in the for-
mation, enlargement and rupture of the aneurysm [1-9].
Proteinases are synthesized in cells of the aortic wall (en-
dothelial cells, myocytes, fibroblasts) and in cells infiltrat-
ing the aortic wall changed because of aneurysm (mono-
cyte/macrophages, granulocytes, lymphocytes, masto-
cytes) [10, 11]. Proteinases and proteinase inhibitors may
also penetrate into the aortic wall from aneurysmal pari-
etal thrombus and from blood plasma. Parietal thrombus
contains several proteinases of different catalytic place
structure [12]. More than 10 proteinase inhibitors of dif-
ferent specificity are found in blood plasma [13-16].

The aim of this work was to evaluate activity and con-
centration of serine proteinase inhibitors (serpins) and
cysteine proteinase inhibitors (cystatins) in the blood
plasma of patients with aortic aneurysm.

Material and methods

Examinations included 15 patients with aortic aneu-
rysm (mean age 65.3 years) and 12 healthy subjects of
a similar age. Blood was taken from the ulnar vein into
0.1 mol/l sodium citrate in the ratio 9:1 v/v. The plasma
obtained by centrifugation (2700 x g, 2°C, 30 minutes)
was stored at the temperature of —-75°C and defrosted at
2°C before determinations were made.

The activity of the blood plasma inhibitors was deter-
mined by measuring the degree of the specific activity
for each proteinase affecting specific substrate. The fol-
lowing enzymes and substrates were used to determine
inhibitors activity: trypsin and Cbz-DL-Arg-pNA to deter-
mine «;-antiproteinase («;-AP), chymotrypsin and Cbz-
-Phe-pNA to determine «;-antichymotrypsin (a;-ACT),
trypsin and Cbz-Val-Gly-Arg-pNA in the presence of
trasylol to determine a,-macroglobulin (z,-MG) [17], plas-
min and D-Val-Leu-Lys-pNA to determine a,-antiplasmin
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genu [18], cystatyn — papaine i kazeing, po uprzedniej
inaktywac;ji a,-MG [19]. Postuzono sie proteinazami o ak-
tywnosci uwalniajacej produkt reakcji w ilosci odpowia-
dajacej absorbancji okoto 0,5 i rozcienczeniami osocza
hamujacymi okoto 50% aktywnosci proteinazy. Wyniki
przedstawiono w procentach, przyjmujac za 100% aktyw-
no$¢ poszczegodlnych inhibitorow w osoczu krwi u oséb
zdrowych.

Stezenie inhibitoréw proteinaz w osoczu oznaczono
nefelometryczng metodg immunochemiczng z uzyciem
odczynnikéw firmy Dade Behringer (Niemcy) w przypad-
ku: a,-AP, a;-ACT i a,-MG; Roche Diagnostics (Francja)
w przypadku a,-API i AT-lll; Dako, A/S Copenhagen
(Dania) w przypadku cystatyny C; postugujac sie firmo-
wymi przepisami metodycznymi. Biatko oznaczono me-
toda biuretowg [20].

Uzyskane wyniki poddano analizie statystycznej przy
uzyciu testu ¢t-Studenta. Wartosci p < 0,05 przyjeto jako
istotne statystycznie.

Wyniki

W osoczu krwi u chorych z tetniakiem aorty stwier-
dzono znacznie wyzszg aktywnos$é a;,-AP niz u oséb zdro-
wych (tab. I). Aktywnosé a,-ACT, a,-MG i a,-API nie roznita
sie w porownywanych grupach. Aktywnos¢ AT-lIl i aktyw-
no$¢ cystatyn C2w osoczu krwi u chorych z tetniakiem aorty
pozostawata natomiast nizsza niz u oséb zdrowych.

Obserwowano wyzsze stezenie a;-AP w osoczu krwi
u chorych z tetniakiem niz w osoczu krwi oséb zdrowych
(tab. Il). Stezenie a,-ACT, a,-MG i a,-APl w osoczu byfo
zblizone w obu badanych grupach, natomiast stezenie
AT-lll i stezenie cystatyny C w osoczu krwi u chorych
z tetniakiem aorty byto nizsze niz u oséb zdrowych.

Stezenie biatka w osoczu krwi u chorych z tetniakiem
aorty wynosito 75,2 mg/ml, w osoczu u oséb zdrowych
— 74,8 mg/ml.

Tabela . Aktywnos¢ serpin i cystatyn w osoczu krwi u cho-
rych z tetniakiem aorty brzusznej

Table I. Activity of serpins and cystatins in blood plasma of
patients with abdominal aortic aneurysm

(a,-API), thrombin and fibrinogen to determine antithrom-
bin Il (AT-Ill) [18], papain and casein after the previous
inactivation of ,-MG to determine cystatins activity [19].
Proteinases of the activity releasing reaction products
corresponding to the absorbance about 0.5 and plasma
solutions inhibiting about 50% of the proteinase activity
were employed. The results were presented as a per-
centage assuming that the activity of particular inhibi-
tors in the blood plasma of healthy subjects was 100%.
The concentration of proteinase inhibitors in the plasma
was determined by the nephelometric immunochemical
method using reagents produced by Dade Behringer
(Germany) in the case of a;-AP, a;-ACT, and a,-MG; Roche
Diagnostics (France), in case of a,-API and AT-lIl; Dako,
A/S Copenhagen (Denmark) in case of cystatin, accord-
ing to the maker’s methodology. Protein was determined
by the biuret method [20].

The results were statistically analyzed using the ¢-Stu-
dent test. The values p < 0.05 were accepted as statisti-
cally significant.

Results

The activity of a;-AP was markedly higher in the blood
plasma of patients with aortic aneurysm than in the blood
plasma of healthy subjects (Tab. ). The activities of
a-ACT, a,-MG and «,-API did not differ between particu-
lar groups. However, the activity of AT-lll and of cystatins
in the blood plasma of patients with aortic aneurysm were
lower than in the plasma of healthy subjects.

The concentration of «;-AP in blood plasma of pa-
tients with aortic aneurysm was higher than in healthy
subjects (Tab. ll). The concentrations of «;-ACT, a,-MG
and a,-APIl were similar in both examined groups. How-
ever, the concentration of AT-lll and of cystatin C in the
blood plasma of patients with aortic aneurysm were lower
than in the blood plasma of healthy subjects. The blood

Tabela Il. Stezenie serpin i cystatyn w osoczu krwi u chorych
z tetniakiem aorty brzusznej

Table ll. Concentration of serpins and cystatins in blood plas-
ma of patients with abdominal aortic aneurysm

Aktywno$¢ inhibitora (%) Osocze krwi
Inhibitor activity (%) Blood plasma
Chorzy z tetniakiem aorty Osoby zdrowe
Aortic aneurysm patients Healthy subjects
a-AP 182,5%* 100,0
a-ACT 116,9 100,0
a,MG 94,9 100,0
a;,-APl 93,3 100,0
AT 77.8** 100,0
Cystatyny 75,0%% 100,0
Cystatins

Réznica istotna statystycznie w poréwnaniu z osobami zdrowymi:*p < 0,05,*p < 0,001
Statistically significant differences in comparison to healthy subjects: *p < 0.05, **p < 0.001

Stezenie inhibitora [mg/ml] Osocze krwi
Concentration of inhibitor Blood plasma
[mg/ml]
Chorzy z tetniakiem aorty Osoby zdrowe
Aortic aneurysm patients Healthy subjects
a;-AP 3360,4** 2840,0
a;-ACT 439,0 388,0
a,MG 1840,0 1910,0
aAPI 69,0 76,0
AT-lIl 230,0* 252,0
Cystatin C 1,34* 1,54
Réznica istotna statystycznie w poréwnaniu z osabami zdrowymi:*p < 0,05,*p < 0,001
Statistically significant differences in comparison to healthy subjects: *p < 0.05, **p < 0.001
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Dyskusja

Wyzsza aktywnos$¢ i stezenie «,-AP w osoczu krwi
u chorych z tetniakiem aorty, jako biatka ostrej fazy, po-
wstajg w wyniku ogodlnoustrojowej reakcji na tkanke pa-
tologiczng jaka jest tetniak i zmienione zapalnie tkanki
otaczajgce [21-27]. Aktywnos¢ i stezenie a,-ACT, a,-MG
oraz a,-API, niebedacych biatkami ostrej fazy, nie ulegaja
zmianie. Obnizona aktywnos¢ i stezenie AT-lll w osoczu
krwi u chorych z tetniakiem aorty wskazujg na aktywacje
krzepniecia krwi, powstawanie trombiny, jej neutraliza-
cje przez ten inhibitor i powstawanie kompleksu trombi-
na-antytrombina (TAT, thrombin-antithrombin complex).
Przypuszczenie to znajduje potwierdzenie w pi$miennic-
twie [28]. Aktywnos$¢ i stezenie w osoczu krwi cystatyny
C, bedacej inhibitorem katepsyn B, K i L, jest nizsze
u chorych z tetniakiem aorty niz u oséb zdrowych. Wynik
ten potwierdza obserwacje innych autoréw [5].

Brak a;-AP, a,-ACT i AT-lll w écianie aorty prawidtowe;j
i w §cianie tetniaka aorty wskazuje, ze inhibitory te nie prze-
chodza z osocza krwi do $ciany aorty nawet w przypadku
podwyzszenia ich stezenia we krwi [3]. Aktywnos$¢ i ste-
zenie cystatyn w $cianie tetniaka aorty sg nizsze niz
w $cianie aorty prawidtowe;j [2, 29]. Skrzeplina przyscienna
wypetniajgca tetniak nie zawiera antyplazmin i AT-Ill [30],
a aktywnos¢ cystatyn jest w niej niewielka [12, 31].

Uzyskane wyniki potwierdzajg wcze$niejsze spostrze-
zenie wskazujgce, ze tetniakowi aorty, jako miejscowemu
procesowi chorobowemu, towarzyszy ogoélnoustrojowa
reakcja zapalna z zaburzeniami rownowagi proteinaza-
-antyproteinaza i aktywacjg krzepniecia krwi.

W rozwazaniach nad patomechanizmem powstawa-
nia i rozwoju tetniaka nalezy uwzgledni¢ udziat proteinaz
i inhibitoréw proteinaz nie tylko $ciany tetniaka, ale takze
skrzepliny przysciennej wypetniajacej tetniak oraz oso-
cza krwi i sktadnikéw morfotycznych krwi.

Whioski

Tetniakowi aorty towarzyszy odczyn ogdlnoustrojo-
wy przejawiajgcy sie zwiekszeniem aktywnosci i steze-
nia a,-AP oraz obnizeniem aktywnosci i stezenia AT-lII
i cystatyn C. Wskazuje to na zaburzenia réwnowagi pro-
teinaza-antyproteinaza i aktywacje krzepniecia krwi u cho-
rych z tetniakiem aorty.
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plasma protein level in patients with aortic aneurysm was
75.2 mg/ml and 74.8 mg/ml in the healthy subject group.

Discussion

The higher level of activity and concentration of a;-AP
as a protein of acute phase in the blood plasma of pa-
tients with aortic aneurysm result from a systemic reac-
tion to pathological tissue, as is in the case of the sur-
rounding tissues which have changed because of inflam-
mation [21-27]. The activities and concentrations of
a1-ACT, a,-MG and a,-APl which are not proteins of acute
phase do not change. Decreased activity and concentra-
tion of AT-lll in the blood plasma of patients with aortic
aneurysm points to the activation of blood coagulation,
the formation of thrombin, its neutralization by this in-
hibitor and the formation of the complex thrombin-anti-
thrombin (TAT). This suggestion is confirmed by the lit-
erature data [28]. The activity and concentration of
cystatin C, an inhibitor of cathepsin B, cathepsin K and
cathepsin L are lower in blood plasma of patients with
aortic aneurysm than in the plasma of healthy subjects.
Other authors confirm these observations [5].

The absence of «;-AP and «;-ACT and AT-Ill in the
wall of the normal aorta and in the wall of the aortic an-
eurysm shows that these inhibitors do not penetrate the
aortic wall from the blood plasma even in the case of
their increased concentration in blood [3]. The activity
and concentration of cystatins in the wall of the aortic
aneurysm are lower than in a normal aorta [2, 29]. A pa-
rietal thrombus filling aneurysm does not contain
antiplasmins and AT-IIl [30] and the activity and concen-
tration of cystatins is low [12, 31].

The obtained results confirm earlier observations
showing that aortic aneurysm is a local pathological
process and that it is accompanied by a systemic in-
flammatory reaction with disturbances of the protein-
ases-antiproteinases balance and the activation of blood
coagulation.

The role of proteinases and proteinase inhibitors in
the wall of the aortic aneurysm and in the parietal throm-
bus filling aneurysm as well as in plasma and morphotic
components of blood should be taken into account when
considering the pathomechanism of the formation and
growth of the aneurysm.

Conclusions

Abdominal aortic aneurysm is accompanied by a sys-
temic reaction of the organism manifested by the in-
creased activity and concentration of «;-AP, the de-
creased activity and concentration of AT-lll and the de-
creased activity and concentration of cystatins in the
blood plasma. It points at the disturbance of the protein-
ases-antiproteinases balance and activation of blood
coagulation in patients with aortic aneurysm.
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