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Abstract
Background. Extracellular matrix remodelling of the aortic wall plays an important role in abdominal aortic
aneurysm (AAA) pathogenesis. With progress of the disease, elastin content decreases and the contents of
collagen precursor forms increase in the AAA wall; however, total collagen content does not show any signi-
ficant changes. The aim of the study was to evaluate the following factors involved in collagen metabolism:
insulin-like growth factor | (IGF-I) and its binding proteins (IGFBP-1 and IGFBP-3), as well as metalloprotein-
ases (MMP-1, MMP-2 and MMP-9) in the AAA wall when compared to the wall of normal aorta.
Material and methods. The studied material consisted of AAA walls that were collected during elective
surgical treatment of 30 patients in the age range 65 = 10 years. The AAA diameter was 80 + 20 mm.
Normal abdominal aortas from 10 organ donors in the age range 34 =+ 5 years were the control material.
Contents of IGF-1, IGFBP-1 and IGFBP-3 were evaluated according to radioimmunometric methods. Expres-
sion of MMP-1, MMP-2 and MMP-9 was also assessed.
Results. It was demonstrated that IGF-I content was decreased, whereas content of IGFBP-1 and IGFBP-3
were increased in the AAA wall when compared to the wall of normal aorta. Furthermore, increased intensity
of MMP-1, MMP-2 and MMP-9 expression was found in the AAA wall in comparison with the wall of normal
aorta.
Conclusions. Insulin-like growth factor | content and its bioavailability are decreased in the AAA wall when
compared to the wall of normal aorta in young subjects. This may impede regeneration of collagen degraded
by metalloproteinases (collagenase, gelatinases), increased expression of which is present in the AAA wall.
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Streszczenie
Wstep. Przebudowa macierzy pozakomdrkowej Sciany aorty odgrywa istotnq role w patogenezie tetniaka
aorty brzusznej (AAA). Wraz z postepem choroby w jego $cianie zmniejsza sie zawartosc elastyny i zwieksza
sie zawartos¢ prekursorowych form kolagenu, podczas gdy catkowita zawartosc tego biatka nie ulega istotnym
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zmianom. Celem pracy byta ocena nastepujgcych czynnikow regulujgcych metabolizm kolagenu: insulinopo-
dobnego czynnika wzrostu typu | (IGF-1) i jego biatek wigzqcych (IGFBP-1 i IGFBP-3) oraz metaloproteinaz
(MMP-1, MMP-2, MMP-9) w $cianie TAB w poréwnaniu ze $cianqg aorty prawidfowey.

Materiat i metody. Materiat do badar stanowity sciany AAA o srednicy 80 = 20 mm pobrane od 30 chorych
w wieku 65 # |0 lat podczas planowych zabiegéw operacyjnych. Materiatem kontrolnym byty prawidfowe
aorty brzuszne |0 dawcdw narzgdow w wieku 34 + 5 lat. Metodami radioimmunologicznymi oznaczono
stezenie IGF-I, IGFBP-1 i IGFBP-3. Oceniono réwniez ekspresie MMP-1, MMP-2 oraz MMP-9.

Wyniki. Wykazano, ze zawartos¢ IGF-I zmniejsza sie, natomiast zawartos¢ IGFBP-1 oraz IGFBP-3 zwigk-
sza sie w scianie AAA w poréwnaniu ze sciang aorty kontrolnej. Ponadto stwierdzono wiekszg intensywnosc
ekspresji MMP-1, MMP-2 oraz MMP-9 w Scianie AAA w pordwnaniu ze $ciang aorty kontrolnej.

Whioski. W scianie AAA zmniejsza sie zawartos¢ oraz biodostepnosc IGF-I w poréwnaniu ze sciang aorty
prawidfowej u 0oséb mtodych. Proces ten moze utrudniac¢ odtwarzanie kolagenu degradowanego przez meta-
loproteinazy (kolagenaze, zelatynazy), ktdrych zwigkszona ekspresja wystepuje w Scianie AAA.

Stowa kluczowe: IGF-I, IGFBP-1, IGFBP-3, MMP-1, MMP-2, MMP-9, tetniak aorty brzusznej

Introduction

In spite of increasing incidence of abdominal aortic
aneurysm (AAA) in developed countries, the particu-
larly complex pathogenesis of the disease has still not
been fully explained [1-3]. One of the key steps in AAA
development is extracellular matrix remodelling of the
aortic wall that diminishes its elasticity and resistance
[4, 5]. The mechanical properties of arteries are deter-
mined by main extracellular proteins, namely elastin and
collagen [6]. Decreased elastin content with a changed
architecture of its fibres was demonstrated in the AAA
wall [7, 8]. The process, which is unfavourable from
a mechanical point of view, is compensated by a distur-
bed collagen metabolism [9-1 I]. Consequently, incre-
ased content of collagen type | and Ill precursor forms,
as well as impairment of collagen fibre integration, are
present in the AAA wall [10, 12].

The exact recognition of the mechanisms leading to
the disturbed collagen metabolism in the AAA wall is
quite hard because the tissue content of the protein
results from coexisting processes of biosynthesis and
degradation, which are further controlled by many fac-
tors [13]. The strongest known stimulator of collagen
biosynthesis is insulin-like growth factor | (IGF-1) [14].
It is synthesized mainly in the liver; however, demon-
stration of its synthesis in other organs have extended
the concept of its action from endocrine to paracrine
and autocrine [15, 16]. Insulin-like growth factor | through
membrane receptors activates gene replication and
transcription, as well as protein synthesis (collagen,
among others) [17]. It is present in its free form and in
complexes with binding proteins (IGFBPs); however,
their role has still not been clearly explained [18].

Wstep

Mimo statego wzrostu zapadalnosci na tetniaki aor-
ty brzusznej (AAA) w spoteczenistwach krajéw rozwi-
nietych, nie wyjasniono w petni zlozonej patogenezy
choroby [1-3]. Jednym z kluczowych etapéw w roz-
woju AAA jest przebudowa macierzy pozakomoérko-
wej $ciany aorty, ktéra wiaze sig z utrata jej sprezysto-
$ci i wytrzymatosci [4, 5]. Wtasciwosci mechaniczne
tetnic warunkuja gtéwne biatka pozakomoérkowe — ela-
styna i kolagen [6]. W $cianie AAA stwierdzono zmniej-
szong zawartos¢ elastyny o zmienionym ukfadzie archi-
tektonicznym jej widkien [7, 8]. Ten niekorzystny pod
wzgledem mechaniki proces jest kompensowany zabu-
rzonym metabolizmem kolagenu [9-1 I]. Jego nastep-
stwem jest zwiekszona zawarto$é prekursorowych
form kolagendéw typu | i lll oraz zaburzony proces fi-
brogenezy kolagenu w scianie AAA [10, 12].

Poznanie mechanizméw lezacych u podstaw zabu-
rzonego metabolizmu kolagenu w $cianie AAA jest trud-
ne, poniewaz zawartos$¢ tego biatka w tkankach jest
wypadkowa wspdtistniejacych proceséw biosyntezy
i degradaciji, pozostajacych pod kontrola wielu czynni-
kow [13]. Najsilniejszym stymulatorem biosyntezy kola-
genu jest insulinopodobny czynnik wzrostu typu |
(IGF-I) [14]. Jest on syntetyzowany przede wszystkim w
watrobie, ale réwniez w innych narzadach, a wykazanie
jego syntezy w tkankach pozawatrobowych poszerzyto
koncepcje dziatania IGF-I z pierwotnie endokrynnej do
parakrynnej oraz autokrynnej [ 15, 16]. Czynnik wzrostu
dziata za pomoca komérkowych receptoréw btonowych,
aktywuijac procesy replikacji i transkrypcji genéw oraz
syntezy biatka (m.in. kolagenu) [17]. Insulinopodobny
czynnik wzrostu typu | wystepuje w formie wolnej
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IGFBP-1 is believed to act as an IGF-I inhibitor, where-
as IGFBP-3 is thought to play the role of growth factor
reservoir [19].

Collagen degradation under physiological conditions
proceeds in two phases: extracellular and intracellular.
Specific matrix metalloproteinases (MMP) are the en-
zymes which are responsible for the extracellular phase
of protein degradation. One of these is interstitial colla-
genase (MMP-1). It degrades collagen to tropocollagen
A and tropocollagen B, which undergo denaturation at
body temperature and become susceptible to the ac-
tion of nonspecific proteases. Furthermore, gelatinases
A (MMP-2) and B (MMP-9) also play an important role
in collagen degradation [20, 21].

The aim of the study was to evaluate some factors
involved in the regulation of collagen metabolism: ana-
bolic ones — insulin-like growth factor | (IGF-1) and its
binding proteins (IGFBP-1 and IGFBP-3), as well as ca-
tabolic ones — metalloproteinases (MMP-1, MMP-2 and
MMP-9) in the AAA wall, when compared to the wall of
normal aorta.

Material and methods

The research was conducted after protocol appro-
val by the Committee for Ethics and Supervision of Hu-
man and Animal Research of the Medical University of
Bialystok. The studied material consisted of AAA walls
obtained from 30 patients undergoing elective surgery,
including 22 men and 8 women, aged 65 * |0 years.
The mean AAA diameter was 80 + 20 mm. Segments
of abdominal aorta without macroscopically observable
pathological lesions of 10 young organ donors (aged
34 + 5 years) were the control material. After mural
thrombus and surrounding tissue removal, the collec-
ted material was washed with ice-cold 0.15 M NaCl
solution, dried and stored at —70°C [22]. 20% w/v tis-
sue homogenates were prepared in 0.05 M Tris-HCI
buffer (pH 7.6) with a knife (20,000 rpm, 2 x 30's, 4°C)
and an ultrasound (20 kHz, 3 x |5 s, 4°C) homogeni-
ser, respectively. After centrifugation (10,000 x g,
30 min., 4°C), the supernatants were used for further
measurements. The protein content was determined
according to Bradford’s method [23].

Insulin-like growth factor |
and its binding protein content assessment

500 ul of tissue homogenate was submitted to gel
filtration on Bio-gel P-60 and eluted with | M acetic acid.
Fractions of | ml were collected. To determine the
position of IGF-1 in eluate, the growth factor was label-
led with J'®. Fractions containing IGF-1 were pooled
and evaporated to dry mass in vacuum conditions at

i w kompleksach z biatkami wigzacymi (IGFBPs) [18]. Do-
tychczas nie wyjasniono ostatecznie ich roli. Przypuszcza
sie, iz IGFBP- jest inhibitorem dziatania IGF-I, natomiast
IGFBP-3 jest biatkiem petniagcym funkcje rezerwuaru czyn-
nika wzrostu [19].

W warunkach fizjologicznych degradacja kolagenu
przebiega w dwdch etapach: pozakomoérkowym i wew-
natrzkomoérkowym. Enzymy odpowiedzialne za degra-
dacje pozakomoérkowa tego biatka sg specyficznymi
metaloproteinazami macierzy (MMP). Jedna z nich jest
kolagenaza fibroblastéw (MMP-1), ktéra trawi kolagen
do tropokolagenéw A i B. Powstajace produkty degra-
daciji ulegaja denaturacji w temperaturze ciata i staja sie
podatne na dziatanie nieswoistych proteinaz. W degra-
dacji kolagenu istotne znaczenie maja rowniez zelaty-
nazy A (MMP-2) i B (MMP-9) [20, 21].

Celem pracy jest ocena wybranych czynnikéw
regulujagcych metabolizm kolagenu: anabolicznych
— IGF-lijego biatek wigzacych (IGFBP-1 i IGFBP-3) oraz
katabolicznych — metaloproteinaz (MMP-1, MMP-2,
MMP-9) w $cianie tetniaka aorty brzusznej w poréwna-
niu ze $ciang aorty prawidtowe;.

Material i metody

Badania przeprowadzono po uzyskaniu zgody Komi-
sji Bioetycznej Akademii Medycznej w Biatymstoku. Ma-
teriat do badan stanowity $ciany AAA pobrane podczas
planowych operacji od 30 chorych, w tym 22 mezczyzn
i 8 kobiet (wiek 65 =+ 10 lat). Srednica tetniakéw wyno-
sita 80 = 20 mm. Materiat kontrolny stanowity aorty
brzuszne bez makroskopowych zmian patologicznych
pobrane od 10 mfodych dawcéw narzadéw (wiek 34 =+
*+ 5 lat). Po usunieciu skrzepliny przysciennej oraz tka-
nek otaczajacych materiat badany i kontrolny ptukano
w 0,15 M oziebionym roztworze NaCl, osuszano i prze-
chowywano w temperaturze —70°C [22]. Do badan spo-
rzadzono 20-procentowy (w/v) homogenat w ozigbio-
nym 0,05 M buforze Tris-HCl o pH 7,6 za pomoca ho-
mogenizatora nozowego (20 000 rpm, 2 X 30 s, 4°C),
a nastepnie ultradzwigkowego (20 kHz, 3 x 155, 4°C).
Po odwirowaniu (10 000 x g, 30 min, 4°C) supernatant
wykorzystywano do kolejnych oznaczen. Zawartos¢ biat-
ka oznaczano wedtug metody Bradforda [23].

Ocena stezenia insulinopodobnego czynnika
wzrostu | i jego biatek wiazacych

Kwasem octowym (I M) eluowano 500 ul homo-
genatu naniesionego na kolumne chromatograficzng
wypetniona Bio-gelem P-60, zbierajac | ml frakcje.
W celu okreslenia pozycji IGF-I w zbieranych frakcjach
czynnik wzrostu znakowano jodem J'*. Frakcje zawie-
rajace IGF-I faczono i zageszczano poprzez odparo-
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room temperature. The obtained material was used for
radioimmunometric measurements. The following com-
mercially available kits were used for evaluation: IGF-|
content (catalogue number IS 53065; Incstar Corpora-
tion, Stillwater, MN, USA), IGFBP-1 content (catalogue
number DSL-7800; Diagnostic System Laboratories Inc.,
Webster, TX, USA) and IGFBP-3 content (catalogue
number DSL-6600; Diagnostic System Laboratories
Inc.). The obtained results were expressed in ng per g
of tissue.

Matrix metalloproteinases expression assessment

Sodium dodecyl sulphate/polyacrylamide gel elec-
trophoresis (SDS/PAGE) was performed according to
the method described by Laemmli [24]. Samples of
tissue supernatants containing 20 ug of protein were
subjected to electrophoresis. The following molecu-
lar mass standards were used: 208.8 kDa, 119.8 kDa,
99.1 kDa, 52.8 kDa, 37.6 kDa and 28.8 kDa (Bio-Rad;
Hercules, CA, USA). After SDS / PAGE, the gels were
allowed to equilibrate in 25 mM Tris, 0.2 M L-glycine,
20% (v/v) methanol for 5 minutes, and the proteins
were transferred to 0.2 um pore diameter nitrocel-
lulose membranes (Sigma Aldrich Chemie GmbH, Ste-
inheim, Germany) at 100 mA with Semi-Dry Blotter
(Sigma Aldrich Chemie GmbH). Nitrocellulose mem-
branes were then incubated with one of the follo-
wing primary monoclonal antibodies: against MMP-|
(catalogue number MAB901; R&D Systems Inc., Min-
neapolis, MN, USA), against MMP-2 (catalogue num-
ber MAB9021; R&D Systems Inc.), or against MMP-9
(catalogue number MAB9091; R&D Systems Inc.) at
1:1000 dilutions in 5% dried defatted milk in TBS-T
(20 mM Tris-HCI buffer, pH 7.4; 150 mM NaCl;
0.05% (v/v) Tween 20) for | hour. To evaluate MMP
expression, species-specific secondary antibodies
were added at 1:5000 dilutions. Incubation was con-
tinued for 30 minutes with continuous shaking. After
that, nitrocellulose membranes were washed with
TBS-T (5 times for 5 minutes) and stained with
Sigma-Fast BCIP/NBT reagent (Sigma Aldrich Che-
mie GmbH).

Statistical analysis
Statistical analysis was carried out using Student’s
t-test, accepting p < 0.05 as significant, after verifica-
tion of the data with Shapiro-Wilka and Lillieforsa tests.
Mean values =+ standard deviations are presented.

Results
Contents of IGF-1 and its binding proteins (IGFBP-I,
IGFBP-3) in investigated tissues are shown in Figure |.

220
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Figure I. Contents of IGF-I, IGFBP-| and IGFBP-3 in the
walls of control aorta and abdominal aortic aneurysm (AAA).
Differences are statistically significant when compared to the
wall of control aorta (*p < 0.05)

Rycina |. Zawartos¢ IGF-I, IGFBP-1 i IGFBP-3 w $cianach
aorty kontrolnej i tetniaka aorty brzusznej (AAA). Roznice
Znamienne statystycznie w poréwnaniu z aortg kontrolng
(*p < 0,05)

wanie w prézni w temperaturze pokojowej. Uzyskany
materiat zastosowano do badan radioimmunologicz-
nych. W ocenie stezenia wykorzystano nastgpujace
komercyjne zestawy: IGF-1 (nr kat. IS 53065; Incstar
Corporation, Stillwater, MN, Stany Zjednoczone),
IGFBP-1 (nr kat. DSL-7800; Diagnostic System Labo-
ratories Inc., Webster, TX, Stany Zjednoczone) oraz
IGFBP-3 (nr kat. DSL-6600; Diagnostic System Labo-
ratories Inc.). Uzyskane wyniki wyrazono w ng w prze-
liczeniu na g tkanki.

Ocena ekspresji metaloproteinaz macierzy
Elektroforeze biatek w zelu poliakrylamidowym
w warunkach redukujacych (SDS-PAGE) przeprowadzo-
no wedlug metody opisanej przez Laemmli'ego [24].
Elektroforezie poddano prébki ptynu nadosadowego
zawierajacego 20 ug biatka. Zastosowano nastepujace
standardy mas czasteczkowych: 208,8 kDa, |19,8 kDa,
99,1 kDa, 52,8 kDa, 37,6 kDa i 28,8 kDa (Bio-Rad; Her-
cules, CA, Stany Zjednoczone). Po zakonczeniu elek-
troforezy zele ptukano przez 5 minut w buforze zawie-
rajagcym 25 mM Tris, 0,2 M L-glicyne i 20-procentowy
(v/v) metanol. Nastepnie przeprowadzono elektrotrans-
fer biatek na membrane nitrocelulozowa o $rednicy
poréw 0,2 um (Sigma Aldrich Chemie GmbH; Stein-
heim, Germany) przy stalym natezeniu pradu 100 mA
za pomoca Semi-Dry Blottera (Sigma Aldrich Chemie
GmbH). Membrany nitrocelulozowe po zakonczeniu
transferu inkubowano przez godzing z jednym z naste-
pujacych przeciwciat pierwotnych: anty MMP-1 (nr kat.
MAB90I; R&D Systems Inc., Minneapolis, MN, Stany
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Figure 2. Expression of MMP-1 (A), MMP-2 (B) and MMP-9 (C) in the walls of control aorta (lane |) and abdominal aortic aneurysm
(lane 2). The supernatant containing 20 ug of protein was run in each lane. The analysis was performed on pooled homogenates from
the walls of 30 AAA and 10 control aortas. The positions of molecular mass standards are indicated on the left side

Rycina 2. Ekspresja MMP-1 (A), MMP-2 (B) i MMP-9 (C) w scianach aorty kontrolnej (linia |) i tetniaka aorty brzusznej (linia 2).
Elektroforezie poddano probki ptynu nadosadowego zawierajacego 20 ug biatka, ktére uzyskano z potaczonych homogenatow
$cian 30 AAA i 10 aort kontrolnych. Po lewej stronie zaznaczono pozycje standardéw mas czasteczkowych

Insulin-like growth factor | content in the AAA wall
(48 = 10.4 ng/g of tissue) was decreased (p < 0.05) when
compared to the wall of normal aorta (82 = 32.4 ng/g of
tissue). In contrast, IGFBP-I content in the AAA wall
(32 = 17.5 ng/g of tissue) was increased (p < 0.05) in
comparison with the wall of normal aorta (11 = 5.4 ng/g
of tissue). Similarly, IGFBP-3 content in the AAA wall
(132 = 56.4 ng/g of tissue) was also increased (p < 0.05)
when compared to the wall of normal aorta (70 + 39.7 ng/g
of tissue).

Matrix metalloproteinases expression in the investiga-
ted tissues is shown in Figure 2. The presence of MMP-|
(Figure 2A), MMP-2 (Figure 2B) and MMP-9 (Figure 2C)
was demonstrated in the wall of AAA, as well as in the
wall of normal aorta. The expression intensity of all in-
vestigated MMPs was increased in the AAA wall (lane
2), when compared to the wall of normal aorta (lane I).

Discussion

Extracellular matrix remodelling of the aortic wall
plays an important role in AAA pathogenesis. With pro-
gress of the disease, elastin content decreases and the
contents of collagen type | and Il precursor forms in-
crease in the AAA wall [3, 10].

One of the strongest factors stimulating collagen bio-
synthesis is IGF-1 [14, 15]. Its activity depends on the
availability of its free form, in which tissue content is
estimated at less than 1% of total IGF-1. The remaining
growth factor is bound to one of its binding proteins,

Zjednoczone), anty MMP-2 (nr kat. MAB9021; R&D
Systems Inc.) lub anty MMP-9 (nr kat. MAB9091; R&D
Systems Inc.) rozcienczonych w stosunku 1:1000 w roz-
tworze 5-procentowego odttuszczonego mleka w TBS-T
(20 mM bufor Tris-HCI, pH 7,4; 150 mM NaCl; 0,05%
(v/v) Tween 20). W ocenie ekspresji MMPs zastosowa-
no gatunkowo swoiste przeciwciata drugorzedowe
w rozcienczeniu 1:5000. Inkubacje przeprowadzano
przez 30 minut z ciagglym mieszaniem. Nastepnie mem-
brany nitrocelulozowe przeptukano TBS-T (5 x po
5 min) i barwiono za pomoca Sigma-Fast BCIP/NBT
(Sigma Aldrich Chemie GmbH).

Analiza statystyczna
Uzyskane wyniki poddano analizie statystycznej za
pomoca testu t-Studenta, po ich wczesniejszej weryfi-
kacji przy uzyciu testow Shapiro-Wilka i Lillieforsa.
Za znamienne statystycznie przyjmowano réznice przy
p < 0,05. Przedstawiono wartosci srednie = odchyle-
nie standardowe.

Wyniki

Zawarto$¢ IGF-| oraz jego biatek wigzacych (IGFBP-1,
IGFBP-3) w badanych tkankach przedstawiono na ryci-
nie |. Zawartos¢ IGF-I w scianie AAA (48 = 10,4 ng/g
tkanki) w poréwnaniu ze $ciang aorty kontrolnej (82 +
*+ 32,4 ng/g tkanki) jest mniejsza (p < 0,05). Natomiast
zawarto$¢ IGFBP-1 w $cianie AAA (32 = 17,5 ng/g tkan-
ki) w poréwnaniu ze $ciang aorty kontrolnej (1 | =+ 5,4 ng/g
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which compete with cell receptors for IGF-1 and in this
way determine growth factor bioavailability [18, 25].
Performed studies have demonstrated decreased IGF-I
content and increased contents of its binding proteins
(IGFBP-1, IGFBP-3) in the AAA wall when compared to
the wall of normal aorta. Decreased IGF-| content may
diminish collagen biosynthesis in the AAA wall, and the
process is further accelerated by decreased IGF-| bio-
availability for cell receptors which is a result of incre-
ased contents of IGFBP-1 and IGFBP-3.

It can be supposed that other mechanisms should
be responsible for increased synthesis of collagen pre-
cursor forms in the AAA wall. It was found that heparan
sulphate modifies the phenotype of smooth muscle cells
(SMC) in the arterial wall. Its decreased content in extra-
cellular compartments diminishes the contractile pro-
perties of these cells on the one hand and on the other,
stimulates them to synthesis of extracellular matrix com-
ponents [26]. Thus, decreased content of heparan sul-
phate and its accelerated degradation, which were de-
monstrated in the AAA wall in previous studies, may
explain the increased synthesis of collagen precursor
forms [I1, 27].

Total collagen content in the AAA wall does not show
any significant changes in comparison with the wall of
control aorta, in spite of increased contents of its precur-
sor forms [10, |1, 28]. Furthermore, increased content
of collagen degradation products was demonstrated in
the AAA wall [28]. These observations suggest increased
collagen degradation. Enzymes that play a key role in this
process are matrix metalloproteinases [29, 30].

The results of our studies demonstrated increased
expression of MMP-| in the AAA wall. The enzyme role
in the disease pathogenesis was confirmed previously
by other authors [31, 32]. It seems particularly impor-
tant because breakdown products of MMP-1 are capa-
ble of feedback enzyme activation, and the process is
not inhibited by tissue inhibitors of metalloproteinases
(TIMPs) [33].

It was shown in transgenic murine models that com-
plementary action of MMP-2 and MMP-9 is required
for AAA development [34]. It is supposed that AAA
expansion is associated with increased levels of MMP-2;
whereas, its rupture is linked to increased levels of
MMP-9 [30].

Our results demonstrated increased expression of
MMP-2 in the AAA wall. The enzyme is mainly derived
from SMC of media and adventitia. The changed pheno-
type of these cells, which was shown in the AAA wall, is
associated with the loss of their contractile properties
but simultaneously enhances MMP-2 synthesis by these
cells [35]. The phenomenon is confirmed by increased

tkanki) jest wieksza (p < 0,05). Réwniez zawarto$¢
IGFBP-3 w $cianie AAA (132 * 56,4 ng/g tkanki) w po-
réwnaniu ze $ciang aorty kontrolnej (70 = 39,7 ng/g
tkanki) jest wieksza (p < 0,05).

Ekspresje MMPs w badanych tkankach przedstawio-
no na rycinie 2. W $cianie AAA oraz aorty kontrolnej wy-
stepuje ekspresja MMP-1 (ryc. 2A), MMP-2 (ryc. 2B)
i MMP-9 (ryc. 2C). Intensywnosc ekspresiji wszystkich oce-
nianych metaloproteinaz jest wieksza w $cianie AAA (linia
2) w poréwnaniu ze $ciang aorty kontrolnej (linia 1).

Oméwienie wynikow

Przebudowa macierzy pozakomoérkowej ciany aorty
odgrywa istotna role w patogenezie AAA. Wraz z po-
stepem choroby w jego $cianie zmniejsza sie zawartosé
elastyny i zwigksza sig¢ zawarto$¢ prekursorowych form
kolagenu typu i lll [3, 10].

Jednym z najsilniejszych czynnikéw stymulujacych
biosynteze kolagenu jest IGF-I [14, 15]. Jego dziafanie
zalezy od dostepnosci wolnej postaci czynnika wzro-
stu, ktorej zawarto$¢ w tkankach ocenia sie na mniej
niz 1% catkowitego stezenia IGF-I. Pozostaty czynnik
wzrostu zwiazany jest z jednym z biatek wiazacych, ktére
konkurujac o IGF-I z jego receptorami komaérkowymi,
decyduja o jego biodostepnosci [18, 25]. W przepro-
wadzonych badaniach wykazano mniejsza zawartos¢
IGF-1 i wigeksza zawarto$¢ biatek wiazacych (IGFBP-|
oraz IGFBP-3) w $cianie AAA w pordwnaniu ze $ciang
aorty kontrolnej. Zmniejszona zawarto$¢ IGF-| sprzyja
zmniejszeniu biosyntezy kolagenu w scianie AAA. Zja-
wisko to pogfebia zmniejszona biodostepnosé¢ IGF-I dla
receptoréw komoérkowych, ktéra jest nastepstwem
zwigkszonej zawartosci IFGBP-1 i IGFBP-3.

Mozna zatem przypuszczad, ze za zwiekszong syn-
teze prekursorowych form kolagenu w $cianie AAA od-
powiada inny mechanizm. Stwierdzono, ze czynnikiem
modyfikujacym fenotyp komérek miesni gtadkich scia-
ny tetnic jest siarczan heparanu. Zmniejszenie jego za-
wartosci w przestrzeni pozakomérkowej powoduje
utrate wiasciwosci kurczliwych przez te komérki i jed-
noczesnie pobudza je do syntezy sktadnikéw macierzy
pozakomorkowej [26]. W zwiazku z tym za zwiekszong
synteze prekursorowych form kolagenu moze odpowia-
da¢ zmniejszona zawarto$¢ siarczanu heparanu i jego
nasilona degradacja wykazana w $cianie AAA we wcze-
$niejszych badaniach [1 I, 27].

Mimo zwiekszenia zawartosci prekursorowych form
kolagenu catkowita zawartos¢ tego biatka w Scianie AAA
nie ulega istotnym zmianom w poréwnaniu ze $ciang aorty
kontrolnej [10, 11, 28]. Ponadto w $cianie AAA wykaza-
no zwiekszong zawartos¢ produktéw degradacii kolage-
nu [28]. Powyzsze spostrzezenia sugeruja nasilong de-
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MMP-2 mRNA levels in the AAA wall [36]. It should also
be emphasized that a systemic overproduction of MMP-
2 in the vascular system was found in patients with AAA
[37]. Furthermore, there is a positive correlation betwe-
en MMP-2 levels in the AAA wall and its size. Thus, the
enzyme concentration is higher in the wall of large aneu-
rysms than in small or moderate ones [30].

An increased MMP-9 expression in the AAA wall was
also found in our study. It can result from increased le-
vels of MMP-9 mRNA in the AAA wall when compared
to the wall of normal aorta [38, 39]. Increased levels of
MMP-9 mRNA are typical for moderate AAA with a dia-
meter of 5-7 cm where they are higher than in small or
large AAA [40]. Furthermore, MMP-9 concentration is
also highest in the walls of moderate AAA [30].

The demonstrated increased MMP expression in
the AAA wall predisposes to enhanced collagen de-
gradation that plays a role in the disease pathogene-
sis and may favour AAA rupture [3]. However, ac-
cording to our results, we cannot exclude the possi-
bility of different MMP expressions, as well as IGF-I
and its binding protein concentrations at an earlier
stage of AAA formation or in the wall of ruptured AAA
because the studied material was obtained from pa-
tients undergoing elective surgical interventions. Fur-
thermore, in the performed studies, we compared
the AAA wall from patients aged 65 years to the nor-
mal aortic wall from young organ donors. The age
miss-match between the studied and control groups
may lead to physiological differences in the expres-
sion of factors involved in the regulation of the extra-
cellular matrix metabolism in the vascular wall [41].
However, the selection of studied and control gro-
ups in the same age would result in a comparison be-
tween the walls of AAA and abdominal aorta with an
atherosclerotic process, which is commonly present
in this age bracket. Whereas control aortas from
young subjects were free of atherosclerotic lesions,
in which decreased IGF-1 expression [42], as well as
increased expressions of IGFBP-1, IGFBP-3, MMP-2
and MMP-9, were demonstrated [43-45]. Thus, age
matched groups would not allow for completely
unbiased assessment of investigated factors involved
in collagen metabolism in the AAA wall.

Conclusions
Insulin-like growth factor | content and bioavailabi-
lity are decreased in the AAA wall when compared to
the wall of normal aorta in young subjects. This may
impede regeneration of collagen degraded by metallo-
proteinases (collagenase, gelatinases), increased expres-
sion of which is present in the AAA wall.

gradacje kolagenu, a enzymami odgrywajacymi kluczowa
role w tym procesie sa metaloproteinazy [29, 30].

W badaniach przeprowadzonych przez autoréw ni-
niejszej pracy wykazano zwigkszona ekspresje MMP-|
w $cianie AAA. Znaczenie enzymu w patogenezie cho-
roby potwierdzaja dotychczasowe badania innych au-
toréw [31, 32]. Prawdopodobnie jest ona szczegdlnie
istotna, poniewaz produkty degradaciji kolagenu powsta-
jace pod wptywem MMP-| aktywuja zwrotnie enzym,
a proces ten nie jest hamowany przez tkankowe inhibi-
tory metaloproteinaz (TIMPs) [33].

W badaniach doswiadczalnych przeprowadzanych na
myszach transgenicznych stwierdzono, ze do powsta-
wania AAA niezbedne jest synergistyczne dziatanie
MMP-2 i MMP-9 [34]. Przypuszcza sig, ze powigksza-
nie sie $rednicy AAA wiaze sie z podwyzszonym steze-
niem MMP-2, natomiast pekniecie AAA ma zwiazek ze
zwigkszonym stezeniem MMP-9 [30].

Wyniki badan przeprowadzonych przez autoréw ni-
niejszej pracy wykazaty zwiekszong ekspresje MMP-2
w $cianie AAA. Zrodiem enzymu sa przede wszystkim
komarki miesni gtadkich warstwy $rodkowej i przydan-
ki. Zmiana fenotypu tych komoérek, ktéra zaobserwo-
wano w $cianie AAA, wiaze sie z utratg ich wtasciwosci
kurczliwych, a jednoczesnie prowadzi do nasilenia synte-
zy MMP-2 w tych komérkach [35]. Zjawisko to potwier-
dza zwigkszona zawarto$¢ MMP-2 mRNA w $cianie AAA
[36]. Nalezy réowniez podkresli¢, ze u pacjentéw z AAA
stwierdzono uogdlniony wzrost syntezy MMP-2 w ukta-
dzie naczyniowym [37]. Ponadto zawartos¢ MMP-2
w $cianie AAA ulega podwyzszeniu wraz z powigksza-
niem sig jego $rednicy, a stezenie enzymu jest wyzsze
w $cianie duzych niz w $rednich i matych AAA [30].

Autorzy pracy stwierdzili takze zwigkszong ekspre-
sje MMP-9 w $cianie AAA. Moze ona wynikac ze zwiek-
szonej zawartosci MMP-9 mRNA w $cianie AAA w po-
réwnaniu ze $ciang aorty prawidtowej [38, 39]. Zwiek-
szona zawarto$¢ MMP-9 mRNA jest typowa dla AAA
o $rednicy 5-7 cm, w ktérych jest ona wieksza niz
w matych i duzych AAA [40]. Réwniez stezenie MMP-9
jest najwyzsze w $cianie $rednich AAA [30].

Wykazana zwigkszona ekspresja MMPs w $cianie
AAA predysponuje do nasilonej degradacji kolagenu,
co jest istotne w patogenezie choroby i moze sprzyja¢
peknieciu AAA [3]. Jednak na podstawie wynikéw ba-
dan przeprowadzonych przez autoréw niniejszej pra-
cy nie mozna wykluczy¢ innej ekspresji MMPs oraz ste-
zenia IGF-l i jego biatek wiazacych na wczesniejszym
etapie rozwoju choroby lub w $cianie peknietego AAA,
poniewaz badany material pochodzit od pacjentéow
poddawanych planowym zabiegom chirurgicznym.
Ponadto w wykonanych badaniach autorzy poréwnali
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