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INVESTIGACION BASICA

A subpopulation of large granular von Willebrand Ag
negative and CD105 positive endothelial cells, isolated from
abdominal aortic aneurysms, overexpresses ICAM-1 and

Fas antigen

Araceli Paez* Abel Archundia,** René Méndez Cruz,******* Emma Rodriguez,* Rebeca
Lopez Marure,* Felipe Masso,* José Luis Aceves,** Leopoldo Flores,*** Luis F Montafio*

Summary

The aim of this work was to determine whether
there is a pre-established basal condition of
the endothelial cells isolated from aortic abdo-
minal aneurysm that might augment immune
effector mechanisms and thus provide us an
insight into the possible causes of aneurysm
rupture. Endothelial cells isolated from saccu-
lar aortic aneurysm fragments were analyzed
by cytofluorometry for the expression of diffe-
rent immune response-related molecules. Our
results showed that there is a subpopulation
of granule-rich, CD105 positive and von Wille-
brand antigen negative endothelial cells that
have an enhanced basal expression of ICAM-
1, and Fas antigen, but, interestingly, no apop-
totic bodies were detected. Control endothe-
lial cells derived from healthy areas of the same
abdominal aortas did not show such enhanced
expression. We conclude that in the endothe-
lium that lines abdominal aorta aneurysms the-
re is, at least, one endothelial cell subpopula-
tion with an apparent inhibition of programmed

Resumen

UNA SUBPOBLACIONDE CELULAS ENDOTELIALES
GRANDESY GRANULARES, ANTIGENO VON
WILLEBRAND NEGATIVAS Y CD105P0sSITIVAS,
AISLADAS DE ANEURISMAS AORTICOSABDOMINALES,
SOBREEXPRESANCAM-1 v ANTIGENO Fas

El objetivo de este trabajo era determinar si en
las células endoteliales aisladas de aneurismas
abdominales aérticos existe alguna condicion
basal pre-establecida que incremente los meca-
nismos efectores inmunes y, por ende, nos pue-
da dar alguna pista acerca de los mecanismos
por los que los aneurismas se perforan. Se ais-
laron células endoteliales de fragmentos sacu-
lares de aneurismas adrticos abdominales per-
forados; la expresion de diferentes moléculas
relacionadas con la respuesta inmune fue anal-
izada por citofluorometria. Los resultados mos-
traron la presencia de una subpoblacion de cé-
lulas ricas en granulos citoplasmicos, CD105
positiva y antigeno de von Willebrand negativa
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cell death and in a proinflammatory activation que mostraba una sobreexpresién de ICAM-1y

status. de antigeno Fas, pero sin que hubiera cuerpos
apoptoticos. Las células endoteliales control
obtenidas de regiones sanas de la misma aorta
abdominal no mostraron sobreexpresion. En con-
clusién, creemos que dentro del endotelio que
recubre las regiones donde se forman aneuris-
mas, en la aorta abdominal existe una subpo-
blacién de células endoteliales que tienen inhib-
ido el proceso de muerte celular programada y
gue ademas se encuentran en un estado de ac-
tivacion proinflamatoria.
(Arch Cardiol Mex 2002; 72:99-104).
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Introduction ne effector mechanisms. Our results showed that
n aneurysm is defined as a pathologic abdominal aortic aneurysm endothelial cells have
A dilation of a segment of a blood vessel. an enhanced basal expression of ICAM-1, an
The most common pathologic conditio- adhesin responsible for leukocyte tethering, and
ns associated with an aortic aneurysm are athefas antigen, a molecule connected with CD-8
rosclerosis, now considered an inflammatory di- lymphocyte-induced apoptosis mechanisms.
seas®&? and hypertensiohput there is contro-
versy as to whether atherosclerosis itself actua-Material and methods
lly causes an abdominal aneurysm or developsFetal calf serum, L-glutamine, CPSR-3, antibio-
as a secondary event in the dilated aorta. Famitic mixture [100x], N-[2-hydroxy-ethylpiperazi-
lial clustering of abdominal aortic aneurysms ne-N"-[ethanesulfonic acid] (HEPES), fucose,
occur in patients with a point mutation in the gene bovine gelatine, Triton X-100, Tris, and porcine
for type Il procollagert,suggesting a heredita- heparin were purchased from Sigma Chemical
ry basis of the disease. An increased synthesis ofCo. (St. Louis, MO). M-199 medium with or
collagen Il has been implicatebut other addi-  without phenol red, type Il collagenase, RPMI-
tional causes, such as infectiam enhanced en- 1640, liquid trypsin-EDTA (1x) were from Gib-
zyme activity have also been considered. Re- co Laboratories (Grand Island, NY). Recombi-
cent studies of abdominal aortic aneurysms usingnant TNFe and endothelial cell growth supple-
complementary DNA expression arrays have ment were from Boehringer-Mannheim Bioqui-
demonstrated that the pattern of gene expressiomica (Mexico, D.F.). Purified mouse anti-human
reflects chronic inflammation, extracellular ma- Von Willebrand factor, rhodamine-labelled goat
trix degradation, atherosclerosis, and smoothanti-mouse 1gG, FITC-labeled mouse anti-human
muscle cell depletidnand that certain inflam- CD105, ICAM-1, and phycoeritrin-labeled
matory response cytokines are associated withmouse anti-human CD95 or CD95-L were from
the rate of expansion of abdominal aneury¥ms. Serotec (Raleigh, NC).
Seventy-five per cent of aneurysms in the abdo-Saccular aortic aneurysm fragments of 2-3 cm
minal aorta are associated with atherosclerosis.in lenght were obtained from three different in-
The most common complication of abdominal dividuals undergoing surgery repair for abdomi-
aorta aneurysm is ruptutewhich has an overall  nal aortic aneurysm at the Division de Cirugia
community mortality rate of 67%. Cardiovascular, CMN “20 de Noviembre”, ISS-
Since the cause of aneurysm rupture has not bee®TE. The diagnosis of aneurysm was done clini-
clearly elucidated we decided to determine whe- cally and through echocardiography. The frag-
ther the rupture of an aneurysm had some con-ments were kept in a special medium (M-199
nection with a pre-established basal condition of medium supplemented with 10% CPSR-3, 1x
the endothelial cells that might augment immu- antibiotics mixture, 10 mM HEPES, 0.2 mM L-
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glutamine) and brought within two hours of sam- aneurysm (AEC). The typical pattern of normal
pling, to the laboratory, where they were imme- endothelial cell§Fig. 1a)was replaced by more
diately processed. granulated, star-like and larger ce{Fg. 1b)
Endothelial cells from the aneurysm and normal which grew in a more deorganized pattéfiy.
abdominal aorta were obtained with 0.2% type 1c) and not in monolayers, as they usually do.
Il collagenase and were serially passed to gelati- An interesting observation was that the apparen-
ne-free flasks containing phenol-red M-199 me- tly normal endothelial cells modified their phe-
dium (Gibco Laboratories, Grand Island, NY) notype to that of cells isolated from the aneu-
and 20% heat-inactivated fetal calf serum and rysm after three culture passages. The cytofluo-
supplemented with HEPES (10 mM), penicillin  rometric analysis of the endothelial cells by size
(100 ug/mL), streptomycin (100 ug/mL), L-glu- and granularity allowed to recognize a subpopu-
tamine (2 mM), porcine heparin (5 IU/mL), and |ation that is highly granular and large in normal
endothelial cell growth supplement (40 ug/mL). (Fig. 2a)and aneurysm-deriveé#ig. 2c, Fig. 3a)
Trypsin-treated cells obtained from the flasks endothelial cells.

were extensively washed with 2% heat-inactiva- When Fas antigen was evaluated in the NEC sub-
ted fetal calf serum/HEPES saline solution set only 0.8% of them were positiversus2.8%
(HSS)(IM HEPES, 0.15 M NaCl, 2.2 g/Lt glu- in AEC cells, but when the big granular cell
cose, 4 mM KClI, pH 7.5) and seeded at 2x10 subpopulation was considered, the results showed
cells/well in 500uL of M-199 medium contai-  that only 18% of this cell subpopulation expres-
ning 20% of fetal calf serum and supplemented sed Fas in NEC cell(§ig. 2b)versus72% in the
with HEPES and L-glutamine 48 hours before similar AEC cell(Fig. 2d) subpopulation. It was
experiments. Endothelial cells cultured at 37°C also interesting to observe that the mean fluores-
in a 7% CQ humidified atmosphere were reco- cence intensity, which reflects number of recep-
vered with saline solution containing 0.5% tryp- tors, was three-fold higher in the AEC cell subpo-
sin/5 mM EDTA. Beforebeing used, cells were pulation.

washed thrice with saline solution supplemen- The evaluation of ICAM-1 in NEC cells showed
ted with 2% fetal calf serum, 1 M Hepes, 2.2 that only 2.5% of them were positiversus5%
g/Ltglucose, and 4 mM CacCl. Evaluation of Fas in AEC cells. Since there was a wide fluorescen-
and Fas-ligand reactivity was performed indivi- ce spectrum in the AEC derived cells as shown
dually for each one of the aortic abdominal aneu- in Fig. 3b, further cytofluorometric analysis of
rysms, in non-stimulated cells. Cells identified the cell subpopulation that embraces more than
as endothelial by their characteristic morpholo- 95% of the big granular cel(&ig. 3c) showed

gy and presence of von Willebrand antigen, were that 64% of this cell subpopulation express high
used within three passages. Cytofluorometric |evels of ICAM-1 in NEC cellsrersus71% in
assays were performed in 1%¥hdothelial ce-  the similar AEC cel{Fig. 3d)subpopulation. The
lls incubated with 1L of the relevant monoclo-  mean fluorescence intensity was almost identi-
nal antibody in 2QIL of PBS/1% Bovine Albu-  cal in the NEC and AEC granular cell subpopu-
min/0.02% Sodium Azide (PBSA). After a 2 h |ations (768versus726, respectively). It is wor-
incubation period, the cells were washed thrice th noticing that 98% of the big granular cells in
in PBSA before being resuspended in l0®f  the AEC cell subpopulation was CD105 positive
PBSA/1% paraformaldehyde and read in a but von Willebrand antigen negative, the remai-
FACScalibur cytofluorometer (Beckton & Dic-  ning 2% was positive for both markers.

kinson) kindly lent by Dr. Ricardo Lascurain,

Dept. of Biochemistry, Instituto Nacional de Discussion

Enfermedades Respiratorias, México. The knowledge of the mechanisms involved in
the interaction between endothelium and immu-
Results ne system cells have evolved greathyt it is

Although, most cells were CD105 and Von Wille- clear that many enigmas, including the so called
brand antigen positive, confirming their endo- genetic factors, need to be addressed. Similarly
thelial origin, there were clear phenotypic diffe- to atherosclerosi¥,abdominal aorta aneurysms
rences between endothelial cells obtained fromhave an hereditary trehdnd an inflammatory
the healthy areas of the aneurysm fragmentpackground.The use of adhesion receptor-defi-
(NEC)versusendothelial cells isolated from the cient mice has demonstrated that leukocyte-en-

Vol. 72 Namero 2/Abril-Junio 2002:99-104



102

A Péez y cols.

dothelium adhesion receptors play a significant lium does not express ICAM-1 and carries low
role in promoting monocyte recruitment and, levels of ICAM-2, probably used by circulating

consequently, lesion growthResting endothe-

Fig. 1. Phenotype of endothelial cells derived from healthy areas of an
abdominal aorta (a). The endothelial cells derived from an abdominal aorta
aneurysm show a different phenotype, characterized by more granulated
and star-like cells (b), and difficulty in establishing a uniform monolayer
while in culture (c).

monocytes to navigate out of the vessels and into
their tissue site. The interaction of the endothe-
lium with macrophage cytokines, especially
TNF-a, induces the expression of ICAM-1 in
endothelial cells, which then bind leukocytes
through a chemokine-driven conformational
change of LFA-1 and Mac-1, heterodimeric pro-
teins of the integrin family in leukocytés.

Our initial observation showed that there was a
dissimilarity in the phenotype of the abdomi-
nal aorta aneurysm-derived endothelial cells (E-
2) compared to the control abdominal aorta en-
dothelial cells (E-1). The most important dif-
ference was that E-2 cells have a more star-like
pattern, but we also observed that E-1 cells
showed a transformation to the E-2 pattern af-
ter three culture passages; thus, suggesting a
switch to a less differentiated status, similar to
that observed in neoplasi&slhe macroscopic
observation of the cultured cells showesiaall

and a larger cell subpopulation, the latter con-
tained a great quantity of granules. Based on
this observation, all the remaining analyses were
performed in both, total and granular, cell pop-
ulations for either the E-1 or the E-2 endothe-
lial cells.

There was an increase in the percentage of en-
dothelial cells derived from aneurysms (E-2) that
expressed ICAM-1 although the quantity of mo-
lecules expressed on the cell surface was identi-
cal as to that observed in control endothelial ce-
lIs (E-1). We also found that the larger granular
cell population was the main responsible of the
enhanced ICAM-1 expression, but again, there
were no differences in the percentage between
aneurysm and control endothelial cells. Based on
what is known, this enhanced level of ICAM-1
expression in aneurysm-derived endothelial ce-
IIs is compatible with a “proinflammatory acti-
vation status” at least in a granule-rich endothe-
lial cell subpopulation.

The fact that TNFg, the main inducer of endo-
thelial activation, is a strong inducer of apopto-
sis through death domain-containing molecu-
les, such as FADD/MORT®,the observation
that oxidized LDL activates Fas-mediated en-
dothelial cell apoptosts and that ceramide
arrests the endothelial cell cycle in a manner
similar to TNFa*® led us to evaluate whether
aneurysm-derived endothelial cells were also
more prone to enter early apoptotic death via

www.cardiologia.org.mx
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Fig. 2. Cytofluorometric analysis by granularity (SSC-H, y axis) and size
(FSC-H, x axis) of endothelial cells derived from healthy areas of an abdo-
minal aorta (a) and those derived from an abdominal aorta aneurysm (c).
The expression of Fas antigen on normal and aneurysm-derived endothelial
cells is shown in b and c, respectively.
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Fig. 3. Cytofluorometric analysis by granularity (SSC-H, y axis) and size
(FSC-H, x axis) of endothelial cells derived from an abdominal aorta
aneurysm (a). Range of ICAM-1 expression in endothelial cells derived
from an abdominal aorta aneurysm (b). Large granular endothelial cells (c)
express high levels of ICAM-1 (d).
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the pro-caspase 8 pathwdyThe results de-
monstrated that E-2 cells expressed 3-fold more
Fas antigen than E-1 cells but again this diffe-
rence was due to the large granular cells. It is
interesting to note that E-2 cells, having such
an enhanced Fas expression, do not show the
presence of apoptotic bodies nor is there a lar-
ger cell death ratio than in E-1 cells.

Taking all the results into consideration it see-
ms that the endothelial cells lining the dama-
ged area of the abdominal aorta aneurysm are
different to those of the non-damaged abdomi-
nal aorta. The difference being in phenotype,
adhesin expression, and apoptosis commitment;
moreover, the actual difference was not obser-
ved when we analyzed all the tissue-derived
endothelial cells but it rather seemed to be cir-
cumscribed to a larger and more granular cell
subpopulation, which was more abundant in the
aneurysm and showed a pattern similar to im-
mune activated cells. Initial results demonstra-
ted that this cell subpopulation expresses MHC-
Il molecules when exposed to certain bacterial
proteins. We do not know what is the origin of
this cell population but we do know that al-
though it expresses CD105, a typical marker of
endothelial cell, it does not express von Wille-
brand antigen, another molecule considered a
classical marker of endothelial cells. It is possi-
ble that in the process of aneurysm formation,
endothelial cells lose their capacity to be elimi-
nated, due to inhibition of programmed cell
death? and that this apparent “immortality” is
accompanied by the loss of some differentia-
tion markers, such as von Willebrand antigen,
thus indicating a process of dedifferentiatfon
or transdifferentiatiord? which would result in

a switch in their phenotype. Inhibition of apop-
tosis has been observed in viral infectious di-
sease®?*and in neoplastic cell lines where in-
tegrinB-1, another member of the cell adhesion
receptors? occupies its liganéf

Conclusions

We conclude that in the endothelium lining ab-
dominal aorta aneurysms there is at least one
endothelial cell subpopulation with an apparent
inhibition of programmed cell death and in a pro-
inflammatory activation status. It is possible that
this cell subpopulation might be more suscepti-
ble to the immune-related mechanisms and the
mechanical forces that have been associated with
the development of an aneurysm.
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