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Abstract — Oxidized low density lipoproteins (oxLDL), macragdes and T-lymphocytes are present in atherosiderot
lesions. We and others have shown that oxLDL istoyic for macrophages, endothelial, smooth muanl# activated T-
lymphocytes and induce apoptosis. Here we demdesdtnat (i) oxidized LDL (oxLDL), oxidized VLDL (oXLDL) and
hydrogen peroxide (#0,) induce apoptosis in human T-lymphocytes andhfitpgen-activated protein kinases are involved
in this process. Apoptosis was monitored by immlugséscence microscopy and flow cytometry for amméx binding,
Apo 2.7 expression, the TUNEL reaction and caspagivity. In the presence of oxLDL (1@@/ml), oxVLDL (50 pg/ml)
and BHO, (5 mM), the fraction of apoptotic cells increaseithin 6 hours to more than 70%. Preincubationyofphocytes
with the MAPKK inhibitor PD-98059 and the pg%¥* inhibitor SB-203580 almost completely abolishedstn effects.
Furthermore, oxLDL and D, but not native LDL strongly enhanced phosphorytatid JNK, p38APX and p42/44APK,
The results suggest that in the resting lymphoapigptosis triggered by oxidized lipoproteins andlative stress depends
on the activation of p44/¥2™¢ and p38X cascades.
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INTRODUCTION reactive oxygen species (ROS, e.d", @H)
which can promote lipid peroxidation of

Oxidative stress is implicated in thelipoproteins (3). Accumulating evidence suggests
pathogenesis of atherosclerosis (1, 2). The role for immune competent cells in
clinical manifestations of atherosclerosis (such agherosclerosis. In fact, T lymphocytes precede
coronary heart disease, stroke, heart infarct antbnocytes in arterial intima infiltration and both
peripheral occlusive arterial disease) are thé firsan recognize oxidized LDL (oxLDL) (4).
cause of morbidity and mortality amongOxLDLs have been found in atherosclerotic
occidental people. A major event inlesions and is considered a key factor in
atherogenesis is the excessive generation of  atherogenesis (1), because they are taken up by

macrophages via scavenger receptors (e.g. CD
Abbreviationg:.oxLDL, oxidized onv dgnsity Iipoprotein; 36, LOX-1) and initiate foam cell formation (1,
OXVLDL, oxidized very low density lipoproteimLDL, = ) "oy p| s also alter the cellular functions of

native low density lipoproteinnVLDL , native very low .
density lipoprotein;LOX, Lectin like oxLDL receptor; €ndothelial cells, vascular smooth muscle cells,

MAPKK , mitogen activated protein kinase kinas®PK, monocytes and macrophages (6, 7). Current
mitogen activated protein kinas#\K, Janus kinaseROS,  evidence suggests that oxLDL might exert an
reactive oxygen speciesTUNEL, Terminal transferase inductive role in the atherosclerotic process by
dUTP nick end labeling. . .

stimulating vascular smooth muscle cell

954
Copyright© 2007C.M.B. Edition



BUSTAMANTE M. et al.

proliferation (8), endothelial cells dysfunction(oxVLDL) were stored under Argon at 4°C. The lipdpios

7), synthesis of connective tissue component€re used within 2 weeks of preparation (9). Thiglaton
(7), sy ompo ‘(t)\%'elipoproteins used for cultures was checked lgyrttethod

(9), and apoptosis of activated T-lymphocyte%escribed by Soukry, M. et al (1994) (15). In all

macrophages and smooth muscle cells (9, 1&periments the protein concentration was detemnirsing
11). The T-lymphocytes apoptosis seems to biee BioRad protein assay (BioRad Laboratories, Munich,

decisive for the development of an inappropriatéermany), for nLDL and oxLDL was 10@g/ml and for
local immune response in the atherosclerotfty-PL and oxVLDL was 50ug/ml, these values were

. . obtained from a concentration response curve (data
plaque. Current research is focussing on t@ own). The approval to work with human blood was

specific signal_ transduction Cascad_es involved anted by the Ethical Commission of the Medicineufig
the atherogenic process. Recently it was reportetthe Catholic University of Concepcion.

that the MAPK cascades could be responsible for

some of the effects induced by oxLDL (12, 13'Sclation and purification of lymphocytes
14) Mononuclear cells were isolated from buffy coats by

density-gradient (Ficoll) centrifugation. Buffy coatere
We show here that oxLDL, oxVLDL and obtained from blood bank of German Red Cross (Ulm).
hydrogen peroxide induce apoptosis in humarymphocytes were purified by depletion of monocytes

lymphocytes within a few hours by triggeringusmg IICEJI)1}:)4_Ck?at6d T]agr;letic beads and their puritg wa
T S controlled by three colour flow cytometry, usingia@D3, -

MAPK Cascaqes’ indicating that actlv_anon of T,-CD4, -CD8. These lymphocytes were cultured for 6 s@ar

lymphocytes is not the only way, required to gaiB7ec in the presence or in the absence of several

susceptibility to the apoptotic process initiated bconcentrations (50 -100 pg/ml) of nLDL, oxLDL, nVLD
the oxidative stress. We suggest that in additigid oxVLDL, with and without 2 pM of PD-98059 (an

e ; in ; ; hibitor of mitogen-activated protein kinase kiaas
to oxidized lipoprotein-mediated apoptosis OMAPKK), or 2 UM of SB-203580 (an inhibitor of

activated T_-Iym_phocytes, the COfreSpO_nd'n 38"4PK) | ymphocytes treated with 5 mM,8, for 6 h at
effect occurring in lymphocytes also contributes7°c were used as positive controls for oxidativess:

to the pathogenesis of the atherosclerotic plaquénduced apoptosis. For the mononuclear cells igsidtom
buffy coats was not necessary an Ethical Commission
approval.

MATERIALS AND METHODS
Annexin V-binding

Materials The annexin V-binding assay was performed
identically for immunofluorescence microscopy arnowf
Antibodies and inhibitors cytometry. After the 6 h treatment, the cells wer@shed

Monoclonal anti-APO 2.7 and streptavidin-PE werewith PBS and fixed for 1 h in PBS-buffered 1%
from Immunotech (Marseille, France), antibodiesimgia formaldehyde, and non-specific binding was blocketh
p42/pad*PKand  p38°K  respectively were from TBS-buffer (10 mM Tris, 150 mM NacCl, pH 7.4) contaigi
Calbiochem-Novabiochem, Schwalbach, Germany),5 % bovine albumin (TNB-buffer) for 45 min at roo
monoclonal antibody anti phospho p44 (pPfHpTyr®)  temperature (RT). Afterwards, the cells were incebatith
and phospho p42 (pTHirpTyr'®) and anti phospho p38 biotinylated annexin V (diluted 1/30 in TBS with 2Mm
MAPK (pThr®%pTyr'®3) were from Sigma (Saint Louis, MI, CaCh) for 1 h at RT, washed (3x) with TBS containing
USA), anti SAPK/INK and anti phospho-SAPK/JNKO0.05% Tween 20 (TNT) and 2 mM CaChnd incubated
(Thr®3Tyr’® mAb from New England BioLabs, Frankfurt, with streptavidin-phycoerythrin (1/100 in TNB withr@M
Germany. The TUNEL-Assay (APO-Direct-Kit) was from CaCl) for 1 h at RT. After washing with TNT-buffer with
Pharmingen (San Diego, CA, USA); annexin V-Biotinnfro CaCb, nuclei were counterstained by staining with 5 uM
Holzel Diagnostika (Cologne, Germany); horseradisibisbenzimide for 30 min at RT.
peroxidase (HRP)-conjugated anti-mouse 1gG, HRP-
conjugated goat-anti-rabbit 1gG, fluorescein-coajiggl APO 2.7-Expression
streptavidin, biotinylated rabbit-anti-mouse 1gGdaHRP- After the 6 h treatment, the cells were washedBS P
conjugated streptavidin from DAKO (Hamburg, Germany and fixed in —20°C acetone. Non-specific binding was
and tyramide signal amplification (TSA-Indirect)ofn  blocked with 0,5% bovine serum albumin (BSA) in PBS f
NEN™ Life Science Products (Boston, MA, USA). All 45 min at RT and subsequently the 1st antibody ¢Anti
other reagents were of analytical quality. MAPKibitors ~APO2.7) diluted 1/20 in PBS/albumin was added and
PD-98059 (11) and SB-203580 (I12) were from Calbioohe incubated for 2 h at RT. After washing with PBS,

Novabiochem, Schwalbach, Germany. biotinylated anti-mouse IgG diluted 1/50 was adétedl h,
followed by 1 h incubation with streptavidin-perdase
Isolation and modification of lipoproteins (1/50). After washing, tyramide reagent (1/40) veakled

Lipoproteins were isolated from plasma of healthyor 15 min, and after three more washing stepgttuedin-
donors using sequential ultracentrifugation andsegbently phycoerythrin (diluted 1/100) was added for anotheur.
oxidized by exposure to air in the presence of 5Qué# at  Nuclei were counterstained with 5 pM bisbenzimide 30
37°C for 24 h (9, 15). Thereafter LDL was thoroughlymin at RT. APO 2.7-positive and negative cells were
dialyzed against degassed PBS pH 7,4 containing 4 mwisualized and photographed using an epifluorestenc
EDTA at 4°C to remove CuSQand then dialyzed against microscope (C. Zeiss, Oberkochen, Germany) or aedlyz
PBS pH 7,4 without EDTA. Native LDL (nLDL), oxidide by flow cytometry (EPICS XL Coulter Immunotech,
LDL (oxLDL), native VLDL (nVLDL) and oxidized VLDL Hamburg, Germany) using anti-CD3 as a T-lymphocyte
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specific surface marker. RESULTS

TUNEL-Reaction . )

The TUNEL-reaction was performed identically for OXLDL-induced apoptosis of lymphocytes and
immunofluorescence microscopy or flow cytometryteafs  the effect of MAPK-cascade inhibitors
h treatment, the cells were washed once with PBS gH To study whether oxLDLs induce apoptosis
and fixed for 1 h in buffered (pH 7.4) 4% formalgdb. _
After washing (3x), cell membranes were permeadiliby !ymphocytes from healthy .donors were pre
incubation with 70% (v/v) ethanol in PBS for 2 hasing INcubated for 2 h with or without PD-98059 (a
was performed by incubating the cells overnighthie dark  p42/p44 MAPK-cascade inhibitor) or SB-203580
at 22°C with a solution consisting of 10 ul terminal(a p38 MAPK inhibitor) and then were cultured
deoxynucleotidyl transferase (TdT)-reagent, 0.75TdT- for 6 h in the presence of nLDL and oxLDL and
enzyme, 8 pl FITC deoxy-uridin-triphosphate (dUTa)d th " tosi | d b
32 ul distilled water. The next day, the cells wisraubated € occurrence . or apop 03'_5 was analyze y
twice for 30 min with 50 pl of rinse-buffer and the fluorescence microscopy. Figure _1 ShOWS_ the
incubated with 50 pl propidium iodide/RNAse solution results of the analysis of Annexin V-binding
the dark for 30 min at RT. Finally, the cells werashed 3x (panels A-E), Apo 2.7 expression (panels F-J)
with PBS and analyzed by fluorescence microscopoar and the TUNEL reaction (panels K-O). Control
cytometry. . . .

cells incubated for 6 hours in the absence (Fig.

Caspase assay 1A, 1F, 1K) or in the presence (Fig. 1B, 1G, 1L)

Caspase 3 activity measurement was carried out @ 100 pg/ml of nLDL showed very low to
described by Hug et al. (16) using rhodamine 110 (R)ndetectable levels of apoptosis as assessed by
labeled peptide (D2R). Briefly, after apoptosis inthe A in-V bindi A 57 . d th
cells were incubated with D2R 50 mM and dithiotret® nnexin- |n' INg, APO <. expressmn a_n e
mM for 10 min at 37°C and used directly for FACS TUNEL reaction. A marked increase in the
measurement. apoptotic cell fraction (Fig. 1C, 1H, 1M) was
| ot induced in human resting lymphocytes from
mmunoblo . . .

Cells were homogenized in lysis-buffer (10 mM Tris-healthy donors afte_r incubation with .100 ug/mi
HCI, pH 7.4, 4 mM EDTA, 1 mM PMSF, 40 mM NaF, 20 9XLDL for 6 h. The increased apoptosis observed
mM benzamidin and 1% (v/v) Triton X-100) after 1 hin lymphocytes treated with oxLDL was absent
incubation at RT and the cell extract was centrifuge in cells pre-incubated with 2 uM of PD-98059
5000 xg for 10 min. The supernatant was transferred to ig. 1D, 11, 1N) Control cells pre-incubated

fresh tube and stored at —-80°C until used. Protei

concentration was determined using the BioRad protelwlth PD-98059 alone showed no staining for the

assay. apoptotic  markers  (data not  shown).
For immunblotting, §amp|e aliquots equivalent to 1§ Furthermore, a very low to undetectable
protein were boiled in 20 pl sample buffer (50 mMsT apoptosis was also observed in oxLDL-treated

HCI, pH 6.8, 2% SDS, 2 mM dithiotreitol), fractioedt in F ; _
12% SDS-polyacrylamide gel electrophoresis (SDS-BEAG cells that were pre-incubated with 2 uM of SB

and transferred to nitrocellulose membranes usirsgrai- 203580 (Fig. 1E, 1J, 10).
dry blot system. Phosphorylation of p42¥42¢ was
detected using the monoclonal antibody anti-phosph®xV/LDL-induced apoptosis of lymphocytes and

p42¥"  (pThP™pTyr™) and anti-phospho pM™ = oo i of MAPK-cascade inhibitors
(pThr®¥pTyr'®) diluted 1/1000 in PBS. Phosphorylation of Next tudied th v of oxVLDL t
JNK was detected using the phospho-SAPK/INK ext, we stuaie e capacity of ox 0

(Thr183/Tyr185) mouse mAb. The load control wasifyer induce apoptosis in resting lymphocytes. For this,
using anti-JNK antibody. Phosphorylation of P38 was the cells pre-incubated for 2 h with or without
?eﬁctlz%/ e i e gcti-phospho ?ﬂr?;i PD-98059 or SB-203580 were cultured for 6
pThr180/pTyr ilute in . To ve :

load control, antibodies against p42/84%‘ and p3§4FK hours in the presence of Epllg_/ml nvVLDL or
respectively were used. Nitrocellulose membraneseweOXVLDL, followed by analysis of annexin-V
incubated for 1 h with the first antibody, washeteesively binding and Apo 2.7 expression. As a positive
and incubated for 4 h with the secondary biotirdat control for apoptosis induction by oxidative
antibody (anti-mouse IgG or anti-rabbit IgG 1/500RBS). stress, the effect of 5 mM,B, on lymphocytes

After extensive washing, streptavidin-HRP was adateRT . .
for 1 h and developed using the ECL system (Cell Sigg ~ Was also studied. Figure 2 shows the results of

Technology, Danvers, MA, USA). the analysis of annexin V-binding (panels A-H)
o _ and Apo 2.7 expression (panels I-P). Control
Statistical analysis cells incubated alone for 6 hours (Fig. 2A, 2I), or

All quantitative measurements were done at least in -
triplicate. The results represent the measD of at least in the presence (Fig. 2B, 2J) of 50 pg/ml of

three independent experiments, the p < 0,05 wasidered NVLDL showed very low to undetectable levels
as statistically significant. Each experimentalditon was  of apoptosis. Treatment with §@/ml oxVLDL

investigated in three different culture wells. Theéest was o 5§ mM HO, caused a strong induction of
employed to compare the different groups and tlisvace

used was Origin 6.0.
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Annexin V-binding  Apo-2.7 staining  TUNEL-reaction
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Figure 1. Immunofluorescence microscopy of annexik binding, Apo 2.7 expression and TUNEL reaction in
oxLDL-treated cells. Human T-lymphocytes were cultured for 6 h with nLBr oxLDL after a 2 h pre-incubation with or
without of the MAPK-cascade inhibitors PD-98059 &1#8l203580. Panels A-E: annexin V-binding assayefsaF-J: Apo
2.7 expression; panels K-O: TUNEL reaction. A, F,cdntrol cells. B, G, L: 100 pg/ml nLDL-treated leelC, H, M: 100
pg/ml oxLDL-treated cells. D, I, N: 100 pg/ml oxLDblus 2 uM PD-98059-treated cells. E, J, O: 100mk@xLDL plus
2uM SB-203580-treated cells.
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Annexin-V Apo2.7
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Figure 2. Immunofluorescence microscopy of annexil binding and Apo 2.7 expression in oxVLDL and HO,-
treated cells.Human T-lymphocytes were incubated for 6 h with D¢l oxVLDL or H,O, after a 2 h pre-incubation with
or without of the MAPK-cascade inhibitors PD-980&% SB-203580. Panels A- H: annexin V-binding aspayels I-P:
Apo 2.7 expression. A, |: control cells. B, J: 50mignVLDL-treated cells. C, K: 50 pg/ml VLDL-treateztlls. D, L: 50
pg/ml oxVLDL plus 2 uM PD-98059-treated cells. E, B0 pg/ml oxVLDL plus 2uM SB-203580-treated celis N: 5mM
H,O,-treated cells. G, O: 5mM 4, plus 2uM PD-98059-treated cells. H, P: 5mMOs5 plus 2uM SB-203580-treated
cells.
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apoptosis as revealed by a considerable increaggpproximately 50% of positive cells (Fig 3B,
in the number of cells positive for annexin-Vblack bar 1). Treatment of the lymphocytes with
binding or Apo 2.7 expression (Fig. 2C, 2K, 2FnVLDL or nLDL did not affect the number of
2N). Pre-incubation with both, PD-98059 (Figcells positive for Apo2.7 expression (40-45% of
2D, 2L, 2G, 20) and SB-203580 (Fig 2E, 2Mthe cell population remained positive; Fig. 3B,
2H, 2P) blocked the apoptotic effect induced biglack bars 2, 3). In contrast, treatment of the
oxVLDL or H,0; . lymphocytes with oxVLDL and oxLDL
increased the fraction of Apo2.7 positive cells to
Quantitation of apoptosis by flow cytometry about 80% of the cell population (Fig. 3B, bars 4,
For exact quantization of the effect of5). In the presence of the inhibitors PD-98059
oxLDLs on induction of apoptosis and the effectand SB-203580, the percentage of positive cells
of the MAPK cascade inhibitors, samplesvas decreased to about 40-45% (Fig. 3B, bars 6-
processed for annexin-V binding, Apo 2.M). Control studies showed that the inhibitors
expression and the TUNEL reaction weralone caused a level of staining for Apo2.7
analyzed by flow cytometry (Fig. 3). Thissimilar to that observed in control, untreatedscell
analysis revealed that untreated lymphocytd&ig. 3B, bars 10, 11). On the other hand,
(control) showed a very low level of annexin-Vtreatment of the Ilymphocytes with @
binding, with less that 5% of positive cells (Figincreased the percentage of Apo2.7 positive cells
3A, black bar 1). Treatment of the lymphocyteso nearly 100% (Fig. 3B, bar 12), while in the
with nVLDL or nLDL caused a minor increase inpresence of the inhibitors PD-98059 and SB-
the number of cells positive for annexin V thaR03580, the fraction of Apo2.7-positive cells
not exceeded 20% of the cells (Fig. 3A, blackecreased to 40% (Fig. 3B, bars 13, 14).
bars 2, 3). In contrast, treatment of lymphocyteBhe results described above were confirmed
with oxVLDL and oxLDL caused a major applying the TUNEL assay (Fig. 3C). Control,
increase in the number of annexin V positiveintreated lymphocytes showed a very low level
cells, to a level higher than 90% of the cells (Figpf staining, with about 10% of the cells positive
3A, bars 4, 5). This effect was similar for bottby flow cytometry (Fig. 3C, black bar 1).
types of oxidized lipoproteins. The inhibitorsTreatment of the lymphocytes with nVLDL or
PD-98059 (Fig. 3A, bars 6, 7) and SB-203580LDL failed to affect the number of cells positive
(Fig. 3A, bars 8, 9) decreased the number é&r the TUNEL reaction (Fig. 3C, black bars 2,
apoptotic cells to less than 40% of the populatiod), which never exceeded 10% of the cell
in the presence of oxVLDL or oxLDL. In both population. In contrast, treatment of the
cases, the inhibitor PD-98059 was more efficiedymphocytes with oxVLDL and oxLDL caused a
than SB-203580 in blocking the effect of theconsiderable increase in the number of cells
oxidized lipoproteins. Thus, PD-98059 decreasqubsitive for the TUNEL reaction to a level of
the fraction of annexin V positive cells to 25% in70% (Fig. 3C, bars 4, 5). This effect was similar
lymphocytes treated with oxVLDL, comparedfor both types of oxidized lipoproteins. The
with a 37% of positive cells in samples treatethhibitors PD-98059 and SB-203580 decreased
with oxLDL and SB-203580. Control studiesthe fraction of positive cells to 10% in the
showed that the staining level obtained ipresence of oxVLDL or oxLDL (Fig. 3C, bars 6-
presence of the inhibitors alone was ndd). Control studies revealed that the inhibitors
significantly different from that measured inalone caused a level of staining similar to that
presence of the native lipoproteins (Fig. 3A, bambserved with the untreated cells (Fig. 3C, bars
10, 11). Treatment of the lymphocytes with 30, 11). Treatment of the lymphocytes with(CH
mM H,O, increased the percentage of cellsncreased the percentage of cells positive for the
positive for annexin V binding to more than 90%I UNEL reaction to more than 90% (Fig. 3C, bar
of the cell population (Fig. 2A, bar 12), but thel2), and the inhibitors PD-98059 and SB-203580
pre-incubation with inhibitors PD-98059 and SBdecreased the percentage of positive cells to a
203580, decreased the positive cells for annexirasal level of 10% (Fig. 3C, bars 13, 14). The
V-binding to less than 40% (Fig. 3A, bars 13activity of caspase 3 was measured by flow
14). cytometry and the results show that caspase 3 is
Similar results were observed examining Apo2.dctivated when the T-lymphocytes are incubated
expression (Fig. 3B), with the only differencewith oxLDL or H,O,. (Fig. 3D, bars 3 and 4
that control, untreated lymphocytes showed i@spectively)
high level of Apo2.7 expression, with
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Western blot analysis of MAPK phosphorylationlymphocytes, but induces apoptosis in the
Analysis of p42/44*™* phosphorylation absence of monocytes (22). It has also been
revealed a basal level of a phosphorylategported that the activation of the T-lymphocytes
product in control lymphocytes (Fig. 4A, lane 1)s initiated by plaque-derived antigen (one of
that was not increased by treatment with nLDithem could be oxLDL) and the intensity of the
(Fig. 4A, lanes 2). OxLDL and 4@, induced a activation depends on the degree of LDL
major increase in the amount of twooxidation (22, 23).
phosphorylated products as showed by a typical OxLDL in high concentration induces
double band, indicating the phosphorylation obxidative stress and apoptosis in macrophages,
both kinases (Fig. 4A, lane 3 and 4 respectivelyphytohemagglutinin-activated = T-Lymphocytes,
The MAPKK inhibitor, PD-98059 (11) abolished endothelial, smooth muscle cells and human
the effects induced by the lipoproteins aryDH fibroblast (2, 6, 924). On the other hand, in low
(Fig. 4A, lane 5, 6 and 7 respectively). Theoncentrations it induces cell proliferation (9). |
phosphorylation of JNK was also increased bthe present study, we show that oxidized
treatment with oxLDL and ¥D,. (Fig. 4B, lanes lipoproteins also induce apoptosis in resting T-
3 and 4). Similar results respect to figure 4 wedgmphocytes and MAP kinases are involved in
found when analyzing the phosphorylation ofhe apoptotic pathway. The functional integrity
p38""X; oxLDL and HO, induced a major of T-lymphocytes seems to be important for the
increase in the amount of phosphorylated producbntrol of the atherosclerotic process, as a
(Fig. 4C, lanes 3 and 4), this effect was alsdecreased T-lymphocytes count caused by
abolished by the SB 203580 p38MAPK inhibitoimmnunodeficiencies like AIDS or experimental
(12) (Fig. 4C, lanes 5, 6 and 7). depletion by drugs accelerates the atherosclerotic
process (25, 26). In smooth muscle and
endothelial cells oxidized LDL stimulates several
DISCUSSION transcription factors and induces proapoptotic
alterations such as down regulation of Bcl-2
amily proteins via the mitogen-activated protein
inase and Jun kinase pathways (14, 27).

that macrophages were able to internaliz
modified LDL, and that this event leads to foa Icouffe et al. (28) have also _reported t_hat the
MAPK cascades could be involved in the

cell formation, a new research area emerged | ot T h nduced b
vascular pathology investigating the effect of POPIOLIC _process o ymphocytes induced by

modified LDL on immune competent cells. ThusOXLDL' T-lymphocyte apoptosis induced by

T- and B-lymphocytes have been shown to xidative  stress mediated by oxidized

present in the atheroma plaque (4, 18). T hpoproteins may be another crucial event in the

presence of B-cells in the atherosclerotic IesiorpsathOgeneS's of atherosclerosis. The lipid

. . .. peroxides found in oxidized lipoproteins, such as
is important for the production of antlbodleslgxysteroIS or 4-hydroxynonenal (4-HNE), have

against modified LDL (18,19). On the othey een identified as inducers of apoptosis in

hand, T- lymphocytes purified from the atheromg fibroblast h | P p” q

lesions are able to bind oxidized LDL (4). Ther uman Tibroblast,  smooth -muscle Ccells an
rcnacrophages (24, 27), and are presumably also

is convincing evidence that the atheroscleroti esponsible for apoptosis induction in activated
process is primarily triggered by biochemic Jlymphocytes. This is also supported by our

mechanisms involving immune competent cell Indings revealing that lower concentrations of
and that oxidatively modified lipoprotein is a ke 9 9

: : : VLDL produce the same effect than oxLDL,
;ag;tor in the pathogenesis of atheroscleross,(l,% observation indicating that the LDL receptor

. IS not involved and suggesting that the
T-lymphocytes and monocytes are recruitet} :
early from peripheral blood to the atheroscleroti(EﬁSponS'bIe of the effects of oxVLDL would be

. - e oxidized fatty acids which are more
lesion (5, 21). Whereas the role of oxidize : :
lipoproteins in the differentiation of monocyte Concentrated in oxVLDL (9). Although it has

into macrophages, foam-cell formation (1, 5) an een described that T-lymphocytes activated by

- atment with minimally oxidized LDL are more
225) sK,) t?zs ISG og)rrilzc\:\(/)erir aeg(ta;blﬁs%% dsrr;?]?;h”nr?i?; dsrgnsitive than other cells to the oxLDL-mediated

data are available on the molecular effects &ytotoxu_:ny at the_ ather_o_ma plague (12).’ the
oxidized lipoproteins on T-lymphocytes (4, 5mechan|sm by which oxidized LDL can trigger

11). OxLDL is a chemoattractant for T_’apoptosis in lymphocytes has not yet been
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Figure 3. Quantitative analysis by flow cytometryof annexin-V binding, Apo 2,7 expression, TUNEL reactin and
caspase 3 activityA) Annexin V- binding assay, B) Apo-2.7 expressi@), TUNEL reaction (specific treatment conditions
correspond to those described in the legend ofrEiguand D) Measurement of caspase 3 activitydwy €ytometry. 11 and
12 correspond to PD-98059 and SB-203580 respeygtil@dert in Fig 3D correspond a typical cytometmalysis of caspase
3 activity. Asterisks (*) indicate that the valua® significant respect to the control (p < 0,05).
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p-p42/44 MAPK
2 3 4 5 6 7

P42/44 MAPK

Figure 4. Western blot of p42/44, JNK and p38MAPKtyrosine phosphorylation. A) p42/44"“PX phosphorylation. B)

JINK phosphorylation. C) p38™ phosphorylation. The numbers at the top corresponthose indicated in the text.
Lipoproteins and inhibitors were added as describethe legend of Figures 1 and 2. The numbersathbttom of each
panel correspond to those indicated in the texe T$ed fractions for western blot analysis werganed as described in

Methods. The figures represent the results of 8peddent experiments.
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elucidated, but there are evidence that sonm88"""* cascades are crucial for the induction of
components found in oxidized lipoproteins likeesting human T-lymphocyte apoptosis by
oxysterols, lysophosphatidylcholine (29) anaxLDL and oxVLDL. It has been shown that
oxidized cardiolipin (30) may up-regulate bothapoptotic and necrotic death markers can
expression and synthesis of monocyteoncomitantly be present in the same cell after
chemotactic protein 1 (MCP-1) and transformingerebral ischemia, indicating that more than
growth factor betal (TGFbetal) (31), thesdeath program may be activated at the same time
mediators could stimulate their respective sign&B3). Moreover, this study indicates that
transduction cascade finally inducingactivation of T-lymphocytes is not the only
inflammatory mechanism. In macrophages, jprerequisite to gain susceptibility to the apoptoti
was also reported that oxLDL could activate thprocess initiated by oxidative stress, an effect
p42/44 MAP kinases by stimulation of a Ghat may contribute to the T-lymphocyte
protein-binded scavenger receptor and a calciurdepletion found in atherosclerotic lesions.
dependent protein kinase C (13). It has been

suggested that oxLDL may act by enhancing thcknowLEDGEMENTS - This work was supported by Grant
physiological apoptotic process Occurring |ri.040977 an'd partially by Grants 1020451, Anillo@iencia
activated peripheral blood mononuclear Ce"é;i@?&%ﬂf,@gg?&:ﬁ; FONDECYT, Chile, SFB 451
(PBMC) (2) or it may act as an antigen that ) ' Y
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