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SUMMARY

Low density lipoprotein receptors (LDLR), capable of internalizing LDL, are expressed in polymorpho-
nuclear neutrophils (PMN). The expression was assessed using anti-LDLR antibody by flow cytometry.
The internalization of LDL was assessed by: (i) quantification of the uptake of labelled LDL with 1,1
dioctadecyl-3,3,33 tetramethyl-indocarboxycyanine perchlorate (Dil) by flow cytometry; and (i) the
binding of LDL-*33. In fresh purified cells, Lineweaver—Burk analysis of LDL binding (LDL-Dil)
revealed that the calculated Kd (internalized LDL) for PMN-(L& 10~ °w) is lower than the Kd for
monocytes (1 x 10~"m) and the Kd for lymphocytes (3x 107 m). Scatchard analysis (LDE2%)
revealed 25000 binding sites and a Kd 06 2 10~°wm for PMN. The interaction of LDL with its
receptor caused a two-fold fast (peak at 1 min) and transient increase in the oxidative burst, measured by
the formation of 27 dicholoflurescein (DCF) by flow cytometry. This effect was not observed in
monocytes or lymphocytes, and it was blocked by anti-LDLR antibody. The stimulation of LDL was
optimal at 1Qug of protein/ml. LDL was able to suppress DCF formation induced by phorbol myristate
acetate (PMA) and PMA was unable to further stimulate LDL-treated cells, suggesting protein kinase-C
(PKC) involvement in LDL effects. Using a PKC assay, LDL was shown to induce a two-fold increase
in PKC translocation to the membrane. Thus, LDL increases PMN oxidative burst through a PKC-
dependent pathway.
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INTRODUCTION able to internalize unmodified LDL, but they were able to
internalize modified LDL, leading to the formation of foam
cells [2]. However, several reports [4—7] have shown that LDL
activated monocyte oxidative metabolism and lysosomal enzyme
release. These effects were inhibited by interferon-gamma
(IFN-v) [8]. LDL and modified LDL also altered T lympho-
cyte proliferative response [1,3] and natural killer (NK)

Low density lipoprotein (LDL) has been implicated in the
induction of cell cycle, protein glycosylation and mitochondrial
metabolism [1]. LDL contains only one apolipoprotein (apo-
B100), and is rich in cholesterol and phospholipids [1-3].
LDL is taken up by the cells through its specific receptor
(LDLR), which is internalized along with LDL. Clinical and . . .
experimental data suggest that genetic defects in LDLR inducé)rOIIferatIVe and cytotoxic responses [9,10] . _—

. . Polymorphonuclear neutrophils (PMN) are involved indi-
hypercholesterolaemia and eventually atherosclerosis [1-3]. A ymorp P

defect in the expression or internalization of LDLR leads to anrectly n _the_ formation of the_ atheroma, since  their se_cretlo_n
) o . . S ... upon activation of myeloperoxidase (MPO) and free radicals is
increase in circulating plasma LDL, predisposing it to oxidation.

These molecules of oxidized LDL, that do not bind to LDLR able to modify LDIT’ rendering.it prone 0 atheromg formatiqn
have been shown to contribute greatly to the development 0?"8’11’12]' In cardiac reperfgsmn fnjury, PMN are Important n
the atheroma [3]. The regulation of LDLR gene expression an he progress of atherosclerotic lesions observed in these patients

the function of modified LDL receptors have not been fully 11]. Ev_en though LD.L was shown to induce PMN superoxide
elucidated. generation and cell migration [12], there are no reports on LDLR

. expression in these cells.
Brown & Goldstein [2] showed that macrophages were not The aim of the present study is to demonstrate that poly-
morphonuclear cells express functional LDLR, and that the
Correspondence: Dr Juan B. De Sanctis, Instituto de Inmufmlog interaction ligand—receptor is responsible for an increment in
Universidad Central de Venezuela, Aerocav no. 1216, PO Box 02-5304the oxidative burst which is a protein kinase-C (PKC)-dependent
Miami, FL 33102-5304, USA. process.
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MATERIALS AND METHODS and 037 gl EDTA. The unlysed cells were washed with PBS-gel
(2mv EDTA, 5mm glucose, @% gelatin), and resuspended at
1 x 10° cells/ml PBS-gel for LDLR expression and function. The
purified cell populations were >95% viable as determined by
trypan blue exclusion.

Purified PMN, >95% viable and >95% CD",Gvere obtained
by the dextran sulphate method described previously by Clarck
& Nauseef [21].

Chemicals and antibodies

The reagents were obtained from: "Idloctadecyl-3,3,3,3tetra-
methyl-indocarboxycyanine perchlorate (Dil),’,Z2 dichloro-
fluorescein diacetate (DCFH-DA) (Molecular Probes, Portland,
OR); N&?3 and 7-3%P-ATP (New England Nuclear, Boston,
MA); PKC assay kit (@co-BRL, Gaithersburg, MD); and
Sigma Chemical Co. (St Louis, MO). The MoAbs were obtained
from: anti-CD16-PE (Leu-11a) (Becton Dickinson, Mountain
View, CA); anti-CD3-FITC, anti-CD19-FITC, anti-CD14-FITC,
mouse IgG1-PE, IgG1-FITC, and 1gG2b, and goat anti-mousq_D
IgG-FITC (Coulter Corp., Hialeah, FL); and anti-LDLR (clone 7,
IgG2b) (Amersham, Aylesbury, UK). The specificity of anti-
LDLR was described previously [13-15].

LDL receptor assessment
LDL receptor expression determined by anti-LDL receptor.
LR expression was assessed by indirect labelling with mouse
anti-human LDLR MoAb (IgG2b). Briefly, k 10° cells (total
leucocytes or purified PMN) were incubated with PBS-gél20
sodium azide at4C for 10 min, then labelled with-B g of anti-
LDLR for 30 min at £C, washed twice with PBS-gel-azidet®
Lipoprotein purification BSA, incubated with Gpg of goat anti-mouse IgG-FITC and
LDL was separated from plasma of normolipaemic fasted humarinally washed with PBS-gel. Samples incubated with an irrelevant
donors (approved by local Ethical Committee) according to themouse 1gG2b plus anti-mouse IgG-FITC were used as controls.
method of Havekt al. [16]. The plasma was centrifuged twice at Positive cells were assessed in an EPICS 753 cytometer
114000y for 20h at 16C (plasma densityd=1:030) in the (Coulter). The expression of LDLR on lymphocytes, monocytes
presence of inhibitors of lipid oxidation (Inmbutylhydroxyto-

luene, 2w reduced gluthatione, Smascorbic acid and 5m

EDTA). The infranatant was adjusted to063 g/ml and cen- Non-specific binding
trifuged as described above. LDL was washed using a discontin-
uous gradient, 9% NaCl-KBr d=1-063) at the top, LDL-KBr
(d>1-063) at the bottom and centrifuged as described above.
The only protein content of this fraction was apolipoprotein B as
determined by electrophoresis. LDL was endotoxin-free as
determined by the timed gel formation kit (Sigma). No oxidative
intermediates were detected in the purified LDL fraction using
the thiobarbituric acid assay [17]. LDL was used immediately Non-specific binding Mono
after dialysis and within the first 2 days of purification.

PMN

920

3
—_—

Relative cell number

28

]

Labelling of lipoproteins with Dil

The labelling of LDL with Dil was performed as previously
described [18]. LDL-Dil was dialysed against PBS, adjusted to
2mg/ml, and filter-sterilized through a4%u:m Millipore filter.

The labelling efficiency was always close to 50% as determined

by measuring the fluorophore at 550 nm. Dil is a hydrolysable Non-specific binding
Shepherdet al. [19] with minor modifications. Briefly, 100l

L
and non-toxic fluorophore. 1 15
_ e —

of freshly purified LDL (2mg/ml of protein), dialysed against

PBS. were mixed with 5p| of Na_125| (1 mCi/umoI) and 5QJ,| Fluorescence intensity Fluorescence intensity

of chloramine T, ®% in PBS, vigorously for 45s at room Fig. 1. Flow cytometry assessment of low density lipoprotein (LDL)

temperature. The reaction was stopped by addingl 49 0-24%  receptor expression in different leucocytes. Purified leucocytes were
Na,S,0s5, 50ul of 1% KI and 1ml of Olm Tris—HCI-01m incubated in the presence of anti-LDL receptors (LDLR) as described
NaCl-1% bovine serum albumin (BSA) pH®8 Then, LDL*%% in Materials and Methods, and positiveness was assessed by flow
was separated from free iodine by passing it through Sephadefytometry using goat anti-mouse 1gG-FITC and analysed as fluorescence

G-25. Eighty percent of the label was incorporated in the proteinemiSSiO” at 520nm (green fluorescence). The figure illustrates the
moiety of the lipoprotein positiveness observed in the different leucocyte populations, PMN,

monocytes (Mono) and lymphocytes (Lympho). The numbers on the
top right of the histograms represent the positiveness recorded using the

Cell purification o . cursor represented in the figure. The histograms of the left side
Total leucocytes and purified PMN were obtained from fastedqorrespond to non-specific binding assessed by an irrelevant mouse

normal_ donors with nprmal Iipa_emia (approved by local Ethical |gg2b and goat anti-mouse FITC. The histograms of the right side
Committee) as described previously [20,21]. Erythrocytes wereorrespond to the expression of LDLR assessed by anti-LDLR plus goat
lysed with a solution containing 8IgNH4CIl, 0-8gl NaHCG; anti-mouse FITC.

Relative cell number

Lympho

LDL iodination
LDL iodination was performed as described previously by

Relative cell number
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Fig. 2. Low density lipoprotein(LDL)-1,1' dioctadecyl-3,3,33 tetra-
methyl-indocarboxycyanine perchlorate (Dil) internalization by different | | | |
leucocytes. The figure represents a typical experiment of internalization 0 0-04 0-08 0-12 0.16 0-20

of LDL-Dil by PMN, momocytes (Mono) and lymphocytes (Lympho) at 1/[LDL-DiL]

37°C using LDL-Dil. The numbers in the top right of the histograms

represent the positiveness recorded using the cursor illustrated in thEig- 3. Internalization of low density lipoprotei(LDL)-1,1" dioctadecyl-
figure (fluorescence >570nm). The histograms on the left side corre3,3,3,3 tetramethyl-indocarboxycyanine perchlorate (Dil) by different
spond to the non-specific binding observed when the cells were incubatel§ucocytes and Lineweaver-Burk plot. (a) Uptake of LDL-Dil by

with LDL-Dil in the presence of 2m EDTA. The histograms of the different leucocyte populations. LDL-Dil was incubated with the cells,
right represent the total uptake of G@yml LDL-Dil as described in &t 37C, as described in Materials and Methods and in Fig. 2. The results

Materials and Methods. represent the mean and s.e.m. of five different experiments. Significant
differences were observed when the values of PMN were compared with

d | h | I ¢ d . bit . either lymphocytes or monocytesR¥ 0-05). (b) Lineweaver—Burk plot
and polymorphonuclear cells was periormed using bitmaps N | p binding to the different leucocyte populations. The data

which each cell population was defined by granularity and byyepresented in (a) were analysed with the following equation: 1/(%

antigen expression (CD3, CD19, CD14 and CD16). positivenessy: 1/(LDL-Dil) x  1/(Kd)+ 1/(Vma). The calculated Kd
LDL receptor function determined by the uptake of LDL-Dil. for LDL was 1:1 x 10~"m for monocytes A), 3-2 x 10~ "m for lympho-

Total leucocytes (Ix 10°) or purified PMN were incubated with cytes () and 15x 10-°u for PMN (@). This equation is generally used

PBS-01% BSA (fatty acid-free) with different concentrations of to calculate the apparent Km of enzyme kinetics and therefore represents

LDL-Dil for 4h (the time in which maximum uptake was ©nly an approximation of the real Kd.

observed, results not shown) at°87in a humidified incubator

with 5% CO—95% air mixture (cell viability >90%). Then the

cells were washed twice with PBS-gel and analysed by flow LDL-'?3 binding to purified PMN.Purified PMN (1x 10°)

cytometry. Fluorescence (>570nm) signal from the accumulatedvere mixed with different concentrations of LD and the

LDL-Dil in the cells was collected by the red photomultiplier assay was performed at@for 1 h. After incubation, the cells were

(using a 600 nm dichroic short pass filter and a 645 nm band passashed with PBS-gel in plastic radioimmunoassay (RIA) tubes and

filter), following the method of Suzulét al. [22]. The specificity  the cell pellet was counted in the gamma counter (LKB Bromma,

of LDL-Dil binding was assessed by incubating the cells with Sweden). Non-specific binding was assessed by incubating the

100pg/ml unlabelled LDL 1h before incubation with LDL-Dil. cells with 100ug/ml unlabelled LDL 1h before addition of

The maximum non-specific binding was close to 7% for all cell different concentrations of LDE23. The non-specific binding

types. In addition, the Kd for LDL-Dil binding for each was lower than 30% of the total bound LO#3.

leucocyte population was determined using the Lineweaver— The percent specific binding was calculated according to the

Burk equation as described previously [1,14]. This equation isfollowing formula:

generally used to calculate the apparent Km of enzyme kinetics

and therefore represents only an approximation of the real Kd; a

more specific assay for ligand—receptor interaction is the Scatch- total ct/min incorporated — non-specific bound LBt3

ard equation. total ct/min added

percent specific binding=

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:205-212
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Fig. 4. Binding of low density lipoproteifLDL)-*?3 to purified PMN
and Scatchard analysis. (a) Binding of LB by purified PMN. PMN
were incubated with LDL**% for 1h at 4C, and cell binding was

L. L. Laraet al.

different concentrations of mannose (1, 5, 10 and 20 ror
maleimide (05, 1, 2mv) before the kinetic studies. Mannose
[25] and maleimide [26] are specific inhibitors of the oxygen
burst since they inhibit the hexose monophosphate pathway.

In a set of experiments, PMN were incubated witlagIml| of
anti-LDLR in PBS-gel for 30 min at 4©C before adding DCFH-
DA and LDL. As a control, PMN were incubated either with an
irrelevant 1gG2b or without antibody for the same period of
time.

Determination of PKC activity

The measurement of PKC activity was performed as described
by the manufacturer (€co) using the protocol described by
Thomaset al. [27] and modified by Yasudat al. [28] which
includes a pseudosubstrate inhibitor PKC (19-36). Membrane
and cytosol fractions were separated by ultracentrifugation at
100000g for 60min at 4C; the membrane fraction was then
solubilized again with 1% (w/v) of Nonidet P-40 and recentri-
fuged at 10000Q for 60 min at 4C. The enzyme from both
fractions was partially purified through DEAE52 columns fol-
lowing the kit's instructions. The specificity of the assay was
determined by subtracting the radioactivity obtained in the
presence of the pseudosubstrate inhibitor from the total radio-
activity of the assay. The results are expressed as percentage of
control values.

In order to evaluate the effects of activation of PKC by LDL,
2x107°m of H7 (1-(5-isoquenoline sulfonyl)-2-methylpipera-
zine dihydrochoride) was added 1 h before the addition of LDL,
and a set of experiments without adding LDL was used as
control.

RESULTS

determined using the gamma counter as described in Materials ané typical LDLR expression, assessed by flow cytometry, is
Methods. Non-specific binding was assessed by incubating the cellshown in Fig.1 in fresh cells. The expression of the receptor

with 100ug/ml of unlabelled LDL 1h before the addition of LDY3.
The results represent the mean and s.d. of five different experinilints.

Specific; O, unspecific. (b) Scatchard analysis of the data presented i 16+ 5%, P<005)
(a). The number of binding sites was calculated to be 25000 and the K X '

96 x 10 °wm.

. . . F
Scatchard analysis was performed using a computerlze%
program developed by Munson & Robbard [23]. The value of

Kd obtained in the Scatchard analysis was compared with th
value obtained with the Lineweaver—Burk equation using LDL-
Dil.

Oxidative burst assessment by flow cytometry

(90+6%, n=8) in PMN was significantly different to that
observed for monocytes (284%, P<0:05) and lymphocytes
In parallel to the studies performed with
DLR expression, the internalization of the LDL-Dil was
assessed. A characteristic example of LDL-Dil internalization,
appraised by flow cytometry, is pictured in Fig.2. The specific
uptake of LDL-Dil by different cell populations is represented in
ig. 3a; it depicts a saturable system with a maximum uptake at
Opg/ml. The maximum internalization of LDL-Dil by PMN
cells was three-fold higher than the uptake observed with
onocytes or lymphocytes. The Kd of LDL-Dil uptake for the
different cell populations was calculated using the Lineweaver—
Burk equation (Fig. 3b). The calculated Kd (or apparent Kd) for
PMN (15x 10 °wm) was seven-fold lower than the observed Kd
for monocytes (Lx 10 'm) and 21-fold lower than the

Peroxide production was determined by flow cytometry using theobserved Kd for lymphocytes 8x 10 'm). Incubation of

intracellular oxidation of DCFH-DA to generate DCF, as
described previously [24]. The cells were labelled for 15 min
at 37C with 1ul of 20mv DCFH-DA. Then, the cells were
stimulated either with 158 10~°m phorbol myristate acetate
(PMA), 10ug/ml LDL or 10ug/ml LDL plus 150x 10 °wm

mononuclear cells with medium RPMI-586 BSA (fatty acid-
free) for 48h reduced the Kd for LDL from:3x 10~ 'm to
7-53x 10 %wm (results not shown).

In order to ascertain the binding of LDL to purified PMN,
LDL-'2% was used as ligand and the results are illustrated in

PMA, and a time kinetic assay was performed. The reactiond=ig.4a. The figure represents a saturable system with a maxi-
were stopped by placing the tubes on ice. Mean channel greemum binding at 6Q.g/ml of LDL-'* as it was observed for

fluorescence intensity (which represents fluorescence intensity

ibDL-Dil. The Scatchard analysis of these binding experiments is

logarithmic units) was reported as DCF production. The speciillustrated in Fig.4b. The calculated number of binding sites is
ficity of the assay was confirmed by incubating the cells with25000 and the Kd is ‘8 x 10 °m. The estimated Kd obtained

© 1997 Blackwell Science LtdZlinical and Experimental Immunolog$07:205-212
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Fig. 5. Low density lipoprotein(LDL) effect on the oxidative burst in PMN. Cells were incubated witti7’2dichloro-fluorescein
diacetate (DCFH-DA) as described in Materials and Methods, and the formation of DCF was monitored using flow cytometry. The
figures represent the mean channel fluorescence intensity (fluorescence emitted in logarithmic units) recorded, which is dependent upon
DCF formation. (a) Effect of LDL on DCF production by the different leucocyte cell populations. Significant differences were observed
when comparing the values obtained at different time intervals with the O time point for PPN Q95; *P<0-01). Significant
differences were observed at different time intervals when PMN were compared with mondtyt@9%) and lymphocytesR<0:001).

M. PMN; O, lymphocytes;[], monocytes. (b) Time kinetics for LDL induction of DCF formation in the presence and absence of anti-
LDLR. PMN were incubated with an irrelevant IgG2b or with anti-LDLR before the assay. The results represent the mean and s.e.m. of
five different experiments. Significant differences were observed when comparing the cells incubated in the absence of antibody or in the
presence of an irrelevant IgG2b (at 1 min) with the cells pre-treated with anti-LDLR before stimulation with LBk (°®1, n=5). No
significant differences were observed between cells treated or untreated with the irrelevant mouse IgG2b and stimulated with LDL.
W, LDL; O, LDL +anti-LDLR; [, LDL +1gG2b. (c) Effect of different concentrations of LDL on the formation of DCF (1 min
incubation). The results represent the mean and s.d. of five different experiments. The increment in DCF formation with 1@&nd 20

of LDL is significant with respect to the controP € 0-05).

with the Scatchard plot (8 x 10~°m) is similar to the estimated observed in Fig 5b. The specificity of the assay is represented
Kd obtained with the Lineweaver—Burk plot (510 °wm). in Table 1. Mannose and maleimide block basal and PMA-
Figure 5 illustrates the effect of LDL on the oxidative burst induced oxidative burst. The respiratory burst induced by LDL is
of different leucocytes. In Fig. 5a, the effect of LDL on PMN, concentration-dependent and has a maximum peak ag/bl,
lymphocyte and monocyte oxidative burst is illustrated. LDL as observed in Fig. 5c. Concentrations of LDL >4fIml did not
induced a two-fold transient increase (peak at 1 min) in the mearnduce oxidative burst, instead LDL decreased cell viability,
channel fluorescence intensity in PMN, without affecting mono-assessed by trypan blue exclusion and flow cytometry (results
cytes and lymphocytes. This transient increase was blocked bgot shown).
1pg/ml of anti-LDLR, but not by an irrelevant 1gG2b as In order to evaluate the effect of LDL and PMA on the
oxidative burst, four sets of experiments with time kinetics were

Table 1. Effect of mannose and maleimide on DCF fluorescence (mean

channel fluorescence intensity in logarithmic units) E 123 S (b)
S 6
S 60
Percent Percent o 40 3

Inhibitor Control control PMA control 3 20 g

b= | | | | | | | | J
None 512 4+ 118 5210 + 151 0 13 5 10 15 0 3 6 9 12 15
5muv mannose 80+ 115 840 335+ 104 643 Time (min) Time (min)
10 mv mannose 24 + 1-08 470 273 £ 106 524 . . .
20 MM mannose 26+ 1-10 460 202 + 62 560 Fig. 6. Effect of phorbol myristate acetate (PMA) and low density
05 v maleimide 663 + 0-27 104 050 + 0-38 10 lipoprotein (LDL) and both agents on the oxidative burst of PMN. (a)
1 v maleimide 063 + 035 123 110 + 0-70 20 Effect of LDL on the oxidative burst induced by PMA. The cells were
2 v maleimide 5 + 04 a8 082 + 076 15 incubated with PMA, as described in Materials and Methods, either in

the absence (—) or presence of LDL (---). The decrease in DCF
production is significant when comparing PMA stimulation alone with
The specificity of the formation of peroxides was assessed using tw@®MA plus 10ug/ml LDL (*P<0-05; *P<0-01). When ethanol was

different inhibitors of the hexose monophosphate pathway. Purified PMNadded to the mixture of LDL plus PMA, the supernatant induced a
were incubated with the concentrations of inhibitors before the assay asimilar amount of DCF production as observed when the cells were
described in Materials and Methods, the cells were then either nonstimulated with PMA. (b) Effect of PMA on the oxidative burst induced
stimulated or stimulated with phorbol myristate acetate (PMA). Theby LDL. The cells were incubated with LDL, as described in Materials
numbers correspond to the me&as.d. of the mean channel fluorescence and Methods, and then stimulated with PMA. The induction of the
intensity expressed in logarithmic units for four different donors. The formation of DCF is lower than the observed value of PMA alone shown
percentages represent the remaining DCF production in the presence f (a) (P<0-001 for the time interval after 30s). The scale is different
inhibitors compared with the untreated control. from that of (a).

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:205-212
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200 — by stimulated PMN and macrophages-férmyl-L-methionyl+-
leucylL-phenylalanine (fMLP), PMA, or zymosan) avidly modified

3 160 - LDL. This oxLDL is overlooked by normal LDLR interacting only
= with scavenger receptors [3,11]. OxLDL altered lymphocyte and
8 macrophage proliferative and cytotoxic responses [3-8], suggesting
R 120~ that this is one of the key physiopathological events in atheroma
Fn formation.
E 80— Contrary to previous reports, Aviram & Rosenblat [5]
£ observed that macrophage-mediated oxidation of extracellular
v 40 — LDL required an initial binding of the lipoprotein to its receptor,
& since the blockage of LDLR with specific antibodies inhibited

0 LDL oxidation. It is concluded that LDL-LDLR interaction is

Med LDL H7 H7 + LDL crucial for cell activation and oxidative burst induction. A
Fig. 7. Effect of low density lipoproteinLDL) on the translocation of similar mechanlsm of cell activation cquld take pla(?e ",] PMN.
protein kinase-C (PKC) in PMN. Purified cells were incubated with In this study, LDL rec_eptor expr_e_ssmn.and funCt'or_]_'n PMN
10pg/ml of LDL, H7 or H7 plus LDL as described in Materials and Were fully assessed by its recognition with the specific MoAb
Methods, and the activity of PKC was assessed on both fractions. Thand the internalization of the ligand LDL-Dil or the binding of
figure represents the percentage of enzyme activity using 100% akDL-'?% to purified PMN. The expression of the receptor was
control for non-stimulated cells. The results represent the mean andtudied in fresh leucocytes and freshly purified PMN close to
s.d. of five different experimentdll, Cytosol; (7, membrane. physiological conditions. In freshly isolated mononuclear leuco-
cytes (lymphocytes and monocytes), LDL receptors (assessed
performed: (i) cells were incubated with 1500 °v PMA with LDL-Dil) showed a higher Kd (1L x 10~ “m for monocytes
alone; (ii) cells were incubated with 15010 °m PMA and  and 32 x 10 "wm for lymphocytes) than the calculated Kd value
10ug/ml LDL simultaneously; (iii) cells were incubated with for PMN (15x 10 °wm). Scatchard and Lineweaver—Burk analy-
PMA 5 min before LDL kinetics; and (iv) cells were treated with sis, performed with a different tracer, showed similar Kd values
10pg/ml LDL for 05, 1, 3, 5, 10 and 15 min and then (96x 10 °m and 15x 10 °wm, respectively) for PMN. These
stimulated with PMA for 5min. The results of this experiment results suggest that LDLR expression and avidity are higher in
are represented in Fig. 6. Figure 6a illustrates the amount of DCIPMN compared with mononuclear cells. However, long-term
produced by PMN incubated with 15010 °m of PMA (PMA) incubation (48h) of mononuclear cells in the absence of lipo-
or 150x 10 °m PMA along with LDL (PMA+ LDL). The  protein decreased the Kd for LDL from-Bx10 'm to
effect of LDL was similar if the lipoprotein was added 5min 7-73x 10~°wm (results not shown). This calculated Kd is similar
after PMA stimulation (results not shown). The addition of LDL to that observed in the literature 8% 10~ °wm) [1,15].
to PMA-stimulated cells markedly decreased DCF formation. In  LDL was able to specifically (blocked by anti-LDLR) induce
Fig. 6b, PMA induced only a slight increase in the oxidative an increase in PMN oxidative burst which was significant, but
burst of cells previously treated with LDL. This increment was transient. Bonneaet al. [12] reported that 5min preincubation
significantly less when it was compared with the values obtainedf PMN with LDL induced superoxide generation over the
with PMA alone P<0:001) and PMA plus LDL P<0-05). In following 15min. The difference in the kinetic activation of
addition, ethanol precipitation of LDL, in the mixture PMA— PMN may be due to the method used for free radical quantifica-
LDL, prevented the inhibitory effect of LDL and consequently tion. In the experimental tests performed in this study we were
DCF formation was similar to the observed values in Fig. 6a. unable to observe, after 5min of stimulation with LDL, an
After 1 min of stimulation, the two-fold increase in the increase in the oxidative burst. Flow cytometry identification
oxidative burst observed with LDL alone (Fig.5a) was signifi- of peroxides by DCF production permitted us to monitor
cantly lower P<0-05) compared with the eight-fold increase specifically the fluorescence emitted by viable cells that maintain
observed using 150 ng/ml of PMA (Fig. 6a). granularity and antigen expression, while the ferrocytochrome
PKC activity in the cytosol and membrane of treated cellsassay may not distinguish ferrocytochrome ¢ reduction by viable
was assessed and the results are shown in Fig.7. LDL inducecklls when they are incubated for long periods of time.
an increment in particulate membrane fraction of PKC compared LDL induction of DCF production was maximal at L@ of
with the control by two-fold; similarly, there was a 60% LDL and slowly decreased as the concentration of LDL
reduction of the PKC observed in the cytosol. The effect ofincreased. This effect may be due to a decrease in cell viability
LDL was blocked by H7. H7 alone did not affect PKC observed when unstimulated or PMA-primed cells were incu-
distribution compared with controls. bated for long periods of time with increasing concentrations of
LDL. These results contrast with those of Bonneaual. [12], in
which LDL induction of superoxide generation did not reach a
maximum.
Normal LDL receptor function is involved in the anabolism and  The observed effects of LDL on PMA-activated PMN are
catabolism of LDL and other lipoproteins. On the other hand, asimilar to those reported by Bonneat al. [12]. These authors
delayed clearance of LDL from the plasma due to unimpaired12] suggested that LDL alters PMA affinity to PKC, since LDL
receptor function renders this molecule more susceptible taloes not interact with PMA and LDL is unable to modify
modifications which have been demonstrated to be involved iropsonized zymosan activation of PMN. However, LDL was
the transformation of macrophages to foam cells [1-3]. Recentlyinternalized by PMN by its specific receptor, and this internali-
several reports [3-6,8] have shown that free radicals producedation decreased PKC-induced oxidative burst (monitored by

DISCUSSION
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DCF formation). In neutrophils, contrary to macrophages,

NADPH oxidase has been located preferentially in the phagoly-

211

lipoprotein receptors in natural killer cells and their effect on natural
killer proliferative and cytotoxic activity. Immunology 19986:399—

sosome [29] and cytoskeleton rearrangements upon phagolyso- 407-

some formation diminished PKC induction of peroxide formation

[30]. Furthermore, LDL has been shown to scavenge peroxides

produced by the cells, which readily modified the molecule
[3,11]. It can be proposed that LDL reduction of DCF accumu-
lation induced by PMA stimulation may be a consequence of
either phagolysosome formation or peroxide scavenging by LDL.

10 De Sanctis JB, Blanca |, Radzioch D, Bianco NE. Expression and

function of low-density lipoprotein receptors in CDLD16 CD56"
cells: effect of interleukin 2. Cell Immunol 1996:67:18-19.

11 Katsura M, Forster LA, Ferns GAA, Andgh EE. Oxidative

modifications of low density lipoprotein by human poly-
morphonuclear leukocytes to a form recognized by the scavenger
pathway. Biochim Biophys Acta 1994;213231-7.

LDL induction of PKC translocation to the membrane seems12 Bonneau G, Couderc R, Roch-Aveiller M, Giroud JP, Raidchvarg D.

to be the mechanism responsible for the increment in oxidative Effects of human

burst. This effect is specific, since the addition of H7 before
LDL stimulation blocked PKC translocation to the membrane.
These results are in agreement with those reported by Li
Catchcart [4]. These authors [4] have shown that PKC activity
is required for lipid oxidation of LDL in activated human
macrophages.

low-density lipoproteins on human poly-
morphonuclear leukocytesn vitro. Biochem Soc Trans 1990;
18:1188-9.

813 Beisiegel U, Schneider WJ, Goldstein JL, Anderson GW, Brown MS.

Monoclonal antibodies to the low density lipoprotein receptor as
probes for study of receptor-mediated endocytosis and the
genetics of familial hypercholesterolemia. J Biol Chem 1981;
25611923-31.

The functional expression of LDLR in PMN implies the 14 geisiegel U, Schneider WJ, Brown MS, Goldstein JL. Immunoblot

involvement of these cells in the physiological oxidation of LDL

in normal human plasma and in the generation of vascular

damage as observed in cardiac reperfusion injury [11]. A

analysis of low density lipoprotein receptors in fibroblasts from
subjects with familial hypercholesterolemia. J Biol Chem 1981;
257.13150-6.

tentative hypothesis can be proposed in relation to the amount¥d Schmitz G, Braing, T Kovacs E, Barlage S. Fluorescence flow

of oxidized LDL produced. In normal physiological conditions,

low amounts of oxLDL are produced, and it may be cleared up
by scavenger receptors, yet if a massive activation of peripheral6

PMN by different agents takes place, these cells will originate
an enormous increment in oxLDL which could not be cleared

cytometry of human leukocytes in the detection of LDL receptor
defects in the differential diagnosis of hypercholesterolemia. Arter-
ioscler Thromb 199313:1053-65.

Havel RJ, Eder HH, Bragdon JH. The distribution and chemical
composition of ultracentrifugally separated lipoproteins in human
serum. J Clin Invest 19554:1345-53.

out from the plasma and may precede the formation of am7 g|.saadani M, Esterbauer H, El-Sayed M, Goher M, Nassar AY,

atheroma.
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