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ystract: Lipoproteins, chylomicrons (CM), very low den-
ity lipoprotein (VLDL), low density lipoprotein (LDL),
gh density lipoprotein (HDL) and acetyl modified LDL
¢LDL) can stimulate natural killer (NK) cells upon
"';Hding to specific receptors. Using flow cytometry and a
pecific monoclonal antibody against phosphotyrosine, we
assessed the effect of lipoproteins on total intracellular
pression of immunoreactive phosphotyrosinc. Tyrosine
osphorylation increased when lipoproteins were added to
‘purified NK cells, previously cultured overnight in
: 1-0.5% fatty acid free bovine serum albumin. The
gfpnmal effect occurred at 15 minutes for all the lipoproteins
1sed. The concentrations of lipoprotein were 10 pug of
srotein/ml of CM, and 20 ug of protein/ml for the other
lipoproteins. The effect of lipoproteins on phosphotyrosine
positivity was as follows: LDL > VLDL > CM > HDL >
AcLDL. Thus lipoproteins may activate NK cells through
tyrosine phosphorylation and this signal transduction
pathway seems to be enhanced when these cells are activated
<'with LDL.
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Introduction: Lipoproteins, chylomicrons (CM), very low
density lipoprotein (VLDL), low density lipoprotein (LDL)
and high density lipoprotein (HDL) have always been con-
sidered important for cell and tissue physiology [1].
However, deregulation of the metabolic control of lipopro-
tein may be the cause of vascular pathologies such as
atherosclerosis [2,3].
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Even though NK cells have not been directly involved in
: the development of atherosclerosis, diet [4], lipid emulsions
i [5] and lipoproteins [6] alter NK lytic efficiency against
K562 and P815 cells. At optimal concentrations, CM, VLDL
and LDL enhanced while HDL and acetyl-modified LDL
(AcLDL) inhibited the NK cytotoxic response against K562
; [6]. On the contrary. all lipoproteins enhance the NK prolif-
3 erative response [6]. The mechanism by which this effect is
produced seems to be dependent on the stimulatory signals
generated upon ligand binding with the specific receptor.

795

soproteins induce tyrosine phosphorylation in human natural
killer cells

Juan B. De Sanctis, Isaac Blanca and Nicolds E. Bianco

- Instituto de Immunologia, Facultad de Medicina, Universidad Central de Venezuela, Caracas, Venezuela

Materials and methods: Lipoproteins were separated as
described previously [6]. The levels of oxidized lipoproteins,
assessed by the thiobarbituric acid assay (TBARS), were
undetectable [6]. LDL was acetylated as described by Basu
et al. [7]. All the lipoproteins were washed, dialysed and
filter-sterilized before the assay.

Immunofluorescent quantification of tyrosine phosphory-
lation of cellular proteins was performed as described
previously by Far er al. [8]. The assay was conducted with
purified NK cell populations from three different donors
(>85% CDI16", <1% CD14", <1% CD3" and <1%
CD19") as described previously [6].

The cells were incubated with RMPI-0.1% BSA fatty
acid free for 18 h before the stimulation with lipoprotein and
subsequently washed and incubated with 10 pg of
protein/ml of CM or 20 pg of protein/ml of one of the
lipoproteins (VLDL. LDL, HDL and AcLDL) for different
time points.

Afterwards. the cells were fixed with 1% paraformalde-
hyde permeabilized with saponin, incubated with 0.01 M
phosphate buifer solution (PBS)-0.1% bovine serum albu-
min (BSA) 0.1% Tween-20 to block non-specific binding
and finally incubated with anti-phosphotyrosine-FITC
(Sigma Chemical Company, St Louis, MO, USA). As con-
trols, the cells were treated with pervanadate (positive) and
1 uM staurosporine (negative) as described previously [8].

Specificity was assessed by adding phosphotyrosine or
incubating pervanadate-stimulated cells with unlabelled
anti-phosphotyrosine before incubation with the labelled
antibody. Finally, the fluorescence intensity was quantified
in an EPICS ELITE flow cytometer (Coulter Corporation,
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Figure 1. Effect of lipoproteins on tyrosine phosphorylation.
The mean channel fluorescence intensity (logarithmic units)
represents the amount of immunoreactive phosphotvrosine detected
with anti-phosphotyrosine-FITC and assesse. by flow cytometry.
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~awth Deuds. . ence in the intensity of fluorescence that was dependent on the
ANOVA test and Student’s r-test were used to analyse the concentration of the lipoprotein used. Figure 1 illustrates the
results. Data were considered significant when P values effect of lipoprotein on phosphotyrosine positivity in three
were < 0.05. sets of experiments. The cells stimulated with LDL had the
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Figure 2. Flow cytometry histograms ofsz[mulated_cells.' In this {ypic-alﬂow Cytometry experiment, the dorted line refers to control
(non-stimulated cells) and the dark lines represent the Ilpopfy{_em-;_stgmulated cells. The number on the top right of the histograms
represents the mean channel ﬂl_lprescence intensity in logarithmic units.




0.001) and those of CM stimulated cells (P < 0.05).
S ai'ly, the cells stimulated with VLDL expressed higher
‘,.-'3 ¢ of phosphotyrosine as compared to HDL or AcLDL
$5%°0.005) and CM (P < 0.05) stimulated cells.

jgure 2 represents a typical assay for phosphotyrosine
srmination, at optimal concentrations of lipoprotein,
g flow cytometry. The mean channel fluorescence inten-
1, reported in logarithmic units, was assessed in the total
population. The dotted .line represents the basal

ine occurred upon LDL and VLDL stimulation, contrasting
ith the low levels seen upon AcLDL, HDL and CM

induces phosphorylation of the mitogen-activated protein
‘kinase (MAP) in the U937 cell line and smooth muscle cells.
As a consequence of this activation, the proliferative
“zresponse of these cells increased upon LDL activation. The
effect of LDL was inhibited by HDL.

= Similarly, Lara et al. [11] have shown that LDL increased
* the translocation of PKC to the particulate membrane frac-
tion of polymorphonuclear cells, with a corresponding rise

in peroxide production. Miki er al. [12] suggested a direct

activation of the lyn tyrosine kinase upon AcLDL binding to
the scavenger receptor in the THP-1 cell line, indicating a
direct involvement of this kinase with the receptor.

These reports lead us to postulate that lipoprotein-induced
signal transduction can be an important event in NK cell
activation.

Acknowledgements: Supported by a grant from Consejo
Nacional de Investigaciones Cientificas y Tecnoldgicas
(CONICIT) #S1-95-568, Caracas, Venezuela.

1. Traill KN, Huber LA, Wick G, Jurgens G. Lipoprotein interactions with
T cells, an update. Immunol Today 1990; 11:411-417.

2. Brown MS, Goldstein JL. Lipoprotein metabolism in the macrophage:
Implications for cholesterol deposition in atherosclerosis. Ann Rev
Biochem 1983; 52:223-235.

3. Ross R.The pathogenesis of atherosclerosis: a perspective for the
1990s. Nature 1993; 326:801-806.

4. Yaqoob P, Newsholme EA, Calder PC. Inhibition of natural killer cell
activity by dietary lipids. Immunol Lerr 1994; 41:241-243.

5. Kurzer M, Tice D, Meguid MM, Reinitz ER. Natural killer cell activity
in rats infused with Intralipid®. J Clin Lab Immunol 1989; 29:33-38.

6. De Sanctis JB, Blanca I, Bianco NE. Expression of different lipopro-
tein receptors in natural killer cells and their effect on natural killer pro-
liferative and cytotoxic activity. Immunology 1995; 86:399-407.

7. Basu SK, Goldstein JL. Anderson RGW, Brown MS. Degradation of
cataionized low density lipoprotein and regulation of cholesterol
metabolism in homozygous familial hypercholesterolemia fibroblasts.
Proc Natl Acad Sci USA 1976; 73:3178-3183.

8. Far DF, Peyron JF, Imbert V, Rossi B. Immunofluorescent quantifica-
tion of tyrosine phosphorylation of celluiar proteins in whole cells by
flow cytometry. Cytomerry 1994; 15:327-334.

9. Deigner HP, Claus R. Stimulation of mitogen activated protein kinase
by LDL and oxLDL in human U-937 macrophage-like cells. FEBS Lert
1996; 385:149-153. ) =

10. Kusuhara M, Chait A, Cader A, Berk BC. Oxidized LDL stimulates
mitogen-activated protein kinases in smooth muscle cells and
macrophages. Arrerioscler Thromb Vasc Biol 1997; 17:141-148.

11. Lara L, Rivera H, Pérez-P C, Blanca I, Bianco NE, De Sanctis JB. Low
density lipoprotein receptor expression and function in human poly-
morphonuclear leukocytes. Clin Exp Immunol 1997; 107:205-212..

12. Miki S, Tsukada S, Nakamura Y, Aimoto S, Hojo H. Sato B, er al.
Functional and possible physical association of scavenger receptor with
cytoplasmic tyrosine kinase Lyn in monocytic THP-1 derived
macrophages. FEBS Lert 1996; 399:241-244.



