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Abstract Lipoprotein lipase (LPL) induced, in a dosede- 
pendent fashion, a 2-fold and 1 1-fold increase in the prolifera- 
tive response of peripheral blood lymphocytes (PBL) at 48 
and 72 h, respectively; a 4- and 12-fold increase in natural 
killer (NK) cells, respectively; and a maximal %fold induction 
in interleukin-2 (IL-2)-treated NK cells at 72 h. T lymphocytes 
did not proliferate independently of the concentration of 
LPL used. LPL decreased the proliferative response of K562 
and U937 cell lines. The effect on NK cells could be blocked 
by anti-LPL if it was added before LPL binding to the cell 
membrane. Contrary to its effects on NK proliferative re- 
sponse, LPL inhibited spontaneous cytotoxicity and lymphok- 
ine-activated killer activity (LAK). The effect was dose-de- 
pendent, targetdependent (U937 was more sensitive than 
K562 in LAK assays), but not LPLbinding timedependent. 
Treatment of NK cells with heparinase overcame the inhibi- 
tory effect of LPL in spontaneous cytotoxicity. LPL binding 
to cell membranes, as assessed by flow cytometry, was as 
follows: K562 cells > monocytes > NK cells > LAK cells > U937 
cells, absent in T lymphocytes and partially sensible to hepari- 
nase and IL2 treatments. Protein kinase C translocation was 
observed upon treatment of NK cells with LPL. Three pro- 
teins in NK cell membrane (76,57.2, and 27.2 kD), two in the 
cytosol (57.2 and 27.2 kD), and only one in ANA-1 cell mem- 
brane (76 kD) were precipitated with LPL-Sepharose. LPL 
receptors seem to be responsible for the proliferative and 
cytotoxic response observed in LPLstimulated NK 
cells.-De Sanctis, J. B., I. Blanca, and N. E. Bianco. Regula- 
tory effects of lipoprotein lipase on proliferative and cyto- 
toxic activity of NK cells.]. Lipid Res. 1996. 37: 1987-2000. 
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Lipoprotein lipase (LPL, E.C. 3.1.1.34) is a key en- 
zyme in the catabolism and anabolism of triglyceride- 
rich lipoproteins, chylomicrons, and very low density 
lipoprotein, as well as other lipoproteins (1). It has been 
established that LPL is secreted by adipose tissue 
(white/brown), heart, mammary gland (lactating), skele- 
tal muscle, adrenal, ovary, thoracic aorta, spleen, small 
intestine, testis, lung, kidney, brain (hippocampus), neo- 
natal liver (l), macrophages (2-4), and natural killer 

(NK) cells (5). The cell surface receptor for LPL has been 
proposed to be a proteoglycan containing heparan sul- 
fate, or a glycosaminoglycan to which LPL is linked 
through phosphatidylinositol. This latter receptor, sen- 
sitive to phosphatidylinositol-phospholipase C has been 
discovered in cardiac myocytes, but it has not been 
observed in macrophages (1). 

LPL is thought to be important in the development 
of atherosclerosis because it generates a high quantity 
of lipoprotein remnants that are avidly taken up by 
macrophages (6). This overproduction of remnants or 
modified lipoproteins may also alter the physiological 
response of other cells such as T lymphocytes and NK 
cells (7-9). In addition, when LPL was added to murine 
macrophages in culture, it induced the transcriptional 
activation of tumor necrosis factor (TNF) (lo), a process 
that is protein kinase C (PKC)-dependent (11). This 
induction of TNF by LPL may be related to the increased 
level of this cytokine reported to be in the atheroma (7). 

NK cells (CD3CD16'CD56+) represent a subset of 
lymphocytes distinguishable from T and B lymphocytes 
by their morphology, phenotype, and functional capac- 
ity to spontaneously kill tumor cells or virally infected 
cells (12, 13). Treatment of NK cells with interleukin 2 
(IL2) results in a significant augmentation of their 
tumoricidal activity (12, 13). On the other hand, IL2 is 
required but not sufficient to produce a maximal prolif- 
erative response of NK cells (14). 

NK cells have been involved in the metabolism of 
lipoproteins as these cells express and secrete LPL (5) 
and display different lipoprotein receptors (8, 9, 15). 
Furthermore, when NK cells were incubated with lipo- 
proteins, all of them induced NK proliferative response 
and the extent of the response was lipoprotein- and 

Abbreviations: LF'L, lipoprotein lipase; NK, natural killer cells; LAK, 
lymphokine activated killer; IL2, interleukin-2; FITC, fluorescein 
isothiocyanate; PKC, protein kinase C. 
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concentration-dependent (8). Addition of lipoproteins 
to IL-2-stimulated T lymphocytes and NK cells also 

LPL purification 

augmented their proliferative- response (9). On the 
other hand, not all lipoproteins augmented NK cyto- 
toxic response in the absence of other stimuli (8). The 
different lipoproteins originate various physiological 
responses in NK cells, depending on the specific recep- 
tor to which the lipoprotein is bound (8). Likewise, this 
recognition may be dependent on LPL expression and 
secretion, as it has been shown that LPL increased 

LPL was purified from human postheparin plasma 
using Intralipid (Vitrus, Stockholm, Sweden) and two 
steps of heparin-sepharose columns, as previously de- 
scribed (18). The enzyme was eluted from the affinity 
column with 2 M NaC1, and the punty of the protein and 
of anti-LPL was assessed by polyacrylamyde gel electro- 
phoresis and Western blot analysis, respectively (19). 

lipoprotein recognition by the a 2  macroglobulin recep- 
tor/LDL receptor-related protein (16), and it induced 
lipoprotein internalization through cell proteoglycans 

Anti-LPL antibody 

that bind LPL (17). 
The aim of the present study was to investigate the 

effect of LPL on the proliferative and cytotoxic response 
of NK cells in the absence of other stimuli and/or in the 

Anti-LPL antibody was described previously (5). It is 
capable of binding LPL monomer and dimer and inhibit 
LPL catalytic activity (5). 

presence of IL-2. The expression of a possible receptor 
for LPL on NK cells, responsible for these effects, was 
also studied. 

Detednation of endotoxin concentrations 

MATERIALS AND METHODS 

Chemicals 

Fetal calf serum (FCS), L-glutamine, penicillin-strep- 
tomycin, RPMI 1640, and RPMI-1640 Selectamine me- 
dium were purchased from Gibco BRL (Gaithersburg, 
MD). Human recombinant interleukin-2 (IL-2) was 
kindly donated by the Biological Response Modifiers 
Program, National Cancer Institute (Frederick, MD). 
Percoll and Ficoll-paque were purchased from Pharma- 
cia LKB (Uppsala, Sweden). Na51Cr, Expre35S35S label- 
ing kit, and En3Hance were purchased from New Eng- 
land Nuclear (Boston, MA). Heparinase type I11 (1 unit 
generates 0.1 pmol saturated uronic acid/h at pH 7.5), 
and all other reagents were acquired from Sigma Chemi- 
cal Co. (St. Louis, MO). 

Antibodies 

Anti-Leu1 lc-PE (CD16, FcrIII receptor, expressed in 
NK cells) was purchased from Becton Dickinson (Moun- 
tain View, CA). Anti-NKH-1 RD1 (CD56, asialo GM1, 
expressed in NK cells), anti-T3 (CD3, expressed in T 
lymphocytes) unlabeled, anti-T3- FITC (CD3), anti-4B4- 
FITC (CD19, expressed in B lymphocytes) and anti- 
M02- FITC (CD14, expressed in monocytes) antibodies 
were purchased from Coulter Immunology (Hialeah, 
FL). Anti-CD44 (hyaluronic acid receptor) was pur- 
chased from Sigma Chemical Co. (St. Louis, MO). 

The endotoxin content of all media and LPL prepa- 
rations was determined by a quantitative limulus ame- 
bocyte lysate assay (Whittaker, Wakersville, MA). The 
endotoxin content in the LPL preparations and in the 
media were found to be lower than 0.007 ng/ml. 

Labeling of LPL with FJTC 

LPL was labeled using fluorescein isothiocyanate 
(FITC) as described in detail elsewhere (20) and adjusted 
to 1 mum1 in PBS-0.02% Na azide. LPL-FITC con- 
served LPL catalytic activity and anti-LPL retained the 
same reactivity for LPLFITC, as determined by ELISA 
(results not shown). 

Cell purification 

Blood samples were taken from normal healthy do- 
nors (blood bank of the Central University Hospital). 
Human peripheral blood mononuclear cells were sepa- 
rated by a gradient of Ficoll-Hypaque. The cells were 
then washed, resuspended to 5 x 106 cells/ml in RPMI- 
10% FCS and separated from adherent cells by incuba- 
tion on plastic Petri dishes (Becton-Dickinson, Moun- 
tain View, CA). The non-adherent peripheral blood 
lymphocytes (PBL) were used in proliferative assays. 

Human large granular lymphocytes (LGL) were sepa- 
rated by passage of the non-adherent mixed population 
of cells through nylon wool columns, and subsequent 
centrifugation on Percoll gradients (2 1). The low density 
(mostly LGL) cells isolated from the Percoll gradients 
were treated with anti-CD3 monoclonal antibody plus 
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complement, to deplete CD3' cells. The resulting prepa- 
ration was >80% CD16', (1% CD14', (1% CD3', and 
(1% CD19'. 

T lymphocytes were isolated from the high density 
bands of the Percoll gradients, and treated with anti- 
CD56 monoclonal antibody to deplete NK cells. The 
purified T cells were >95% CD3', (1% CD14', (1% 
CD56'. 

For flow cytometry assays, monocytes were purified 
from the top band of the Percoll gradient. The cells were 
>85% CD14+, (1% CD3+, (1% CD56'. 

Cell proliferative assays 

In order to determine the effects of LPL on the 
proliferative response of non-adherent peripheral blood 
lymphocytes (PBL), and T and NK cells, the cells were 
adjusted to a concentration of 1 x 106/ml of RPMI- 
16404% fetal calf serum, and 100 p1 was added to the 
wells of a 96-well plate that contained 100 pl of LPL 
diluted at different concentrations with RPMI 1640-BSA 
(fatty acid-free) 0.5%. The cells were cultured for 48 or 
72 h and were labeled 18 h prior to the end of the 
incubation period with 1 pCi/well [3H]thymidine (pre- 
pared in RPMI-BSA). The incorporation of [SHIthymid- 
ine was measured in a beta-plate counter (LKB, Swe- 
den). The LPL used for this study was the same as the 
one used for flow cytometry studies and cytotoxic assays. 

In some experiments, anti-LPL was added to LPL 
prior the incubation of the cells with the enzyme. Anti- 
LPL blocked only the effect of soluble LPL and not the 
effect of membrane-bound LPL. 

K562 (human erythro leukemia) and U937 (human 
histiocytic) cells were also tested for proliferative re- 
sponse in the presence of LPL as they were the targets 
cells for spontaneous NK and lymphokine activated 
killer cytotoxicity, respectively. The cell cycle of both 
cells is 48 h. The assays were performed using 5 x lo4 
cells/well and LPL as describe3 above. LPL did not 
affect cell viability as assessed by'trypan blue exclusion. 

NK cytotoxic assay 

A short term (4 h) radiolabeled release assay using 
51Cr-labeled K562 cells as targets was performed as 
described previously (5). Briefly, 5 x lo6 K562 cells were 
labeled with 150 pCi of Na51Cr (200-500 pCi/mmol), 
for 1 h at 37°C. Labeled cells were washed three times 
in RPMI medium plus 5% FCS and resuspended at 5 x 
lo4 cells/ml in RPMI containing 10% FCS. A fKed 
number (5 x 103 cells in 0.1 ml) of labeled K562 cells was 
mixed with 0.1 ml of effector cells at different effector- 

to-target cell ratios (40:1,20:1, and 1O:l) .  The combina- 
tion of target and effector cells was seeded in triplicate 
into 96-well U-bottomed microtest plates (Falcon Plas- 
tics, Oxnard, CA). 

Generally, the effector cells were previously incubated 
with different concentrations of LPL for a minimum of 
30 min up to 24 h at 37°C (the effect of LPL is inde- 
pendent of the time of incubation). The cells were then 
washed and adjusted for each effector-to-target ratio. In 
other experiments, 1 x lo6 cells were pre-incubated 
either with anti-LPL (0.5 or 1 pg/ml) or anti-CD44 (0.5 
or 1 pg/ml) for 30 min at 4'C or 10 IU/ml of heparinase 
type I11 for 30 min at 37'C and then washed before the 
addition of LPL. In some assays, these latter treatments, 
with anti-LPL, anti-CD44, or heparinase, were per- 
formed after the incubation of the effector or the target 
cells with LPL. 

51Cr release was measured in 100-pl samples of super- 
natants using a gamma counter (Compugamma, Wallac, 
LKB, Sweden). Total release of radioactivity was deter- 
mined by counting the radioactivity released from 5 x 
lo3 labeled K562 cells treated with 1% Triton X-100. The 
percent of lysis was calculated by the following formula: 

% Specific lysis Experimental release - Spontaneous release 
Total release - Spontaneous release 

Determination of LAK activity 

Purified NK cells were stimulated for 72 h with 1000 
IU of IL-2/106 cells in order to induce lymphokine 
activated killer activity (LAK) as previously described 
(22). These cells were tested for cytotoxicity against a 
human histiocytic cell line U937 that is resistant to NK 
spontaneous cytotoxicity or short priming with IL2. In 
parallel, the same cells were tested for cytotoxicity using 
K562 cells as target. The cytotoxicity assay was per- 
formed as described for NK cytotoxic assay. Spontane- 
ous NK and LAK cytotoxicity were compared. 

Enzyme binding to cell surface 

The expression of membrane-bound LPL was moni- 
tored by flow cytometry, using an EPICS 753 flow cy- 
tometer (Coulter), equipped with a 5-W argon laser and 
dye laser. The instrument was calibrated for fluores- 
cence and light scatter using DNA check calibrating 
beads (Coulter Immunology). Excitation wavelength 
was set at 488 nm and all parameters except forward 
angle light scatter (FALS) were assessed using a logarith- 
mic scale. LPL-FITC was added at different concentra- 
tions in PBS-0.02% sodium azide for 30 min at 37°C. 
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The cells were then washed twice with PBS and analyzed 
by flow cytometry. Non-specific binding was assessed by 
incubating the cells with 10 g LPL before adding LPL- 
FITC. A set of experiments was performed by adding 
LPL, for 30 min at 37"C, and subsequently anti-LPL- 
FITC obtaining similar results as with LPLFITC. 

In order to assess the possible receptor for LPL, the 
cells were treated, either before or after LPL-FITC 
incubation, with 10 units of heparinase (type 111) per 
million cells, at 37°C for 30 min, and the bound LPL- 
FITC was quantified by flow cytometry. Likewise, some 
experiments were performed adding anti-CD44, 0.5 
pg/ml for 30 min at 4"C, prior to the incubation with 
LPL-FITC. In another assay, the cells were incubated 
with LPL-FITC, washed, and then treated with 1000 IU 
of IL-2/ml for 30 min at 37°C. 

Binding experiments with LPL-FITC were also per- 
formed with purified monocytes (>go% CD14'), purified 
T lymphocytes (>go% CD37, either non-stimulated or 
stimulated with 100 IU of IL-2/106 cells, and U937 and 
K562 cell lines growing in log phase. 

Determination of PKC activity 

The measurement of PKC activity was performed as 
described by the manufacturer (Gibco BRL) using the 
protocol described by Thomas, Gopalakrishna, and An- 
derson, (23) and modified by Yasuda et al. (24). The 
assay is specific as it is performed with a particular 
pseudosubstrate inhibitor, PKC( 19-36). Briefly, 20 x 
106 purified NK cells were stimulated with 1 pg/ml of 
LPL for 1 h, then the cells were lysed by homogenization 
in a dounce homogenizer using the ice-cold lysing solu- 
tion provided by the kit (20 mM Tris, pH 7.5, 0.5 mM 
EDTA, 0.5 mM EGTA, 0.5% Triton X-100, 25 g/ml 
leupeptin, and 25 g/ml apoprotinin). The membrane 
fraction and cytosol fraction were separated by ultracen- 
trifugation at 100,000 g for 60 min at 4°C. The mem- 
brane fraction was solubilized again with 1% (w/v) of 
Nonidet P40 and then recentrifuged at 100,OOOg for 60 
min at 4°C. Then, the enzyme from both fractions was 
partially purified through DEAE52 columns following 
the kit's instructions and eluted with a solution contain- 
ing 20 mM Tris, pH 7.5, 0.5 mM EDTA, 0.5 mM EGTA, 
10 mM mercaptoethanol, and 0.2 M NaCl. The eluted 
fraction was analyzed for PKC activity following the 
optimum conditions of the assay (20 mM Tris, pH 7.5, 
20 mM MgC12, 1 mM CaC12,20 M ATP, 50 M acetyl myelin 
basic protein, 0.28 mg/ml phosphatidylserine, and 100 
nM PMA) suggested in the kit's instructions. After the 
assay, the samples were spotted in DEAE-cellulose disks 
that were subsequently acid-washed and then counted 
in the beta counter (LKB-Bromma, Sweden). The speci- 
ficity of the assay was determined by subtracting the 

radioactivity obtained in the presence of the pseudosub- 
strate inhibitor PKC( 19-36) from the total radioactivity 
of the assay. The results are expressed as percentage of 
control values. 

In order to assess the effects of activation of PKC by 
LPL, 20 pM of H7 (1-(5-isoquenoline sulfonyl)-2- 
methylpiperazine dihydrochloride) was added 1 h be- 
fore the addition of LPL; a set of experiments without 
addition of LPL were used as control. 

Identification of LPL receptors 

LPL receptor from NK cells was precipitated using 
the standard protocol for immunoprecipitation de- 
scribed elsewhere (25), with a minor modification, 
namely an LPLSepharose (10 mg of LPL/ml of gel) was 
used and samples were taken from the cytosol and 
membrane of NK cells. Briefly, purified NK cells were 
rinsed with methionine/cysteine-free medium (RPMI- 
1640 Selectamine) and metabolically labeled with 0.1 
mCi/ml of E ~ p r e ~ ~ S ~ ~ s  (labeling kit) overnight in the 
presence of dialyzed 10% FCS. The cells were then 
centrifuged and lysed in phosphate-buffered saline 
(PBS) solution containing 1% NP40, 1 mM phenyl- 
methylsulfonyl fluoride, and 0.1 mM leupeptin. After 
centrifugation of the lysed cells to remove nuclei and 
unbroken cells, the supernatant was separated and the 
membrane and cytosol fractions were separated by ul- 
tracentrifugation and sucrose gradient, respectively 
(25). The membrane fraction was then washed bf cen- 
trifuging at 100,000 g in the lysis buffer, but with 0.1% 
NP-40. The pellet was resuspended in 0.5 ml lysis buffer. 
Both membrane and cytosol fractions were tested for 
alkaline phosphatase activity using p-nitrophenyl phos- 
phate as substrate and measuring the product, p-ni- 
trophenol. Phosphatase activity was present only in the 
membrane fraction. An aliquot of each fraction, 50 p1, 
was pretreated with 20 pl of albumin-Sepharose (1 
mg/ml). The mixture was incubated for 2 h at room 
temperature, centrifuged, and the supernatant was 
mixed with 20 pl of LPL-Sepharose, prepared as detailed 
elsewhere (18), for 1 h at room temperature. The mix- 
ture was centrifuged, and the pellet was washed twice 
with 0.05% NP40 and 1 mM PMSF, and twice with 0.05 
M Tris-HC1, pH 6.8. Finally, the pellet was resuspended 
in SDS buffer and heated at 95°C for 10 min. Samples 
were then subjected to SDS-polyacrylamide gel electro- 
phoresis using 7% acrylamide as separating gel. After 
the electrophoresis, the gels were soaked in En3Hance, 
dried, and autoradiographed with an amplified screen 
using Kodak Xomat AR film (Rochester, NY). 

As controls, samples of membrane and cytosol were 
treated with LPL-Sepharose that was previously treated 

1990 Journal of Lipid Research Volume 37, 1996 

 by guest, on June 18, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


RESULTS 
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Fig. 1. Effect of LPL on the proliferative response of peripheral 
blood non-adherent lymphocytes (PBL), NK cells and T lymphocytes. 
The cells were separated and treated as described in Materials and 
Methods and each curve represents the mean f standard deviation of 
ten different donors performed in triplicate. Part A of the figure 
illustrates the effect of different concentration of LPL on the prolif- 
erative response of PBL, NK, and T cells at 48 h. PBL and NK cells, 
but not T lymphocytes, proliferate in the presence of LPL. These 
increments in proliferative response were significant at different 
concentrations of LPL (*P < 0.01, **P < 0.001, ***P < 0.0001) as 
compared to non-treated cells. Part B of the figure depicts the effect 
of different concentration of LPL on the proliferative response of 
PBL, NK, and T cells at 72 h. These increments in proliferative 
response were significant at different concentrations of LPL (*P < 
0.01, **P < 0.001, ***P < 0.0001) as compared to non-treated cells. 

with 20 p1 of anti-LPL. Thus, anti-LPL blocked LPL 
binding to its receptors. 

Statistical analysis 

The paired and unpaired Student's t test was used for 
statistical analysis. 

LPL effect in proliferative response 

Figure 1 illustrates the effect of LPL on the prolifera- 
tive response of peripheral non-adherent blood 
mononuclear lymphocytes (PBL), T lymphocytes, and 
NK cells. At 48 and 72 h, LPL induced the proliferative 
response of PBL and NK cells, but it did not modify T 
lymphocyte response (Fig. 1, parts A and B). In part A 
of the figure, a 4-fold increment in NK proliferative 
response was observed at concentrations ranging from 
0.9 to 1.5 pg/ml of LPL, while there was only a maxi- 
mum 2-fold induction for PBL in this range of concen- 
trations. NK proliferative response was significantly 
higher in NK cells as compared with PBL (P < 0.05, n = 

10) at the same range of concentrations. At 72 h, part B 
of the figure, the induction of the proliferative response 
was similar for PBL and NK cells (1 l-fold and 12-fold, 
respectively), but there was a shift in the concentration 
of LPL needed to reach this maximum. While the opti- 
mal concentration of LPL required for the maximal 
induction of PBL proliferation was 1.2 pg/ml, similar to 
the value observed at 48 h, the quantity required for 
maximal proliferative response of NK cells was 0.5 
(g/ml, 3-fold less as compared to 48 h. 

The effect of LPL on NK cells is specific as the 
addition of anti-LPL prior to the addition of LPL to cell 
culture blocked the proliferation induced by LPL as 
observed in Fig. 2, part A. With increasing concentra- 
tions of the antibody (0, 0.5, and 1 pg/ml), the amount 
of LPL required to induce proliferative response was 
higher. This effect was significant (P < 0.05, n = 4) up to 
1.2 pg/ml of LPL for both concentrations of antibody 
used. At high concentrations of LPL, a decrease in the 
proliferative response was observed as reported in Fig. 
1, part A. The inhibition of proliferative response was 
not observed when anti-LPL was added after cell incu- 
bation with LPL; anti-LPL did not affect the proliferative 
response induced by LPL (results not shown). 

Two cell lines were also used to study the effect of LPL 
on the proliferative response and compared to fresh 
cells. Instead of increasing the proliferative response, 
LPL decreased it in both cell lines in a dosedependent 
fashion (Fig. 2, part B). This decrease was significant at 
concentrations higher than 0.9 pg/ml (P < 0.01), and it 
reached a plateau at 3 pg/ml. The concentration re- 
quired for a 50% reduction in the proliferative response 
was 2.0 and 1.5 pg/ml of LPL for K562 and U937, 
respectively. 

In order to monitor the effect of IL2 and LPL on NK 
cells, NK cells were either stimulated for 18 h with 100 
IU of IL-2/ml (primed) and then washed before the 
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treated cells. Even though the maximal proliferative 
response at 48 h was similar for primed or costimulated 
cells, the concentration of LPL required to reach a 
maximum response was 1.2 pg/ml for primed cells as 
compared to 0.3 pg/ml for costimulated cells (Fig. 3, 
part A). At 72 h, either in the presence or absence of 
LPL, the NK primed cells proliferated significantly less 

A 

- 
150 r - I 

- 
30 - 

01 I 
0 1 2 3 

LPL u g h  

Fig. 2. Effect of LPL and anti-LPL on the proliferative response of 
NK cells, and K562 and U937 cell lines. Part A The figure illustrates 
the effect of the addition of anti-LPL to LPL prior to the stimulation 
of the cells with anti-LPL. Anti-LPL binds LPL avidly in solution and 
blocks the effect of LPL on NK proliferative response. The assay was 
performed in ten donors in the absence of anti-LPL and four donors 
for each concentration of LPL. Significant differences (*P < 0.05) were 
observed at concentrations ranginq from 0.5 up to 1.2 pg/ml for each 
concentration of anti-LPL used, 0.5 pg (0.5 pg A-LPL) or 1 kg (1 pg 
A-LPL) as compared to the proliferative response observed in the 
absence of anti-LPL (CONTR). Part B: Effect of LPL on the prolifera- 
tive response of K562 and U937 cell lines. The cell lines were cultured 
and treated as described in Materials and Methods and the prolifera- 
tive response was assessed at 48 h. Significant differences (*P < 0.01, 
**P < 0.001, n = 16) were observed when LPL treated cells were 
compared to non-treated cells. 

addition of LPL, or the 100 IU of IL-2,"l was added 
together (costimulated, NK + IL-2) with LPL in culture. 
The effect at 48 and 72 h is depicted in Fig. 3. PBL 
incubated with IL-2 was used as a control. Contrary to 
the previous observation with non-stimulated cells, 
either group of NK cells, primed or costimulated, pro- 
liferated less than PBL at 48 h (2-fold less comparing the 
maximum). When PBL were stimulated with LPL, there 
was only a 1.6-fold induction, at 1.2 Fg/ml, in the 
proliferative response when it was compared to non- 

B 

sl - I- 

48 HRS 

....... pBL ---. Ni N(+IL-2 
+ IL-2 PRIMED 

- 
T I  Y I 

0 '  I 
0 1 2 3 4 5 

uglml LPL 

72 HRS 

....... N( N(+IL-2 - pBL ---. 
+ IL-2 PRIMED 

45 I * r  1 

0' I 
0 1 2 3 4 5 

ug/ml LPL 

Fig. 3. Effect of LPL on the proliferative response of IL2-treated 
PBL and NK cells. PBL and NK cells were separated and then either 
costimulated (+ IL2) or primed (stimulated with 100 IU/ml of IL2 
for 18 h prior to the addition of LPL) as described in Materials and 
Methods. The assay was performed with ten different donors in 
triplicate. Part A of the figure represents the effect in the proliferative 
response at 48 h. Significant differences (*P < 0.01) were observed for 
each group at the maximum proliferative response when compared 
to cells not treated with LPL. NK either primed or costimulated 
proliferate significantly less (P < 0.01) than PBL at 1.2 pg/ml LPL. 
Part B of the figure illustrates the effect in the proliferative response 
at 72 h. Significant differences (*P < 0.001, **P < 0.0001) were 
observed when the treated cells were compared with cells not treated 
with LPL. NK primed cells proliferate significantly less (P < 0.0001) as 
compared to costimulated cells. NK costimulated and primed cells 
proliferate significantly less (P < 0.001 and P < 0.0001 respectively) at 
concentrations ranging from 0 up to 1 pg/ml as compared to PBL. 
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(P < 0.0001, n = 10) as compared to costimulated cells. 
The increment in the proliferative response was only 
2-fold for primed cells and 3-fold (2.8) for costimulated 
cells. Similarly, at 1.2 pg/ml of LPL, the proliferative 
response of costimulated cells was 3-fold higher than the 
observed value for primed cells. In the absence of LPL, 
the difference was 2-fold. Finally, LPL induced only a 
marginal, 1.2-fold, increment of the proliferative re- 
sponse in PBL cells. The reduction of PBL proliferative 
response at concentrations of LPL higher than 3 pg,"l 
was not significant. At 48 h, NK cells, either primed or 
costimulated, proliferated significantly less (P < 0.01) 
than PBL. At 72 h, NK primed cells proliferated signifi- 
cantly less (P < 0.0001) as compared to costimulated 
cells, and NK costimulated cells proliferated signifi- 
cantly less (P < 0.001) at concentrations ranging from 0 
to 1 pg/ml when compared with PBL. In primed or 
costimulated T lymphocytes, LPL did not enhance pro- 
liferative response at 48 or 72 h (results not shown). 

Effect of LPL on NK and IAK cytotoxic response 

LPL was able to inhibit NK-mediated cytotoxic activity 
in a concentrationdependent fashion as illustrated in 
Fig. 4, part A. The inhibition of NK cytotoxic activity 
was independent of the time of incubation of the cells 
with the enzyme (results not shown). A 50% reduction 
in the cytotoxic response was observed at 1 pg/ml of 
LPL for most effector-to-target (E:T) ratios. The cyto- 
toxic response was blocked completely at concentra- 
tions higher than 3 p u m l  of LPL. The effect of LPL was 
independent of the time of incubation of the effector 
cells with the enzyme as the same inhibition was ob- 
served when the cells were incubated with LPL for 30 
min up to 18 h (results not shown). 

When anti-LPL was mixed with LPL before it was 
incubated with the cells, anti-LPL prevented LPL inhibi- 
tion of the cytotoxic activity as shown in Fig. 4, part B 
(A-LPL LPL). The opposite effect was observed when 
anti-LPL was added after the incubation with LPL (A- 
LPL). Moreover, the addition of anti-CD44 (0.5 pg) did 
not prevent the inhibitory effect observed with LPL. The 
effect observed with anti-CD44 was independent of the 
concentration used (other concentrations not shown) or 
whether it was added before or after LPL. 

As observed in Fig 5, part A, LAK activity in the 
presence of LPL was less affected when K562 cells were 
used as targets as compared with spontaneous cytotoxic- 
ity. In order to achieve a 50% reduction of the cytotoxic 
response, the concentration of LPL was 3 pg/ml for 
each ratio, 3-fold higher than the concentration re- 
quired to achieve the same response in spontaneous 
cytotoxicity. However, when U937 was used as target, 

LPL inhibited the cytotoxic response of LAK cells (Fig. 
5, part B) at lower concentrations. A 50% reduction in 
cytotoxic response was observed at 0.8 pg/ml of LPL 
for most E:T ratios. This concentration is lower than the 
recorded concentration for NK spontaneous cytotoxic- 
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I- & 20 

$ 10 

0 
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0 I 2 3 
@mi LPL 

Fig. 4. Effect of LPL on NK spontaneous cytotoxic activity. The cells 
were separated and treated and the cytotoxic activity was performed 
in ten donors in triplicate as described in Materials and Methods. Part 
A of the figure represents the effect of LPL on the spontaneous 
cytotoxicity at different effectoctarget ratios in the presence of differ- 
ent concentrations of LPL. Significant differences were observed 
when comparing the cytotoxicity recorded with non-treated cells with 
respect with LPL incubated cells (*P < 0.05, **P < 0.01). N o  sponta- 
neous cytotoxic activity was observed at concentrations higher than 3 
pg/ml. Part B of the figure depicts the effect of different concentra- 
tions of LPL on the cytotoxic response observed for different treat- 
ments of the cells at an E T  ratio of 40:l. The graph represents the 
percentage of cytotoxicity versus the amount of added LPL 0 corre- 
sponds to no LPL added to the cells. Four different treatments are 
illustrated: I )  cells incubated in the absence of antibodies (No Ab); 2) 
cells treated with 0.5 ~ g / m l  of anti-CD44 prior to the addition of LPL; 
3) 1 p d m l  of anti-LPL was mixed along with LPL (A-LPL LPL); and 
4)  1 pg/ml of anti-LPL was added after the incubation of the cells with 
LPL (A-LPL). The concentrations of antibodies, in each case, was kept 
constant. Significant differences were observed (*P < 0.05) when the 
different treatments were compared to the control (No Ab). 
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Fig. 5.  Effect of LPL on LAKcytotoxicity. The purified NK cells were 
stimulated with IL-2 to generate LAK cells and then were treated with 
different concentrations of LPL and the cytotoxic assay was per- 
formed as described in Materials and Methods. The assays were 
performed in parallel for ten different donors. Part A of the figure 
illustrates the effect of LAK cytotoxicity against K562 cells at different 
concentrations of LPL. Significant differences were observed depend- 
ing of the concentrations of LPL (*P < 0.01, **P < 0.001). Part B of 
the figure illustrates the effect of LPL on LAK cytotoxicity using U937 
as targets. The cytotoxicity recorded is less than that observed for 
K562. However, significant differences (*P < 0.05, **P < 0.01) were 
obtained at different concentrations of LPL. Note that the values 
represented in the X and the Y axis are different from part A. 

ity (1 lg/ml). The concentration of LPL required for 
50% inhibition was significant when spontaneous and 
LAK cytotoxicity using K562 cells as targets were com- 
pared (P < 0.001) and when LAK cytotoxicity using K562 
and U937 were compared (P < 0.01). 

In order to assess the importance of LPL binding to 
a receptor in NK cytotoxicity, heparinase was added 
either to K562 cells or to purified NK cells previously 
treated with LPL. The treatments generated different 
responses as observed in Table 1. The addition of 
heparinase slightly increased the spontaneous cytotoxic 

response of NK cells. Moreover, heparinase treatment 
of NK cells previously incubated with LPL showed an 
increment in the cytotoxic response as compared to the 
non-treated cells and the heparinase-treated K562 cells. 
The increment for heparinase-treated NK cells was close 
to 2-fold compared to the non-treated NK cells and 
K562-treated cells and was significant (P < 0.01) at 0.5 
and 1.0 pg/ml LPL at both effector-to-target ratios 
tested. 

Binding of LPL to the surface of purified cells 

LPL-FITC binds to the surface of NK cells and other 
cell lines. Figure 6, part A, illustrates the total, specific, 
and nonspecific binding of LPL-FITC. LPL-FITC bound 
avidly to K562 cells and monocytes and to a lesser extent 
to U937 cells, NK cells, LAK cells, and T lymphocytes 
(Fig. 6, parts B, C, and D). In T lymphocytes, either 
non-stimulated or stimulated with IL-2 (results not 
shown), there was no incorporation of LPL-FITC o the 
surface of these cells as assessed by the lack of increment 
of the mean channel fluorescence intensity recorded. 
The effect observed in NK and LAK cells was different 
from the one observed in T cells: there was a significant 
increment in the mean channel fluorescence intensity 
with respect to the basal value. This increment, in NK 

TABLE 1. Effect of heparinase on the cytotoxic activity of NK cells 

E:T Ratio r m i  Hewarinase Treatment % Cvtotoxicitv’ 

W m l  
40: 1 0 

0 
0 

0.5 
0.5 
0.5 
1 .o 
1 .o 
1 .o 

38.0 f 2.4 
K562 33.8 f 2.7 
NK 42.0 f 2.0 

27.9 f 3.1 
K562 32.8 f 2.3 
NK 45.0 f 3.0Q 

21.0 f 2.4 
K562 16.0 f 2.4 
NK 38.0 f 2.5a 

29.4 f 1.5 
0 K562 24.1 f 2.4 
0 NK 32.1 f 3.2 

0.5 20.6 f 2.8 
0.5 K562 19.3 f 2.3 
0.5 NK 35.5 f 2 . P  
1 .o 16.5 f 2.5 
1 .o K562 14.2 f 1.8 

32.0 f 3.1. 1 .o NK 

20: 1 0 

The spontaneous cytotoxicity of NK cells was assayed after the 
incubation of either the effector or the target cells with different 
concentrations of LPL and then treatment with either 0 or 10 units of 
heparinase before the cytotoxic assay was carried out. The type of 
treated cells is illustrated in the column labeled Heparinase Treat- 
ment. The assay was performed in triplicate for three different donors 
as described in the Materials and Methods section and the percentage 
of cytotoxicity refers to the mean f standard deviation. Statistical 
significance was observed PP < 0.01) when the % cytotoxicity of the 
non-treated heparinase cells was compared with the % cytotoxicity of 
NK cells treated with heparinase. 
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Fig. 6. Binding of LPLFITC to different cell types. The cells were separated and incubated with different 
concentrations of LPL-FITC as described in Materials and Methods. The binding, assessed by flow cytometry, 
is reported as a mean channel fluorescence intensity (specified as Mean Channel in the figure). The figures 
represent the Mean Channel versus the amount of LPL-FITC added (each point represents the mean f SD of 
eight different experiments). In some experiments, the cells were treated with 10 units of heparinase/lW cells 
prior to the addition of LPLFITC. Part A of the figure represents a typical calculation of LPL specific binding 
by flow cytometry performed with K562 cells. The specific binding was calculated based on the subtraction of 
the total LPLFITC binding minus the background fluorescence recorded when cells were previously treated 
with 10 pg/ml before adding LPLFITC. Part B of the figure illustrates the binding of LPLFITC to NK cells, 
heparinase treated NK cells LAK cells and T cells. Significant differences were observed when NK cells were 
compared to T cells (*P< 0.05, **P< 0.01) and LAK cells (***P< 0.05). Heparanase treatment also significantly 
reduced LPLFITC binding (P < 0.05) as compared to non-treated cells. Part C of the figure depicts the binding 
of LPL-FITC to K562 cells, monocytes and U937 cells. The binding was significantly higher (*P < 0.001, **P < 
0.0001) as compared to non-treated cells. In part D of the figure, the effect of heparanase for monocytes, K562 
and U937 cells is recorded the amount of LPL bound is still significantly higher in K562 cells and monocytes 
as compared to U937 cells (*P < 0.001 and **P < 0.0005, respectively). 

and LAK cells, was, however, significantly lower when it 
was compared to the values obtained for monocytes (P 
< 0.05 and P < 0.01) and K562 cells (P < 0.001 and P < 
0.0001) at concentrations higher than 2.5 pg and 0.5 pg 
of LPL, respectively. There was a significant reduction 
in the binding of LPL-FITC when the cells were treated 
with heparinase (Fig. 6, parts B and part D). The de- 
crease in binding was higher in K562 and monocytes (P 
< 0.001) as compared to NK and U937 cells (P < 0.05). 
No major decrease in LPL-FITC binding was observed 
when LAK cells were treated with heparinase (results 
not shown). A similar effect was observed when the cells 
were treated with heparinase before or after LPL bind- 
ing (results not shown). Anti-CD44 did not inhibit the 

binding of LPL-FITC to cell membrane (results not 
shown) in a similar fashion as observed in NK spontane- 
ous cytotoxicity (Fig. 4, part B). 

LPL bound differently to each cell population tested. 
As there was no binding of LPL-FITC in T cells, and the 
recorded fluorescence corresponded to the non-specific 
autofluorescence, the mean fluorescence intensity of T 
cells was used to calculate the difference in the maxi- 
mum binding of LPL-FITC. Taking this last point into 
account, K562 cells bound 500-fold more LPLFITC 
than T cells; similarly, monocytes bound 214fold more, 
NK cells 49-fold more, LAK cells 20-fold more, and U937 
27-fold more than the basal value. Fundamentally, 
monocytes bound 4.5-fold more LPL than NK cells, NK 
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Fig. 7. Flow cytometry analysis of the binding of LPL-FITC to NK cells. A typical flow cytometry experiment 
of LPLFITC binding to the surface of NK cells is depicted in this figure. In part A of the figure, the background 
fluorescence (cell autofluorescence) was recorded. Part B illustrates the histogram recorded when 6 kg of 
LPL-FITC was bound to NK cells. The histogram represents total binding. Part C illustrates the histogram 
recorded when the cells were treated with 10 IU/ml heparinase after the addition of LPLFITC. The fluorescence 
intensity is less than that recorded in part B of the figure. In part D, the histogram represents the effect of 
stimulating the cells for 30 min at 37°C with 1000 IU/ml of IL-2 after LPLFITC binding. 

cells 2-fold more than LAK cells, K562 2-fold more than 
monocytes, and K562 14-fold more than U937 cells. The 
calculated K ,  of LPL (required amount of LPL for 50% 
binding) for each cell type was as follows K562 = 2.9 x 

M, 
LAK cells = 2.1 x lo7 M, and U937 = 5 x 

A typical flow cytometry experiment of LPL-FITC 
binding to the surface of NK cells is shown in Fig. 7. In 
part A of the figure, the background fluorescence is 
recorded and in part B the maximum uptake of LPL- 
FITC in NK cells is assessed (6 pg/ml). When these cells 
were treated with heparinase the fluorescence intensity 
decreased proportionally to the membrane-bound LPL- 
FITC (part C of the figure). In part D, a histogram 
represents the effect of stimulating the cells for 30 min 
at 37°C with 1000 IU/ml of IL2 after LPL-FITC incuba- 
tion. The bound LPL-FITC diminished significantly as 
compared to the observed value in parts B and C (P < 
0.001, n = 5). 

M, monocytes = 3.2 x M, NK cells = 1 X 

M. 

PKC activity of NK stimulated cells 

LPL induced a greater than 60% translocation of PKC 
from the cytosol to the membrane, parallel to a decrease 
in the cytosolic form of the enzyme. This increment of 
PKC in the particulate fraction was blocked by H7 as is 
shown in Fig. 8. H7 did not affect PKC translocation by 
itself. 

LPL receptor 

LPL receptor was determined by precipitation of cells 
metabolically labeled with [S%]methionine using LPL- 
Sepharose. As shown in Fig. 9, the precipitation of 
LPLbinding proteins from non-stimulated NK cells led 
the resolution of bands of Mwapp of 76,000,57,200, and 
27,200 in the membrane fraction and only bands of 
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57,200 and 27,200 in the cytosol fraction. ANA-1 macro- 
phages, which produce high amounts of LPL and may 
be activated by the addition of LPL, showed a single 
band of Mw,,, 76,000 in the membrane fraction. The 
control experiments, performed by adding anti-LPL to 
LPLSepharose prior to incubation with the membrane 
or cytosolic fraction, illustrate the specificity of the assay. 

I- z 

DISCUSSION 

T 

Lipoprotein lipase (LPL) is a key enzyme in the com- 
plex physiology of lipid metabolism. In vivo studies have 
shown the importance of LPL in different lipoprotein 
disorders, e.g., hyperchylomicronemia and 
atherosclerosis. In the hyperchylomicronemia syn- 
drome, LPL is either absent or dysfunctional (26), or is 
catalytically inactive due to the lack of the essential 
activator, apoC-I1(27,28). On the other hand, overpro- 
duction of LPL by smooth muscle cells and macro- 
phages or an increase in the amount of LPL in the 
vascular endothelium generates lipoprotein remnants 
that seem to play an important role in the development 
of atherosclerosis (1, 6, 29, 30). Renier and colleagues 
(19) have shown that an association exists between LPL 
production by macrophages and genetic predisposition 
to murine atherosclerosis. The LPL mRNA expression 
and secretion of LPL was found to be higher in strains 
of mice identified as being susceptible to 
atherosclerosis, as compared to their resistant counter- 
parts. In addition, LPL was found to induce TNF-a 
transcription in macrophage cells (lo), a process that is 

MED LPL H7 H7 + LPL 

Fig. 8. PKC activity of NK stimulated cells. NK cells were separated 
and treated with LPL and the assay was performed as described in 
Materials and Methods. The figure represents the percentage of PKC 
activity, with respect to control, assessed in the cytosol and membrane 
fraction of the cells treated with 1 pg,"l LPL, 20 p~ H-7 (1-(5-ise 
quenoline sulfonyl)-2-methylpiperazine hydrochloride) and 20 p~ H-7 
plus 1 pg/ml LPL. 
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Fig. 9. LPL receptors were determined by precipitation of metabolic 
labeled cells, with [%]methionine, using LPLSepharose as described 
in Materials and Methods. LPL receptors were assessed in the mem- 
brane (MEM) and cytosol (CYTO) fraction of NK cells and in the 
membrane (MEM) fraction of ANA-1 cells. In order to test specificity, 
the fractions were incubated with LPLSepharose previously treated 
with anti-LPL (CON). The recorded bands can also be observed when 
the gel is colored with Coomassie brilliant blue. Molecular weights of 
the standards (MwM) are illustrated at the right side of the picture. 
The bands recorded in the membrane fractions of NK cells have Mw,,, 
of 76,000, 57,200, and 27,200, the bands recorded in the cytosol 
fraction, 57,200 and 27,200, and the band observed in the membrane 
fraction of ANA-1 cells is 76,000. 

PKC-dependent (1 1). Thus, the modulation of LPL gene 
expression and protein secretion may dramatically af- 
fect the equilibrium of lipoprotein anabolism and ca- 
tabolism, leading to various metabolic disorders includ- 
ing atherosclerosis. 

In the present study, LPL induced an increase in the 
proliferative response that was selective for NK cells as 
no proliferative response was observed in T lympho- 
cytes. In addition, the quantity of LPL that induced the 
maximum proliferative response in NK cells, decreased 
from 48 to 72 h and remained unaffected for PBL. This 
effect is specific as it can be blocked by anti-LPL. Anti- 
LPL may bind to an epitope required for LPL binding 
to its receptor. The activation through LPL is partially 
dependent on PKC activity, similar to the reported 
effect in ANA-1 cells (1 1). The translocation of PKC to 
the membrane may explain the inhibitory effect of LPL 
on the proliferative response of K562 and U937 cell 
lines. Hence, cell differentiation induced by LPL in- 
creased hemoglobin presence in K562 cell culture, as- 
sessed by 3,3',5,5' tetramethylbenzidine (results not 
shown) and an increased adherence to plastic in U937 
cells. 

The inhibitory effect of LPL on the spontaneous 
cytotoxic response of NK cells is dependent on the 
concentration of the enzyme, but it is independent of 
the time of incubation of the effector cells. It is probable 
that the binding of LPL to its receptor is of high affinity. 
Likewise, as LPL binding in effector cells is partially 
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sensitive to heparinase, an enzyme that hydrolyzes only 
heparan sulfate from cell proteoglycans, and this recep- 
tor is critical for cytotoxic activity, the effect on the 
response appears to be dependent on the available sites 
of LPL binding or on the saturability of this receptor in 
these cells. Even though LPL binding to target cells also 
hampered NK cytotoxicity, the mechanism by which this 
effect is achieved is different. Heparinase treatment of 
K562 cells did not restore NK cytotoxic activity. It is has 
been reported (3 1) that glycophorin protects K562 from 
NK attack, and a similar mechanism may be proposed 
for LPL. 

The binding of LPL to the surface of the cells, which 
seems to be greater in monocytes and NK cells than in 
T lymphocytes, may be due to the presence of heparan 
sulfate or related proteoglycans in the cell surface area. 
Heparinase treatment decreased the amount of LPL 
bound to different cell membranes and increased NK 
cytotoxic response. Likewise, IL-2 was able to release 
most of the LPL-FITC that was bound to NK cell surface 
as well as that endogenously produced as reported 
previously (5). The mechanism by which IL-2 induces 
the release of LPL may be dependent on a phosphatidyli- 
nositol-phospholipase C sensitive anchorage. LAK cells 
express fewer receptors for LPL-FITC that are less sen- 
sitive to heparinase compared to resting NK cells. 

The consequences of IL-2 stimulation and LPL treat- 
ment of NK cells provide evidence of the wide variety of 
physiological responses of these cells. Even though IL-2 
stimulation increased the concentration of LPL re- 
quired for 50% inhibition of the cytotoxic activity using 
K562 cells as targets, IL-2 was not able to completely 
overcome LPL inhibition that was observed using U937 
cells as targets. Likewise, the co-stimulatory effect of LPL 
plus IL-2 induced a marked increase in the proliferative 
response of NK cells at 72 h, an effect not observed in 
NK-primed cells. These effects suggest that LPL stimu- 
lation through its receptor as well as IL-2 stimulation 
alone are necessary but not sufficient to induce the 
maximal NK proliferative response as reported by Ro- 
binson et al. (14) for IL-2, and that the LPL receptor may 
decrease the recognition of the target. 

In order to understand the properties of the LPL 
receptor, and in accord with previous reports that pos- 
tulated heparan sulfate as an LPL receptor (l), we 
investigated CD44 as a potential candidate. CD44 anti- 
gen is a chondroitin sulfate proteoglycan, with only E 
splice variants identified as heparan sulfate proteogly- 
cans (32). This antigen has been considered the receptor 
for hyaluronic acid and other components of the ex- 
tracellular matrix (32). The addition of anti-CD44 did 
not block the binding of LPL to the membrane of NK 
cells. This effect could be due to the binding of the 
antibody to an epitope that is independent of the site of 

the protein that binds LPL or simply that CD44 is not 
the receptor for LPL in these cells. A possible argument 
that has to be considered is that CD44 is expressed in 
all the cells of the immune system and endothelial cells. 
Therefore, LPL should bind to all these cells with the 
same avidity; this seems not to be the case as shown in 
this report. 

The LPL receptor in NK cell membrane, however, 
seems to be a complex array of proteins. Using metabo- 
lic labeling studies, three proteins with molecular 
weights of 76,000,57,200, and 27,200 were precipitated 
in the membrane fraction, and two, 57,200 and 27,200, 
in the cytosolic fraction. It is possible that 57,200 and 
27,200 proteins are part of the 76,000 protein (the sum 
is 84,400) or that each protein binds LPL independently. 
In ANA-1 cells with functional LPL receptors (1 l), the 
76,000 protein seems to be responsible for LPL binding. 
The specificity of the precipitated proteins was assessed 
by using anti-LPL. Further experiments should assess 
the specificity of these proteins to LPL. 

The interaction of LPL with its receptors seems to 
condition the physiological response of NK cells in vitro. 
In vivo experiments performed in rats have shown that 
an intravenous bolus of heparin plus 10% Intralipid, a 
clinically used coconut fat emulsion for parenteral nu- 
trition, increases NK cytotoxic activity (33). These re- 
sults suggest a link between LPL, lipoprotein metabo- 
lism, and NK function. Specifically, heparin induces the 
release of LPL from the capillary endothelium, macro- 
phages, and NK cells, providing more LPL to degrade 
the Intralipid emulsion and other triglyceride-rich lipo- 
proteins. Augmented levels of fatty acids due to an 
increase in LPL activity may be responsible for the 
modulation of NK cell functions, especially NK cyto- 
toxicity as described by Kurzer et al. (33). 

In the complex physiological regulation of cytotoxic- 
ity and inflammation, it has been shown that disaccha- 
rides are able to inhibit TNFa cytolytic properties (34). 
Specifically, a disaccharide is liberated from the extracel- 
lular matrix by heparanase once there is an inflamma- 
tory reaction (34). When the inflammatory reaction is 
amplified and the pH of the inflammed site drops, the 
heparanase is activated releasing the disaccharide which 
then acts as a negative feedback of inflammation (34). 
Similarly, heparin has been shown to inhibit NK cyto- 
toxic responses (35) although the mechanism is not fully 
understood. Recently, a 70 kD peptidoglycan has been 
shown to be the receptor of heparin and other sulfated 
heparinoids (36) and it is possible that this receptor is 
similar to the 76 kD protein observed in this report. If 
the cells are stimulated with heparin and then LPL is 
released, the excess heparin may interact with this re- 
ceptor which, in turn, will produce an inhibitory effect 
on the cytotoxic response. It can be proposed then that 
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the regulation of these saccharides and glycoproteins 
condition the local immune response and spontaneous 
NK cytotoxicity that seems to  be independent of the 
proliferative response of these cells. 

Recently, receptors for polymorphic major histocom- 
patibility complex type I have been described in NK cells 
(37). These receptors, designated killer-cell inhibitory 
receptors (37), belong to the immunoglobin superfamily 
and have a molecular mass of 58 kD and 70 kD. It can 
be proposed that LPL may bind to these receptors 
producing the inhibition of NK cytotoxic response. 
Furthermore, as postulated for T lymphocytes (37), the 
binding of LPL to these receptors may activate a tyrosine 
kinase that activates the inhibitory MHC receptor. How- 
ever, during this activation, cytokine secretion (IL2, IL-1 
and TNF) may be responsible for the increase in NK 
proliferative response. 

Overall, it has been shown that LPL induced an 
increase in the proliferative response, and an inhibition 
of cytotoxic response in both non-stimulated and stimu- 
lated NK cells. These effects may be due to the interac- 
tion of LPL with a specific receptor that is involved in 
the translocation of PKC from the cytosol to the mem- 
brane. This last effect on  NK activation might be selec- 
tive enough to increase NK proliferative response, but 
not cytotoxicity. LPL effects on  NK cells suggest that 
these cells might respond to LPL as a stimulus. The 
presence of a negative regulator for NK cytotoxicity 
suggests a protective effect of LPL or its receptor in cell 
injury that could condition the genesis of 
atherosclerosis. I 
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