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The effect of nitric oxide donor — sodium nitroprusside (NaNP) and PGE, on the
LDL- receptor activity and LDL cellular accumulation by isolated human blood
lymphocytes was investigated. Preincubation of lymphocytes with lipoprotein
deficient medium (LPDS) resulted in the increase of the LDL-receptor activity and
the LDL-cellular accumulation. NaNP (30—300 pM) dose-dependently prevented
the increase of the LDL-receptor activity as well as the accumulation of LDL by
lymphocytes. However, in “starwing” cells (cells with high LDL-receptor activity) the
effect of NaNP on the receptor activity was biphasic. At concentration up to 100 uM
NaNP inhibited, while at a concentration of 300 pM, it activated the LDL-receptor
activity. PGE, (3— 30 uM) inhibited LDL catabolism, however, this effect was hardly
concentration-dependent.

Key words: sodium nitroprusside, PGE,, LDL-accumulation/degradation, LD L-receptor,
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INTRODUCTION

In atherosclerosis, disturbances of cholesterol metabolism result in
cholesterol and cholesterol ester accumulation in cells, especially in vascular
smooth muscle cells and macrophages (1). Low density lipoprotein (LDL), the
major lipoprotein which transports cholesterol in plasma, provides cholesterol
to extraheptic cells through LDL-receptor binding, internalisation and
lysosomal degradation (2, 3). The intracellular cholesterol level causes the
down-regulation of the cell LDL-receptor binding (4) as well as the cellular
synthesis of endogenous cholesterol (5, 6). Thus, the regulation of LDL
catabolism plays as important role in the maintenance of the cholesterol

homeostasis.
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Krone et al. (7) demonstrated that PGE, inhibits both LDL receptor
activity, the specific accumulation and degradation of LDL and the
biosynthesis of cholesterol and lanosterol in lymphocytes. This activity is
suggested to be mediated by c-AMP (8). Iloprost (the stable PGI, derivative)
(9), PGE, and PGE, (10) accumulate c-AMP level in different cells including
lymphocytes (7, 8). Hajjar et al. (10) described the inhibitory effect of PGI, on
cholesterol ester synthesis in smooth muscle cells. PGI, and PGE, (11, 12) as
well as PGE, (13) have been reported to inhibit binding of LDL to its receptor
in human endothelial cells (14).

The vascular endothelial cells release another substance named
“endothelium derived relaxing factor” (EDRF) (15, 16), identified as NO (17).
EDRF/NO resembles the biological properties of PGI, such as vasodilatation
and inhibition of aggregation and adhesion of platelets (11). However
EDRF/NO uses c-GMP as its intracellular “second messenger” (18). The
EDRF/NO activity can be substituted by nitrovasodilators (so called
“NO-donors”) such as SIN-1 (19) or sodium nitroprusside (NaNP). Not only
PGI, (20) but also EDRF/NO (21) activity was found to be decreased in
atherosclerosis.

On the contrary to the well recognised influence of prostaglandins and
PGI, on LDL catabolism (22, 23), there are only a few data describing the
influence of EDRF/NO or “NO-donors” on the LDL-cellular catabolism. In
the present study we compared the effect of “NO-donor” (NaNP) with that of
PGE, on LDL catabolism in lymphocytes (7, 8) which can bind and
accumulate LDL only by native LDL-receptor, similarily to smooth muscle
cells of vessel wall (14).

MATERIALS AND METHODS

Materials

1251 (5 mCi) was from NEN Boston, MA Du Pont. RPMI-1640 and Dulbecco’s modified
Eagle’s medium (DMEM) was from Gibco (Grand Island, NY, USA). All other chemicals were
from Sigma (St. Louis, MO, USA).

Cells

Venous, citrated (1 :9) blood (400 — 500 ml) was drawn from healthy volunteers. Lymphocytes
were separated by the Ficoll-Paque procedure (24), washed three times with phosphate buffer
solution (PBS) and suspended (2—4 x 10°® cells/dish) in RPMI 1640 medium (Gibco) containing
penicillin (100 U/ml), streptomycin (100 pg/ml) and 10% lipoprotein deficient serum (LPDS). In
some experiments 10% of LPDS was replaced by 10% of foetal calf serum (FCS) (Gibco). 1 ml of
the above cell suspension was plated in 35 mm dish (Nunc).
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LDL isolation, and labelling

Human LDL (density 1.019—1.063 g/ml) were prepared by differential ultracentrifugation (25)
from plasma of normolipemic volunteers. After extensive dialysis against PBS LDL was labelled
with 12T by the lodogen method (26). The final specific activity varied between 50— 100 cpm/ng of
LDL protein. The LDL protein was determined by Lowry method (27).

Measurement of LDL catabolism by lymphocytes

Catabolism of LDL by lymphocytes was performed by the measurement of the receptor
activity and the cellular accumulation in cells with low and high LDL-receptor binding activity.

a. The influence of NaNP (0—300 pM) and PGE, (0—30 pM) on LDL catabolism of freshly
isolated human lymphocytes.

The lymphocytes with low LDL-receptor activity were the cells incubated during 22 hrs at
37°C in 5% CO2 atmosphere with medium containing 10% FCS (4, 5). The incubation of
isolated lymphocytes with 10% LPDS during 22 hrs in these conditions resulted in the increase
of the LDL-receptor number (the “up-regulation” of the LDL-receptor (4, 5)). To measure the
effect of the investigated drugs on the LDL-receptor expression and LDL-accumulation in these
cells, NaNP (0—300 pM) or PGE, (0—30 pM) were added to the incubation mixture
immediately after the isolation of lymphocytes and were coincubated with cells during the whole
experiment.

b. For measurement of the influence of NaNP (0—300 uM) or PGE, (0—30 pM) on LDL
catabolism in cells with fully expressed LDL-receptor activity (4, 5) the investigated compounds
were added to the cell culture after the 22 hrs preincubation of cells with 10% LPDS, and
thereafter the incubation was continued for the next 22 hrs at 37°C in 5% CO2 atmosphere in

the presence of investigated drugs.

In such pretreated cells (a or b) the measurement of the LDL receptor activity was performed
according to Goldstein and Brown (4, 5). Briefly, 20 pg of '23 I-LDL was added into each dish with
or without a 25-fold excess of unlabelled LDL and cells were incubated for another 6 h at 37°C.
Then the medium was separated from the cells and the receptor activity of cellular fraction was
measured as described below. The cell non-dependent LDL degradation was measured under
identical conditions in cell — free dishes and received value was subtracted from the total counts of
every dish.

For the measurement of '*’I-LDL — cellular accumulation the similar procedure was
performed, however, the cells were incubated for 6 hours (at 37°C, 5% CO2) with 20 pg of
radiolabelled LDL only (29).

To determine the labelled LDL binded to receptor or the LDL cellular accumulation,
lymphocytes after incubation were washed three times with PBS and centrifuged at 800 g during 15
min at 4°C. Then, the cell pellet was dissolved in 200 pl IN NaOH and 2 [-LDL radioactivity was

counted in LKB y-counter.
The results are presented as a percentage of values obtained for cells incubated in 10% LPDS

medium (100%).

Data analysis

All results are presented as mean + SD. Statistical significance was calculated by the Student’s
t-test and considered as p < 0.001 — *** p <005 — ** p <002 — *
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RESULTS

Comparing with FCS medium, the 22 hour preincubation of lymphocytes
in LPDS medium resulted in the increase by 40% (609461 ng/ml cell
protein/6 hours versus 1040 + 105 ng/mg cell protein/6 hours) the B/E receptor
activity (Fig. 1A4). NaNP (30—300 puM) dose-dependently prevented the

100 100 -
90 90 4
80 80 +
__ 70 S 70
2 5
b - a b
5 60 2 60
3 :
§ 50 g 50
Q -
e =
® 40 2 40
- 8
a >
30 Q3
-
20 20
10 10
0 0 4
basic control 30uM 100 uM 300 uM basic control 30 uM 100 uM 300 uM

activity NaNP NaNP NaNP activity NaNP NaNP NaNP

Fig. 1. Concentration dependent effect of sodium nitroprusside on the induction of LDL receptor

activity (A) and '?°I-LDL cellular accumulation (B) induced by preincubation in lipoprotein

depleted medium. The experimental conditions are described in materials and methods. Basic

activity (cells incubated with 10% FCS), control cells (cells incubated with 10% LPDS). Values

are the mean + SD for 2 experiments measured in triplicates for each point. Statistical significance:
*P <002, *P<0.05 ***P<0.001 vs control.

“up-regulation” of the LDL receptor activity. In higher concentrations the
inhibition reached the level below the basal value (however, not significantly)
(Fig. 1A). Similar effect was observed when the cellular accumulation of
LDL (resulting from binding and accumulation of labelled lipoprotein by
the cells) was investigated. The preincubation of cells with LPDS medium
increased the accumulation of LDL by lymphocytes (3745+376 ng/mg
cell protein/6 hours — 4.7% on Fig. 1B, versus 7801147800 ng/mg cell
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protein/6 hours — 100% on Fig. /B). NaNP (30—300 uM) dose-dependently
prevented the accumulation of LDL by cells (Fig. /B). Different results were
obtained when NaNP was added to the cells with the high B/E receptor
activity (22 hour preincubation with 10% LPDS medium). In these
experimental conditions the influence of NaNP was biphasic: at lower
(30—100 pM) concentrations the inhibition of LDL receptor activity

160 + A 160 +
140 4 140 4

120 - 120 +

-
(=
o

100 +

[=2]
o
2

LDL receptor activity (%)
[+ -]
o
-]
=)

125J-LDL cellular accumulation (%)
(-]
o

40 + 40
20 4 20
0 A 0 J
control  30uM  100uM 300 uM control 30uM  100uM 300 uM
NaNP NaNP NaNP NaNP NaNP NaNP

Fig. 2. Concentration dependent effect of sodium nitroprusside on LDL receptor activity (A) and

!25I-LDL cellular accumulation (B) by human lymphocytes with maximally expressed

LDL-receptor state. For details see legend to fig. 1. Values are the mean+ SD for 2 experiments

measured in triplicates for each point. Statistical significance: * P <0.02, ** P <0.05, *** P <0.001
vs control.

(Fig. 2A4) while at 300 pM NaNP the activation of the LDL receptor activity
was noticed (Fig. 2A4). The inhibition, but not dose-dependent, of LDL
accumulation by NaNP in cells with the high B/E receptor activity was
observed (Fig. 2B). .

PGE, (3—30 pM) inhibited totally the inductlor_l of B/E receptor activity
(Fig. 34) and suppressed the LDL cellular accumulation (Fig. 3B) almost to the
basal level in starving cells. The addition of PGE, (3 —30 uM) after maximal
exposure of B/E receptor on cell membrane resulted in inhibition of both the

LDL-receptor activity (300+29 ng/mg cell protein/6 hours versus control



264

100 - 100 +

90 - 90 L

80 + 80 +
c

2 70

g 70 + g
2 £

S 60 ¢ § 60 +
e 9

§ 50 - g 50 4+
o =
@ )

e 40 ¢ © 40 ¢
- : 3

= 3048 ﬁ 30 4

20 - 20 g

10 + 10 +

0 - 0 4

basic control 3uM 10uM 30 uM ba.si.c control 3uM 10uM 30uM
activity PGE-2 PGE-2 PGE-2 activity PGE-2 PGE-2 PGE-2

Fig. 3. Concentration dependent effect of PGE, on LDL receptor activity (A) and '?3I-LDL

cellular accumulation (B) induced by preincubation in lipoprotein depleted medium. For details see

legend to fig. 1. Values are the mean + SD for 2 experiments measured in triplicates for each point.
Statistical significance: * P <0.02, ** P <0.05, ***P<0.001 vs control.

640+ 63 ng/mg cell protein/6 hours) (Fig. 44) and cellular LDL accumulation
(2924 +293 ng/mg cell protein/6 hours versus control 6279 + 630 ng/mg cell
protein/6 hours) (Fig. 4B) but with the low concentration-dependency. The 30
uM concentration of PGE, inhibited both effects by 47%.

DISCUSSION

We have confirmed the inhibitory effect of PGE, on LDL accumulation by
human lymphocytes (23). Moreover, we have shown that sodium nitroprusside
(NaNP) suppresses the LDL-receptor activity as well as LDL intracellular
accumulation in these cells. Such inhibitory effect of NaNP was observed when
the cellular activity of LDL receptor was low. However, at high B/E receptor
activity states the biphasic action of NaNP was observed pointing that
NO-donors at higher concentrations may accelerate the accumulation of
cholesterol in lymphocytes (28, 29).

The biphasic effect of NO and/or “NO-donors” was reported. In the
granular cells of the cerebellum and retina NO-donors exert their cytoprotective
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Fig. 4. Concentration dependent effect of PGE, on LDL receptor activity (A) and '25I-LDL

cellular accumulation (B) in human lymphocytes with maximally expressed LDL-receptor state.

For details see legend to fig. /. Values are the mean +SD for 2 experiments measured in triplicates
for each point. Statistical significance: * P<0.02, ** P<0.05, *** P <0.001 vs control.

effects at low concentrations up to 100 uM whereas their toxic effects appear at
higher, below 300 pM, concentrations (30, 31). NO at concentrations <1 pM
inhibits, and at higher concentrations it potentiates the release of noradrenaline
from the perfused rabbit heart (32). Beckman et al. (33) suggested that
NO-induced neurotoxicity is related to the formation of peroxynitrite ions
(ONOO,). Thus, the high amounts of NO can be toxic not only for
micro-organisms (16), but also for the endothelium (33), and other cells (30, 31).
In lymphocytes such toxicity may result in the impaired LDL catabolism.
The mechanism of the NO effect on LDL catabolism is not clear. The
increased LDL binding at the high NO concentration may be related to the
toxic deformation of either the receptor cell membrane or the LDL molecule by
NO itself (binding to serine-SH groups) (34, 35) or by the ONOO".
Freshly isolated human lymphocytes exhibit a relatively low B/E receptor
activity and LDL cellular accumulation (28, 29). The preincubation of
lymphocytes in medium depleted of lipoproteins results in a rise in high affinity
LDL-binding activity (28, 29) by the “up-regulation” of LDL-receptor activity

(4, 5, our results).
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The LDL receptor expression state on lymphocytes seems to determine
their response to NO donors. For instance we have previously reported (36)
that SIN-1 at high concentrations of 1—10 mM after inhibition of
phosphodiesterase in lymphocytes from normolipidemic patients does increase
LDL binding to their receptors. Similarly, our present study in vitro again
shows that at the high active status of the LDL-receptor (low LDL
concentrations in plasma) the higher NO concentrations may promote the
accumulation of LDL by the increase of the LDL binding to its receptor. At the
low B/E receptor activity (which corresponds to the high plasma LDL
concentration), “NO-donors” protect cells against the lipid accumulation.

Nonetheless, we do not understand the mechanism of NO induced changes
in the regulation of the LDL catabolism. The accumulation of cAMP in cells
such as fibroblasts, arterial smooth muscle cells (22, 23, 37, 38), human
mononuclear leucocytes (39) and lymphocytes (8), by direct application of
dibutyryl-cAMP, or accumulation of endogenous c-AMP by toxin cholera,
forscolin, PGE;, PGE,, PGI, analogues (carbacyclin and 6B-PGE,) was
reported to be associated with the decrease in LDL-receptor binding activity
(40). The inhibition of '**I-LDL uptake by PGE, in vivo in patients with
atherosclerosis was also demonstrated (41). Simultaneously the decrease in
intracellular cholesterol accumulation as well as the decreased synthesis
of phospholipids, triglycerydes, esterified steroles, and the decrease in
*H-thymidyne uptake (indicating inhibition of cell proliferation) was observed
(40, 42). Thus, increase in cAMP level protects cells against invasion of lipids in
a form of native LDL. EDRF/NO and “NO-donors” activate the cellular
guanylate cyclase and accumulate the cellular cGMP levels (16). In platelets,
PMNs or vascular smooth muscle the biological activity of NO-donors
resembles that of prostacyclin and the other activators of cAMP levels. Thus, it
well may be that the accumulation of cGMP in cells by the low concentrations
of NO leads to the inhibition to LDL accumulation (43).

Cytokines such as Interferon-y or TNF-a, and endotoxin which were found
to stimulate biosynthesis of EDRF/NO (44, 35) cause the accumulation of
lipids in plasma (45), which may, among the other mechanisms, be also related
to the decreased uptake of LDL by the peripheral cells. Interferon-y was also
found to inhibit development of atherosclerosis in rabbits (46).

Thus, similarily to PGI,, PGE,, PGE,, EDRF/NO and “NO-donors” may
protect the cells against the accumulation of lipids. In the case of lymphocytes
such protection can normalize the immunological properties of these cells,
because it was found that plasma lipoproteins (VLDL and LDL) can suppress
the accessory cell functions, which consequently supress the immunological
function of lymphocytes (47).

It is concluded that similarily to the stimulators of adenylate cyclase such as
prostacyclin and E prostaglandins the stimulators of guanylate cyclase such as
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EDRF/NO and “NO-donors” may inhibit the development of atherosclerosis
not only by the inhibition of platelet activity, but also by protecting cells
against the excessive accumulation of lipids. However, NO at high
concentrations was an opposite effect to PGE,, PGEs and to NO at a low
concentration, ie. toxic doses of NO, may promote accumulation of
intracellular lipids.
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