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It is shown that glucocorticoids play a key regulatory ro le  directed toward the mainte- 
nance of an optimal level of binding and internalization of HDL 3 in hepatocytes. Their 
stimulatory effect on the expression of HDL receptors proves to be  independent of 
changes in the CH content in parencliymal cells. 
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A central role in the maintenance of CH homeo- 
stasis in mammals is played by the liver, which 
directs the uptake and metabolism of high-density 
lipoproteins that transport CH primarily in the 
form of CH esters [2]. Since, in the ftrst place, 
specific binding sites for apolipoprotein-A-contain- 
ing lipoproteins (LP) - H D L  "receptors" - have 
been found both in the liver membrane fraction 
and in cultured hepatocytes [6,8,11] and, second, 
the apolipoprotein-E-mediated uptake of LP is not, 
at least in rats, crucial for the delivery of CH 
esters to the liver [14], a study of the physiologi- 
cal regulators of the expression of HDL "receptors" 
in the liver is of indisputable interest. It is well 
known that a key physiological role in the sys- 
temic regulation and self-regulation of various func- 
tions of the liver is played by hormones, which, 
through the corresponding cell receptors, exert a 
potent effect on various enzymatic processes in the 

Institute of Experimental Cardiology, Cardiological Research 
Center, Russian Academy of Medical Sciences, Moscow; 
Laboratory o[ Gastroenterology, Nice University, France 

liver cells [3]. For instance, glucocorticoids have 
been shown to regulate CH synthesis [9] and the 
activity of 7-O-cholesterol hydroxylase [10] and 
hydroxy-methylglutaryl  coenzyme A reductase 
(HMG-CoA reductase) [9]. It is also known that 
through their involvement in CH transport the HDL 
receptors regulate CH eftlux from peripheral cells 
[2]. Moreover, the content of CH and of its 25- 
hydroxy derivatives up-regulates the number of HDL 
binding sites in peripheral cells [17]. However, the 
data on the CH-dependent  regulation of HDL 
"receptors" in hepatocytes are contradictory [5,7]. 

In the present study we investigated the regu- 
lation by dexarnethasone (Dex) of the expression 
of HDL binding sites in cultured rat hepatocytes 
and proved that the effect of the hormone is in- 
dependent of the intracellular CH content. 

MATERIALS AND METHODS 

Mature male Wistar rats weighing 250-300 g were 
used for the experiments. 
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HDL 3 (1.125-1.216 g / cm 3) were isolated from 
the plasma of  healthy volunteers by preparative 
ultracentrifugation in a NaBr solution [13]. The 
HDL 3 preparat ion contained no more then 0.1% 
apoUpoprotein E, as shown by electrophoresis in 
10% polyacrylamide gel (Bio-Rad, USA), with  
subsequent Coomassie blue staining and laser scan- 
ning of the gel. The preparations were dialyzed 
against two changes  (1:1000 v/v) of  0.145 M 
NaC1, and 0.3 m M  EDTA (Sigma, USA). The 
HDL were labeled with 1251 as described earlier 
[12]. The labeled H D L  contained 2% of radioac- 
tivity in the trichloroacetic acid-soluble fraction, 
the specific radioactivity being 400-600 cpm/ng.  

A suspension of hepatocytes was obtained by 
in situ enzymatic perfusion of  the liver with a 
collagenase solution, as described elsewhere [1]. 
Hepatocytes were seeded  on collagen-precoated 
plastic dishes and cultured in Wilham's E medium 
(Flow Laboratories, UK), supplemented with 10 
~tg/ml insu l in  (Sigma),  100 ~tg/ml kanamyc in  
(Sigma), and 20 mM HEPES (Flow), and contain- 
ing various concentrat ions of Dex (Sigma). The 
medium was replaced every day. The cells retained 
98% viability during 5 days of culturing as deter- 
mined by trypan blue exclusion. 

The binding and internalization were evaluated 
by the single point  binding assay. For binding 
experiments the hepatocytes were incubated with 10 
~g/ml t2SI-HDL at 37~ for 2 hours in the pres- 
ence or absence of a 20-fold excess of unlabeled 
ligand. The cells were then washed three times 
with ice-cold Hanks solution and incubated on ice 
for 30 mill in Hanks solution additionally contain- 
ing dispase and protease (100 ~tg/ml each, Sigma). 
The specific binding was determined as the differ- 
ence between the radioactivity of the obtained so- 
lution after incubation in the presence or absence 
of HDL r For measurement  of  the internalization 
of H DL the attached cells were scraped off, trans- 
ferred to counting vials, and assessed for radioactiv- 
ity. The specific internalization was also calculated 
as the difference of radioactivity in the presence or 
absence of a 20-fold excess of unlabeled ligand. 

In order to prevent internalization, Scatchard 
binding analysis was carried out at 4~ The dose 
dependence of binding was studied by varying the 
~25I-HDL concentrat ions f rom 2.5 to 40 ~tg/ml. 
Nonspecific binding was determined in the pres- 
ence of a 20-fold excess of  unlabeled ligand [15]. 

CH synthesis was measured as described else- 
where [17]. Briefly, the hepatocytes were incubated 
for 2 hours with 30 ~tCi/ml t4C sodium acetate 
(Amersham) and washed twice with ice-cold solu- 
tion, after which CH was precipitated with digito- 
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Fig. 1. Effect of Dex on parameters of nSI-HDL3 binding 
by cultured rat hepatocytes. Hepatocytes were cultured for 
48 h in the presence (1) or absence (2) of Dex (10 -s M). a) 
dose dependence of x~[_ HDL3 binding; abscissa: concentration 
of *~I-HDI~, p.g/ml; ordinate: binding, ng/mg cell protein, b) 
Scatchard plot of I~I-HDL~ binding; abscissa: bound ,zsi_ 
HDL~, ng/ml, ordinate: bound/free (• The data are 
representative of four experiments. 

nin after Sperry (Sigma) [16]. The protein content 
in the samples was measured after Bradford [4]. 

RESULTS 
Figure 1, a shows dose-dependence curves o f n q  - 
HDL 3 binding. The experiments were conducted at 
4~ to prevent internalization of bound  HDL 3. 
Both curves reach a plateau at an LP concentra- 
tion of 25-30 gg/ml, but Dex increases t he  num- 
ber HDL binding sites 1.5-fold. Scatchard analy- 
sis (Fig. 1, b) revealed that the l igand-receptor 
interaction curves are typical for monomolecular  
reactions, and although Dex increased the number 
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Fig. 2. Effect of Dex on synthesis of CH from t4C-aceta te  
in cultured rat hepatocytes. Hepatocytes were cultured in the 
presence of various concentrations of Dex over 48 h, and '4C- 
acetate (30 ~tCi/ml} was added for 2 h. The data are averaged 
for three independent experiments. 
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Fig. 3. Effect of lovastat in on synthesis  of CH from ~4C- 
acetate in cultured rat hepatocytes. Hepatocytes were cultured 
over 48 h in the presence (1) or absence (2) of Dex (10 -5 M) 
after 24 h the media  were replaced with either l o v a s t a t i n -  
containing (100 nM) (dark bars) or lovas ta t in - f ree  (light bars) 
media.  Synthesis  of CH was measured  48 h after seeding.  
Ordinate: 14C-ace ta te  incorporated into CH, x10 -4 c p m / m g  
cell prote in .  The da ta  are averaged for three  i n d e p e n d e n t  
experiments .  

of binding sites (from 48 to 128 ng/mg protein), 
it did not affect their affinity to H DL 3, the disso- 
ciation constant in both cases being 2310 .7 M. 

Thus, it may be surmised that Dex stimulates 
the expression of HDL3-binding sites in hepatocytes. 

For a study of the effect of  Dex simulta- 
neously on binding and internalization, experiments 
were conducted at 37~ Dex (10-9-10 "s M)  up- 
regulates both  the binding and internahzation of 
:2SI-HDL 3 in a dose-dependent manner,  the maxi- 
m u m  being attained at a hormone concentration 
of 10 -s M. The  number  of internalized HDL was 
twice as high under  the influence of Dex. 

As already mentioned, there are published data 
on the regulation by glucocorticoids of the activity 

of 7-O-cholesterol  hydroxylase and H M G - C o A  
reductase, key enzymes in the synthesis of choles- 
terol and bile acids [9]. Moreover, some workers 
have demonstrated the stimulating effect of CH and 
its 25-hydroxy derivatives on H D L  binding in 
various cells [17]. Therefore, it cannot  be ruled 
out that the effect of Dex on H D L  3 binding and 
internalization is due to enhanced CH synthesis in 
hepatocytes. For elucidation of the  role of the 
Dex-dependent  de hove synthesized CH pool in 
the regulation of binding and internalization of 
HDL 3 in hepatocytes, we studied the effect of the 
hormone on the above processes in the presence 
of lovastatin, an inhibitor of HMG-CoA reductase 
and, subsequently, of CH synthesis. 

Figure 2 shows that  Dex up-regulated in a 
dose-dependent  manner  CH synthesis in hepato-  
cytes preincubated with the hormone  for 48 h. 
The curve reached a plateau at a Dex concentra- 
tion of 10 .7 M, and CH synthesis was elevated 2- 
4 times. It is important to note that Dex acted in 
a broad range of concentrations,  including both  
physiological and subphysiological doses. 

Lovastatin in a concentrat ion of  100 nM in- 
hibited the synthesis of CH by 95% (Fig. 3). The 
effect of lovastatin was observed both  in the pres- 
ence and absence of the hormone.  However, un-  
like in peripheral cells, where lovastatin was shown 
to down-regulate both  the CH synthesis and the 
number of HDL binding sites, in hepatocytes it 
neither abolished the stimulating effect of De>: on 
HDL 3 binding and internalization (Table 2) nor  
lowered these parameters in hepatocytes cultured in 
the absence of the hormone.  

On the basis of the above observations, it may 
be concluded that Dex affects the expression of the 
HDL "receptor" via the glucocorticoid receptor- 
mediated pathway. 

TABLE 1. Dose Dependence  of the Eflect of Dex on Specific Binding and Internalization of t25I-HDL 

Concentra t ion of Dex, M 
Parameter,  ng /mg  cell protein  

0 10 .9 10 .7 10 -s 

Binding 10.0• 1.5 16.2• 1.2" 23.1 • 1.4" 29.2• 
In te rna l iza t ion  10.1 • 9.2• 1.1 13.1 • 1.5* 18.2• 

Note. ":p<0.05 in comparison with the correspondm 9 control. 

TABLE 2. Effect of Lovastatin and Dex on Binding and Internalization of HDL 3 (ng/mg Cell Protein) by Cultured Hepatocytes 
(M+_m, n = 4 )  

Lovastatin, 10 .7 M Dex, 10 "s M Bind ing  In te rna l i za t ion  

No No  9 .5•  6 .8~0.5  
Yes No 8.3+--0.95 5.9• 
No Yes 28 .9•  25.3--+2.1 * 
Yes Yes 22.5+---2.5 * 23.3•  

Note. *:p<0.05 in comparison with the control (without either Dex or lovastatin). 
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The findings suggest that glucocorticoids have 
an important regulatory role directed toward the 
maintenance of the optimal level of binding and 
internalization of H D L  3 by hepatocytes. Their 
stimulatory effect on the expression of HDL "re- 
ceptors" is independent of the CH content in pa- 
renchymal liver cells. 
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Interaction between Multiply Modified (Desialylated) 
Low-Density Lipoproteins Isolated from Blood of 
Atherosclerotic Patients and Cell Receptors 
Y. V. Tertov, I. A. Sobenin, V. L. Nazarova, 
B. S. Gii'dieva, D. P. Via, and A. P. Oreldaov 
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It is shown that binding of native LDL to fibroblasts expressing the B,E-receptors is 
twice as high as that of desialylated LDL. An excess of acetylated LDL inhibits bind- 
ing, uptake, and degradation of nSI-desialylated LDL by macrophages, while an excess 
of desialylated LDL inhibits binding, uptake, and degradation of acetylated LDL. 
Desialylated LDL may interact with both B,E and scavenger receptors. 
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Previously we found that blood serum of patients 
with coronary atherosclerosis possesses an athero- 
genic potential, i.e., it is capable of stimulating 
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lipid accumulation by cultured cells from intact 
aorta mtima [3,6]. The atherogenicity of the se- 
rum was shown to be due to the presence of a 
subfraction of low-density lipoproteins (LDL) with 
a reduced content of sialic acid - desialylated LDL, 
which, unlike native (sialylated) LDL, induce lipid 
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