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Liver endothelial cells possess surface high-affinity binding sties for HDL3, whose af- 
finity is 4 times higher than that of the sites on hepatocytes and Kupffer's cells. The 
maximal number of high-affinity binding sites on endothelial cells is 437 ng/mg pro- 
tein, which surpasses this parameter on the hepatocyte surface several times. 
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Binding of apolipoprotein A of high-density lipo- 
proteins (apoA HDL) with various cells meets all 
the criteria for receptor interaction: it is specific, 
saturable, high-affinity, reversible, and accompanied 
by biological effects [5,6,15]. 

The binding parameters for apoA-binding sites 
on extrahepatic tissues are well studied and indicate 
the similarity of binding sites for apoA-containing 
HDL on the surface of various cells [3,6,15]. 

On the other hand, the reported parameters of 
apoA-containJng HDL with the liver are somewhat 
contradictory. The majority of investigators report 
a dissociation constant (Kd) of 20 ~tg/ml, which is 
close to that for peripheral tissues [6,7,10,11,15], 
while Morrison et al. found a two-component bind- 
ing, the first K s (36 ~tg/ml) being close to that 
obtained by others, while the second (0.94 ~tg/ml) 
suggests a considerably higher affinity binding. 

Studies of apoA-binding sites in the liver have 
been primarily performed on parenchymal cells, 
which account for up to 95% of the liver mass 
[6,9-11,15], whereas the role of nonparenchymal 
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liver ceils, which make up about 40% of the cell 
population and also possess apoA-binding sites, has 
been little studied. The nonparenchymal cells are 
represented by at least two cell populat ions  
(Kupffer's and endothelial cells) and from a direct 
barrier between the parenchymal compartment of 
the liver and the circulatory bed. 

In the present study we investigated the bind- 
ing of HDL~ (apoE-free) with primary cultures of 
hepatocytes, endotheliocytes, and Kupffer's cells 
isolated from rat liver. 

MATERIALS AND METHODS 
Mature male Wistar rats weighing 150-200 g were 
used in the experiments. The animals were main- 
tained on a standard laboratory ration. 

HDL 3 (p =1.125-1.216) were isolated by pre- 
parative ultracentrifugation in NaBr solution [13] 
from plasma obtained from healthy subjects and 
hypercholesterolemic patients after plasmapheresis. 
The protein composition of the HDL 3 samples was 
analyzed in 10% PAGE under denaturing condi- 
tions followed by Coomassie blue staining. The 
protein composition of the HDL 3 isolated from the 
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plasma of healthy subjects was represented mainly 
(98%) by apoAI, while the HDL 3 samples of 
hypercholesterolemic patients contzined 60% apoAI 
and 40% apoAII. All HDL s contained no more 
than 0.1% apoE. NaBr was removed by dialysis 
(1:1000 v/v) against two changes of solution con- 
ta in ing  0.145 M NaC1 and 0.3 m M  EDTA 
(Sigma). H D L  3 were labeled as described earlier 
[8]. The labeled HDL 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]. 
Cell viability determined by trypan blue exclusion 
was no less than 85%. Hepatocytes were seeded on 
collagen-precoated plastic dishes. 

Endothelial and Kupffer's cells were isolated as 
follows: in order to prevent cell aggregation, 1 rul 
of I% protamine sulfate (Serva) was added to the 
supernatant obtained after centrifugation of the ini- 
tial suspension of liver cells containing nonparen- 
chymal liver cells (NLC). For removal of de- 
stroyed cells the suspension of NLC was twice 
centrifuged in Hanks solution (Flow Lab.) supple- 
mented with 5 mM HEPES at 250 g for 2 min. 
The NLC-containing pellet was resuspended in 
Hanks solution supplemented with 5 mM HEPES 
and recentrifuged in a metrizamide (Sigma) den- 
sity gradient (final concentration 17.5%) at 400 g 
for 20 rain. The NLC-containing fraction was 
then collected and washed free of metrizamide by 
centrifugation at 250 g for 2 min. The cells were 
counted using a hemocytometer. Cell viability was 
determined by trypan blue exclusion. The yield of 
cells was about 250 mln. Endothelial and Kupffer's 
cells were separated from the NLC suspension us- 
ing the method of selective adhesion of macroph- 
agal cells to plastic dishes [12]. To this end, the 
obtained cell suspension in Williams's E medium 
(Flow Lab.) was placed on culture dishes not 
coated with collagen. Twenty minutes later, the 
attached and plated Kupffer's cells were vigorously 
washed free of the endothelial cells. The liver 
endothelial cells were then centrifuged at 250 g for 
2 re_in and seeded in William's E medium on 
collagen-coated plastic culture dishes. 

The liver cells were cultured in William's E 
med ium supplemented  with 10 ~g/ml  insulin 
(Sigma), 100 gg/ml kanamycin (Sigma), and 20 
mM HEPES (Flow Lab., UK) in the presence or 
absence of dexamethasone (Sigma). The medium 
was replaced every day. The cells retained 98% 
viability during 5 days of culturing, as determined 
by trypan blue exclusion. 
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Ylg. 1. Scatchard plot of dose-dependent binding of 12sl- 
HDL 3 with rat hepatocytes. Hepatocy'tes were cultured during 
48 hours in the presence of 10 -5 M dexamethasone. The curve 
is representative of 3 independent experiments. 

For the study of dose-dependent 12q-HDL3 
binding with primary cultures of liver cells, these 
were incubated with various concentrations of 1251- 
HDL 3 (1-50 ~tg/ml) and BSA (20 mg/ml) at 37~ 
during 2 hours in the presence or absence of a 20- 
fold excess of unlabeled HDL 3. After completion of 
the incubation the plates with cells were placed on 
ice, washed three times with ice-cold Hanks solu- 
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l=Ig. 2. Scatchard plot of dose--dependent binding of t2sl- 
HDI~ with Kupffer's cells. Kupffer's cells were cultured during 
24 hours without dexamethasone. 
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Fig. 3. Scatchard plot of dose-dependent  binding of 1251- 
HDL~ with endothelial ceils. Ertdothelial cells were cultured 
during 24 hours without dexamethasone. 

tion, and incubated in Hanks solution containing 
dispase and protease (100 I.tg/ml each, Sigma) at 
4~ for 30 min  for determinat ion of  surface I~sI- 
HDL 3 binding. Under  these conditions the cells 
remained attached to the plastic and retained no 
less than 95% viability as determined by the trypan 
blue test. After completion of the incubation the 
solution was transferred to counting vials and as- 
sessed for radioactivity with a Compugamma 7- 
counter (LKB). The specific binding was calculated 
as the difference of radioactivity in the presence or 
absence of a 20-fold excess of unlabeled ligand. 

The obtained data are representative of two or 
three experiments, and each value was determined 
in duplicate or triplicate measurements. 

The dose-binding dependences were analyzed 
after Scatchard [14]. The K s in a two-component  
Scatchard curve was determined after Rosenthal 
[2]. The protein content  in the samples was mea- 
sured after Bradford [4]. 

RESULTS 

Scatchard analysis of 12SI-HDL3 binding with hepa- 
tocytes and Kupffer's cells is illustrated on Figs. 1 
and 2. The curves are linear, which indicates the pre- 
sence of binding sites with similar parameters. For 
hepatocytes and Kupffer's cells K s were 20 (2• .7 
M) and 23 lxg/m_l (2310 -7 M), respectively, assum- 
ing the molecular weight of the ligand to be equal 
to 100 kD. This suggests the similarity of binding 
sites in these cells. The maximal number  of ~2sI- 

H D L  3 binding sites is 120 ng/mg protein on hepa- 
tocytes and 850 rig/rag proteins on Kupffer's ceils. 

The values of K s for hepatocytes andKupffer's cel- 
ls are consistent with the results obtained by others 
on hepatocytes and cells from extrahepatic tissues of 
various animal species and man [6,7,10, 11,15]. 

Figure 3 represents a Scatchard plot of  the 
dose-dependent  binding of  the ligand with endot-  
helial cells. The nonlinear character of  the curve 
suggests a two-component  binding, the high-affin- 
ity and low-affinity parts being characterized by K d 
values of 5 ~tg/ml (5x10 -s M) and 250 ~tg/rnl 
(22• -7 M), respectively. The latter is character- 
istic for a nonspecific interaction. 

Thus, as follows from our data, endothelial liver 
cells possess high-affinity binding sites for H D L  3 
with a 4-fold higher gfmity in comparison with he- 
patocytes and Kupffer's cells. The maximal number  
of high-affinity binding sites on the surface of en- 
dothelial cells is 437 ng/mg protein, which surpasses 
that on the surface of hepatocytes several times. 

The existence of two different classes of bind- 
ing sites discovered by us - with a higher affinity 
on endothelial cells and a lower affinity on other 
l iver ceils - p robably  explains the  results of  
Morrison et al. [9], who, using a membrane frac- 
t ion of rat liver homogenate, observed a two-com- 
ponen t  binding with a high-affinity component .  
This high-affinity component  is apparently related 
to the presence of  high-affinity receptors on en- 
dothelial liver cells. 

REFERENCES 
1. A. V. Bocharov, I. B. Fedina, V. G. Spirov, et al., Byull. 

Eksp. Biol. Med., 109, N~_ 6, 590-592, (1990). 
2. S. D. Varfolomeev and S. V. Zaitsev, Moscow (1982) 
3. R. Barbaras, P. Puchois, P. Grimaldi, et al., Biochem. 

Biophys. Res. Comrnun., 149, N~_ 2, 545-554 (1987). 
4. M. Bradford, Ann, Biochem., 72, 248-256 (1976). 
5. N. Fidge, A. Kagami, and M. O'Connor, Biochem. 

Biophys. Res. Commun., 129, 759-765 (1985). 
6. M. P. G. Groin, M. J. van Haperen, P. Puchois, at al., 

Int. J. Biochem., 21, No 6, 640-656 (1989). 
7. A. M. Kambouris, P. D. Roach, G. D. Calvert, and P. 

J. Nestel, Arteriosclerosis, 10, 582-590 (1990). 
8. A. S. McFarlane, Nature (London), 182, 53 (1958). 
9. J. R. Morrizon, G. A. McPherson, and N. H. Fidge, J. 

Biol. Chem., 267, N'.o 19, 13205-13209 (1992). 
I0. T. Nakai, P. S. Otto, D. L. Kennedy, and T. F. Whayne, 

Ibid., 251, N'o 16, 4914-4921 (1976). 
11. J. L. Nano, R. Barbaras, R. Negrel, and P. Rampal, 

Biochim. Biophys. Acta, 876, 72-79 (1986). 
12. H. Petroff and B. Smedsrod, in: Ceil Separafion. Methods 

and Selected Application, Ed. N. G. Pretlow and T. P. 
Pretlow, pp. 1-24. 

13. T. G. Redgrave, D. C. K. Roberts, and E. West, Ann. 
Biochem., 65, 42-49 (1975). 

14. G. Scatchard, Ann. New YorkAcad. Sci., 51, 660-672 (1949). 
15. D. Schouten, M. Klienherenbrink-Stins, A. Brouwer, et 

at., Biochem. J., ~56, 615-621 (1988). 


