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INCUBATION of rat hepatocytes in primary culture with

IL-I at a concentration of 2.5 units/ml resulted in an
increase (+80%) in the amount of apoE mRNA without
any effect upon apoE synthesis. IL-6 at a low concentration
(10 units/ml) induced a decrease (--35%) in the amount of
apoE mRNA, but increased apoE synthesis (+28%). No
effect was observed with higher concentrations of IL-I
(10 units/ml) or IL-6 (100 units/ml). These results suggest
that inflammatory cytokines IL-I and IL-6 modulate the
expression of apoE gene in cultured rat hepatocytes, at a
concentration that does not induce the acute phase
response.
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Introduction

Apolipoprotein-E (apoE) exerts an important
biological role in lipid redistribution in many
different organs due to its ability to bind to specific
receptors. Although several cell types participate in
the production of apoE, plasma apoE is mainly
synthesized by the liver in a highly regulated
fashion. Both fasting2 and an increased glucagon/
insulin ratio3 induce a specific increase in liver
apoE mRNA and enhance apoE secretion by rat
liver. On the other hand, we have observed a
decrease of both apoE mRNA and apoE secretion
by hepatocytes isolated from rats fed for 3 weeks
on a fish oil diet. Such a decrease could be partly
correlated to the insulin/glucagon ratio.4

Dramatic changes in the synthesis of a large series
of plasma proteins are observed during a liver acute

phase response which is induced and modulated by
a large set of cytokines, often in an antagonistic
way. The availability of recombinant cytokines has
allowed progress in the understanding of the
cellular and molecular mechanisms involved in liver
acute phase response (APR). In fact interleukin-6
(IL-6)6 and interleukin-1/ (IL-1//),7 which are
mainly secreted by activated macrophages, have
been shown to induce partial acute phase response
in rat hepatocyte primary culture. IL-6 binds to

specific receptors and activates, via a transduction
pathway which has not yet been elucidated, at least
two nuclear factors (NF-IL-6), which bind specific
DNA sequences (IL-6 RE), located in the 5’
flanking region of almost all the acute phase protein
genes.9’1 Similarly, IL-1/ exerts its effects by
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binding to a specific receptor, but its transduction
pathway has not been clearly defined. IL-lfl exerts
transcriptional effects which are mediated at the
DNA level by an NFteB transactivating factor.
The effects of IL-lfl are not restricted to the
transcriptional level, since it has been shown that
IL-lfl also modulates translation in liver cells. 2’13

It has been reported that the apoE mRNA level
is not modified during an acute phase response in
vivo4 or after induction with tumour necrosis factor
alpha (TNFz).s Recently IL-6, as well as TNF, has
been shown to induce hepatic lipogenesis. 16’7
Individual cytokines induce a partial acute phase
response (APR) whereas, in vivo, APR results from
the combined effects of cytokines upon liver
parenchymal cells. The aim of the present study was
therefore to determine the effect of individual
cytokines IL-lfl and IL-6 on apoE biosynthesis by
rat hepatocytes in primary culture.

Materials and Methods

Materials: Recombinant human (rh) IL-6 and
IL-lfl were provided by Genzyme. Rh IL-6 had a

specific activity of 4 x 106 units per mg and rh
IL-113 5 x 10s units per mg. Minimal essential
medium (MEM), antibiotics and foetal calf serum
were obtained from Gibco. Protein A-Sepharose
was obtained from Pharmacia. Insulin and dex-
amethasone were obtained from Sigma. Collagenase
was obtained from Boehringer. [35S]-methionine,
[z32p]-dCTP, Nylon hybond N+ filters and X-ray
films were from Amersham International. Acryla-
mide, N,N’-methylenebisacrylamide (electrophor-
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esis grade) and molecular weight markers were
obtained from Biorad. The nick-translation kit
was obtained from BRL.

Primary culture of hepatocytes Male Wistar rats

(IFFA-CREDO, France) of weight 200 q-_ 20 g at 6
weeks were housed in individual cages and
maintained on a 12 h light/dark cycle at controlled
room temperature (20C) and fed ad libitum with a

standard diet. Sacrifice was performed at 09.00 h
in the post-prandial period. Primary cultures of
hepatocytes isolated by collagenase perfusion, were

prepared as described previously.4 Hepatocytes
(5 x 106 cells/dish) were plated in MEM containing
antibiotics (kanamycin, penicillin, streptomycin
and gentamicin) and supplemented with foetal calf
serum (10% v/v) and 1 #M insulin. After 4 h, the
medium was replaced for 18h with MEM
containing antibiotics and supplemented with 1 #M
dexamethasone.
Albumin and alpha-2 macroglobulin (A2M) were

determined in non-labelled culture media by
electroimmunoassay as described. 18 All the results
were expressed using arbitrary units relative to

serial dilutions of inflammatory rat serum.

Protein labelling and immunoprecipitation: Hepatocytes
were incubated for a further 24 h in the presence
or in the absence of cytokines. Cells were washed
three times with 2 ml methionine-free MEM and
labelled with [3SS]-methionine (60 Ci/dish; specific
activity 1000 Ci/mol) in the same medium. After
3 h, the medium was collected and centrifuged at

4000 rpm for 10 min to remove cell debris. Cells
were washed twice with cold 20 mM phosphate
buffer, pH 7.5, containing 0.15 M NaC1, scraped
from the dish into homogenization buffer: 20 mM
Tris/HCl (pH 7.4), containing 5mM EDTA,
1% (v/v) Triton X-100, 0.1% SDS and 1 mM
phenylmethylsulphonyl fluoride, and then disrupted
by rapid up and down pipetting. Lysates and
medium samples were mixed with 0.2 volume of
bovine-serum-albumin-Sepharose CL4B (5 mg of
BSA per ml of gel) equilibrated in 25 mM Tris/HCl
buffer (pH 7.4), 0.15 M NaC1, 5 mM EDTA, 1%
(w/v) sodium deoxycholate and 1% (v/v) Triton
X-100 (buffer A). The suspension was rotated for
2h at 4C, the gel was rapidly sedimented
(13 000 x g, 1 min) and the supernatant was used
for immunoprecipitation.4

RNA analysis: Total RNA was prepared from
hepatocytes using the guanidium/phenol/chloro-
form method. 19 The total RNA content of cultured
cells was measured by spectrophotometry and its
integrity was assayed by agarose gel electrophoresis.
Serial dilutions of total RNA were applied to nylon
membranes and hybridization was carried out with
cDNA probes labelled with [32p]-dCTP (resulting

specific radioactivity around 108--109 cpm//.tg
cDNA) by the nick-translation technique. ApoE
cDNA probe was obtained as described previously.
Alpha-2-macroglobulin, alpha-1 acid glycoprotein
(AGP) and fl-actin cDNA probes were kindly given
by G. H. Fey, J. M. Taylor and M. Buckingham
respectively. The hybridization solution contained
0.9 M NaC1, 0.09 M sodium citrate, 5 x Denhardt’s
solution, 0.1% w/v SDS, 50% v/v formamide and
100 #g/ml denatured herring sperm DNA. Follow-
ing an 18 h incubation at 42C, membranes were
washed twice for 15 min each in 0.3 M NaC1,
0.03M sodium citrate, 0.1% SDS at room
temperature, and for 60 min at 42C in the same
solution without SDS. Following autoradiography,
mRNA abundance was estimated by quantitative
scanning densitometry using an LKB laser
densitometer. The relative abundance of specific
mRNA was calculated by reference to the content
of fl-actin mRNA.
Statistical determinations: Statistical significance
results was assessed using the Student’s t-test.

of

Results and Discussion

Specific parameters of the acute phase response in
rat hepatocytes in primary culture were checked in
order to: (1) avoid a previous inflammatory reaction
in rats; (2) avoid stimulation by cytokines resulting
from contamination of the hepatocyte preparation
by endothelial or Kupffer cells. Indeed, activated
Kupffer and endothelial cells can produce cytokines
and IL-lfl, and therefore can induce IL-6 synthesis
by these cell types; and (3) assess the responsiveness
of the hepatocytes in primary culture to cytokines.
Control and IL-lfl stimulated cultures secreted no
detectable alpha-2 macroglobulin (A2M), which
eliminated contamination of cultured hepatocytes
by Kupffer and endothelial cells (Figure 1). The
responsiveness of hepatocytes to IL-6 was demon-
strated by the increase in A2M mRNA level and
secretion, and by the decrease in those of albumin.
Furthermore, the increase in alpha-l-acid glycopro-
tein (AGP) mRNA in IL-lfl treated cultures
established the responsiveness of hepatocytes to

IL-lfl (Figure 1).
As shown in Figure 2A, incubation of

hepatocytes with a low concentration of IL-6 (10
units/ml) for 24 h resulted in a 30% decrease in the
apoE mRNA level, which was not paralleled by a
similar modification in apoE synthesis. On the
contrary, we observed a 28% increase in the
incorporation of methionine into newly synthesized
apoE (Figure 3). Furthermore, a 10-fold higher
concentration of IL-6 did not change the apoE
mRNA level, but induced a 23% decrease in apoE
synthesis by hepatocytes. These discrepancies
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FIG. 1. Effects of IL-6 and IL-1/ on alpha-2-macroglobulin (A2M), alpha-1 acid glycoprotein (AGP) and albumin (ALB) synthesis (panel A) and mRNA
levels (panel B) in rat hepatocyte primary culture. Panel A: Rat hepatocytes in primary culture, kept in culture for 24 h, were incubated at 37C with
the indicated doses of IL-1/ and IL-6 for 24 h (widely hatched bars) or 48 h (closely hatched bars). Each result is the mean (+SD) of triplicate
determinations in three different experiments. Panel B: Serially diluted (from 4/g to 0.5/g) cytoplasmic RNAs from hepatocytes stimulated for 24 h
with cytokines, as indicated, were probed with [32p]cDNA probes encoding for A2M, AGP and albumin. Specific mRNA levels relative to those of
/Y-actin mRNA are expressed as arbitrary units determined by densitometry analysis of the autoradiogram./-actin mRNA remained stable during IL-I
or IL-6 treatment. Each result is the mean (_SD) of triplicate determinations in three different experiments.

between mRNA level and protein synthesis rate
could be explained by an effect of IL-6 on the
translation machinery. Such an effect has already
been observed in the liver during the acute phase

20response.
In addition, it can be seen from Figure 3 that

IL-6 treatment of hepatocytes modified the ratio
between apoE isoforms in favour of the lower form.
The low Mr/high Mr ratio of secreted apoE was
modified from 1.3 in controls to 1.9 and 2.5 in
cultures stimulated with 10 and 100 units/ml of
IL-6 respectively, while it remained unchanged (3.2)
for intracellular apoE. This relative increase in the
low Mr apoE isoform could be related to

modifications in oligosaccharide processing, as
already observed for alpha-1 protease inhibitor
during IL-6 induced acute phase response.21

However, carbohydrate units are not processed in
the same manner for both proteins since apoE is an

O-glycosylated protein,22 whereas alpha-1 protease
inhibitor is an N-glycosylated protein. Alterna-
tively, these variations in apoE-Mr may result from
a modification of the kinetics of apoE intracellular
transport and/or of its routing along the secretory
pathway, as it has been previously observed in
rabbit liver for C reactive protein (CRP).23

A low concentration of IL-lfl (2.5 units/ml)
induced a 80% increase in apoE mRNA content

in hepatocytes, whereas no change was observed
with a higher concentration of IL-lfl (Figure 2B).
ApoE synthesis was neither quantitatively nor
qualitatively modified whatever the concentration
of IL-lfl. Similarly, the ratio between low and high
Mr isoforms of secreted and intracellular apoE
remained stable at 1.32 and 3.2 respectively,
whatever the IL-1] concentration (Figure 4). The
discrepancy between apoE mRNA level and the rate

of protein synthesis could result from a translational
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FIG. 2. Effect of IL-6 (panel A) and IL-1/Y (panel B) on apoE mRNA in rat hepatocytes in primary culture. Serially diluted (from 4#g to 0.5/g)
cytoplasmic RNAs from hepatocytes stimulated for 24 h with cytokines, as indicated, were probed with [32p]cDNA encoding for apolipoprotein E
(ApoE). ApoE mRNA levels are expressed, in relation to those of fl-actin mRNA, as arbitrary units determined by densitometry analysis of the
autoradiogram. Results are means (+_ SD) of three experiments performed in triplicate. (a) p < 0.05; (b) p < 0.01.

inhibition of apoE expression by IL-lfl at a low
concentration. In fact, although IL-lfl has been
shown to increase the translation rates of CRP12 and
ferritin13 mRNA in human hepatoma cells, an
inhibitory effect of IL-lfl on mRNA translation has
not yet been described.
The different effects of low and high concentra-

tions of IL-lfl and IL-6 on hepatocyte apoE mRNA
could result from the interaction of both IL-lfl and
IL-6 with high and low affinity receptors involving
two different signal transduction pathways. Such

types of cytokine receptors have been described for
IL-6 in HepG224 and for IL-lfl in Th2 cells, is

The treatment of rat hepatocytes with 100
units/ml oflL-6 or with 25 units/ml of 1L-1/, alone,
has been shown to induce maximal effects in terms
of acute phase response.8 At such concentrations of
IL-lfl and IL-6, we did not observe any change in
either the apoE mRNA level or the protein
synthesis rate by rat hepatocytes. These results are
in agreement with previous observations during the
late acute phase response in vivo. 14’ In contrast, our

Secreted apoE Isoforms Intracellular apoE Isoforms

control L-6 L-6 control L-6 L-6
10 units/ml 100 units/ml 10 units/ml 100 units/ml

FIG. 3. Effect of IL-6 on the amount of apoE synthesized by rat hepatocytes in primary culture. Cells were incubated for 24 h at 37C with the indicated
amounts of IL-6. After this incubation, hepatocytes were labelled with 60 #Ci/ml [3sS]-methionine for 3 h. ApoE was recovered by immunoprecipitation
from media and cell lysates and submitted to sodium dodecyl sulphate/polyacrylamide gel electrophoresis and fluorography. The relative amounts of apoE
isoforms were then quantified by densitometry. Three experiments were performed in triplicate. Autoradiogram of a representative experiment was
shown. The quantification by densitometry scan concerned the lane indicated by an arrow.
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FIG. 4. Effect of IL-1 on the amount of apoE synthesized by rat hepatocytes in primary culture. Cells were incubated for 24 h at 37C with the indicated
amounts of L-I. After this incubation, hepatocytes were labelled with 60 #Ci/ml [3sS]-methionine for 3 h. ApoE was recovered by immunoprecipitation
from media and cell lysates and submitted to sodium dodecyl sulphate/polyacrylamide gel electrophoresis and fluorography. The relative amounts of apoE
isoforms were quantified by densitometry. Three experiments were performed in triplicate. Autoradiogram of a representative experiment was
shown. The quantification by densitometry scan concerned the lane indicated by an arrow.

present results appear to indicate that lower levels
of IL-lfl and IL-6 control apoE biosynthesis by rat

hepatocytes in primary culture, at the level of apoE
mRNA for both cytokines and at the post-
transcriptional level for IL-6.
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