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During inflammatagy states. hgnatagyies are induced to synthesize and secrete a groun of nroteing called seute-nhuse nrateins. It has recantlv hean
shown that besides interleukin-6 (IL-6), related cytokines such as leukemiy inhibitory factor, oncostation M and taterleukin- 11 are also mediators
((tde deqadnc acute-glase casgoase. AC tlese mediadas galong (a the denatagaeie Gaud aCe-dadealeytaknes. flere wa sfaw tdat an addiiiquul
menioer ¢t irits gvidkine Taniiyy, dlitagy neuratratiicTactor (R E 1L induces lne negndite actitesdnase protdin genes hgntagianin. K.-anténvmatoyn-
sin, ay-macroglobulin and S-fibrinogen in human hepatoma cells (HepG2) and in primary rat hepatocyies with a time course and dose—response
comparable with that of IL-6. Our nex!t aim was (o define the receplor components used by CNTF on hepatic cells. Using a cell-free binding assay
we exclude that CNTF binds to the 80 kDa IL-6 receplor, a protein with significant homology to the CNTF receplor which has recently been cloned
ffrom neuroblastoma cells. In human hepatoma cells (MepiBY which luck the eukemia inhibitary fuctor recentag. CNTF was osd ahie 1o induss
acute-phase protein synthesis, indicating that this receptor protein may be part of the functional CNTF receplor on hepatic cells.

Acute-phase protein; Ciliary neurotrophic factor; Hepatocyte; Leukemia inhibitory fuctor; Interleukin-6

1. INTRODUCTION

The response of higher organisms to disturbances of
their homeostasis due to infection, tissue injury, neo-
ptastic growth, or immunologic disorders is calted the
acute-phase response. It consists of an initial local reac-
tion at the site of injury followed by a systemic reaction
(for reviews see [1-3]). An important part of the sys-
temic reaction is the stimulation of acute-phase protein
synthesis in the liver [3]. IL-6 has been shown in the rat
in vivo [4,5], in rat [6,7] and human [8] hepatocyte pri-
mary cultures and in various hepatoma cell lines [6,9]
to be the major mediator of acute~-phase protein regula-
tion. In recent years, additional cytokines with hepato-
cyte-stimulating activity have been discovered: leuke-
mia inhibitory factor [10], interleukin-11 [11] and on-
costatin M [12].

From secondary structure predictions, Bazan [13]
proposed that all these hepatocyte stimulating factors
together with growth hormone, prolactin, erythropoi-
etin and granulocyte-colony stimulating factor belong
to an «-helical cytokine family. The predicted three-
dimensional structure of the members of this family is
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characterized by a bundle of four anti-parallel helices.
In addition, two neurotrophic factors, cholinergic dif-
ferentiation factor, which turned out to be identical with
LIF {14] and CNTF have also been proposed to be
members of this cytokine family [15].

All cytokines with hepatocyte-stimulating activity
exert their action via cell-surface receptors consisting of
at least two subunits. For the receptors of IL-6, LIF and
OSM a common protein component has been described
[16]. This protein of a molecular mass of 130 kDa
(gp130) belongs to the so-called hematopoietic growth
factor receptor superfamily [17]. Recently it has been
shown by Ip et al. [18] that gp130 is also a component
of the CNTF receptor system. Furthermore, it turned
out from cDNA sequencing of the binding subunit for
CNTF [19] that this receptor shows 30% amino acid
identity to the binding subunit of the I1.-6-receptor [20].
On the basis of the prediction that CNTF belongs to the
x-helical cytokine family and the observation that the
composition of the CNTF-receptor is similar to the re-
ceptors for the different hepatocyte-stimulating factors,
we asked the question, whether CNTF has hepatocyte-
stimulating activity.

Here we show for the first time that CNTF regulates
acute-phase protein expression in rat hepatocytes and
human hepatoma cells.

2. MATERIALS AND METHOD

2.1, Materials
Human hapicglobin cDNA was a gift of Dr. D, Samols (Cleveland,
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USA) and human a,-antichymotrypsin cDNA was supplied by Dr. E.
Berger (Zirich, Switzerland). Rat B-fibrinogen ¢cDNA was from Dr.
A. Mitchell (Parkville, Australia). a,-macroglobulin cDNA was iso-
lated as described [21). Recombinant human (rh)IL-6 was prepared as
deseribed [22]. The specific activity obtained was in the range of 1.5
% 10° B-cell stimulatory factor 2 U/mg protein [23). RhLIF was the
generous gift of Dr. N.A. Nicola (Mclbourne, Australia). Rat rCNTF
was obtained from Drs. J. Huber and M. Sendtner (Martinsried,
Germany). HepG2 cells stably transfected with the IL-6 ¢cDNA
(HepG2-11L-6) were established as described [24].

2.2, Celt culture

Primary rat hepatocytes from male Sprague—Dawley rats were iso-
lated as deseribed [25] and cultivated for 48 h prior 1o stimulation with
different eytokines. HenG?2 cells were grown in DMEM/F12, Hep3B
el e SIARY St cunluieoradie corminira® (AN GG oy ot
fiepatocytes 4%) fewal caif serum, 60 mg/ penicilfin and 100 mp/!
SOPROYET, TR Were BIownh ih e wii sdumied dunosphiston-
wnining S8R @ A0

2.3, RNA exiraction and Northern blor analysis

Total RNA was pregared using the phenol extraction method as
aaiiiag (527 F iy o RNV war strnwdd or M aanadanting
agarose gels and transferred 1o GeneScreen Plus membranes (Dupont-
New England Nucleur, Dreieich, Germany). The filters were prehy-
bridized at 68°C for | h in 1U% dextran suiiate, 1 M soedium chloride,
1% SDS, and hybridized in 1he same solution with ¢cDNA [ragments
labeled by random priming [28].

24, Binding to the sofuble [L-6 recepior

Soluble 11.-6 recepior wus obtiined from the conditioned medium
of WIH/3T3 cells transfected with the gp80-¢cDNA lacking the se-
quences coding lor the transmembrane and eytoplusmic domains [24].
The supernatant was incubated for 3 h at 4°C with ['*¥]}IL-6 in the
presence of an up to a 1,000-fold excess of unlabeled cytokines. Solu-
ble 1L-6 secopiorfligand complexes werg impmunoprecipitated with an
1L-6 receptor antiserum (T. Stoyan, unpublished resulis) and protein-
A- Sepharose.

3. RESULTS AND DISCUSSION

To examine whether CNTF exhibits hepatocyte-stim-
ulating activity, we incubated human hepatoma cells
(HepG?2) and primary rat hepatocytes in the presence of
10 ng/ml CNTF. For comparison cells were stimulated
with 1L-6 and LIF, which are well-documented hepato-
cyte-stimulating factors [6-10). Fig. 1A shows the stim-
ulation of mRNA expression of the acute-phase pro-
teins ACT and HPT in HepG2 cells and of @,M and FIB
in rat primary hepatocytes. While IL-6 treatment led to
the strongest stimulation, CNTF and LIF induced
acute-phase protein synthesis to 2 comparable cxtent.
The dose-response of induction of FIB by CNTF
showed saturation at 1 ng/ml. The maximal response
was reached at 18 h (Fig. 1B). Comparable time courses
and dose-responses have been described for 1L-6 and
LIF [6,7,10].

Since it had been reported that the CNTF receptor is
homologous to the gp80 1L-6 receptor [19,20] we asked
whether the IL-6 receptor is a potential CNTF binding
protein on liver cells. Fig. 2A shows that neither CNTF
nor LIF competed with ['*1]rhIL-6 for binding to the
soluble IL-6 receptor [24], whereas IL-6 at a 100-fold
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excess completely displaced [**IrhIL-6. To further
prove that CNTF does net act via the IL-6 receptor, we
made use of the recently established cell line HepG2-IL-
6 [24]. These cells do not express gp80 IL-6 receptors on
the surface and have lost their responsiveness to IL-6
but not to other cytokines such as LIF or transforming
growth factor § [24]. Incubation of these cells with
CNTF and LIF, but not with 1L-6, led to the induction
of HPT and ACT mRNA (Fig. 2B) and protein (data
not shown). These results indicate that CNTF and LIF
do not bind to the gp80 IL-6 receptor and do not use
this protein for signalling,.

‘Using a rat CINT T receptor comyilementacy probe tor
Northern blat analysis, we detected a transcript of the
AUDIUTIEST S QO WD wiinh was wapressed w Yow
fevels 117 rar primary Reparocyles (0ara not sdiown).

Since it had been speculated that the binding subunit
of the LIF receptor is part of the functional CNTF
receptar compley LIRL Jf was dnterasiing fo fost wbathar
CNTF exhibited hepatocyte-stimulating activity on the
human hepatoma cell line Hep3B which has been shown
not to express the LIF receptor protein [29]. Fig. 3
shows that CNTF as well as LIF fail to stimulate acute-
phase protein synthesis in these cells, whereas treatment
with IL-6 leads to an upregulation of ACT and HPT
mRNA expression.

From our experiments we conclude that hepatocytes
are responsive to CNTF and that the functional hepatic
CNTF receptor consists of the ligand binding subunit
of the LIF receptor compiex in addition to the CNTF
binding subunit. In neuronal cells it has been implied
that gp130 is a component of the CNTF receptor com-
plex [18]. Since the gpl30 protein is also expressed in
hepatocytes [30,31], we speculate that it is involved in
the formation of the functional hepatic CNTF receptor
complex.

CNTF is a neurotrophic factor which has been puri-
fied and cloned from rat sciatic nerve [32,33]. From the
deduced amino acid sequence it turned out that unlike
other members of the hematopoietic family, CNTF is
a cytosolic protein without a signal peptide. CNTF is
present in large quantities in non-neuronal cells of the
central and peripheral nervous systems. Following cell
lesion CNTF is locally released and exerts its neurotro-
phic activity [34,35]. So far it is not clear whether CNTF
can be secreted under physiological conditions. How-
ever, the cytokine IL-1 is exported into the bloodstream
although it contains no signal peptide [36].

The physiological relevance of our finding that
CNTF upregulates hepatic acute-phase protein synthe-
sis is not yet clear. There are no data available about
CNTF production and distribution in body fluids out-
side the nervous system. Triggering of acute-phase pro-
tein synthesis by CNTF in the liver however, might
occur after lesion of peripheral nerves, e.g. as a conse-
quence of injury, thereby initiating a systemic response
to the disturbance of homeostasis.
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thesized not only by the liver, but also in cells of the
choroid plexus [37] and in placenta [38,39], The regula-
tion of acute-phase protein synthesis in the latter two

It should be noted that acute-phase proteins are syn-
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Fig. 1. Effect of CNTF, IL-6 and LIF on acute-phase protein expression in HepG2 cells and primary rat hepatocyles. (A) Hepalocyle-stiniulating

activity of CNTF, IL-6 and LIF. After incubation of the cells with 10 ng/ml CNTF, 100 U/ml 1L-6 or 100 U/m! LIF for 18 h, total RNA was

extracted and subjecied to Northern blot analysis, The fillers were hybridized with cDNAs coding for human HPT, human ACT, rat FIB, or rat

@M. (B} Time course and dose-response of FIB induction of primary rat hepatocyles in response to CNTF. Cells were stimulated with 10 ng/ml
CNTF (lime course) or for I8 h (dose-response) as indicaled in the figure.

organs is different from that of liver. Since CNTF is
produced in brain, it is possible that it regulates acute-
phase protein synthesis in choroid plexus cells. A recent
report shows that CNTF efficiently rescues motor neu-



Volume 314, number 3

A

FEBS LETTERS

December 1992

2000

3 i

[-%

X

(=]

= -

B 1000 = 6
% ~— LIF
& ] —m— CNTF
&
N

0 N T Ll L ) T T yr T T T
1 10 102 10°

fold excess of competitor

HepG2-IL-6

control
IL-s
LIF
CNTF

185 en e iR

ACT

control
IL-6
CNTF

LIF

18S-

* ¥ ”

HPT

Fig. 2. Interaction of CNTF, LIF and 1L-6 with the IL-6 receptor (gp80). (A) Cell-free binding to the soluble IL-6 receptor. Soluble 1L-6 receptor

was incubated with ["*1]IL-6 (3 % 10" cpm = 3 ng) and inereasing amounts (0 10 1.000-fold excess) of unlabeled cytokines. The amount of [**IJIL-6

bound o the soluble 1L-6 receplor was estimated as described in section 2. (B) EfTect on acute-phase protein expression in HepG2-1L-6 cells. After

incubation of HepG2-IL-6 cells with 10 ng/ml CNTF, 108 U/ml IL-6 or 100 U/ml LIF for 18 h, to1al RNA was extracted and subjecied to Northern
blot analysis. The filters were hybridized with cDNAs coding for human HPT and human ACT.

rons from degeneration in progressive motor neurono-
pathy in mice [40]. This observation may have an
cnormous potential for the treatment of human motor
neuron diseases. Clinical trials of CNTF with such pa-
tients are under way {41]. In this respect our finding that
CNTF strongly induces acute-phase protein synthesis in
hepatocytes of the liver is of great importance. Further-
more, it is possible that CNTF may also act on other

cells and tissues in the organism such as B-cells and
T-cells which have been shown to be stimulated by 1L-6.
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Fig. 3. Induction of acute-phase protein expression in Hep3B cells by

CNTF, LIF and IL-6. Hep3B cells were incubated for 18 h in the

presence of 100 U/ml IL-6, 100 U/ml LIF or 10 ng/ml CNTF. RNA

extraction and Northern blot analysis were carried out with human
HPT and ACT cDNAs.
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