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Bidirectional eﬁ'ects of Kupffer cells on hepatocyte proliferation in vitro
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‘The control of tut hepatocyte DNA synthesis in vitro by Kupffer ¢ells und transformed perisinusoidal lipoeytes, i.e. myuﬂbmblml-likd cells was
studied. Conditioned medin from Kupfler cells inhibit the replicative (hydraxyuren-sensitive) DNA synthesis dose-dependently in primary cultures
of hepatocytes stimulated by epidermal growth factor (EGF). The eytokine responsible for the inhibition wus identified ax !r.cmfarnnng growtlh
factor # (TGFM. After neutrdlization of activated TGF/ in these medin, DNA synthesis s stimulated in quieseent heputocytes vin transforming
growth fuctor & (T'GFz) demonstrated by competitive TGF2/EG F-receptor blogking on hepatocytes. Results similur 1o those oblained with Kupiter
cells were found with conditioned media of myofibroblast-like cells, Northern blot hybridization confirms the expression of both TGFf and TGFx
in KuplTer cells und myofibrablast-like cells, respectively, These findings support the notion that Kupffer cells and myofibroblast.like cells might
regulate in-both directions lwer regeneration depending on the proporunn of secreted TGFa und TGFA and on the activation status of TGF/,
‘ of which o sngmﬁcunt fraction is seereted in the lutent form.

Cell interactions; KupiTer cell Hepatacyte; Proliferation; Trunsforming gmwth fuctora, f#

1. INTRODUCTION

There are indications of metabolic cooperation bet-

ween Kupffer cells and hepatocytes which may be im-

portant for the regulation of normal and pathologic
liver function [1,2]. As examples, Kupffe1 cell secre-
tions - affect protein synthesis [3], influence protein
‘phosphorylation [4] and depress cytochrome P450
functions in parenchymal liver cells [5]. Kupffer cells
have been implicated - also  in the regulation of
hepatocyte proliferation in vitro but contradictory

results were communicated. [6-8]. Whereas previous -

reports indicate a reduction of hepatocyte proliferation
[6,71, recent studies have shown a heatlabile, not yet
clearly identified factor in conditioned maedia from
primary cultures of Kupffer cells isolated from intact
and regenerating remnant livers after partial hepatec-
tomy which stimulates DNA synthesis in hepatocytes
[8]. ‘We have shown recently that Kupffer cells have the
ability to modulate the mitotic activity of cultured
perisinusoidal lipocytes, a sinusoidal type of liver cells
specialized in the storage and metabolism of retinoids
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{9} in both ways depending on the activity of transform-
ing growth factors (TGF).type & and £ [10]. TGFe [11]
and TGF# [12] have been identified as important ac-
tivators and inhibitors, respectively, of hepatocyte pro-
liferation and are thought to play central roles in the
regulation of liver cell regeneration [13]. In the present
study we present evidence that Kupffer cells have the
potency to stimulate and inhibit hepatocyte DNA syn-
thesis in vitro determined by the ratio of active TGFG to
TGFe. This finding offers an explanation for the above
cited uncertainty concerning the effects of Kupffer cells
on the regulation of hepatocellular multiplication.

2. MATERIALS AND METHODS

2,1, Chemicals

Radiochemicals were purchased from M.N -Du Pom (Dreieich,
Germany), ICN (Eschwege, Germany) and from Amersham/Buchler
(Braunschweig, Germany), Rat- TGFa and rat TGFa-fragment

[{amino acid ‘residues 34-43) [14} were. obtained from Bachem

Biochemica (Heidelberg, Germany) and human platelet TGFZ from
Paesel (Frankfurt, Germany), Neutralizing antibodies against porcine
and human TGFg were supplied by British Biotechnology Ltd. (Ox-
ford, UK), The 44 base long TGFa oligonucleotide probe was pur-
chased from Dianova (Hamburg, Germany). The TGFgG ¢cDNA probe
(pTGFF33) [15] was kmdly provided - by Dr P Kondaiah (NIH,
Bethesda, USA).

2.2, Methods

2.2.1. Isolation and culture of hepatocytes, perisinusoidal lipocytes
and Kupffer cells ‘
Allcells were prepared from male Sprague-Dawley rats following
previously described procedures [16-18].
Hepatocytes  were ‘isolated following. the Lollagenase petfision
method of Seglen [19]. Normal rats were starved overnight before cell
isclation, Viability of isolated hepatocytes checked by Trypan blue
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exclnvion was greater than 90% and contaminatien with vinww
rinsdesmin-positive cells was below 0.4%. The cells were xeeded with
a density of 33 10%2em? I Geweell plates and cultured in Hanks Fa12
modium - containing  0.2% BSA, 002 uwml. inxulin, and . 1%
penicitlinsstreptomycin. Medium was changed 2 hoand 20 h afer
secding. Additions. of factors (TOFa) and of conditioncd media
were mdie av the same [imex,

Perhmmoidal lipocytes were seeded with ¢ densiy of 3.8 x 10%in 7%
em® twsue culiure battles and maintained as monolayers in DMEM
containing 10% (v/v) FCS, Medium changes were made every seeond
day beginning 16 kv afler seeding. After reaching cunflueney about &
days after weding, primary cultured eells were subeuliured by wyp-

sinlzavion are reseading, Ceolls were passaged for 4 Ind time after a

further incubation period of V4 days, The purity of fieshly isolated
¢ells usedd In - this study wax gt least: 90%%, cell viability cheeked by
Trypan blue exclusion was mare than 80% and (he yield fanged from
2 107 to 52107 celisAiver. With the first medium change most of the

contaminating cells wére removed and the nionolayers were essentind:
Iy free of impurities. Pl were identified - by - their typleal fight

microscopic appearance, transmission electron microscopy (20,
positive imhumachemicnl stalning for vimentin, desmin, a-smooth-
muscle-aetin and vitamin Asspecific awolluarescence [20]. ‘
uppferwllx were seeded with a density of 0,4 x 10% cells/em?® in 75
em? bortles and incubated for 2 hiin 15 mi DMEM containing 10%
FCS. After 2 hthe medium was changed 10 0.2% BSA instead of FCS,
The viability was greater than 90%., Identification nnd assessment of
the purity of the Kupfter cells were performed by light- and ¢lectron
_microscopy, staining for endogenous peroxidase, by phagacytosis of
latex beads (For 60 min at 37¢C)and by demonstration of positive im-
munofiuerescent staining for vimentin' and negative staining for

desmin {16). According to these erireria the purity of seeded Kupffer

cells was greater than 95%,

2.2.2, Preparation of conditioned medium
Medium was harvested after a 24 h incubation period in absence of

fetal calf serum. The medium - was centrifuged (#50x g, 7 min, 4°C)

and stored at — BO°C, Half of the conditioned medium was acidified
(pH 2.0). with HCI for 30 min, after which time the ‘medium was
neutralized. Native and transiently acidified media were dialyzed in
tubings with a molecular weight cut off 3500 against 100 vo! Hanks
F-12 medium at 4°C, : :

2.2.3. [*H)Thymidine incorporation

The incorporation of {*Hlthymidine () 4Ci/ml medium).into the ‘

DNA of hepatocytes was measurcd over a 24 h incubation period
beginning 20 h mtcr sccdmg following a previously described protocol
(20}.

2.2.4. Compeutwc radlohgand assay

TGF@ and TGFe in Kupffer cell conditioned mcdm were quan-
titated using competitive’ radioligand’ binding ‘assays according to
previously descrited methods {21,22].  Monolayers of secondary
cultured PL (myofibroblast-like cells) were washed with binding buf-
fer [128 mmol/l NaCl, § mmol/1 KCl, 1.2 mmol/l CaCly, 1.2 mmol/1
MgS0s, 50 mmol/l HEPES, pH 7.5, with 5 mg/ml BSA) andin-
cubated for 30 imin in binding buffer at 37°C. After equilibration for
10 min at 22°C appropriate concentrations of ['*1JTGFgG or.
['1}EGF, unlabeled peptide (TGFg, TGFa) and KC conditioned
media, dialyzed against binding buffer, respectively, were added. In-
cubations proceeded for 3-h and were terminated by aspiration of the
binding buffer and washing the monolayers with ice-cold binding buf-
fer, Bound radioactivity was liberated with 1% (v/v) Triton X-100 in
isotonic saline solution, pH 7.4 ahd medsured in a gamma counter,

2,2.5. Northern and dot bloiting
Total RNA from KC was isolated as described by Chomczynskl and

Sacchi [23]. To examine, whether TGF@ and TGFa are expressed in-

KC, total RNA was separated by gel electrophoresis and blotted on
Hybond N membranes. The measurement of ribosomal Sé-protein

gene expression was used as internal standard [24]. The 0.8 kb probe
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for TGES wav ebiained by Swe [~Prall digestion of the pTCif‘mB 3
plasmid, subsequent separation by gel clectropharesix fallowed by
clution of the 0.8 kb fragment, which was labeled with U’PldC‘FP
The TCGFw aligonueleatide probe way 3 <abeled with' [“P)ddATP,
Hybridization was eurried out ax described by Maniatis et al. (25), The
blor were exposed for 414 dayy at -~ 80%C ré Hyperfilm MP using
A intemilying sercen, :

2.3.8. General techniquex :
DINA cantent of the eell sultures was measured Nuoramettically us-
ing eall thymus DNA as 5 standard [26].

3. RESULTS

1. Effect of Kupffer cell conditioned medium on
the proliferation of EGF-stimulated hepatocyies

Conditioned medium from Kupffer cells caused a
dose-dependent inhibition of [*H]thymidine mcorpora-‘
tion into the DNA of hepatocytes stimulated in culture
by addition of 25 ng/m! EGF (Fig. 1). Medium, which
had been transiently acidified before addition to
hepatoeyte cultures, was constantly more potent than
native (untreated) conditioned medium. The inhibitory
activity of KC-conditioned medium could be reduced
and even completely abolished by preincubation of the

- medium with increasing concentrations of neutralizing

polyclonal antibodies against TGI‘ﬂ (Fig. 2).

3.2. Effects of Kupffer cell conditioned medium on
the proliferation of quiescent hepatocytes =
Native and transiently acidified Kupffer cell media
had no effect on the [*H]thymidine incorporation into
the DNA of ‘hepatocytes cultured in Hanks F-12
medium in the alLsence of growth factors. When prein-
cubated with 20 ug/ml neutralizing anti-TGFZ an-
dose-dependent, - hydroxyurea-sensitive
growth stimulatory effect of KCcM was: observed
(Fig. 3). By competitive inhibition of the binding of
TGFa to its receptor on hepatocyies induced by addi-
tion of the 10 amino acid long TGFa(aa 34-43)-

=
8
5 g native acidlfied
g & :
g3
e © 3k
s 8
58 i
8 2
T .
.
‘ 12 151410 1:2 15110120
Dilution of nKC Conditioned Medium
[ noEeaE 25 ng/mi EGF

Fig, 1. Inhibition of EGF stimulated DNA synthesis in hepatocytes by
native and transiently acidified conditioned medium from cultured .
Kupffer cells (nKC). Epidermal growth factor (EGF) was added 2 h-
and 20'hafter plating simultancously with'conditioned medium. Con-
trol represents DNA synthesis of parenchymal cells in'the absence of

EGF. Mean values + SD of 4 experiments are shown.
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Fig. 2. Effect of ant-TGF anubodies on the inhibitory action of
conditioned medium from Kupffer ¢ell cultires an hepatocellular
{'H)hymiding incorperation, Transiently acidified KC medium
(KCeM) at a 1:2 dilwion was incubated for 2 h with increasing
amounts . of neutralizing  anti-TGFS . prior o the addition (o

hepatoeytes stimulated by EGF, Mean values = SD of 4 experiments -

are shown,

polypeptide [14], the proliferation stimulatory effect of
TGFA-blocked KCeM was reduced and even completely

abolished at a peptide concentration of 12 pmol/ml ‘

(Fig. 4).

3.3, Concentrations of TGFa and TGFS in Kupffer
cell conditioned media and Northern blor
. hybridizations ‘ : ‘ ,
The TGFS concentration in the medium of Kupffer
cells ‘was calculated from data obtained with a com-
petitive radioligand binding assay. It was found to be

a 3
1 -l
% b T
ég 0.5 ’ ] D
Antl TGFD (pg/mi)
0 0 0 .20 20 0 20 20
OH-Urea (mmol/l)

) 10 0 0 10 0 010

[} ewntrel KCoM (1:2 dhiution)
‘ B  mrbicem (1:2 dilution)

Fig. 3. Effect of conditioned medium from Kupffer cells (KCeM) and
transformed PL. (myofibroblast- . like cells (MFblCeM). on
unstimulated hepatocellular DNA synthesis in absenceé and presence
of hydroxyurea (10 mM). Conditioned media-and OH-urea were add-
ed 2 h and 20 h aftér plating. In one portion of the conditioned
medium TGFG was neutralized by preincubation at 37°C for 2 h with
20 ug/m| anti-TGFZ before addition to hepatocyte cultures, Mean
. values = SD of 4 experiments are shown.
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Fig. 4. Effect of TGFa/ECQF-recepror blocking on the stimulation of
hepatogellular DNA synthests induced by TGFJ blocked Kupffercell
conditioned medium (KCeM) and myofibrablasi-like eell conditioned
medium (MFbICeM). Conditioned medium was pretreated for 2 h
with anti-TGF2 and added 2 h and 20 h after plating simulaneously
with increasing amounts of competing TGFa peptide (amino acid
residues 34-43). Mean values 2 SD of 4 experiments are shown,

2.0:0.8 ng/ml, produced by 10° Kupffer cells per 24 h
(Fig. 5). A single Kupffer cell derived from normal liver

- produced 0,08 fmol TGFA/24 h. For determining

TGFa concentrations  in KCcM, competition with
['*’IJEGF binding was achieved using rat TGFa. The
production rate of TGFa was 20+ 3 ng/10® KC/24 h
(Fig. 5). The conditioned medium. contained 4.0£0.6

- pmol/ml TGFa. ‘ ‘

Hybridization of total RNA extracted from 24 h
cultured KC with **P-labeled TGFZ, and TGF« probes,
respectively resulted each in a single band with a size of
2.6 kb for TGFS8, mRNA and about 4.7 kb for TGF«
mRNA (Fig. 6). L o

3.4, Effects of conditioned medium from transformed
perisinusoidal lipocytes (myofibroblast-like cells)
on hepatocyte proliferation

Previously we have shown, that conditioned medium
from myofibroblast-like cells, i.e. the transformed

cold TGFalpha [ng/mi) cold TGFA1 [ng/mi}

Fig. 5. Binding of ['**I]TGF# and ['?*1]TGFa to myofibroblast-like

«cells in the presence of increasing concentrations of unlabeled TGF4

and TGFa, respectively. Competive inhibition of binding by condi-

tioned media from Kupffer cells and myofibroblast-like cells are in-
- dicated. Mean values of duplicate experiments are-shown,
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wsm @ =TGRS

Fig. 6. Neopihern blot hybridization of faial RNA from culiured

KuplPer vells for TGFY and TGOFa. 30 2y RNA from 24 h valured

Kupfler ¢ells wux veparated by agarose gel cleevrophorests under

denaturing . conditions, blatied on o hybond N membrane und

hybridized with {7 P)-labeled probes ror TGRS and TCFar, respectitve-
ly. The pasitions of the 288 and 188 RNA are indicned,

counterpart of perisinusoidal lipocytes inhibits via

TGFS the EGF and TGFa stimulated proliferation of.

hepatoeytes in: culture (27]. In the following experi-
ments we tested the presence of growth stimulatory
acitivity in these conditioned media, if TGES was neu-
tealized, The results show that MFbICeM stimulated
dose dependently [*H]thymidine incorporation into the
DNA of hepatocytes, if TGFZ in the medium was
blocked by anti-TGF/4 antibodies (Fig. 3). Similar to
KCcM the proliferation stimulatory effect was abolish-
ed by competition with TGFa receptor binding using
the TGFa receptor blocking TGFa-(aa 34-43)-peptide
(Fig. 4). The concentration of TGFea/# was found to be
24 £ 7 ng/m! and 1.8:£0.4 ng/ml, respectively in the
conditioned media added to hepatocyte cultures. The
production ratcs of the factors by MFbIC are given in
Fxg 5. :

4. DISCUSSION

It. has been shown previously that Kupffer cells

modulate hepatocyte proliferation but conflicting
results on the stimulatory and inhibitory actions were
reported [6-8]. Furthermore, the nature of the involved

mediators was not specified. Kupffer cells produce a-

large variety of cytokines and cell growth modulation
factors {28,29], of which the cooperative actionin con-
ditioned media on the regulation of hepatocyte: DNA
synthesis has not been clearly defined. In the present
study we identified in Kupffer cell media TGFo and
TGFg@ as the most important mediators influencing the
hepatocellular proliferation. Conditioned media deriv-
ed from KC were shown to inhibit the EGF/TGFa
stimulated DNA synthesis in hepatocytes and this effect
was more . pronounced using -transiently  acidified
KCcM, in which latent TGFZ is activated (for review sce
[301. These results suggest that the growth inhibitory ac-
tion is due to active TGF@, an assumption which is sup-
"ported by the finding that the growth inhibiting activity
can be neutxalized by anti-TGFG antlbodies Hybridiza-
probe for TGFﬁl showed the expression of mRNA en-
coding for TGF#. The previously reported finding that
KCcM will stimulate hepatocyte proliferation [8] could
not be confirmed in our study. Only after neutralization

FEBS LETTERS

May 1991

of TGE# the hydroxyurea-sensitive fraction of DNA
synthesis, i.e. the replieative DNA synthesis [31] of
quiescent hepatoeytes could be stimulated. This effect
was abolished by addition of a TGFe specific decapep-
tide (amino acid residues 34-43), which competes with
EGF and TGFea for the receptor but does net affeet
itself cell pmhfcranon {14]). These data indicate that
EGF or TGFa in KCeM might be stimulatory
mediator(s) for hepatocyte proliferation. In fact, we
mensured by radioligand ‘binding assays biologically
significant amounts of TGFa/EGF in KCeM, The ef-
feet of KCeM, in which TGF# is blocked, was very

- similar to that of EGF and TGFar (results not shown)

which are known 1o induce proliferation of hepatocytes

~in culture {11,32,33), These results together with the

hybridization experiments showing TGFa expression in
Kupfter cells let us conclude that TGFe is the effector

“in KCeM, which stimulates hepatocyte DNA synthesis

under culture conditions reported here, Qur data sug-.
gest that the conflicting results communicated so far on
the effects of KC on hepatoeyte proliferation might be
explained by changing proportions of TGF# and TGFa
in the secretions of Kupifer cells and by a modulanon
of the activation of latent TGFZS.

Results similar to those with KC were obtained wuh
myofibroblast-like cell conditioned medium showing
that  transformed . perisinusoidal hpocytes produce
TGFa and TGFZ [34] which modulate hepatocyte pro-
liferation in vitro.

The above mentioned data and the observation that
TGFa and TGFF arc sequcnually expressed
regenerating  liver [13,35,36] support strongly thei
assumption that both TGFs play a central role in the up
and down regulation of liver regeneration [37]. Cellular
sources in the liver of TGFa ar¢ hepatocytes [35] and-
nonparenchymal cells as shown here, but TGF£ seems
o be produced only by nonparenchymal cells [12,27,
34,38,39). Theintimate contacts between perisinusoidal
lipocytes, Kupffer cells, and hepatocytes in situ [40] and
the observation that in regenérating liver TGFa. and
TGFg are expressed in nonparenchymal cells in the
perisinusoidal area [34-36] suggest that Kupffer cells
and activated perisinusoidal lipocytes might be pro-
minent effeétor cells in a paracrine comrol of hepato-
cyte multiplication in situ.
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