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A stable rat magrophage-derived eell line (RMSVIEY was established by transformation af primary peritoneul exudate cells with the SV40 virus,

The RMSVI ecll line wis used ax & model te study the regulation of the interleukin-6 (11L6) gene expression in rat mucrophages with reéspect to

lipapolysaccharides (LPS), interfeukin-1 (LL1) and glicacorticoids. The [LE mRNA level in RMSVI cell lines was indueed 20-fold within 4 i by

L.PS, whereas ll.l h.ul no_efféet; The gliicocarticoids were able to inhibit completely the induction af the [L6 mRNA synthesis by LPS mdm(ing
the negative regulation of the [L6 gene expression by glucocorticoids.

Interieukin-6; Mucrophage cell line; Expression; Regulation; mRNA Icvcl; Rut

f. INTRODUCTION

Interieukin-6 (IL6)is-a multifunctional cytokine with’

a broad spectrum of biological activities on different
target cells [1-5]. It is not yet completely understood
how IL6 generally acts in the network with other
cytokines and hormones to regulate. the growth,

development and activities of cells in the hematopoietic, -

immune and host defense system, IL6 expands the pro-
duction of hemato-poietic cells by activation of pro-
genitor cells, induces the synthesis of acute phase pro-
teins in the hepatic system and immunoglobulins-in B-
cells, and increases the body temperature during in-
flammation. The.cell types which produce high levels of
IL6 .are “distributed throughout the body, such as
‘macrophages, fibroblasts, monocytes, endothelial cells
and keratinocytes, In these cell types 1L6 is synthesized
in response to different inflammatory signals, including
bacterial products such as lipopolysaccharides (LPS).
LPS, a major component of the outer cell wall of
bacteria is a prototypic stimulant which can dramatical-
ly enhance the inflammatory potential and performance
of macrophages. LPS treatment causes the rapid and
transient elevation of steady .state levels of numerous
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macrophage spcut’ ic mRNAs including those coding for
the inflammatory cytokines such as IL6, [LI, and
TNF-a

In the present study we generated- a. stable rat
macrophage-derived cell line from rat peritoneal ex-
udate cells (PECs) as a model system to study the
regulation of the IL6 expression in response to LPS,
IL1 and glucocorticoids,

2. EXPERIMENTAL -

For the generation of a macrophage-derived cell line, Brewers
thioglycollate medimin was injected into rats intraperitoneally and
peritoneal lavage cells were prepared after 4 days [6). After adherence
the PECs. were infected with the DNA tumor virus SV40 at a
multiplicity of ‘about 0.1 plaque performing units/cell for 2 h afer
adherence of the PECs, Loci of growing cells developed 2 weeks after
transfection were expanded into the stable rat cell line RMSV! by
multiple rounds of ¢loning in Dulbecco$ Modified Eagles Medium
supplemented with 10% fetal calf serum. Cells ware cultured to 80%
conflucney and treated with fresh medium containing 0.5% fetal calf
serum nrior 1o the incubation with LPS, IL1 or glucacorticoids,

For tae immunoprecipitation the RMSV 1 cell line was incubated in

- presence of 1048/m! LPS (Sigma) and | mCi [**S}methionine (Amer-

sham) for 20 . Culture supernatants were performed as described [7].
The anti-rat 1L6 serum used was a polyclonal rabbit serum raised
against a synthetic peptide representing amino acids 31-40 of the
mature rat 1L6 [6] coupled to bovine serum albumin,

For the quantitation of mRNA by dot hybridization analysis total

- RNA was extracted from cultured cells of 3 dishes for each time point

with guanidium thiocyanate and sedimented through a cushion of
cesium chloride [8]. The RNA was dotted onto nylon membranes and
hybridized [9] with the rat IL6 cDNA [6]. After fluorography the dots
were quantitated by. densitometry using the LKB Ultrascan XL den-
sitometer.- The* Northern blot hybridizations were performed as

described previously [6,9).
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Fig. 1, Northernblot analysis of mRNA from RMSVI cells afer LPS
_stimuladon. Total RNA was isolated from primary culiure of PECy
(lanes 1 and 2) and from cultures'of RMSVE cell line (fanes 3, 4, 5 and

6) without (lanes 1, 3 and 5) and after stimulation with 10 ag/ml LPS

for 18 h {lanes 2, 4 and 6). 20 #g total RNA were electro-pharetically

separated in an agarose formakiehyde gel, tranaferred to nylon mem.

branes and hybricdized either with cloned rat [L.6 ¢cDNA (6] (lanes 1,

2, Jandd)or with cloned murine IL1 ¢cDNA probe, respectively (flanes

5 and 6). Size evaluation was made by comparison with the nmobilities
of RNA size markers.

3. RESULTS AND DISCUSSION

Previously we demonstrated that primary cultures of

adherent rat PECs produced two different IL6 mRNA :

species, a major species 1.2 kb in length and a minor 2.4
kb species [6]. After stimulation with 10 #zg/ml LPS for
18 h both 1L6 mRNA species were induced about 20- to
25-fold in PECs (Fig. 1, lanes 1 and-2). To obtain a
reproducible cell source for studies of the IL6 gene
regulation and expression, primary PECs were
transformed into a stable rat macrophage-derived cell
line (RMSV1) by transfection with SV40. The RMSV]
cell “line could be-split-and- plated indefinitely and

displayed macrophage-like cellular morphology -and-

other properties characteristic of highly differentiated
macrophages. In particular, both 1IL6 mRNA species
were also detectable and both were inducible by LPS
(Fig. 1, lanes 3 and 4).. An. additional macrophage-
specific character was the inducibility and synthesis of
the 2.4 kb IL1 mRNA in RMSVI1 cells by LPS
simultanously to the IL6 mRNA (Fig. 1, lanes 5 and 6).
To quantitate the time course of the IL6 mRNA induc-
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Fig. 3 Induction of ELA mRNA by LPS in RMSVI cells, Total RNA
wits isolated from 3 dishes of confluent RISV ¢ells ¢ultured in
presence of 0.5% fetal calf serum and 0.1 ag/ml LPS for 1, 2,3, 4,

~Sand 6. h. 104 total RNA each was dotterd onto nylon membrane and

hybridized with rat <DNA [6). After exposure for fluorography the
signal intenvity was quantitatively analysed by scannining den-
sitometry,

ion by LPS, total RNA was extracted from RMSVI

cells after stimulation with 1.0 xg/ml LPS. The IL6
mRNA was increased 20-fold by LPS with a maximum
at 4 h (Fig. 2). The largest relative increase in the IL6
mRNA concentrations. was measured -when the fetal
calf serum was lowered to 0.5% during the LPS induc-
tion. This reduced the basal level expression of the IL6
gene induced by serum factors [10].

The metabolic labeling of the RMSV1 cells cultured
in Dulbecco$ Modified Eagles Medium containing 10%
fetal calf serum ‘without (Fig. 3, lane 1) or in presence
of LPS (Fig. 3, lane 2) and following immunoprecipita-
tion of cell supernatants using anti-rat IL6 serum
revealed two IL6 bands: a main 1L6 band (A) and a very
weak IL6 band (B) with apparent molecular masses of
24-and 25 kDa, respectively. The used anti-rat [L6
serum was generated against a synthetic decapeptide
representing N-terminal sequences of the mature rat
IL6 [11]. The results clearly demonstrated that the rat
IL6 is possibly secreted mainly in the unglycosylated

- form. The observed molecular mass of ‘the main IL6

band was in agreement with the previously obtained
amino acid sequencé of the mature rat IL6 which lacks
any potential N-glycosylation sites [6]. In contrast, both
the human and murine 1L6 showed, respectively, at
least 5 and 8 IL6 forms with molecular masses ranging
between 20-30 kDa reflecting the different N- and O-
glycosylation possibilities [12-14]. Regarding the high
basal level of IL6 due to the effect of serum factors, the
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Fig. 3, RME VI cell line seercted immunoprecipiable TL6, Newly iyr{ ‘

thesized and  seereted promm by the RMSVI cell line were
metabolically labeled with {**Smethionine without {lane 1) or in
presence of 10 ag/ml-LPS for 20 h dane 2) prior w the im-
munoprecipitation. - Size markers-(ordinate ‘in kDa) A, B the
characteristic 1L.6 doubler with componens of 24-and 25°kDa,

newly symhesued IL6G was apparently increased only 2-
fold,

The nmcxoplm;,es play a central Yole in the host
defense system as the main mediator between primary
inflammatory events and the hepatic system,

Absorbance

+ +*

RM-8V1 FR3T3
Fig. 4. Effect of interleukin-1 on the regulation of 1L6 mRNA in
RMSVI cells, Total RNA was isolated from RMVSI cells (RM-SVI1)
and rat fibroblast cell {ine FR3T3 (FR3T3) cultured without (—jorin
presence of 200 units/m! recombinant. murine IL1.(+) for 6 h. 10 ug
total RNA of RMSV1 cells and 50 zg of FR3T3 cells were hybridized

with the rat ¢cDNA clone {6] and analysed quantitatively,
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Fig. 5. Effear of glucocorticolds on the synthesis of [L6 mRNA in

“RMS VI ceils. Ten pg 1otal RNA were isolated from RMSVI eells in-

cubated in DMEM mecium cantaining 0.5%s feral calf serum (CON),

additional with 107" M dexamerhasane (DEX), with 1077 M dex:

amethasone and 10 pg/ml LPS (DEX + LPS), or with 10xg#mi LPS

(LPS} for 6 h. The RNA dots were hybridized witly rat 1L6 cDNA [6]
and analysed by densitometry after fluorography.

Macrophages activated by various inflammatory signals
including LPS, transiently produce high levels of IL6,
IL1 and TNF-w, the principal mediators of the liver”

“acute phase response. IL6 mainly triggers the induction

of the acute phase proteins which in turn act locally in
the host defense system (4], But a full acute phase
response is also dependent on the additional action of
IL1 and glucocorticoids, Therefore, it was necessary 10
study the interaction of IL1 and glucocorticoids on the
IL6 regulation.in macrophages.

When the RMSV1 cells were cultured in presence of
IL1 only a weak effect was observed, The 1L6 mRNA
was increased 2-fold within 6 h (Fig. 4, RM-SV1)..-
Under the same experimental conditions IL1 increased

“.the IL6 mRNA levels up to 16-fold in the rat fibroblast

cell line FR3T3 (Fig. 4, FR3T3). This finding confirmed
the RMSV1 cell line as macrophage-derived cell line and
distinguishes it from the other IL6-producing cell types,
especially from the monocytes. Monocytes  and
macrophages are normally the most abundant cell types
among the adherent, PECs. These data also described
the strong relationship between IL6 and IL1 in the acute
phase response. Activated macrophages secrete IL1
which triggers in fibroblasts the synthesis and secretion’
of 1L.6 [15] resulting in an amplified IL6 stimulus of the

~ hepatic system during inflammation.

Previous results showed that the induction of various
cytokine mRNAs such as granulocyte macxophage col-
ony stimulating factor, TNF-a, or IL1 was prevented’
by glucocorticoids [16-18]. In understanding the IL6
expression in.macrophages we studied the effect of
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glucocorticoids on the induction of [L6 mRNA by LPS
in the RMSVI cell line. In presence of 1077 M dex-
amethasone the RMSVI cells failed entirely to syn-
thesize the IL6 mRNA after wreatment with LPS (Fig.
5). Dexamethasone alone had no effect, as shown in
comparison to the untreated cells. '

The vesults were emphazing the anti-inflammatory
and immuno-suppressive role of glucocorticoids in the
acute phase system. IL6 and IL1, both released by
macrophages are able to stimulate the synthesis of the
adrenocorticotropic hormone (ACTH) in the pituitary
gland [19]. The ACTH then acts to increase the secre-
tion of glucocorticoids in the ¢ortex of adrenal gland.

Glucocorticoids are essential- cofactors to obtain the full.

acute phase response and act in synergy with the inflam-
matory ¢ytokines to cause the induction of the acute
phase proteins in vivo. In macrophages, glucocorticoids
inhibit finally the synthesis of IL6 (Fig. §) as well as of
[, resulting in the deactivation of the acute phase
response of the liver and restoration of the disturbed
homeostatw balance.
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