Immunology 2003 108 391-400

Fibroblasts inhibit the production of interleukin-12p70
by murine dendritic cells
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SUMMARY

Interleukin-12 p70 (IL-12p70) is a key cytokine produced by dendritic cells (DC) able to drive the
development of T helper type 1 (Thl) lymphocytes. We showed that thymic and other fibroblasts
strongly inhibit IL-12p70 production by splenic DC stimulated by lipopolysaccharide plus either
anti-CD40 or interferon-y (IFN-y) and by purified splenic DC stimulated by Pansorbin plus IFN-y.
This IL-12p70 inhibitory activity is secreted in the conditioned medium of primary fibroblasts and
fibroblast cell lines but not by haematopoietic cell lines. As IL-10 was the unique factor able to
inhibit IL-12p70 produced by cultured splenic DC, we showed that a neutralizing antibody to IL-10
did not suppress the IL-12p70 inhibitory activity of thymic fibroblast-conditioned medium (FCM).
This FCM potently inhibits the maturation and expression of major histocompatibility complex
class II and co-stimulatory molecules induced by stimulation of spleen-derived DC. While thymic
FCM suppressed the IL-12p70 expression by stimulated spleen-derived DC, tumour necrosis factor-
o production is not affected. This inhibitory activity is able to down-regulate the IL-12p35 subunit
transcription and expression, resulting in the impaired assembly of IL-12p70 heterodimer. As
fibroblasts are present in the tissue microenvironment and are active players in the establishment of
an immune response, the nature and role of the fibroblastic inhibitory activity remain to be

established.

INTRODUCTION

Dendritic cells (DC) are the main professional antigen-present-
ing cells with the unique capacity to induce the primary T-cell
immune response.' Bioactive interleukin-12 p70 (IL-12p70) is a
major T helper type 1 (Th1) -driving cytokine produced by DC
interacting with T helper cells. The IL-12p70 molecule is a
heterodimer of 70 000 MW comprising two disulphide-linked
p40 and p35 subunits, encoded by separate genes. Most cell
types express IL-12p35 constitutively whereas p40 is inducible
and restricted to a subset of haematopoietic cells, namely B
cells, macrophages, granulocytes and DC.* Optimal production
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of the bioactive IL-12p70 heterodimer by DC in vivo and in vitro
requires two signals provided by an initial microbial stimulus
which up-regulates the expression of CD40 on DC and a T-cell-
derived stimulus produced by CD40 ligand expressed on inter-
acting activated T cells.>* IL-12p70 production by DC is
modulated by environmental factors acting during the devel-
opment and final maturation of DC.> A number of inhibitory
factors of the IL-12p70 production by DC have been described
mostly by using the human monocyte-derived cultured DC.
Among them, IL-10 is the most potent, acting on several types
of human and murine DC.*~ Other factors like prostaglandin E,
(PGE,)"*"? and type Linterferons which are secreted by stromal
fibroblasts were also reported to inhibit IL-12p70 production by
mouse splenic leucocytes,'> human monocyte—macrophages'*
and human monocyte-derived DC."> In a previous study, we
observed that thymic DC can be obtained in culture and devel-
oped in tight interaction with thymic fibroblasts present in the
culture'® whereas DC derived in vitro from splenic progenitors
proliferate actively in the supernatant culture medium.'” We
showed that thymic DC were unable to produce IL-12p70
whereas splenic DC secrete high levels of IL-12p70 in response
to the same appropriate stimuli.'® In this report, we demonstrate
that thymic and other fibroblasts inhibited the production of
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IL-12p70 by cultured derived and ex vivo purified splenic DC.
This fibroblastic inhibitory activity (FIA) is diffusible and diffe-
rent from IL-10 and type I interferons. The FIA does not inhibit
tumour necrosis factor-o. (TNF-or) production by stimulated DC
and acts by down-regulating the transcription and expression of
the IL-12p35 gene, resulting in the impaired production of
bioactive IL-12p70.

MATERIALS AND METHODS

Mice

Female BALB/c (H-2%) mice (6-10-week-old) were used in all
experiments and were purchased from IFFA-CREDO
(L’arbresle, France).

DC culture

Splenic DC were derived from BALB/c myeloid progenitors
contained in total splenocytes cultured in Iscove’s modified
Dulbecco’s medium (IMDM) supplemented with 10% fetal
calf serum (FCS), granulocyte—macrophage colony-stimulating
factor (GM-CSF) and FIt-3 ligand (FIt-3L) as previously
described."”

DC purification

BALB/c mice were injected intraperitoneally each day with
10 pg of recombinant human Flt-3L (human Chinese Hamster
Ovary cell-derived, produced and kindly provided by Immunex,
Seattle, WA) for 9 consecutive days. Splenic DC were purified
as previously described.'® Briefly, spleen cells were digested
with collagenase and further dissociated in Ca*™ Mg*"-free
medium; the low-density cells containing DC were then sepa-
rated on a Nycodenz gradient (Nycomed, Oslo, Norway). The
low-density cells were then incubated with biotinylated anti-
CDl11c and streptavidin magnetic microbeads (Miltenyi Biotec,
Paris, France), and separated over a MidiMacs column. When
further separation of CD11c™ CD8" DC was needed, low-
density spleen cells were enriched for CD11c expression and
then separated according to CD8a labelling using a Multisort
anti-FITC kit (Miltenyi Biotec). Then, 1 x 10° cells/ml were
cultured overnight with 20% fibroblast-conditioned medium
(FCM) or plated on confluent thymic monolayers of fibroblasts
and then stimulated for 24 hr with Pansorbin (20 pg/ml) 4+ mur-
ine interferon-y (IFN-y; 20 ng/ml).

Biological characterization of the FIA

The current assay to test the FIA is based on its capacity to
inhibit the IL-12p70 production of day 12 cultured splenic DC.
At this time of the culture, a mixture of immature (50-60%) and
mature (25-30%) DC are characterized by fluorescence-acti-
vated cell sorting (FACS) analysis. A contaminant cell popula-
tion represented by macrophages is depleted by 1-hr plastic
adhesion in fresh culture medium immediately before testing
FIA. A fixed number of macrophage-depleted day 12 cultured
DC (5 x 10°/ml complete culture medium containing 10 pl/ml
GM-CSF and 25 ng/ml Flt-3L) was mixed with 20% FCM or
was plated over a confluent monolayer of fibroblasts for 24 hr.
DC were then stimulated to produce IL-12 by lipopolysaccharide
(LPS; 1 pg/ml) + anti-CD40 (1 pg/ml) (DS-1), LPS (1 pg/ml) +
IFN-y (20ng/ml) (DS-2) or Pansorbin (20 png/ml)+ IFN-y

(20ng/ml) (PSB-2) during a further 24-hr incubation. The
cell-free culture supernatant was then collected and frozen to
—20° until enzyme-linked immunosorbent assay (ELISA) for
measurement of IL-12p70.

Cultures of primary fibroblasts

Thymic fibroblasts were isolated from total thymocyte cultures
after 2 weeks of incubation as previously described.'® The cells
present in the supernatant were removed and adherent layers
containing macrophages and fibroblasts were dissociated after
10min at 37° with 0-02% ethylenediaminetetraacetic acid
solution (Sigma, Saint Louis, MO) allowing fibroblasts to detach
rapidly whereas most macrophages remained adherent. Fibro-
blasts were further purified after labelling of the adherent cell
suspension with biotinylated anti-CD11b (M1/70 from Phar-
mingen, San Diego, CA) and CD11c followed by streptavidin
microbeads. Thymic fibroblasts were recovered in the negative
fraction by using magnetic sorting (Miltenyi Biotec). Ten
thousand fibroblasts were plated per well (four-well plates,
Nunclon, Glostrup, Denmark) and allowed to reach confluency
by 3-4 days in culture (IMDM + 10% FCS). Fibroblast mono-
layers were then irradiated with 20 grays (CEA, Saclay, France,
Cobalt source v) and used within 3 weeks post-irradiation after
washing with complete culture medium just before DC plating.

Bone marrow and splenic fibroblasts were isolated from total
cells cultured for 2-3 weeks in IMDM +10% FCS, grown until
confluency and vy-irradiated as described above for thymic
fibroblasts.

Muscular fibroblasts were grown from total crushed BALB/c
mouse triceps. Confluent layers of fibroblasts were obtained
after 2-3 weeks of culture as described'® and y-irradiated.

Conditioned media from thymic, bone marrow, splenic and
muscular fibroblasts were collected every 4 days of culture for
1 month, starting from ?y-irradiation.

Cell lines

MS-5%° and ST-2*' murine bone marrow fibroblastic cell lines
were grown in four-well plates (Nunclon) until confluency and
v-irradiated as described above.

Non-fibroblastic cell lines were purchased from the Amer-
ican Type Culture Collection (Rockville, MD), namely EL-4 (T-
cell lymphoma, ref. TIB-39), M1 (myeloblast, ref. TIB-192) and
WEHI-3B (myelomonocyte, ref. TIB-68). Conditioned medium
was collected every 4 days when cells were at saturating den-
sities.

Cytokine ELISA assays

Culture supernatants were assayed for IL-12p70 and TNF-a by
using ELISA commercial kits developed by PharMingen (San
Diego, USA). Duplicate ELISA measurements were made on
duplicate spleen-derived DC culture wells.

Real-time polymerase chain reaction (PCR)

Day 12 cultured splenic DC (1 x 10°/ml) or ex vivo purified
splenic DC (1 x 10%ml) were cultured, or not, on MS-5 fibro-
blasts or in the presence of 20% thymic FCM for 20 hr. Then,
cultures were stimulated for 9hr either with DS-1 (day 12
cultured DC) or with PSB-2 (ex vivo purified DC). Total cellular
RNA was then extracted from purified and cultured splenic DC
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by using the RNeasy Protect Mini kit (QIAGEN, Courtaboeuf,
France) according to the manufacturer’s instructions. Total
RNA (0-5-1 pg) was then reverse-transcribed using Superscript
II RNase H™ kit according to the manufacturer’s instructions
(Gibco-BRL, Life Technologies, Pontoise, France).

Real-time PCR was conducted on a LightCycler System
(Roche Diagnostics, Meylan, France) in a 20-pl final volume
containing: 2 ul cDNA, 1x LightCycler-DNA master SYBR-
Green I, 3mM MgCl,, 0-5uM each of sense and antisense
primers, 0-2pul Taqg polymerase, 0-07 pM TagStart Antibody
(Clontech, Heidelberg, Germany). After a 2-min denaturation
step at 95°, the reactions were cycled 35-40 times for 5 seconds
at 95°, 10seconds at 60°, and 15 seconds at 72°. The oligonu-
cleotides used were: IL-12p35 sense, 5'-CACGCTACCTCC-
TCTTTTTG-3/, IL-12p35 antisense 5'-CAGCAGTGCAGG-
AATAATGTT-3'; IL-12p40 sense, 5'-AAACCAGACCCGCC-
CAAGAAC-3/, TL-12p40 antisense 5'-AAAAAGCCAACC-
AAGCAGAAGACAG-3'; hypoxanthine-guanine  phospho
ribosyl transferase (HPRT) sense, 5'-GGTTAAGCAGTACAG-
CCCCAAAAT-3', HPRT antisense, 5'-ATAGGCACATAGTG-
CAAATCAAAAGTC-3'. Product specificity was determined
by melting curve analysis as described in the LightCycler
handbook, visualization of PCR products on agarose gels and
sequencing. The amount of transcripts in each sample is given
as the number of copies determined with an internal standard
curve and normalized against number of HPRT copies found in
each sample.

Reagents

LPS (Escherichia coli 026:B6) and PGE, were purchased from
Sigma. Pansorbin (Gram-negative Staphylococcus aureus
Cowan 1 strain) was purchased from Calbiochem (La Jolla,
CA); murine recombinant IL-10, IL-4, IFN-y, transforming
growth factor-f1 (TGF-B1) and vascular endothelial growth
factor (VEGF) were obtained from Peprotech Inc. (Rocky Hill,
NJ). Recombinant mouse IFN-f} and a neutralizing polyclonal
sheep anti-mouse IFN-o/f were obtained from BioSource
(Nivellas, Belgium). Anti-CD40 antibody (clone 3/23), neutra-
lizing monoclonal antimurine IL-10 and control mouse immu-
noglobulin G1 (IgG1) were purchased from Pharmingen.

The cell surface phenotype of cultured and purified DC was
studied using a rapid standardized procedure as described
previously.'® The following monoclonal antibodies biotinylated
or conjugated with fluorescein isothiocyanate (FITC), phycoer-
ythrin (PE) or Cy-chrome (CY) were purchased from Pharmin-
gen: 25.9.17-FITC [major histocompatibility complex (MHC) -
class II anti I—Ab] that cross-reacts with I-AY class I antigen of
BALB/c mouse, HL3-PE (anti-CD1 1c¢), 3/23-FITC (anti-CD40)
and 53-6.7-Cy (anti-CD8a). RMPP-2-PE (anti-CD80, B7-1)
and RMPP-1-PE (anti-CD86, B7-2) were obtained from Caltag
(Burlingame, CA).

RESULTS

Thymic fibroblasts inhibit IL-12p70 production by
cultured and ex vivo purified splenic DC

The secretion of IL-12p70 by DC is not constitutive and can be
induced by the combination of bacterial and T-lymphocyte-
dependent stimuli. Previous studies using human or murine
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Figure 1. IL-12p70 production by splenic derived DC is suppressed by
co-culture on thymic fibroblasts; 5 x 10° day 12 splenic DC/ml were
cultured for 24 hr on thymic fibroblasts monolayers and further stimu-
lated by LPS + anti-CD40 (DS-1) or LPS +IFN-y (DS-2) for 24 hr.
Means £SD of 11 experiments with DS-1 and seven experiments with
DS-2 are depicted.

cultured DC showed that LPS + anti-CD40 (double stimulation
1 or DS-1) or LPS + IFN-y (DS-2) are very efficient stimuli to
induce high level of IL-12p70 secretion by DC.>*'¢

Cultured splenic DC secrete high levels of IL-12p70, reach-
ing a mean of 1126 £380pg/ml in 11 experiments when
stimulated with LPS + anti-CD40 and 1819 £592pg/ml in
seven experiments with LPS 4 IFN-y (Fig. 1). When DC are
plated during 24 hr on confluent monolayers of thymic fibro-
blasts and further stimulated for 24 hr, the level of IL-12p70 is
strongly reduced to a mean of 42 £33 pg/ml with DS-1 and
95 £ 48 pg/ml with DS-2. As shown in Fig. 1, the level of IL-
12p70 secreted by DC using these two types of stimulation may
vary between experiments but the relative percentages of IL-
12p70 inhibition by fibroblasts were similar using DS-1 or DS-
2. Most experiments were conducted using both types of
stimulation but for the sake of clarity, we choose to show the
experiments with the highest level of IL-12p70 secreted by DC.

We then used ex vivo purified splenic DC from Flt-3L-
treated animals. In contrast with cultured splenic DC, ex vivo
purified splenic DC respond poorly to LPS stimulation using
DS-1 or DS-2 suggesting that splenic cultured DC are composed
of different DC subtypes which are not equivalent to ex vivo
splenic purified DC. Hence, we used Pansorbin +IFN-y (PSB-
2) as previously described.'® IL-12p70 production by total
CDIlc" or CD11ctCD8u" purified DC (1 x 10° cells/ml)
was studied in three experiments. Table 1 shows a strong
inhibition (from 76 to 96%) of the amount of IL-12p70 in
DC supernatants after a 24-hr co-culture on thymic confluent
fibroblasts, with PSB-2.

Table 1. Inhibitory effect of thymic fibroblasts on IL-12p70
production by ex vivo purified splenic DC; stimulation with PSB-2

Expt Control* Fibroblasts* % Inhibition
1 8813 288 96-73
2 3617 216 94.03
3 1037 245 76-37

#Results are expressed in pg/ml IL-12p70 in culture supernatants; 1 x 10°
CD11c" CD8" splenic purified DC (Expt 1 and 2) or total CD11c™ cells (Expt 3)
per ml were co-cultured or not on thymic fibroblast monolayers for 24 hr and
then stimulated with PSB-2 for a further 24 hr.
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Figure 2. Thymic fibroblast-conditioned medium (FCM) contains a
potent inhibitory activity of IL-12p70 production by splenic derived DC;
5x 10°day 12 splenic derived DC/ml were cultured for 24 hr in the
presence of different concentrations of FCM and then stimulated for a
further 24 hr with DS-1. Means £SD are obtained from duplicate culture
wells.

The FIA is diffusible in conditioned medium of primary
fibroblasts and fibroblastic cell lines

Conditioned medium from confluent thymic fibroblasts was
harvested every 4 days for 3 weeks and pooled, and its IL-12p70
inhibitory activity was measured in a semi-standardized assay
using day 12 splenic cultured DC stimulated with DS-1. A
dose-response study of the IL-12p70 inhibitory activity was
performed by incorporating 0-625% to 20% of thymic FCM in
DC culture medium (Fig. 2). Depending on the experiments, the
50% IL-12p70 inhibitory activity was obtained when 4-7% of
FCM was present in the DC culture. To challenge the specificity
of thymic fibroblasts, we looked at the inhibitory activity of
other sources of fibroblasts. Confluent monolayers of primary
fibroblasts were prepared from the spleen, bone marrow and
muscle of BALB/c mice and FCM was harvested in the same
conditions as thymus. Tables 2 and 3 showed that splenic and
muscular FCM have a strong IL-12p70 inhibitory activity
similar to that of thymic FCM (78-93%) whereas bone marrow
FCM was weaker (54% to 61%). Conditioned medium from
fibroblastic cell lines derived from mouse bone marrow like
MS-5 and ST-2 exhibited strong IL-12p70 inhibitory activity

Table 2. Effect of FCM (20%) prepared from primary fibroblasts
(four experiments) on the capacity of production of cultured
splenic DC to secrete IL-12p70

Thymic Splenic Bone marrow Muscle
FCM FCM FCM FCM
78% 81% 54% ND
93% ND ND 91%
89% 84% ND 81%
91% 78% 61% 82%

Values are percentage inhibition of IL-12p70 produced by control cultures
stimulated with DS-1 or DS-2.
ND, not determined.

Table 3. Effect of CM (20%) prepared from fibroblastic or non-
fibroblastic cell lines (three experiments) on the capacity of
production of cultured splenic DC to secrete 1L-12p70

Fibroblastic Non-fibroblastic
cell lines cell lines
Thymic
FMC MS-5 ST-2 EL-4 Ml WEHI-3
83% 72% ND 8% ND 12%
79% 71% 81% 6% 2% 0%
85% ND 87% ND 5% 17%

Values are percentage inhibition of IL-12p70 produced by control cultures
stimulated with DS-1 or DS-2.
ND, not determined.

similar to those of primary thymic fibroblasts. However, it is to
be stressed that the number of confluent MS-5 or ST-2 cells per
culture well was 10 times higher than those of thymic primary
fibroblasts contained in the same culture well (1-5 x 10* thymic
fibroblasts/well/0-5 ml versus 1-6 x 10° MS-5 cells/well/0-5 ml).
This means that on a per cell basis, FCM produced by primary
fibroblasts could be 10 times more potent than those of fibro-
blastic cell lines. Conditioned medium obtained from haemato-
poietic non-fibroblastic cell lines, such as EL-4, M1 and WEHI-
3, at saturating densities (1 X 106/ml) were unable to inhibit
IL-12p70 secretion of DC or exhibit a weak inhibitory activity
(8-12%) at a concentration of 20% in DC culture medium.

The FIA is different from other known IL-12p70
inhibitory molecules

Using our splenic cultured DC system, we tested the activity of
molecules known to inhibit IL-12p70 production by DC.
Numerous factors were described to have IL-12p70 inhibitory
activity, most of them being tested in the human monocyte-
derived DC culture system. We chose to test factors known to be
secreted by fibroblasts and IL-10 as the prototypic IL-12p70
inhibitory molecule active in vivo and in vitro. The dose—
response of VEGF, TGF-f1, IFN-B and IL-10 tested separately
showed that only IL-10 had a strong inhibitory activity on the
secretion of IL-12p70 by splenic cultured DC stimulated with
DS-2 (Fig. 3a). Depending on the experiments, 1-5 ng/ml of IL-
10 in the culture medium completely suppressed IL-12p70
secretion of 5 x 10° DC stimulated by DS-2 (Fig.3b). We
evaluated the concentration of IL-10 in thymic FCM which
was found to be always lower than 200 pg/ml. As we used 20%
FCM in 1-ml DC culture medium, the highest final concentra-
tion of IL-10 would be 40 pg/ml, which is not inhibitory in the
dose-response curve. Nevertheless, the effect of a neutralizing
anti-IL-10 antibody was tested against the dose response of a
pool of thymic FCM in our day 12 spleen-derived DC culture
system stimulated with DS-2 (Fig. 3c). This anti-IL-10 antibody
was unable to neutralize the IL-12p70 inhibitory activity of
FCM whereas it completely counteracted the activity of 5 ng/ml
IL-10 in the same DC culture system. These results were
reproducible and confirmed several times using different pools
of thymic FCM and stimulation with DS-1. Despite the lack of
activity of IFN-f in our IL-12p70 inhibitory assay, we looked at
the effect of a polyclonal neutralizing anti-mouse IFN-of3 on
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Figure 3. The IL-12p70 inhibitory activity contained in FCM is dif-
ferent from IL-10. (a) Dose-response inhibition of IL-12p70 production
by splenic derived DC stimulated with DS-2 obtained in the presence of
IL-10, TGF-B1, IFN-B and VEGE. (b) The inhibitory effect of IL-10 on
the production of IL-12p70 by day 12 splenic derived DC is efficiently
counteracted by a neutralizing anti-IL-10 antibody. (c¢) The inhibitory
effect of thymic FCM on the production of IL-12p70 by day 12 splenic
derived DC is not suppressed by a neutralizing anti-IL-10 antibody. Day
12 splenic derived DC were cultured for 24 hr in the presence of
increased concentrations of the different inhibitory molecules and then
stimulated with DS-2 for further 24 hr of incubation. Anti-IL-10 mono-
clonal antibody (5 pg/ml) or the corresponding isotype (IgG1; 5 pg/ml)
were added to the cultures in (b) and (c) during the first 24 hr of
incubation at the same time as IL-10 and FCM. Splenic DC cultures
were then stimulated with DS-2 for a further 24 hr.

FCM. Again, it was unable to counteract the IL-12p70 inhibi-
tory activity of thymic FCM (data not shown). The effect of
several other molecules produced by fibroblasts and described
to inhibit IL-12p70 secretion by DC or monocyte—macrophages
was studied. The dose—response activity of PGE, (10 x 10°M
to 10 x 1078 M), IL-6 (1-40 ng/ml), TNF-a (1-25 ng/ml), IL-1
(1-25 ng/ml) and the chemokines RANTES (1-100 ng/ml) and
MCP-1 (1-100 ng/ml) were tested separately for their capacity
to inhibit IL-12p70 production by cultured splenic DC stimu-
lated by DS-1 or DS-2. None of these molecules was able to
inhibit IL-12p70 production except PGE, which reduced by
26% + 4% (mean £SD of three experiments) the production of
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Figure 4. Dose—response curve (107°—10""M) of PGE, inhibitory
activity of IL-12p70 production by murine splenic derived DC: com-
parison with FCM (20%). Results are expressed as percentage inhibition
of IL-12p70 produced by control DC stimulated with DS-1 or DS-2.
5x 10°day 12 splenic derived DC/ml were cultured for 24 hr in the
presence of 20% of FCM or with different concentrations of PGE-2 and
then stimulated for a further 24 hr with DS-1 or DS-2. Means +SD are
obtained from duplicate culture wells.

IL-12p70 at micromolar concentration (Fig.4). Therefore, the
inhibitory activity present in FCM seems to be different from
the already identified IL-12p70 inhibitory molecules.

Thymic FCM does not inhibit the production of
TNF-a by cultured splenic DC

The specificity of FIA for IL-12p70 production by DC was
challenged by studying its effect on another cytokine produced
by DC like TNF-a. The dose-response from three different
pools of thymic FCM were studied using the same population of
day 12 spleen-derived DC. A typical representative dose—
response study is depicted in Fig.5 showing that a moderate
inhibitory effect (19 & 8% in the three experiments) on TNF-o
production is observed by using 20% FCM whereas a concen-
tration of 10% is no more inhibitory. Conversely, this 10%
concentration of thymic FCM reduces by 77 £+ 6% the level of
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Figure 5. Thymic FCM does not inhibit TNF-a production by day 12
splenic derived DC; 5 x 10°day 12 SDC/ml were cultured in the
presence of increased concentrations of thymic FCM for 24 hr and then
stimulated with DS-1 for a further 24 hr. ELISA measurements of TNF-
o and IL-12p70 were performed on these supernatants. Means +SD
represent values from duplicate culture wells in one experiment repre-
sentative of three.
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Figure 6. Phenotype analysis of splenic derived DC cultured in the absence or the presence of IL-10 and thymic FCM. Day 12 splenic
DC were incubated for 24 hr with or without IL-10 (10 ng/ml) or thymic FCM (20%) and then stimulated with DS-1 and PSB-2 (a) or
DS-2 (b) for a further 24 hr. The cells were analysed by flow cytometry for the surface expression of the indicated antigens. Dotted line
represents negative control; thick bold line represents positive control; a dashed line represents incubation with IL-10 and the bold line

represents incubation with FCM.

IL-12p70 produced by control spleen-derived DC stimulated
with DS-1.

Thymic FCM induces an impaired ability of DC to up-
regulate the expression of MHC-class Il and co-stimulatory
molecules in response to DS-1, DS-2 and PSB-2 stimulations.

The addition of 20% FCM for 24 hr to day 12 splenic DC did
not modify their number nor their viability. After a further 24 hr
of stimulation with DS-1 or PSB-2, it was obvious that the cells
exposed to FCM were larger and did not exhibit characteristic
cytoplasmic extensions, suggesting an inhibition of maturation.
Hence, the phenotypic expression of MHC-class II, CD40 and
CD86 was studied on day 12 spleen-derived DC incubated or
not for 24 hr with IL-10 (10 ng/ml) or 20% thymic FCM and

further stimulated with DS-1 or PSB-2 for 24 hr (Fig. 6a). The
FACS profile of unstimulated DC was not modified by the
presence of IL-10 or FCM. After DS-1 stimulation, MHC-class
I and CD86 expressions were highly up-regulated in control
cells. CD40 expression could not be studied due to the use of
anti-CD40 agonist monoclonal antibody for stimulation. The
presence of IL-10 prevented the increased level of MHC-class 11
and strongly inhibited CD86 expression. The effect of FCM
(20%) also resulted in a severe inhibition of the expression of
MHC-class II whereas CD86 was less inhibited than with IL-10.
Concerning PSB-2 stimulation of control cells, a large increase
in MHC-class I, CD86 and CD40 expression was observed. IL-
10 did not inhibit the increased expression of MHC-class II,
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CD86 whereas CD40 was slightly inhibited. This contrasted
with the severe inhibition of MHC-class II and CD40 by thymic
FCM exposure, whereas CD86 was less inhibited. Another set
of experiments was carried out using DS-2 stimulation (Fig. 6b)
allowing the study of CD40 expression. The expression of
MHC-class II and CD40 was also strongly inhibited by FCM
and more slightly by IL-10, whereas CD86 was marginally
decreased by both inhibitors. The simultaneous measurements
of IL-12p70 in these cultures showed a similar level of inhibi-
tion produced by IL-10 and FCM after DS-1, DS-2, or PSB-2
stimulations (data not shown). This suggested that modifica-
tions of DC phenotype are not essential to the inhibition of IL-
12p70 production.

FCM and MS-5 fibroblasts inhibit the transcription
of IL-12p35 gene

The inhibition of the transcriptional activity of IL-12p40 and IL-
12p35 genes was studied using ex vivo purified splenic DC and

397

day 12 splenic DC in culture, submitted to the inhibitory activity
of FCM or MS-5 fibroblasts. DC suspensions were cultured for
20hr in the presence or absence of the inhibitor and then
stimulated for 9hr with PSB-2 for ex vivo purified splenic
DC or with DS-1 for day 12 splenic cultured DC. After
RNA extraction, real-time quantitative PCR was performed
on DC cultured or not with FCM or MS-5 fibroblasts. The
concentration of bioactive IL-12p70 and IL-12p40 proteins was
simultaneously measured in the culture supernatants by using
ELISA. Using DS-1 stimulation of day 12 cultured splenic DC,
Fig.7(a) shows that the transcriptional activity of IL-12p35
gene was strongly inhibited by MS-5 fibroblasts (one experi-
ment representative of two). A concomitant drastic decrease of
the bioactive IL-12p70 protein was observed in the supernatant
of DC cultured on MS-5. However, neither the transcriptional
activity of the IL-12p40 gene nor the secretion of the IL-12p40
protein were affected by culturing DC on MS-5 fibroblasts.
Similar results (Fig.7b) were obtained with day 12 cultured
splenic DC stimulated in the presence of 20% thymic FCM.
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Figure 7. Regulatory effects of MS-5 fibroblasts or thymic FCM on the transcriptional activity of IL-12p40 and p35 genes and IL-12
protein production by DC. Each figure is composed of histograms showing the IL-12p35 or p40 copies number per 1000 HPRT, and of
symbols () showing the level of IL-12p70 (pg/ml) or IL-12p40 proteins (ng/ml). Day 12 cultured splenic DC (1 x 10°/ml) were
cultured or not on MS-5 fibroblasts monolayers (a) or in the presence of 20% thymic FCM (b) for 20 hr and then stimulated with
DS-1 for a further 9 hr. (c) Ex vivo purified splenic CD11c™ cells (1 x 10°/ml) were cultured on MS-5 fibroblast monolayers for
20 hr and then stimulated for a further 9 hr with PSB-2. Messenger RNA were extracted, reverse transcribed and amplified by
real-time PCR using primers specific for IL-12p40, p35 and HPRT. IL-12p40 and p35 mRNA levels were quantified and
normalized against HPRT mRNA using an internal standard curve of HPRT. Simultaneous measurements of IL-12p70 and IL-
12p40 proteins were performed on culture supernatants using ELISA.
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Figure 7(c) showed a strong inhibition of the transcriptional
activity of both IL-12p40 and IL-12p35 genes by ex vivo
purified splenic DC cultured on MS-5 fibroblasts. Simultaneous
measurements of IL-12 proteins showed a clear inhibition of the
bioactive IL-12p70 heterodimer (75%) whereas the 1L-12p40
subunit was slightly inhibited (31%) by MS-5 fibroblasts. Taken
together, these results suggested that the FIA acted essentially
by down-regulating the transcription and expression of IL-
12p35 gene which prevented the assembly of bioactive IL-
12p70 heterodimer.

DISCUSSION

In this study, we showed that thymic murine fibroblasts are
potent inhibitors of IL-12p70 production by spleen-derived
cultured DC and by DC purified from spleen. This IL-12p70
inhibitory activity is produced by thymic fibroblasts in condi-
tioned medium. This activity is not specific to thymic fibroblasts
as other primary fibroblasts prepared from bone marrow, spleen
and muscle also secreted this inhibitory activity as well as
fibroblastic cell lines established from bone marrow like MS-5
and ST-2. Interestingly, this FIA seems to be specific for IL-
12p70 as thymic FCM tested simultaneously for TNF-o and IL-
12p70 inhibitory activity in day 12 splenic DC culture system
did not inhibit the production of TNF-a while IL-12p70 was
severely impaired. As several molecules have been reported to
inhibit IL-12p70 production by murine or human DC, we
investigated the effect of several of them reported to be pro-
duced by murine fibroblasts.** Using a semi-standardized IL-
12p70 inhibitory assay based on day 12 spleen-derived DC, we
found that IL-10 was the unique factor able to strongly inhibit
IL-12p70. The other factors tested were IFN-f, VEGF, TGF-f1,
IL-6, TNF-a, IL-1B, PGE, and the chemokines RANTES and
MCP-1 which are secreted by human fibroblasts.>> We found
that only PGE, at micromolar concentration slightly inhibits
(less than 30%) the production of IL-12p70 by spleen-derived
DC. Our data seem to conflict with those of several authors
reporting an IL-12p70 inhibitory activity of the molecules tested
in this paper. Concerning PGE,, all the data were obtained in the
human monocyte-derived DC culture system. Kalinski ez al.
showed that PGE, does not induce final DC maturation by itself
but synergizes with low doses of IL-18 and TNF-a, allowing
their effectiveness at 100-fold lower concentrations.>* We did
not test PGE, in the presence of low doses of TNF-o.. However,
we found that DS-1 and DS-2 stimulations induce the secretion
of high levels (1-2ng/ml) of TNF-a by DC in the culture
medium which has been shown to be a level sufficient to induce
DC maturation and IL-12p70 inhibition.”* This observation
contrasts with our data showing that FCM inhibits the matura-
tion of our murine derived splenic DC. Recently, these authors
showed that PGE, in the presence of TNF-o is a selective
inducer of IL-12p40 production and an inhibitor of bioactive IL-
12p70 heterodimers.'? Furthermore, in the same paper, they
showed that PGE, inhibits the production of both IL-12p70 and
IL-12p40 proteins by monocyte-derived DC stimulated with the
‘classical inducers’ CD40 ligand or LPS. These results pointed
out that the regulation of IL-12p40 and p35 subunits is ex-
tremely flexible depending on the presence and combination
of various stimuli present in the DC environment. However,

conflicting results were produced by Rieser et al.?® also using
monocyte-derived DC, who showed that PGE, alone stimulated
the production of a low amount of IL-12p70 and synergized
with TNF-a to induce high levels of IL-12p70 secretion. Con-
cerning the regulatory effects of type I interferons on IL-12p70
production, a few studies were performed using in vitro and in
vivo murine system. Cousens et al. reported that IFN-o and IFN-
B inhibited the production of IL-12p70 by mouse splenic
leucocytes in culture stimulated by Staphylococcus aureus
Cowan strain.'®> They also showed that endogenous IFN-o/p
induced by a viral infection inhibited IL-12p70 production after
LPS stimulation in vivo. Most studies of the role of type I IFNs
on IL-12p70 production by DC have been conducted using
cultured human monocyte-derived DC or differentiated from
CD34" progenitors. Several studies showed a direct (IL-10-
independent) inhibitory activity of type I IFNs on the level of
IL-12p70 secreted by human monocyte-derived DC and an
inhibition of their differentiation.?® However, some conflicting
data exist showing that type I IFNs induce the maturation of
human monocyte-derived DC which produce high amounts of
IL-15 responsible of the development of Thl-biased immune
responses.27 Luft et al. generated human DC from CD34"
progenitor cells and showed that IFN-o/f enhance their terminal
differentiation and maturation.”® A study on CD11c¢™ CDla™
and CD11c” CDla™ blood DC precursors showed that IFN-o
enhanced the maturation of CD11c™ precursors and their IL-10
production while it acted only as a survival factor for CD11c¢™
DC precursor cells.?® Our results using murine splenic derived
DC showed that IFN-f did not inhibit their IL-12p70 production
and that a neutralizing polyclonal antibody to IFN-o/f was
unable to suppress the IL-12p70 inhibitory activity of thymic
FCM. A recent paper reported that the chemokines RANTES
and MCP-1 inhibited IL-12p70 production by human mono-
cytes while they did not suppress IL-12p70 production by
monocyte-derived DC.*® We confirmed that these two chemo-
kines did not inhibit IL-12p70 by murine splenic derived DC
(data not shown). Finally, IL-10 was the unique factor exhibiting
a strong inhibitory activity of IL-12p70 production by our
splenic derived DC culture system confirming data previously
obtained in murine and human DC culture systems. To ensure
that IL-10 was not the molecule responsible for the IL-12p70
inhibitory activity of thymic FCM, we measured the level of this
cytokine which was too low to be inhibitory. Furthermore, we
showed that a neutralizing anti-IL-10 monoclonal antibody was
unable to get rid of the IL-12p70 inhibitory activity of thymic
FCM. Then, we examined the effect of thymic FCM on the
phenotype of splenic derived DC and showed that it inhibits the
increased expression of MHC-class II and co-stimulatory mole-
cules when DC are stimulated by DS-1 and PSB-2. A similar
inhibition of the activation of splenic derived DC was observed
with IL-10 using DS-1 stimulation whereas IL-10 did not
modify the activated phenotype of DC induced by PSB-2.
Simultaneous measurements of IL-12p70 production showed
a similar degree of inhibition by IL-10 and thymic FCM using
DS-1 and PSB-2, suggesting that the modifications of DC
phenotype are not essential to the production of IL-12p70.
Finally, we examined the molecular basis of the IL-12p70
inhibitory activity secreted by fibroblasts by studying the tran-
scriptional levels of IL-12p40 and IL-12p35 genes in DC
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cultured on MS-5 fibroblasts and in the presence of thymic
FCM. A strong inhibition of the IL-12p35 mRNA was observed
in day 12 cultured splenic DC stimulated with DS-1 and
cultured on MS-5 fibroblasts or in the presence of thymic
FCM, which resulted in the almost complete inhibition of the
production of bioactive IL-12p70 heterodimer. This contrasted
with the absence of inhibition of IL-12p40 mRNA transcripts
and protein secretion in the same experimental conditions. In
one experiment conducted on ex vivo purified splenic DC
cultured on MS-5 fibroblasts and stimulated with PSB-2, we
observed the inhibition of both IL-12p40 and IL-12p35 mRNA.
However, at the protein level, the production of IL-12p70 was
more inhibited than those of IL-12p40 protein subunit. These
results suggested that the FIA essentially acts by down-regulat-
ing the IL-12p35 subunit production, resulting in the impaired
association of bioactive IL-12p70 heterodimer. This is consis-
tent with the observation of Snidjers et al. who showed that the
level of IL-12p70 production in monocytes stimulated by LPS
and cytokines, is determined by the level of IL-12p35 expres-
sion.>! Tn conclusion, we showed that fibroblasts can modulate
negatively the production of IL-12p70 by splenic derived DC,
most of them being immature. The functional characterization
of this factor showed that it is different from already known IL-
12p70 inhibitory factors. Functional DC modulation by tissue-
specific factors has been reported by numerous investigators
(reviewed in ref. 5) which might take place during the local
development of DC precursors or may affect local populations
of resting immature DC. Fibroblasts represent a cellular com-
ponent of tissue microenvironment disseminated throughout the
body. They respond to diverse stimuli like wounds, infection,
allergens and tumoral development by releasing cytokines,
chemokines and by the expression of various surface molecules.
FIA may play an important role in the initiation of the immune
response by inhibiting IL-12 production by DC, thereby pre-
venting establishment of Th1 lymphocyte response. It remains
to be seen how and when FIA is produced in vivo and if its
production is constitutive or more probably induced by stimuli
which take place during the establishment of immune response.
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