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Fibreblasts constitute & major ¢lement of the bone murrow stromit. They play a pivetal rale in blood cell development by providing the seafTolding
required for cellular organization and tissue cohesion nnd by producing saluble molecules including calony stimulating fuctors (CSFx) und various
interleuking regulating hematopeiesis, Our duty demonstrite that the acute phase response medintors interleukin (IL)-1 £, tumor necrosis fuctor
(TNF)x and IL-6 which are abunduntly produced by activated monocytes, enhuance levels of macraphage-colony stimulating factor (M-CSF) in
fibroblasts by bath transeriptional and post-transeriptionul mechanisms, The action of these proteins to induce M-CSF transeript levels was depend-
ent on synthesis of new proteins und was not mediated by protein kinase C (PKC) stimulation as depletion of cellular PKC pooly by prolonged
exposure of fibroblasts to phorbolester TPA did not prevent fuctor induced synthesis of M-CSF transeripts, However, blockade of PKC by the
isoquinoline sulfanamide derivative H7 und thus inhibition of phespharylation was asseciated with augmentation of the fibroblasts response to
TNF-xand IL-6.

Mitcrophage-colony stimulating fuctor: Gene expression; Regulation; Protein kinase C

1. INTRODUCTION [8-10], polymorphonuclear phagocytes [11], fibroblasts

The dynamic nature of the hematopoietic system sug-
gests a flexible and complex regulation. In recent years
much has been learned regarding soluble factors that
govern hematopoietic blood cell development both in
vitro and in vivo (see [1,2] for review), The formation
of monocytes/macrophages has been shown to be con-
trolled by a cytokine termed macrophage-colony
stimulating factor (M-CSF), which in addition to its ac-
tivity on macrophage progenitor cells stimulates the
function of mature mononuclear phagocytes [3-5]. M-
CSF also seems to play a role in other organ systems as
reflected by its expression in placental tissue [6] and its
inhibitory activity on bone formation [7]. Cellular
sources of M-CSF include mononuclear phagocytes
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[12-14], endothelial cells [15,16], epithelial cells of the
thymus [17], B-lymphocytes [18] and placental tissue
[6]. Although detectable levels of M-CSF in the circula-
tion suggest its constitutive synthesis [19], secretion of
M-CSF in culture is low or even undetectable unless
producer cells  are activated. Acute phase response
mediators such as IL-1 # and TNF-o have been shown
to enhance M-CSF expression in menonuclear phago-
cytes [9] and mesenchymal cells [12,13,15,16], sug-
gesting that M-CSF production can be augmented on
demand, and that acute phase mediators are involved in
this process. Enhancement of steady state M-CSF pro-
duction might be necessary in situations requiring an in-
creased number of functionally competent macro-
phages, e.g. in inflammatory responses. In the studies
to be reported below we show that IL-1 @, TNF-; and
IL-6 elevate levels of M-CSF mRNA in fibroblasts and
we analyze mechanisms involved in this process.

2. MATERIALS AND METHODS

2.1. Fibroblast preparation and culture

Normal human embryonic lung fibroblasts (strain FH109) were
isolated by proteolytic dispersion [20]. Cells were cultured and
passaged by methods detailed elsewhere [20], In all experiments,
fibroblasts from passage 7-12 were used, Cultures were performed in
a medjum supplemented with 10% low endotoxin FCS (Boehringer,
Mannheim, Germany), 100 zg/m! penicillin, 100 xg/ml streptomycin,
1 mM L-glutamine, 1 mM sodium pyruvate (Gibco Laboratories,
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Heleelberg, Germany)d in a humidified aimosphere contalning 7%
COz in alr at 177C, The culture period wax 272 kv,

Conditioned medium (CM) from cultuies of fibrablusts that were
incubated with 1L.-1 2 (100 U/ml), TNFur (10" W/ml) or 114 (10°
LAmi) was collecred, filtered and stored at - 207 until uve. In some
experiments  cultures  recgived H? (30 aM), TPA (R=24 aM),
actinomyein:D (5 sg/ml), or eyclohexemide (20 pgsmi).

2.2, Reagems

Recombinant (Escherfchio  colivderived) human  (thy TNFw
{specific activity (SA) af $x 10" U/mg of protcin) way kindly provid-
ed by Genentegh, San Francisco, CA, through Dr G.R, Adelf, Ernst
Bochringer Institute for Drug Research, Vienna, Austrin. Recombi-
nant human IL-1 & was kindly provided by Dre. D. Krumwich, Behe-
ingwerke AG, Marburg, Germany). The SA was 10" Usmg, Recombi-
nant human LL-6 was a kind gift of Dr. T. Hirano, Division of lm-
munology, Osaka University, Osaka, Jupan. The SA was $x 107
U/mg of protein, Purity of TNF-er, 1L-1 8 and 1L-6 was >99% hy
SDS-PAGE and RP-HPLC. Endotoxin content of all ¢ytokine
preparation investigated was < 50 pg/mg of protein as assessed by the
limulus amoeboceyte assay, A full length ¢DNA probe for human M-
CSF (1 kb Bpil-Psil fragment ¢loned into pUC 18) was kindly provid-
ed by Dr. B, Ralph, Cetus Corporation, Emeryville, CA, USA. The
2.0 kb Pal fragment of the chicken -actin gene was derived fram the
pAlL-plasmid (kindly provided by e, J. Ramadori, Dept, of
Medicine, University of Mainz, Mainz, Germany). The probes were
Hp.abeled by random priming [21). The specific activity was
4-8x 10" cpm/ug. I-(S-isoquinolinylsulfonyl)-2-methylpiperazine
(H7), 12-O-tetradecanoylphorbol-13-acctaté (TPA), cycloheximide
(CHX), 2-mercaptoethanol, actinomycin:D, teypsin, and EDTA were
purchased from Sigma Chemicals, Munich, Germany,

2.3, M.CSF bivussay

M-CSF protein present in fibroblast CM was assayed by a double
layer agar murine (cndotoxin resistant CIH/Hel mice) colony assay
as deseribed (10).:In brief, underlayers (0.5 ml) were composed of
0.5% agar (Agar Noble, Difco Laboratories, Detroit, M1, USA) in
Iscoves modificd Dulbeccos minimum essential medium (IMDM,
Sigma) supplemented with 20% FCS, L-glutamine, penicillin/strep-
tomycin (as for fibroblast cultures), and 10°* M 2-piercaptocthanal,
Fibroblast CM to be assayed for M-CSF biologic activity was added
to the underlayers at 10% vol/vol final concentration. Control
cultures received medium alone or rh M-CSF (750 U/ml). Overlayers
(0.5 ml) were composed of 0.3% agar in the same medium and con-
tained 8x10*/ml bone. marrow cells. Colonies derived from
macrophage-colony forming units (M-CFU) were enumerated on day
7 after fixation and staining of whole agar cultures with a-
naphtylacetate-esterase (ANAE).

2.4, RNA extraction, Northern blot, and transcriptional run-on
assay

Total cellular RNA was isolated by lysing FH 10? cells in
guanidinium isothiocyanate followed by recovery of RNA by cen-
trifugation through cesium chloride [22), After denaturation at 60°C,
RNA was electrophoresed in an agarose formaldehyde gel (1.2%) and
transferred to synthetic membranes (Schleicher and Schuell, Dassel,
Germany). Filters were hybridized with labeled probe for 12-24 h at
42°C in 50% formamide, 2 X SSC, 5x Denhardts, 0.1% SDS, 10%
dextran sulfate and 100 zg/ml salmon sperm DNA. Filters were wash-
ed to a stringency of 0.1% SSC, 65°C for 12 min and used to expose
Kodak Xomat-ray films with intensifying screens. To exclude in-
complete RNA transfer in single lanes, all filters were reprobed with
A-actin cDNA, Alterations in levels of M-CSF transcripts were quan-
titated by laser densitometry using multiple exposures of the blot and
the ratio of M-CSF/@-actin transcripts in unstimulated culiures was
assigned to be the baseline levels and were assumed to have 100% ac-
tivity.

This ratio was compared to the ratio of experimental cultures. The
fold change of M-CSF mRNA from base line levels was calculated by
multiplication of the ratio of density of M-CSF/g-actin transcripts by
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the reviprocal of the rato- of bave line levels, Nudear run.on
transcription avays were performed sy previowsdy dewribed [20).
Briefly, nasvent RNA chains were allowed 1o elongate in the presence
of MPluridine wiphosphate. The “Pdabeled nuddear RNA was
purified by DNase aned proteinave K digestion, phenalzehloreform ex-
traction, and ethanol precipitation, Bquivalent amounts of TCA-
precipitable "Puabeled RNA were hiybridized 1o veetor DNA, #-actin
und M-CSF probes immobilized on nitrocellulose filers, The 3p-
labeled RMNA bound to the filters was viswalized by autoradiography
al = 70°C by using isemifying screens,

2.5, Protein kinage € assay

Fibroblasty were suspended in serum-free RPMI 1640 medium and
incubated in the presence of TPA (24 nM) at 37°C. 107 eelly were then
collected and pelieted in a microcentrifuge. The cell pellats were
suspended in 100 4 distitled water, homogenized by passage through
a 18-gauge needle and lmmediately reconstituted in a buffer contnin.
ing 20 mM Tris-HCL, 100 pg/m aprotinin, 0,28 mM leupeptin, 1 mM
phenylmethylsulfonylfuoride, pH 7.8 (veferred to as bufler A), The
cytosolic fraction was obtained after centrifugation and the mem-
brine fraction was solubitized In buffer A coniaining 1% Triton
X-100 for V5 min at 4°C. Protein kinuse C was separated by DEAE-
cellulose eolumn chromatography and clution with 80 mM NaCl, Ali-
quots of DEAE-purified protein kinase € were assayed for cytosolic
and membrane activity in the presence of 10 mm MgCla, | mM CaCls,
ea 10 epm {7*P)ATP (335 cpm/mmol; Amersham, Braunschweig,
Germany) and 20 .g of histone H1, with er without 8 zg/ml
phosphatidylserine. . After ingubation at 30°C for 10 min, protein
kinase C activity was determined by subtracting the amount of * P in-
corporation into histone H1,

3. RESULTS

Passage 7-12 embryonic lung fibroblasts express M-
CSF transcripts at low levels. However, 8 h following
induction with the acute phase response cytokines TNF-
a, IL-1 8, or IL-6, M-CSF transcripts are casily detec-
tablc in 10-20 «g of total cytoplasmic fibroblast RNA
(Fig. 1A). Fibroblasts failed to release M-CSF protein
intn their culture supernatants unless culture was per-
formed in the presence of acute phase response
cytokines (Fig. 1B). An increase in transcript levels
detected by Northern blot analysis can be due to an in-
crease in the transcriptional rate of the respective gene,
stabilization of previously transcribed mRNAs, or a
combination of both mechanisms. As indicated in
Fig. 2, TNF-w, IL-1 &, and IL-6 increased M-CSF
mRNA  stability, To examine post-transcriptional
regulation of . M-CSF expression, fibroblasts were
cultured first in medium only or with acute phase
response cytokines and then with actinomycin D. Cells
were harvested at different time points (0-360 min)
after adding actinomycin D and investigated for ac-
cumulation of M-CSF and Z-actin mRNA. Half-life
(2),2) of M-CSF mRNA in untreated cells was <80 min.
After stimulation with IL-1 g stability of M-CSF
mRNA increased (71,2 = 360 min). Similarly to IL-1 G,
treatient of fibroblasts with both IL-6 and TNF-« in-
creased M-CSF mRNA half-life to 120 min and 290
min, respectively. In order to determine whether the
rate of M-CSF transcription increases following
fibroblast stimulation, nuclear transcription run-on
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Fig. 1. M-CSF cxpression in fibroblasts cultured with 1L-1 2, IL-6
and TNF-a, Panel A shows levels of M-CSF mRNA., Fibroblasts were
exposed for 8 h to either medium only, rh IL-1 £ (100 U/ml), th IL-6
(10* U/ml) or rlh TNF-or (10° U/ml), Cytoplasmic RNA (20 ug/lane)
was prepared and analyzed by formaldehyde-agarose gel elec-
trophoresis, transferred to synthetic membranes and sequentially
hybridized with M-CSF ¢DNA and g-actin ¢DNA. The 4.0-kb
hybridizing band is consistent with mRNA coding for M~CSF. G-actin
controls for RNA loading in single lanes {(not shown), The positive
control represents mRNA derived from TPA-activated (12 nM, 8 h)
peripheral blood monocytes hybridized with the M-CSF-specific
cDNA, Panecl B represents densitometric graphs (mean of two in-
dependent experiments with SD not exceeding 5%) of the same ex-
periments as shown in panel A in which the data are normalized to ac-
tin mRNA levels, Panel C shows levels of M-CSF protein present in
fibroblast cultures (72 h) that were performed in the presence of IL~1
4, IL-6 and TNF.«x (concentrations as above), M-CSF biologic activi-
ty was measured by using the murine bone marrow CFU-M assay
(ANAE" colonies) as deseribed in section 2. Control cultures were
performed with medium or rh M-CSF (750 U/ml). The experiment
shown represents one of three independent experiments done with
monocyte preparations of various donors, All experiments gave
similar results with SD not exceeding 7.5%.
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Fig. 2. Stability of M-CSF mRNA in fibroblasts cultured with (5.1 9,
H.-6 and 7Y NF-r. Fibrablasts were cultured with eytokines (eoncentrive
tians as indicated inthe legend 1o Fig. 1) or cuttured ¥ith medium on-
ly for 4 h, and then actinomyein D (5 g/ m1) was added for 0, 30, 60,
90, 120, 240, 200 and 360 min. Cytoplasmic RNA was axiracied and
wiulyzed by Northern blotting (30 4g RNA per lane in untreated cells;
20 g RNA per lane in treated cells), Intensity of hybridization was
quantitared by laser densitometry. Untreated cells of each experiment
were assumed 1o have 100%% activity, In all experiments the data are
normalized (o the actin signal.
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Fig. 3. Panel A: nuclear run-on assay analysis of the rate of ongoing
transeription of M-CSF and g-actin in fibroblasts cultured in the
presence or absence (medium only) of 11.-6, TNF-a and IL-1 & (con-
centrations as indicated in the legend to Fig. 1). Nuclei were isolated
from untreated cultures and 3 h following stimulation by cytokines.
The in vitro *P-labeled RNA was hybridized to pUC vector DNA
{vector) and to piasmids coniaining the human M-CSF and @-actin
cDNA inserts, Panel B represents densitometric graphs (mean of two
independent experiments with SD not exceeding 6%) of the same ex-
periments as shown in panel A in which the data are normalized to ac-
tin transcription levels.

99



Valume 280, number |

assays were performed at 3 h following exposure to IL.-1
g, 11L.-6 and TNF-ar. Concurrent samples were analyzed
by Northern blot to confirm that total transeript levels
increased at the time the transeription assay was peér-
formed (data not shown). As indicated in Fig. 3,
stimulation of fibroblasts with all ¢ytokines in-
vestigated increased the rate of transeription of M-.CSF,
with IL-1 @ stimulating M-CSF transeription 23-fold,
TNF-a 19-fold, and 1L-6 10-fold by laser densitometry
of autoradiographs. To analyze whether induction of
M-CSF transcripts by acute phase response cytokines
requires new protein synthesis, the effect of inhibition
of protein synthesis on cytokinesinduced M-CSF
mRNA accumulation in fibroblasts was examined using
CHX. Interestingly, CHX induced M-CSF transcripts
within 30 min (Fig. 4), while in kinetic studies not
shown here, enhancement of M-CSF transcripts by
acute phase response cytokines was not detected until
90 min, suggesting that the M-CSF genc is controlled by
a short-lived repressor molecule. However, when cells
were cultured initially with CHX followed by addition
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Fig. 4. Panel A: accumulation of M-CSF mRNA in fibroblasts
cultured with 1L-2, 1L-6 and TNF-a in absence of new protein syn-
thesis, Northern blot analysis (15 (ug) RNA per lane) of mRNA levels
of M-CSF (4.0 kb) and g-actin (2.1 kb) in fibroblasts after initial
culture for 30 min in the presence or absence of CHX (20 xg/ml).
Cytokines were then added for a further 3 hrs alone with or without
CHX (20 ug/m1), The concentrations of cytokines used correspond to
those described in the legend to Fig. 1. The positive control represents
mRNA derived from TPA (12 nM, 3 h) activated peripheral blood
monocytes hybridized with the M-CSF specific ¢cDNA. Panel B
represents densitometric graphs (mean of two independent ex-
periments with SD not exceeding 7%) of the same experiments as
shown in panel A in which the data are normalized to actin mRNA
levels.
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of TNF-er and IL-6, no increase of detectable M-CSF
mRNA levels was observed, demonstrating that for in-
duction of M-CSF transcripts by these compounds new
protein synthesis was required since the cytokines did
not induce M-CSF gene expression above the CHX ¢on-
trol. Phorbolesters such as TPA were also able to in-
creaselevels of M-CSF mRNA in fibroblasts after 4 h of
culture (Fig. 3). Since TPA activates PKC and signal
transcuction pathways of TNF-a and IL-6 are still
poorly understood, we investigated involvement of
PKC in signaling of both cytokines. To this end,
fibroblasts were exposed (24 h) to high concentrations
of TPA (24 nM) followed by restimulation of cells with
either low dose TPA (4 nM), TNF-« or IL-6 for an ad-
ditional 4 h. Exposure of fibroblasts to TPA (24 nM)
for 24 1 decreased protein kinase C activity by >835%
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Fig. 5. Panel A: effect of prolonged exposure of phorbolester TPA on
levels of M-CSF mRNA. Cells were pretreated with TPA (24 nM, 24
h) washed 3 times and were then exposed to rh IL-6 (10° U/ml), rh
TNF-z (10° U/ml), TPA (8 nM) or medium alone for an additional
4 h. As control, fibroblasts were cultured for only 4 h with 1L-6, TNF-
o, TPA (concentrations as above) or medium only. The positive con-
trol represents 1. ®NA derived from TPA (12 nM, 8 h) activated
peripheral blood wunocytes. Blots (20 xg RNA per lane) were
hybridized sequentially with M-CSF (4.0 kb) and g-actin (2.1 kb)
specific cDNA, Panel B represents densitometric graphs (mean of two
independent experiments with SD not exceeding 7%) of the same ex-
periments as shown in panel A in which the data are normalized to ac-
tin mRNA levels,
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and deereased cell membrane-binding of 'HIPDP by
>95%, and re-exposure to TPA (4 nM) for 4 h did not
stimulate the activity of protein kinase € (data not
shown), As shown in Fig. 5, TPA precultured and thus
PKC-depleted fibroblasts continued to be stimulated
with TNF-er and [L-6, although being refractory to
restimulation with TPA. Similarly, when TNF-a or
IL-6 stimulated Ffibroblasts were exposed to the in-
hibitor of PRKC H7, levels of M-CSF mRNA were ¢com-
parable to those seen with TNF-a or 11.-6 stimulation
alone (Fig. 6). However, when culture of fibroblasts
with TNF-r or IL-6 was preceeded by a 3 h exposure to
H7, a dramatic increase of M-CSF mRNA levels
(5.7-fold and 6-fold, respectively by densitometry
analysis of autoradiographs) as compared to cultures
simultaneously treated with H7 and TNF-er or I1.-6 was
observed. These results suggest the possibility that H?
could be inhibiting other protein kinases or Jhat TNF-o
and I1L.-6 do not utilize PKC-dependent signal pathways
but that PKC may modulate receptiveness of fibro-
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Fig. 6. Panel A: effect of inhibition of PKC on levels of M-CSF
mRNA in fibroblasts cultured in the presence or absence of TNF-o
and IL-6 (concentrations as indicated in the legend to Fig. 1).
Fibroblasts were- pretreated with the PKC inhibitor isoquinoline
sulfonamide derivative H7 (30 M, 3 h) washed 3 times and were then
cultured with or without TNF-ar or 1L-6 for additional 4 h. In addi-
tional experiments fibroblasts were simultancously exposed to H7 (30
#M) and TNF-« or IL-6 for a period of 4 h. In experiments not shown
fibroblasts were treated with H7 (30 uM) and TNF-« or IL-6 for 7 h
and still failed to modulate levels of M-CSF transcripts below or
above those obtained from 7 h cultures with TNF-@ or 1L-6 only.
Cyioplasmic RNA (10 ug per lane) was sequentially hybridized with
M-CSF cDNA and g-actin cDNA. Panel B represents densitometric
graphs (mean of two independent experiments with SD not exceeding
5%) of the same experiments as shown in panel A in which the data
are normalized to actin mRNA levels.
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blasts ta TNF-« and 1L-6, and that inhibltion of phos-
phorylation ix associated with augmentation of the
fibrablast response to both cytokinex,

4, DISCUSSION

In the present report we investigate the ability of
various acute phase response cytokines including
TNF-exr, IL-} Fand [L-6 to regutaie M-CSF expression
in diploid human fibroblasts. In an unstimulated state,
secretion of the M-CSF protein by fibroblasts is negligi-
ble although base-line transeription of the M-CSF gene
and specific mRNA accumulation is detectable by
nuclear run-on assay and Northern blot analysis, Ex-
posure of fibroblasts to the 3 acute phase response
cytokines resulted in detectable M-CSF proteinin cell-
free supernatants conditioned by fibroblasts. Mecha-
nizms of action of these evtokines included both
enhancement of the transcriptional rate of the M-CSF
gene and increase of mRNA stabilization. It should be
recognized, however, that serum which was used in all
of the experiments may have exerted some of the effects
noted. Particularly, it can not be excluded that some ef-
fects are indirect ones which may result from the in-
teraction of cytokines with serum components. Qur
results show that the regulation of expression of M-CSF
in fibroblasts differs from that previously reported in
monocytes in which control of M-CSF levels takes place
at the post-transcriptional level only {8,10]. Ongoing
studies in our laboratory therefore address whether
regulation of M-CSF expression . is tissue-specific by
using deletion vectors of the M-CSF promoter region.
Since previous studies by others have shown that
regulation of granulocyte/macrophage (GM)-CSF by
acute phase response eytokines is independent of new
protein synthesis [23], we determined the requirement
for protein synthesis for induction of M-CSF mRMA
accumulation by TNF- and IL-6. We found that treat-
ment of fibroblasts with the inhibitor of protein syn-
thesis CHX (20 #g/ml) resulted in a significant enhance-
ment of levels of M-CSF mRNA. When fibroblasts
were precultured with CHX, subsequent culture with
TNF-« or 1L-6 failed to augment M-CSF mRNA levels
above levels obtained with TNF-« or 1L-6 alone. To in-
duce M-CSF levels, TNF-ov and 1L-6 may therefore
modify a preexisting protein that binds to regulatory se-
quences of the M-CSF gene, The transcription factor
NF-» B may be a candidate molecule in this regard [24].
To gain insights into TNF-ar and IL-6 mediated signal
transduction mechanisms leading to increased levels of
M-CSF mRNA, an additional set of experiments was
performed. Phorbolester TPA which acts through the
PKC signaling pathway markedly increased M-CSF
mRNA levelsin fibroblasts. In contrast to earlier find-
ings demonstrating that IL-1 @ also utilizes the PKC
pathway to induce cytokine expression [25], the ability
of both TNF-« and IL-6 to induce M-CSF did not re-
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quire PKC stimulation. It has been shown that prolong-
edl exposure of fibroblasts to TPA (24 h) results in
decrease of PKC activity by more than 80% in both
cytosol and membrane fractions [14). In our ex-
periments re-exposure of fibroblasts to TPA, that were
already pretreated with TPA for 24 b and thus depleted
of PKC, failed to mount significant levels of M-CSF
transcripts, However, TPA pretreated fibroblasts were
not resistant (o subsequent stimulation with both TNF-
e and H.-6. This finding was consistent with data show-
ing that simullaneous treatment of fibroblasts with
TNF-a or IL-6 and PKC inhibitor H? failed to alter
levels of M-CSF detectable following treatment of
fibroblasts with TNF-e or [L.-6 alone. It has previously
been shown that stability of certain mRINA species im-
parted by stubility regulation sequences can be abro-
gated by PKC activation {26]. Inhibition of PKC may
thus contribute (o increased mRNA stability. Further
studies will therefore be needed to determine synergy of
H7 and TNF-a’I1L-6 to prolong M-CSF mRNA decay.
In this regard it has to be considered that M-CSF
transcripts do not contain the typical AU-rich motif in
their 3’untranslated region known to be involved in
recognition and regulation of mRNA stability but ¢con-
tain several AlU-rich stretches {27]. It has also been
shown that PKC down-modulates expression of ¢ertain
cytokine receptors such as TNF-a receptors [28). PKC
inhibition could thus contribute to augment ligand
receptiveness. From a physiologic standpoint our data
on M-CSF induction by acute phase response cytokines
suggests that monocytes may augment their own
number and function by establishing a paracrine loop
involving secretion of acute phase response cytokines
that stimulate local production of M-CSF by
fibroblasts. Fibroblast-derived M-CSF could then turn
on monocyte production and maintain their functional
activity.
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