HEMATOPOIESIS

CD40-ligand stimulates myelopoiesis by regulating flt3-ligand and
thrombopoietin production in bone marrow stromal cells
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Alan T. Nurden, Babette Weksler, Jean-Frangois Moreau, and Jean Ripoche

CD40 ligand (CD40L)/CDA40 interactions
play a central role in T-cell-dependent
B-cell activation as previously shown by
in vitro studies, the phenotype of CD40L
knockout mice and the defective expres-
sion of CD40L in patients who have
X-linked immunodeficiency with hyper-

IgM. The distribution of CD40 in cells
other than of myeloid and lymphoid
lineages has suggested additional func-
tions for this receptor/ligand couple. Here
we show that CD40L stimulates myelopoi-
esis with a noticeable effect on mega-
karyocytopoiesis in cocultures of hemato-

poietic progenitor cells and bone marrow
stromal cells. These results suggest a
mechanism by which T-cell or platelet-
associated or soluble CD40L may regulate
myelopoiesis. (Blood. 2000;95:3758-3764)
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Introduction

The interaction of CD40 ligand (CD40L), a type Il transmembrangesearch [Dardilly, France]) was obtained by Dr C. Van Kooten by fusing

protein that is expressed on activated CO4ymphocytes, with its the cDNA encoding the extracellular domain of human CD40L in-frame

cognate receptor CD40, constitutively present on B cells, Y4th the cDNA encoding the extracellt;lar part of mouse @D8&s

essential to the T-cell-dependent proliferation and differentiation Brfj"'ol_us']}’ t‘;zs‘g'beéﬁ (_:OOS Ice”s _é5x Jl\-/IOE)lgvserth;—%rll_S];g;tae,ld _W|thth50
13 Thic | Py . . _pg/mL o xpression plasmid, p - - sing the

B cells: Thls IS strlkl_ngly lllustrated by the absen.ce of .germInaﬁiethylaminoethyl (DEAE)-dextran method. After 5 days of culture,

center, Ig isotype-switching, and B-cell memory in patients wh

. : ! gupernatant from the COS cells was harvested, spun, filtered through a 0.2
have hyper-IgM syndrome, resulting from mutations in@i240L pm-pore size filter, and concentrated by dialysis against high MW

gene and a subsequent lack of expression of functional CD40L@yethylene glycol (MW 35000, Sigma, Saint Quentin Fallavier, France).
the surface of activated T ceft§. CD40 is also expressed onThis recombinant soluble CD40L-CR8protein was functional as deter-
monocytes, macrophages, dendritic cells, epithelial cells, fibravned by its specific binding to CD40-transfected Jurkat cells, the binding
blasts, and endothelial cells (ECs), suggesting that it has a broagwealed by staining with fluorescein isothiocyanate (FITC)-conjugated rat
function in viva For example, CD40 triggering on these cell§int-mCD& mAb (Boehringer Manheim, Manheim, Germany) and flow
stimulates the production of interleukin-6 (IL-6), IL-8, IL31and cytometri_c analysis. Concentration of CD40L (m_easured with a sCD40L
tumor necrosis factar (TNF-e) by monocyted, TNFa, IL-8, and enzyme-lm!(eq immunosorbent assay [ELISA] kit, Bender Medsystems,
macrophage-inhibitory proteinsdby dendritic cell$:2 Granulocyte- Coger, Paris) in the transfected COS cell supernatant ranged from 200 to

. . . ... 400 ng/mL. For cell stimulation, COS cell supernatants were used diluted
macrophage colony-stimulating factor (GM-CSF) by thymic ep'the.L'O—foId, therefore giving working concentrations ranging from 20 to 40

!'al_ (?e"s’lo IL-6 by fibroblasts;'? IL-6, GM-CSF, leukemia ng/mL. Blocking anti-CD40 mAb (Mab89) was produced in the Schering-
inhibitory factor (LIF), and IL-8 by EC43.14 Plough Laboratory for Inmunological Resea?éh.

As CD40L stimulates the release of cytokines such as GM-CSF,

IL-6 or LIF, we asked the question whether CD40L could be &tromal cells

regulator of hematopo.leSIS throggh the regulatlon of hematOpOIeEFidothelial cells from the umbilical cord.Primary cultures of human
grovvth.factor (HGF) bllosyntheSIS by cells in th? bone marrow anghpilical vein endothelial cells (HUVECs) were obtained from freshly
its environment. In this study, we present evidence that CD4Qjlected umbilical cords as originally describ€dNo exogenous growth
indirectly stimulates myelopoiesis with a noticeable effect ofctors were added.

megakaryocytopoiesis. The up-regulation of the production of Human bone marrow endothelial cell line. The transformed bone
flt3-ligand (FL) and thrombopoietin (TPO) are instrumental ancharrow endothelial cell (TrBMEC) line was derived from primary cultures
essential to these actions. of human bone marrow endothelial cells (HBMECs) by intranuclear
injection into preconfluent cells of a DNA construct consisting of a portion
of the human vimentin promotor gene driving the SV 40 early genes (T and
t antigens):® The cell line was maintained in IMDM containing 5% fetal
calf serum (FCS), glutathione, penicillin, and streptomycin.

Long-term bone marrow culturesLong-term bone marrow cultures
(LTBMCs) were established in 25 éntissue culture flasks from light-
The complementary DNA (cDNA) encoding the CD40L-GDgrotein (a  density bone marrow cells. Low-density mononuclear cells were isolated by
kind gift of J. Banchereau, Schering Plough Laboratory for Immunologicédyering bone marrow over Ficoll-Hypaque (density 1.077 g7&@eromed,
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Biochrom KG, Berlin, Germany). Cells were grown in IMDM, supple-transfected COS cells. The medium was then removed and replaced by
mented with 12.5% FCS, 12.5% horse serum, penicillin, streptomycin, aR®PMI with or without CD40L and the incubation continued for an

107 mol/L hydrocortisone (Sigma). Semiconfluent stromal cell layers wekdditional 8 hours (to eliminate FCS that gives nonspecific signals on the
trypsinized, replated in 6-well plates, and grown until confluency. Cellslots). The conditioned medium was concentrated 30-fold by freeze-drying
were then washed to remove hydrocortisone and incubated in IMDM witind analyzed by Western blotting according to standard procedures. Briefly,

penicillin and streptomycin. samples were subjected to 7.5% SDS-PAGE and electrotransferred to nylon
Bone marrow-derived myofibroblastic cell8one marrow-derived membranes. Blots were developed using anti-FL or anti-TPO antibodies
myofibroblasts were obtained as describ¥d. (R&D systems, cat no. AF-308-NA and cat no. AF-288-NA, respectively)
and peroxydase-conjugated second antibody, followed by chemilumines-
CD34+ cell isolation and cocultures with endothelial cells cence detection (Amersham, Little Chalfont, UK). Recombinant human FL

was a gift from Dr S. D. Lyman, Immunex Corp, Seattle, WA. Recombinant

CD34* cells were isolated from cord blood or mobilized peripheral bIooﬁ man TPO (carrier-free [cat no. 288-TP] [CF], as albumin gives nonspe-
hematopoietic cells from patients undergoing peripheral blood stem c H ' '

&ific signal) was from R&D.
transplantation as describ&Preparations giving 85% purity or more were gnal)
used in the exp_erlments_. For cocultures, CD:Bldamat_opmetlc progenlt_or Cytokine measurements in culture medium
cells were cultivated with a HUVEC monolayer in a contact or in a
noncontact system with Transwell inserts (Costar, Cambridge, MA) esséPells were cultured for 48 hours with 10% supernatant of nontransfected

tially as described® COS cells or with 10% supernatant of CD40L-Gb8ransfected COS
cells. The measurements of FL and TPO levels in culture supernatants were
Cytokine neutralization experiments performed using ELISAkits purchased from R&D systems according to the

manufacturer’s instructions. According to the manufacturer, the minimum
detectable dose of TPO is less than 15 pg/mL, the lowest TPO standard
n])Seing 31.2 pg/mL.

Neutralizing polyclonal antibodies directed against b-1L-13, IL-6,

IL-11, G-CSF, GM-CSF, and M-CSF were purchased from R&D syste

(cat nos. AB-200-NA, AB-201-NA, AB-206-NA, AB-218-NA, AB-214-

NA_, AB-215_—NA, and AB-21_6-NA_, respectively). Neutralizing polyclonal Hematopoietic colony assay

anti-LIF antibody was a kind gift from V. Praloran, CHU Dupuytren,

Limoges, France. In preliminary experiments, 5 ug/mL final concentratid®olony assays were performed using either the Methocuk- G435

of each antibody were found to give an efficient neutralization of &temCell Technologies Inc, Meylan, France [this assay detects granulocytic-

combination of recombinant human Ileel IL-18, IL-6, IL-11, G-CSF, monocytic, erythroid, and multilineage colonies]), following the manufac-

GM-CSF, M-CSF, and LIF at concentrations of 50 ng/mL each. turer's recommendations, or as previously descrifeCiolony assays for
Monoclonal anti-FL antibody (clone 40406.111, cat no. MAB308)megakaryocyte progenitors were performed using MegaCult-C (StemCell

neutralizing polyclonal anti-FL antibody (cat no. AF-308-NA), and neutralfechnologies), following the manufacturer’s recommendations. Staining of

izing polyclonal anti-TPO antibody (cat no. AF-288-NA) were alsgnegakaryocyte progenitors was performed using a monoclonal antibody to

purchased from R&D systems. GP llb (anti-CD41 from Coulter-lmmunotech or EDU-3, a monoclonal
antibody recognizing a complex-dependent epitope on GP IIBYlla
Immunofluorescence Bound primary antibody was detected using a biotin-conjugated secondary

antibody and avidin alkaline-phosphatase, following standard procedures.
Immunofluorescence for FL.Stromal cells were left to adhere to FCS-cg|l nuclei were counterstained with Evans blue.

coated coverslips. They were then fixed with 4% paraformaldehyde for 10
minutes, washed 3 times with phosphate-buffered saline (PBS), agghiistics
blocked for 45 minutes with 2.5% FCS in PBS. Then, cells were incubated o )
with the monoclonal anti-FL antibody for 30 minutes at room temperatur&esults were expressed as the mea8D. Significant differences between
washed, and incubated with secondary FITC-labeled antimouse antibd@ues obtained in each assay were determined when applicable using the
(Sigma) for 30 minutes at room temperature. Control coverslips wekdilcoxon signed rank test. Differences were considered as significant when
incubated with combinations of control isotypic antibodies at the sanf®< .05.
protein concentrations. Coverslips were mounted with antifade medium
(Vectashield, Biosys, Compiee, France), sealed, and examined under an
Olympus AX 70 microscope (Scop SA, Rungis, France). Results
Immunofluorescence for GPIIb/llla. Immunofluorescence was car-

ried out on cytospins after liquid cultures. Cells were fixed and processed@g) 401 enhances the proliferation and differentiation of CD34
above. Staining was performed with FITC-labeled anti-CD41 (COUItEErogenitor cells toward the myeloid lineages illustrated in
Immunotech, Marseille, France). Figure 1, in cocultures of CD34progenitor cells with ECs, the
addition of CD40L to the culture medium enhances the expansion
of nucleated cells (Figure 1A) and the expansion of clonogenic
Cells were labeled with the indicated FITC- or phycoerythrin (PE)-labelegg||s (Figure 1B).

monoclonal antibodies or with the corresponding isotypic controls for 30 Similar results were obtained in cocultures with a BMEC line or

minutes at 4°C in phosphate-buffered saline—-bovine serum albumin (PBS-, . .
BSA) 1% and analyzed on an EPICS XL flow cytometer (CoultroniclzasHUVEC or LTBMC line (not shown). The expansions were

Paris, France). Cells were phenotyped with the following mAb: SJquualltatlvely similar either in cocultures in which the progenitors

(anti-CD13, Coulter/lmmunotech, Marseille, France), Leu-M9 (anti-CD38&/€ 9rown in contact with the stromal cells or in noncontact settings

Becton/Dickinson); Leu-M3 (anti-CD14, Becton/Dickinson); Leu-12 (anti{Figure 1C and 1D). Similar results were obtained with CP34
CD19, Becton/Dickinson); 69(Plt-1) (anti-CD41, Coulter/immunotech)¢ells obtained from either cord blood or from G-CSF mobilized

SZ21 (anti-CD61, Coulter); and Bear1 (anti-CD11b, Coulter/immunotectperipheral blood hematopoietic cells. The blocking effect of
Ten thousand events were stored in list mode and analyzed using Systesiti-CD40 mAb indicated the specificity of the action of CD40L.

Flow cytometry analysis

software (Coultronics). Stimulation of megakaryocytopoiesisThe expanded cell popu-
) lation in the presence of CD40L essentially belonged to the
Western blotting myeloid lineage (CD13, CD14, CD11b, CD33) and surprisingly, a

HUVECs or LTBMCs were cultured 48 hours with 10% supernatant dgsignificant number of cells expressing megakaryocytic markers
nontransfected COS cells or with 10% supernatant of CD40L«D8 CD41 and CD61 (Figure 2A) were also detected.
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Figure 1. Nucleated cells and colony-forming cell expansions in cocultures of
CD34* progenitors with HUVEC stimulated by CDA40L. CD34* progenitors
(20 000) isolated from cord blood were cultured with 10% supernatant of nontrans-
fected COS cells (control), with 10% supernatant of CD40L-CD8a—transfected COS
cells (CD40L) in the absence or presence of anti-CD40 mAb at 5 pg/mL (CD40L +
aCD40). Half of the medium was exchanged at day 6 with readdition or not of the
antibody. At day 12, the expansion of the nucleated and of clonogenic cells was
measured and cells plated for clonogenic assays. A and B: noncontact coculture. C
and D: contact coculture. Results are expressed as the mean = SD-fold cell
expansion (A, C) or colony number (B, D) (for 10° cells), for 6 experiments (values
significant for CD40L versus control [*] and CD40L + aCD40 versus CD40L [**]).

No lymphoid cells were detected by specific staining of these
cultures. In addition to phenotypic analysis, semisolid clonogenic—g
assays showed an increased number of megakaryocytic coloni©
(average of 37.5 [for 590 colony-forming cel®G] and 52.5 [for
810 CFC] CFU-MK, in noncontact and contact cocultures, respec
tively, in the absence of CD40L versus 135 [for 800 CFC] and 162
[for 1120 CFC] CFU-MKk after stimulation with CD40L, an average
of 3 experiments [Figures 2B and 2C]). The results were confirmec
by immunofluorescence staining of cytospin preps with anti-CD41
mADb (not shown). Similar results were obtained in cocultures using
LTBMCs as the feeder layer (not shown). Thus, the addition of
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progenitors (not shown). Second, prestimulation of the EC mono-
layer for 48 hours with CD40L, followed by washing to remove
CDA40L before starting the coculture showed essentially the same
results as those depicted in Figure 1. We therefore examined
whether CD40L could modulate the expression of FL, a cytokine

soluble CD40L to cocultures stimulated the expansion of the

myeloid lineage. It had a stimulatory effect on the megakaryocyticC

lineage.

Enhancement of clonogenic cell generation by CD40L is
dependent on the augmentation of FL biosynthesi€D40L
effects were indirectly mediated. First, we did not observe any
significant direct effect of CD40L on the proliferation of CD34

Figure 2. Cells expanded in the presence of CD40L.  (A) Cells expanded in the
presence of CD40L essentially belong to the myeloid and megakaryocytic lineages.
Human CD34" progenitors were cultured 12 days in contact cocultures with ECs with
10% supernatant of nontransfected COS cells (control) or with 10% supernatant of
CD40L-CD8a~transfected COS cells (CD40L). Results are expressed as the mean
+ SD, of 4 experiments. (B, C) Megakaryocyte progenitors in the CD40L coculture
system. Human CD34" progenitors were cultured 12 days in contact cocultures with
HUVECs with 10% supernatant of nontransfected COS cells (control) or with 10%
supernatant of CD40L-CD8a-transfected COS cells (CD40L) and assayed for
colony-forming cells and colony-forming unit-megakaryocytes on a collagen-based
system, followed by colony staining with an anti-GP Ilb mAb (EDU-3) as described in
“Materials and methods”. Center panel (B), noncontact cocultures; bottom panel (C),
contact cocultures. Results are expressed as the mean = SD colony number (for 105
cells), for 3 experiments.
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that has been shown to be of paramount importance in thealysis of HUVEC- and LTBMC-conditioned medium). ECs,
proliferation of primitive hematopoietic cells. LTBMCs, or bone marrow myofibroblasts expressed the membrane-
CD40L treatment of ECs, LTBMCs, or bone marrow myofibrobound form of FL, this expression being enhanced by treatment
blasts enhanced expression of both the soluble form and thih CD40L (results illustrated in Figure 3C and D for ECs).
membrane-bound form of FL. Under basal conditions, LTBMCs Neutralization of FL by specific antibody reduced the number of
and bone marrow myofibroblasts produced undetectable amoutitsnogenic cells in EC/CD34cocultures (Figure 4 bottom panel)
of soluble FL, whereas CD40L induced production of soluble FL ibut did not modify the cell expansion (Figure 4 top panel). These
these cells. In contrast, the ECs produced large amounts of soluii@eriments demonstrated the key role of FL in the control of the
FL under basal conditions, production that was also enhanced wittoduction of the clonogenic cells. Reduction to less than control
addition of CD40L to cocultures (Figure 3A). These results welevels was likely explained by the neutralization of the endogenous
confirmed by Western blotting (Figure 3B, Western blottingproduction of FL by EC. On the other hand, because it has been

140 1
Control

120 +
CD40L

100 +

80 +

60 +

40 1

20 +

0

HUVEC TrBMEC LTBMC BMmyofibr

Soluble FL (pg/mL/48h)

kDa

475 —

33.9 -
288 — Ja—

20 —

Relative cell number )

100 1600

FL Fluorescence

Figure 3. CD40L induces FL expression.  Stromal cells (either HUVECs, BMEC line [TrBMEC], LTBMCs, or bone marrow-derived fibroblasts [BMmyofibr]) were cultured 48
hours with medium alone (control) or 10% supernatant of nontransfected COS cells (COS) or with 10% supernatant of CD40L-CD8a—transfected COS cells (CD40L) and the
resulting effect on the expression of FL studied. (A) Up-regulation of the production of the soluble form of FL. ELISA measurements showing the stimulation of the production of
the soluble form of FL (average = SD of 7 experiments). The production of soluble FL in LTBMCs or BMmyofibr is below the level of ELISA detection (15 pg/mL). No FL is
detected in untransfected or transfected COS cell supernatants. Statistically significant results (*) are indicated. (B) Western blotting showing FL protein in HUVEC and LTBMC
culture medium and increased production by CD40L. Track A, recombinant FL protein, track B and D, HUVECs and LTBMCs respectively, cultured in the presence of 10%
supernatant of nontransfected COS cells; track C and E, HUVECs and LTBMCs, respectively, cultured with 10% supernatant of CD40L-CD8a~transfected COS cells. (C)
Up-regulation of membrane-bound FL expression by CD40L on ECs is shown by flow cytometry: dark gray, isotype control; gray, EC stimulated 48 hours with 10% supernatant
of nontransfected COS cells, black, ECs stimulated 48 hours with 10% supernatant of CD40L-CD8a—transfected COS cells. (D, E) Indirect immunofluorescence showing
up-regulation of FL by CD40L at the surface of ECs (top panel: ECs stimulated 48 hours with 10% supernatant of nontransfected COS cells; bottom panel: ECs stimulated with
10% supernatant of CD40L-CD8a—transfected COS cells).
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A 250 + or LTBMCs to support the expansion of the megakaryocyte
- progenitors, as demonstrated by flow cytometry experiments
2 200 (illustrated in Figure 6: in the presence of the anti-TPO antibody,
5 150 there is a shift of the CD41 fluorescence to the level of the isotypic
E‘ control), and colony assays that showed a complete absence of
2 100 megakaryocytic colonies after neutralization of TPO (not shown).
- Neutralization of TPO did not affect cell expansion, the colony
E 50 number was reduced by an average of 18% (3 experiments).

Neutralization of FL did not affect the number of megakaryocytic
0 - - " " colonies. This suggested that the increased production of TPO by
§ g % = 2 5 ‘E stromal cells in the presence of CD40L was the main cause for the
° g g7 g ¥ increased generation of megakaryocyte progenitors.
8 8 8
B 1600 _ _
1400 | Discussion
5 1200 In the CD40 coculture system, the proliferation and differentiation
'E 1000 + of the hematopoietic progenitor cells are dependent on the induc-
] 800 -- tion of cytokine biosynthesis by the stromal cells. Activation of
s 500 ECs, fibroblasts, or epithelial cells through their CD40 antigen has
2 T been shown to result in the increased production of cytokines such
© 400 1 as IL-6, IL-8, GM-CSF, G-CSF, or LIE¥ We extend those
200 + conclusions by demonstrating the role of CD40 signaling in the
0 induction of FL and TPO biosynthesis.
control CD40L CD40L CD40L CD40L aCK +
+aCK +aCK +afFL aFL
+aFL 80 -

Figure 4. Effects of CD40L on the proliferation and differentiation of hematopoi- 70

etic progenitors: neutralization experiments. CD34* progenitors (10 000) were

cocultured 12 days in contact with ECs with 10% supernatant of nontransfected COS g 60 -

cells (control) or with 10% supernatant of CD40L-CD8«a—transfected COS cells =

(CD40L) in the presence or absence of neutralizing antibodies. Half of the medium E 50 -

was exchanged at day 6 with readdition of the antibodies. At the end of the coculture, &5

X . 2 40 A

cell expansion was measured and cells were plated for colony assay. Colonies were =

scored at day 14. Results are expressed as the mean += SD—fold cell expansion (top 0O 30— -+ ———— |-———————

panel) or colony number (for 10° cells) measured (bottom panel) for 3 experiments F_-

(aCK: combination of neutralizing polyclonal anticytokine (IL-1c, IL-1B, IL-6, IL-11, 20 1

G-CSF, GM-CSF, M-CSF, and LIF) antibodies; aFL: neutralizing polyclonal

anti-FL antibody). 10

0 - =
shown that CD40L up-regulates the production of other cytokines HUVEG BMMyofibr

acting on the differentiation of committed hematopoietic progeni-g

tors, we also examined the results of neutralizing those cytokines i

the CD40L coculture system. It turned out that this neutralization 3 —

significantly reduced the capacity of the stromal cells—of all types 123 — “— 111

tested—to support the expansion of hematopoietic progenitor

(Figure 4 top panel) but significantly enhanced expansion of the 83 —> -— 73

clonogenic cells (Figure 4 bottom panel). In contrast, specific

neutralization of FL had no further effect on cell expansion. Thus, ' . .‘ -

CD40L indirectly modulated the pattern of cytokine production by 50.7 — - 475

stromal cells resulting in the expansion of both clonogenic anc

.. 35.7 — <« 339
more mature hematopoietic cells. - :
CD40L stimulates megakaryocytopoiesis by way of the in- e
duced production of TPO by stromal cellgA finding of this study 1 2 3 a 5

was that CD40L stimulated megakaryocytopoiesis. In an effort to b4 tes the orod TPOb el WELS
. : . _Figure 5. CD40L stimulates the production of TPO by stromal cells. A) ELISAon
underSt_and the molecular basis for this megakaryo_cytopOIeslg-hour-old conditioned medium in ECs, BMEC line LTBMCs, bone marrow-derived
promoting effect of CD40L, we measured the production of TP@yofibroblasts cultured in the presence of 10% supernatant of nontransfected COS
by stromal cells. Under basal conditions, the concentrations of TP€l (left histogram), or with 10% supernatant of CD40L-CD8a-transfected COS cells
A . ight histogram). No TPO was detected in untransfected or transfected COS cell
were barely deteCtable’_ at the limit of ELISA detection an pernatants. Results are expressed as the mean *= SD for 3 experiments. (B)
accuracy (15-30 pg/mL) in all cell types tested. However, CD40Western blotting showing TPO protein in HUVEC- and LTBMC-culture medium and

induced product|0n of TPO in all stromal cell types tested (Figup@:reased production by CD40L. 1, recombinant TPO protein, 2 and 4, LTBMCs and
UVECs, respectively, cultured in the presence of 10% supernatant of nontrans-

5A)' I‘ESL-I“S COI.’lfII’mEd by Western blc_)mng that_ ShOW-E‘d a 'T‘Oder%‘éed COS cells; 3 and 5, LTBMCs and HUVECSs respectively, cultured with 10%
but consistent increase of TPO protein after stimulation (Figure SBpernatant of CD40L-CD8a- transfected COS cells. TPO was found migrating at an
Western blot analysis of HUVEC- and LTBMC-conditioned meMr of 58 to 68 kd. An additional species migrating at an Mr of approximately 90 kd

. . . . visible in track 1) can be seen on overloading and/or overexposure. We do not know
dlum)' Neutralization of TPO in the CD40L coculture Sysmr&he nature of this high-molecular weight species. Dotted line indicates the level of the

resulted in the inhibition of the capacity of stromal cells, either EGQ&west TPO standard (31.2 pg/mL).
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— - Mock regulation is poorly understood, in particular whether the rate of

— CD40-L gene expression can vary in response to physiologic stimuli is not

1 o CD40-L + known38-4° The current results indicate that CD40L may be a
anti-TPO regulator of TPO expression. We do not know yet how CD40L

increases the production of the TPO or FL proteins, whether it is via
increased transcription of the gene, translational efficiency, or
posttranslational mechanisms. As CD40L is present as a membrane-
bound species on activated plateftsnvolvement of platelets
may constitute the basis for a feedback mechanism regulating
their production.

The data gathered in this study suggest that the couple
CD40/CD40L may be involved in the control of hematopoiesis via
modulation of the cytokine network in the bone marrow. As is the
an case for IL-13' CD40L could therefore be a blood-born mediator

pptd acting on the bone marrow stromal cells. It can be expected from
these results that the action of CD40L on hematopoiesis would be
to increase cell production of the granulocytic and megakaryocytic
lineages in disease states such as septic or inflammatory conditions,
conditions that are often accompanied by neutrophil leukocytosis
or thrombocytosis. In this context, it has recently been observed
that treatment with soluble CD40L increases granulocyte and
platelet recovery after bone marrow grafting in miéén agree-
ment with these observations would be the general neutropenia

FLs, either the soluble or the membrane-bound species, &escribed in patients who have hyper-IgM syndrome, resulting
expressed by bone marrow stromal cells in basal condifidtts, from mutations in theCD40L gene®® CD40L could be brought to
and we show that this expression is strongly reinforced by CD40the bone marrow by way of the blood circulation as a soluble
The magnitude of the increased production of soluble FL varispecies or by circulating activated T lymphocytes or platelets.
from cell to cell, which may result from a cell-specific regulation o£oncentrations of CD40L that were used in this study are
its proteolytic releas& In the CD40 coculture system, theapproximately 10 to 20 times higher than concentrations that are
increased production of FL induced by CD40L appears to ksisceptible to be attained in vivo in patients with inflammatory
responsible for the enhancement of clonogenic cell generati@yndromes? and the in vitro activity of lower concentrations of
This is in agreement with the key role of FL in the proliferation oCD40L deserves further investigation before extrapolation to in
primitive hematopoietic progenitors, either in a stroma-dependerivo systems can be made. Soluble CD40L can be released from
system or in a stroma-free conditi&h3®> The overall effect of the surface of activated T or B ceé¥$6 and the trimeric soluble
CDA40L stimulation could therefore be interpreted as the combinémtrm of CD40L has been shown to retain its biologic CD40
results of an increase in the number of clonogenic cells by FL astimulating propertie’’ Alternatively, because activated T cells
their loss due to their accelerated differentiation under the influenegpress CD40L, activation of CD40 on bone marrow stromal cells
of differentiating cytokines. No lymphoid cells were produced iy activated T cells may represent a mechanism by which T cells
the CD40L coculture system. This is in agreement with dataemselves regulate the production of hematopoietic growth factors
demonstrating an IL-3 requirement for the proliferation of B-celin the bone marrow and the release of blood cells.
precursors in the presence of CD48INo IL-3 is produced in such
coculture systems, either with ECs or LTBM&s.

Our data show an unexpected role for CD40L in the control fAcknowIedgment
megakaryocytopoiesis. TPO first thought to be of extramedullary
origin has also been shown to be produced by bone marrow stromaBanchereau and Dr C. Van Kooten are gratefully acknowledged
cells3” albeit at very low levels. The molecular basis of itfor the gift of the CD40L cDNA.

Relative cell number

CD41 Fluorescence

Figure 6. Neutralization of TPO impairs the capacity of stromal cells to support

the generation of megakaryocyte progenitors. CD34* progenitors were cocul-
tured 12 days with ECs with 10% supernatant of nontransfected COS cells (mock) or
with 10% supernatant of CD40L-CD8a-transfected COS cells (CD40L) in the
presence (+) or not of a neutralizing anti-TPO antibody (anti-TPO). Cells were
then assayed for the presence of CD41 megakaryocyte-specific lineage marker by
flow cytometry.
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