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HEMATOPOIESIS

Stromal-derived factor 1 and thrombopoietin regulate distinct
aspects of human megakaryopoiesis

Marcin Majka, Anna Janowska-Wieczorek, Janina Ratajczak, M. Anna Kowalska, Gaston Vilaire, Zhixing K. Pan, Marek Honczarenko,
Leah A. Marquez, Mortimer Poncz, and Mariusz Z. Ratajczak

The role of the chemokine binding stro-
mal-derived factor 1 (SDF-1) in normal
human megakaryopoiesis at the cellular
and molecular levels and its comparison
with that of thrombopoietin (TPO) have
not been determined. In this study it was
found that SDF-1, unlike TPO, does not
stimulate oypB3™ cell proliferation or differ-
entiation or have an antiapoptotic effect.
However, it does induce chemotaxis,
trans-Matrigel migration, and secretion of
matrix metalloproteinase 9 (MMP-9) and
vascular endothelial growth factor (VEGF)
by these cells, and both SDF-1 and TPO
increase the adhesion of B3t cells to
fibrinogen and vitronectin. Investigating
the intracellular signaling pathways in-

duced by SDF-1 and TPO revealed some
overlapping patterns of protein phosphor-
ylation/activation (mitogen-activated pro-
tein kinase [MAPK] p42/44, MAPK p38,
and AKT [protein kinase B]) and some
that were distinct for TPO (eg, JAK-STAT)
and for SDF-1 (eg, NF- kB). It was also
found that though inhibition of phosphati-
dyl-inositol 3-kinase (PI-3K) by LY294002
in oypPs* cells induced apoptosis and
inhibited chemotaxis adhesion and the
secretion of MMP-9 and VEGF, the inhibi-
tion of MAPK p42/44 (by the MEK inhibitor
U0126) had no effect on the survival,
proliferation, and migration of these cells.
Hence, it is suggested that the prolifera-
tive effect of TPO is more related to

activation of the JAK-STAT pathway
(unique to TPO), and the PI-3K—-AKT axis
is differentially involved in TPO- and SDF-
1-dependent signaling. Accordingly, P1-3K
is involved in TPO-mediated inhibition of
apoptosis, TPO- and SDF-1-regulated ad-
hesion to fibrinogen and vitronectin, and
SDF-1-mediated migration. This study
expands the understanding of the role
of SDF-1 and TPO in normal human
megakaryopoiesis and indicates the mo-
lecular basis of the observed differences
in cellular responses. (Blood. 2000;96:
4142-4151)
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The immunoglobulin superfamily cytokine receptor c-mpl bindsegakaryoblast&18-22and, hence, are a good model for studyirg
thrombopoietin (TPO), and the 7-transmembrane G-proteinarious aspects of megakaryopoiesis and signal transduction p‘?@th-
coupled chemokine receptor CXCR4 binds stromal-derived factaays. Although some SDF-1 and TPO signaling pathways héjg/e
1 (SDF-1)18 Targeted disruption of the genes for TPO or c-mpbeen investigated in hematopoietic cell lines, platelets, and mug‘ne
results in thrombocytopenia, and animals defective in either SDRaiegakaryocyte®2° intracellular signaling pathways in normag
or CXCR4 have a deficit in colony-forming units—megakaryocyteumana,Bs* cells have not been elucidated. It is unknown Whic%l
(CFU-MK) in the adult marrow:* Both receptors are present inof the intracellular signaling pathways are critical for regulatinzg
high concentrations on the surfaces of developing megakary@rious aspects of human megakaryopoiesis (proliferation, differgn-
cytest2%11hut though the role of c-mpl during megakaryopoiesisiation, inhibition of apoptosis, and so dninoreover, data deriveds
has been established, that of CXCR4 is less clear. SDF-1 stimuldtesn cell lines cannot always be reliably extrapolatéd.
chemotaxis of early megakaryocytic progenitors and plays a role in The aim of this study was to extend our understanding of tiﬁe
the migration of megakaryocytie(,33™) cells in the bone marrow molecular basis of megakaryopoiesis by investigating the biologic
and potentially in the release of platelétd8A recent study using a responses of human megakaryocytic cells to stimulation by SDg-1
murine model has also indicated that SDF-1 acts together with TROTPO and the intracellular signaling pathways involved (mitogeh-
in promoting CFU-MK proliferatior} which is in contrast to activated protein kinase [MAPK] p42/44, p38, JINK, AKT [protei|§
studies by our group and others showing that SDF-1 does not effkttase B], NFkB, STAT-1, STAT-3, STAT-5, and STAT-6). Similari-£
megakaryocytic precursor proliferatidh! We have previously ties and discrepancies observed in the activation of partic@ar
described a method using a chemically defined artificial serum foathways were related to the biologic effects of SDF-1 and TPO%n
ex vivo expansion of normal human,Bs™ cellsi8-20which were cell activation, adhesion, proliferation, apoptosis, and secretion of
shown by immunophenotypical and morphologic criteria to bmatrix metalloproteinase-9 (MMP-9) and vascular endothelial
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growth factor (VEGF). To ascertain the significance of ou€hemotaxis, trans-Matrigel migration, Ca2  * fluxes, and MMP

observations, we blocked phosphatidylinositol 3-kinase (PI-3khd VEGF production

activity and MAPK p42/44 pa_thway with the specific InhlbltorsChemotaxis assays to SDF-1 (PeproTech, Rocky Hill, NJ; R&D Systems)

LY294002 and U0126, respectively. . or TPO (R&D) through an §m pore filter were performed in Costar-
Our results suggest that SDF-1 and TPO activate humapnswell 24-well plate (Costar Corning, Cambridge, MA) as described

megakaryoblastiax, 33" cells by overlapping (MAPKp42/44, pefore3* Results were calculated as a percentage of the input number of

p38, AKT), but distinct, intracellular signaling pathways (JAK-ells. All experiments were performed in triplicate.

STAT for TPO and NF«B for SDF-1). The result of these Chemoattraction of megakaryoblasts across Matrigel was evaluated

differences in intracellular signaling appears to be that SDFi1 a trans-Matrigel migration assay according to a method previously

increases the interaction of these cells with their microenvironmefftscribed by us>* The lower chambers were filled with migration

but has no effect on their proliferation, differentiation and survivaj"edia containing 100 ng/mL SDFlor TPO, and percentage migration
whereas TPO has the opposite role. Moreover. we demonstrﬁ%s calculated from the ratio of the number of cells recovered from the
PP ) ' wer compartment to the total number of cells loaded. To examine the

that the proliferative effect of TPO is more related to activation or?

. ole of MMPs, specifically MMP-2 and MMP-9, in trans-Matrigel
the JAK-STAT pathway unique to TPO and that the PI'3K—AKTmigration, megakaryoblasts were preincubated for 2 hours with 10

axis, which plays an important role in the biology of humang/mi MMP inhibitors rhTIMP-1 (a gift from Dr Dylan Edwards,
megakaryoblasts, is differentially involved in TPO and SDF-luniversity of East Anglia, United Kingdom) or rhTIMP-2 (a gift fromg
dependent signaling. Dr Rafael Fridman, Wayne State University, Detroit, MI) before théy
were loaded onto Boyden chambers, and the trans-Matrigel migra@pn
assay was conducted as before. To evaluate MMP secretionrf-})y
megakaryoblastic cells, 2 10° cells/mL were incubated (for 3—24§

Materials and methods hours at 37°C in 5% C9) in the absence or presence of 100 ng/mg
SDF-1 or TPO, and the cell-conditioned media were analyzed immegli-
Human CD34 * cells, megakaryoblasts, and platelets ately by zymography as described previold®t§? The intensity of the 5

. . ._bands was quantified using the National Institutes of Health Scionimage
Light-density bone marrow mononuclear cells (BM MNCs) were obtalne%r Windowg software (Scign Frederick, MD) %‘J
) ) . g

from consenting healthy donors, depleted of adherent cells and T lympho- Ca* flux studies on ex vivo—expanded megakaryoblasts were per

cytes .(A T. MN.C.S)’ and enriched fof CD34ce"S. by |mmunoaﬁ|n|ty formed using a spectrophotofluorimeter, as previously desct&&ecre i
selection Wlth. Mlnlliﬂéfg%arl)aramagpetlc _beads (Miltenyi Biotec, AUburntion of VEGF by normal human megakaryoblastic cells was evaluated;{)y
CA) as descrlbei@v **The 'purlty of isolated BM CD?,’ﬂ cells was the Quantikine human VEGF immunoassay (R&D) according to tge
greater than QSA), as determined by fluorescence-activated cell sor €l ufacturer's protocol, as descritRéd. EY
(FACS) analysis.
BM CD34" cells were expanded in a serum-free liquid system, and

growth of CFU-MK was stimulated with recombinant human (rh) TPO (5@uB3 Receptor activation and adherence assays
ng/mL) and rhiL-3 (10 ng/mL) (both from R&D Systems, Minneapolis

MN d ibed®2031 After incubation for 11 d 7o ‘Activation of opB3 receptors was measured using the MoAb PAC
) as described>* er incubation for ays at 37°C, approxi Becton Dickinson) as previously describ&dhe o;B3* cells (1X 10°)

mately 85% of the expanded cells were positive for the megakaryocyti ere washed twice with PBS, resuspended inuB0PBS plus 2% fetal

specific mafkeu||b[33_+,22’30'3land this population was further enriched 0y, ine serum, and treated with the appropriate ligands: thrombin (2 U/nik),

more 'than 950/_0 purity (as detgrmlned by _FACS, apalygs) by adqmongb':_h (500 ng/mL), or TPO (100 ng/mL) for 5 minutes. Subsequently, X

selection with immunomagnetic beads (Miltenyi Biotec), as prewouslML FITC-conjugated PAC-1 was added, and the cells were incubated fong
! S

i 31
described by ug® to 20 minutes at room temperature in the dark. RGDS pefStidas added =

Ggl-filtered platelets .wc.are prepared from 4 'persons as preyiquﬁ[y confirm specific binding of PAC-1 antibody. After staining, cells wer@
describe#2° and used within 2 hours of preparation. Marrow asplratlognalyzed by FACstar and the Cell Quest program

from and blood donation by healthy volunteers was carried out with donors Adherence assays ofy,Rs" cells were performed as descritddn

informed consent obtained through the Institutional Review Board. brief, 96-microtiter plates (Dynatech Labs) were covered withgimL &
BSA, fibrinogen, vitronectin, fibronectin, or VCAM-1 (all from Sigma)§
Cell cycle analysis and detection of apoptosis by Annexin V and aypBs™ cells (16 /mL) were incubated for 30 minutes at 37°C irg
binding assay, caspase-3 activation, and poly(ADP-ribose) lymphocyte suspension bufféiin the absence or presence of SDF-1 (5(?
polymerase cleavage ng/mL), TPO (1.00 ng/mL), SDF-*+ TPO (500 ng/mLfr 100 ng/mL), 2 N
U/2 mL thrombin or IL-3 (100 ng/mL). Cell suspensions (1Q0) were R
DNA content as a measure of cell cycling was determined as previousigplied to the wells and incubated for 1 hour at 37°C. The number of
described? Briefly, aunB3™ cells (2 10°) were stimulated with appropri - adherent cells was estimated by using the colorimetric phosphate assay as
ate ligands (IL-3, TPO, or SDFelor ) and after fixation were spun down; described?
250 to 500pL RNase (50ug/mL in phosphate-buffered saline [PBS]) was
then added, gnd the cells were ihqubat_ed_(at 37°C_ for 30 minutgs) atglqosphorylation of intracellular pathway proteins
resuspended in 250 to 5Q0L propidium iodine solution (5Qug/mL in
sodium citrate; Sigma, St Louis, MO) before reincubation at roorestern blot analysis was performed on extracts prepared from human
temperature for 30 minutes. Subsequently, the cells were analyzed usingBs* cells (1x 107), which were kept in RPMI medium containing
FACstar and the Cell Quest program. low levels of BSA (0.5%) to render the cells quiescent. The cells were
Apoptosis was assessed by staining with FITC-Annexin V and flothen divided and stimulated with optimal doses of SDiFar SDF-13
cytometric analysis (FACScan; Becton Dickinson, Mountain View, CAf500 ng/mL) or TPO (100 ng/mL) for 1 minute to 2 hours at 37°C, and
and by using the apoptosis detection kit (R&D Systems) according to thells were then lysed for 10 minutes on ice in M-Per lysing buffer
manufacturer’s protocol. Activation of caspase-3 and poly(ADP-riboséPierce, Rockford, IL) containing protease and phosphatase inhibitors
polymerase (PARP) cleavage was determined by FACS and Western i§®igma). Subsequently, the extracted proteins were separated on either a
analysis, respectively, according to the manufacturers’ protocols (B2% or 15% SDS-PAGE gel, and the fractionated proteins were
Pharmingen, San Diego, CA). Cellular extracts were assayed for telomerters@sferred to a nitrocellulose membrane (Schleicher & Schuell, Keene,
activity using the PCR-based telomeric repeat amplification protocol asddii) as previously described:3* Phosphorylation of each of the
as described® intracellular kinases—MAPK p44/42, MAPK p38, JNK MAPK, p90

8 0L9}/2¥Lk/€1/96/4pd-010

anb Aq jpd



4144  MAJKAetal BLOOD, 15 DECEMBER 2000 « VOLUME 96, NUMBER 13

Table 1. CFU-MK colony formation by human CD34  * cells in serum-free,
semisolid methylcellulose medium

Results
SDF-1 TPO SDF-1 + TPO
100 ng/mL 25 ng/mL 100ng/mL +25ng/ml — gpE.1 does not affect proliferation of human CFU-MK
CFU-MK 0*+0 87 £ 26 89 + 31 and megakaryoblasts

Each data entry constitutes 3 independent clonogenic assays from 3 different It has been unknown whether SDF-1 stimulates human CFU-MK
donors. Data shown are mean + 1 SD.

CFU-MK indicates colony-forming units-megakaryocyte. colony formation. In our previous studies, we used a plasma clot
system?® that might have contained confounding growth factors.
Hence, to remove the unwanted influence of growth factors and
RSK, AKT, ELK-1 and STAT-1, -3, -5, and -6—was detected usingytokines in a serum, we now evaluated the growth of CFU-MK or
commercial mouse phosphospecific monoclonal antibody (p44/42) Qf,B;* cells stimulated with SDF-1 or TPO in cultures supple
rabbit phosphospecific polyclonal antibodies for each of the remaindeysented with chemically defined artificial serdf?°3°SDF-1 was
(all from New England Biolabs, Beverly, MA) with horseradishfoyng not to have any effect, either on its own or acting as a
peroxidase—conjugated goat antimouse IgG or goat antirabbit IgG a8 &stimulator with TPO, on the formation of human CFU-MK

secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA), . o
described®26Equal loading in the lanes was evaluated by stripping th§8|0n|es from CD34 cells (Table . In addition, when human

. + . (w]
blots and reprobing them with the appropriate monoclonal antibodicliegakaryoblastico,Bs™ cells were expanded ex vivo fromg

p42/44 anti-MAPK antibody clone 9102, anti p38 MAPK antibody cIoneCD?’4+ cells (in the presence of a suboptimal Qr an optimal d(_)Sf
9212, an anti-JNK antibody clone 9252, an anti-AKT antibody clond PO+ IL-3) and SDF-1 was added as a costimulator, we did rpt

9272, an anti—-ELK-1 antibody clone 9182, an anti~STAT-3 9132 (Ne@bserve SDF-1 to affect proliferation or maturation of these cellg?"at
England Biolabs), an anti-STAT-1 sc-464 and STAT-6 sc-1689 (San@ys 6 and 11 of culture (Table 2). Neither the numbes,@Bs*
Cruz Biotechnology), an anti-STAT-5 89 or p90 RSK 78 (Transductiogells in the cultures nor the intensity of expressiongfs™ on the
Laboratories, Lexington, KY). The membranes were developed with aell surface changed (data not shown). Because it has been rec&ntly
ECL reagent (Amersham Life Sciences, Little Chalfont, UK) anguggested that SDF-1 may stimulate proliferation of CD&dlls if
Subsequently dried and eXposed to film (HyperFllm, Amersham Llfased at very low Concentratioﬁ%we repeated these experimen%
Sciences). Densitometric analysis was performed using exposures ttt@?ng low doses of SDF-1 (10 pg to 1 ng/mL) and still did nét
were within the linear range of the densitometer (Personal DensitomeB—:Bserve any effect on cell proliferation (data not shown). %
S,\'A; IMOI‘TCUI;“ Dynamics, Sunnyvale, CA) and ImageQuant software  cg| ¢y cle analysis of megakaryoblasts growing in the preserce
(Molecular Dynamics). of SDF-1 or TPO was also undertaken. ThgRs* cells expanded %
for 6 days (in the presence of TP® IL-3) were transferred to 2
Blocking of PI-3K and MEK cultures containing no growth factors or to cultures supplemenggd

. ... with TPO+ IL-3, TPO, or SDF-1. Within 24 hours of withdrawak
P1-3K and MAPK p42/244 activiti blocked by select hibitors. ' ’ .
an P activiiies were blocked by selective INMIBIOMS: o0 + IL-3, the number ofa,Bs™ cells in the S and @M

To assess the effects of the PI-3K inhibitor LY294002 (Sigma) or the MER o o0, B
inhibitor U0126 (Calbiochem, La Jolla, CA), cells were preincubated WitRhases of the cell cycle had decreased by 20% to 30%gin

each of these compounds for 30 minutes before SPBFTPO stimulation. Comparison with the cultures supplemented with TPQ.-3 or
TPO alone (not shown). More important, the numberx@fs*

cells in the S and @M phases of the cell cycle also decreased (B
Electrophoretic mobility shift assay approximately 20%-30%) in the cultures supplemented with SDP%L
To evaluate NFcB pathways, nuclear extracts were prepared from norm&s in the cultures depleted of TPO and IL-3 (not shown). Finally,
human megakaryoblasts using a modified method of Pan #taid Stimulation ofa,,B3* cells by SDF-1 did not increase telomerase
electrophoretic mobility shift assay (EMSA) was performed using@5 activity tested by the telomeric repeat amplification protocol asgay
nuclear extract as described previou8lyOligonucleotides and their (data not shown), as it did in the TPO-stimulated cells. Thege
complementary strands for EMSA were obtained from Promega (Madisabservations together suggest that, unlike what occurs in mugne

WI) and Santa Cruz Biotechnology. The sequences were a conseBsuscells!’? SDF-1 does not affect proliferation and maturation &
site (underlined), SAGTTGAGGGGACTTTCC CAGGC-3(NF-«B).4#2 1y ;man megakaryoblasts.

[y-32 P]ATP (greater than 500 Ci/mmol) was from Amersham Pharma
cia Biotech. SDF-1 does not affect survival of human  «;pBs* cells

e//:dny
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TPO is a potent antiapoptotic factor for human CD3dells}
erythroid progenitoré?“®>and megakaryocytic cellsbut whether
Arithmetic means and standard deviations of our FACS and chemota@®F-1 influences the Syryival of normal humap,Bs* cells is

data were calculated on a Macintosh computer PowerBase 180 (Appkaknown. To address this issue, humggBs* cells were cultured
Cupertino, CA), using Instat 1.14 (GraphPad, San Diego, CA) software. for 12 hours in the absence or presence of TPO or SDF-1. We found

Statistical analysis

Table 2. Lack of SDF-1 effect on TPO + IL-3—dependent proliferation of human CD34 + BM MNCs

Suboptimal* stimulation by Suboptimal stimulation by Optimal* stimulation by Optimal stimulation by

TPO + IL-3 TPO + IL-3 + SDF-1 TPO + IL-3 TPO + IL-3 + SDF-1
Day 6 1.2+07 1.2+08 2605 27+07
Day 11 36+19 35+22 6.8+28 6.1 =35

Each data entry consists of data from 3 different donors. Data shown represent mean + 1 SD.

SDF-1 indicates stromal-derived factor 1; TPO, thrombopoietin; IL-3, interleukin-3; BM MNCs, bone marrow mononuclear cells.

*CD34+ cells (10* cells/point) were ex vivo expanded toward megakaryoblasts in the presence of TPO + IL-3 at suboptimal doses (10 ng/mL + 5 U/mL) or optimal doses
(50 ng/mL + 20 U/mL) in the presence or absence of SDF-1 (100 ng/mL).
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that cells that were withdrawn from TP®IL-3 underwent
apoptosis after 12 hours, as evidenced by an Annexin V binding
assay (Figure 1AiJ® The presence of TPO in the culture media
prevented these cells from undergoing apoptosis (Figure 1Aii), bu
the presence of SDF-1 did not (Figure 1Aiii). Megakaryoblastic ..
cells cultured in the presence of SDF-1 bound Annexin V to the
same extent as cells cultured without TRQAL-3 (Figure 1Aiii).
These data clearly indicate that SDF-1 does not maintain o
enhance megakaryopoiesis. 5
Because PI-3K (a potential target for TPO signaling) plays ar" 20
1
1

A

*

Calium nb

30,

important role in inhibiting apoptosis in human hemat0p0|et|cl!I
cells#7-%0 normal human megakaryoblasts were exposed to th«;
PI-3K inhibitor LY294002, and we found that the inhibition of
PI-3K activity resulted in increases in Annexin V binding of cells =
(not shown), activation of caspase-3 (Figure 1B) and PARF "™ -~ ™°
cleavage (Figure 1C). Of note, inhibition of the MAPK p42/44
pathway by the MEK inhibitor (UO126) did not affect the survival
of human megakaryoblasts (not shown).
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Next we extended our studies to define the roles of SDF-1 and TP« ol H__D ) . ‘ . ez
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effects on chemotaxis, Ca fluxes, trans-Matrigel chemoattrac
tion, and production of MMP and VEGF.
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We have reported that SDF-1 induces*Caflux in human
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Figure 2. SDF-1 in contrast to TPO activates calcium flux, chemotaxis,
trans-Matrigel migration, and MMP-9 production in normal human B3t cells.
(A) Calcium flux studies of Fura-2—loaded normal human oyB3* cells. TPO (100
ng/mL) or SDF-1 (500 ng/mL) was added, and subsequently calcium flux was
evaluated by a spectrophotofluorimeter. Data presented are from a representative
experiment repeated 3 times and yielding similar results. (B) Normal human aypB3*
cells show chemotaxis to SDF-1 but not to TPO. The experiment was repeated 3
times in duplicate. The bottom chambers contained media alone (—) or 5 to 100
ng/mL TPO or 300 ng/mL SDF-1. (C) Inhibition of SDF-1-dependent chemotaxis after
preincubation of megakaryoblasts with increasing concentration of LY294002 (10
pwmol/L and 30 pmol/L). The experiment was repeated 3 times in duplicate. (D)
Trans-Matrigel migration of megakaryoblasts toward SDF-1 and TPO gradients and
the effect of MMP inhibitors. The bottom chambers contained media alone (control, c)
or 100 ng/mL each of SDF-1 or TPO. The assay was carried out twice using 4 to 5
chambers. Inhibition of trans-Matrigel migration toward SDF-1 was carried out by
preincubating the megakaryoblasts for 2 hours in the absence or presence of 10
rg/mL rhTIMP-1 or rhTIMP-2. Percentages of cells that migrated after 3 hours of
incubation at 37°C are shown as mean * 1 SD. (E) MMP expression in megakaryo-
blasts in the presence of SDF-1 and TPO. Media conditioned by megakaryoblasts
after incubation for 3 hours in the absence (control) or presence of 100 ng/mL SDF-1
or TPO were analyzed by zymography. Media conditioned by KG-1 cells were used
as the standard to show the positions of the MMP-9 and MMP-2 activities in the gel.
The experiment was repeated 3 times. (F) Inhibition of trans-Matrigel migration to
SDF-1 after preincubation of megakaryoblasts with increasing concentration of
LY294002 (10 pmol/L and 30 wmol/L). The experiment was repeated twice, using 6
chambers each. (G) MMP expression in megakaryoblasts stimulated with SDF-1
without (lane 1) or with (lane 2) LY294002. The experiment was repeated 2 times.

megakaryoblast®, and TPO has been shown to enhance the
platelet reactivity of other agonists.Because the chemotactic
ability of TPO had not yet been studied in human megakaryoblasts
we investigated whether TPO could induce'C#lux in these cells.

migration (%)
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We found that in comparison with SDF-1, which stimulated a
measurable Ca flux in these cells, TPO added at various
concentrations (physiological and high) did not (Figure 2A).
Moreover, having previously shown that SDF-1 is a strong

Figure 1. SDF-1, in contrast to TPO, does not affect the survival of normal

human 3% cells but activates calcium flux. ~ (A) Annexin V binding to human
apPBs™ cells cultured for 12 hours in the absence of growth factors (i), in the presence
of 100 ng/mL TPO (ii), or in the presence of 500 ng/mL SDF-1 (iii). A representative

experiment of 3 is demonstrated. (B) Detection of activated caspase-3 in normal
human «ypB3* cells cultured in the presence of TPO, TPO + LY294002 (10 pmol/L),
and TPO + LY294002 (30 wmol/L). A representative experiment of 3 is demon-
strated. (C) Detection of PARP cleavage in normal human ayp83* cells cultured in the
presence of TPO (lane 1), TPO + DMSO (lane 2), and TPO + LY294002 (30 pmol/L)
(lane 3). Arepresentative experiment of 3 is demonstrated.

chemoattractant for human megakaryocytege examined whether
TPO could attract these cells as well.
contrast to SDF-1, did not attract humayp,Bs* cells (Figure 2B).
Of note, and in agreement with a recent repd®$DF-1-induced
chemotaxis was inhibited by LY294002 (Figure 2C) but not by

We found that TPO, in
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U0126 (not shown), suggesting the involvement of PI-3K in this **
process. Similarly, an SDF-1 gradient, unlike a TPO gradient. ..
attractedy;,3s™ cells across the reconstituted basement membran
Matrigel (Figure 2D), and the MMP inhibitors (rhTIMP-1 and %
rhTIMP-2) reduced this trans-Matrigel chemotaxis by 6898% éms
and 52%=* 11%, respectively (Figure 2D), suggesting that MMPs &
are involved in this process. We then determined wheih)gBs*

cells secrete MMPs, especially MMP-9 and MMP-2, and demon- °*
strated for the first time that megakaryocytic cells constitutively
secrete MMP-9 and that SDF-1 increases this secretion slightl
(Figure 2E). SDF-1-induced trans-Matrigel migration and MMP-Bgure 3. SDF-1 and TPO stimulate adhesion of normal human  aysBa* cells to
secretion were inhibited when cells were preincubated with Librinogen and vitronectin.  Adhesion was measured to BSA- (control), fibrinogen-,

20002 (Figure 2FG respectively) Suggesting the involvement Qﬂd vitronectin-coated microtiter plates. Cells in the adhesion assay were nonstimu-
. ated (control) or stimulated with 500 ng/mL SDF-1, 100 ng/mL TPO, 500 ng

s ! lated ( )} imulated with / /
PI-3K in both processes. SDF-1 + 100 ng TPO, 2 U/mL thrombin, or 100 ng/mL IL-3. The number of cells stuck

Because normal human megakaryoblasts have been showm te plates was quantified by colorimetric phosphatase assay. Y axis: OD values at
secrete VEGPE16and because endogenously secreted VEGF p|a3;§ nm. Experiments were repeated 3 times in triplicate, yielding similar results. * and

Boonerol
ms0F
a2 DISOF + Ly 254002 umaliL
aTro

WTPO + Ly 284002 30umoliL

BEDFTPO
a1

BSDF+TPO « Ly 264002 30pmol/L.
O Theomben

BSA

Fibrinogen Vitronectin

o
an important role in the transendothelial migration of megakarygli-f;] fﬁ%ﬁ%%?mpamd to control. *and 1P <0001 compared to cells untreated
cytestSwe next evaluated whether SDF-1 or TPO has any effect on E,’
the secretion of VEGF by normal human,pBs* cells. Table 3 . . <
shows that SDF-1, but not TPO, significantly stimulates tHRhoSPhorylated in human cell lines, platelets, and munge

secretion of VEGF by these cells. Cells that have been preincubafgggakaryoblasts after stimulation by both TPO or SDF2In 2
with LY294002, but not with U0126, did not respond to SDF-1iS study, we examined the MAP kinases (p42/44, p38, and JNK)

stimulation with increased VEGF secretion (not shown). that have been reported to play an important role in regulating el
proliferation®* including the intensity and kinetics of their activag

tion in normal human megakaryoblasts. We found that both SD%—l
and TPO induced strong phosphorylation of MAPK p42/44 (Figuie
5A); however, after stimulation with SDF-1, it was phosphorylat@l
Adhesion to extracellular ligands is an important step in megakaryfaster than with TPO (peak at 1 minute for SDF-1 vs 10 minutes for
cyte migration. Using the PAC-1 binding as$&ywe demonstrated TPO) and more intensely (2= 6- vs 11-* 3-fold increases, é
that both SDF-1 and TPO activatg,3; integrin on human respectively) (Figure 5C). We correctly predicted that the actixg;a-
megakaryoblasts (data not shown), which is consistent wition of MAPK p42/44 should lead to phosphorylation of severgl
previous findings by others that TPO enhances platelet reaétivifAPK substrates (p90 RSK and ELK-1), and this was confirmed
and with our recent observations that SDF-1 also stimulat®s itfor p90 RSK (Figure 5B) and ELK-1 (not shown). Again, thougE
Consistent with these observations, we found that both SDF-1 dmath SDF-1 and TPO stimulated strong phosphorylation of b%h
TPO increased the adherenceogf s cells to fibrinogen (Figure substrates, SDF-1 induced an earlier and more intense responsé.
3). Both cytokines, if added together, also induced adhesiveness toWe next tested whether other members of the MAPK fami
vitronectin (Figures 3, 4). Of note, adhesion of human megakary@38, JNK) are activated ia B3+ cells by either TPO or SDF-1.&
blasts was inhibited when the cells were pretreated with the PI-3k address this questiony,33* cells were made quiescent by BS/A
inhibitor, suggesting again the involvement of PI-3K in thistarvation and subsequently were stimulated with TPO or SD%l;
process. Interestingly, the adhesion of human differentiatjps* p38 was phosphorylated by both TPO and SDF-1, though &e
cells to fibronectin and VCAM-1 was weak and not affected bghosphorylation was found to be 3 times more intense aﬁer
SDF-1 or TPO (data not shown). Thus, it appears that both SDFstimulation with SDF-1 (data not shown). In contrast, JINK show@d
and TPO increase the adhesion of megakaryoblasts to thedrchange in phosphorylation &,Bs* cells stimulated by eithers
microenvironment. TPO or SDF-1 (not shown). 8
AKT is a serine-threonine kinase that plays an important role3
the phosphorylation of several antiapoptotic proteins that mayshe
key to normal hematopoiesi&*°It has been reported that integrin”

) ) ) ) ) stimulation of humary,B5* cells results in the phosphorylation of
To explain the molecular basis of the different biologic effects of

SDF-1 and TPO, we examined the intracellular signaling pathways
induced by these cytokines in human megakaryocytic cells. It ha
been reported that the intracellular kinase MAPK p42/44 is

SDF-1 and TPO activate «pB3 and «Vp3 integrins and adhesion
of human megakaryoblasts to fibrinogen and vitronectin

Phosphorylation of MAPK (p42/44 and p38) and AKT in normal
human megakaryoblasts is induced by SDF-1 and TPO

Table 3. Effects of SDF-1 and TPO on VEGF secretion by human
megakaryoblasts (10 © cells/mL) cultured for 24 hours in serum-free medium

(=) SDF-1 100 ng/mL TPO 100 ng/mL

VEGF (pg/mL)* 119 = 28 315 = 69t 134 = 37

Each data entry consists of 2 independent measurements from 3 different
donors. Data shown are mean + 1 SD.*

Figure 4. Adherence of human

apPBs* cells to fibrinogen. Representative

SDF-1 indicates stromal-derived factor 1; TPO, thrombopoietin; VEGF, vascular
endothelial growth factor.

*Sensitivity of the ELISA assay for VEGF was > 5 pg/mL.

1P < .0001 compared to (—) and TPO.

photographs showing adherence of normal human «pB3* cells to fibrinogen. Cells
were not exposed (A) or were exposed (B) to SDF-1, TPO (C), SDF-1 + TPO (D),
thrombin (E), or IL-3 (F). Experiment was repeated 3 times in triplicate and yielded
similar results.
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influence NFkB activation. We also observed that the activation of
NF-«B by SDF-1 was PI-3K but not MEK dependent in human
megakaryoblasts (Figure 7B).

SDF-1 induces phosphorylation of MAPK p42/44 and AKT in
human CD34 * cells but not in platelets

We also investigated the responsiveness of CD84¢lls and
circulating platelets to stimulation by SDF-1 or TPO. Examining
CD34" cells, we found that though both factors induced the
phosphorylation of MAPK p42/44 and AKT (Figure 8A,B), only
TPO stimulated the proliferation of these cells (Table 1) and, as
reported previously, protected them from undergoing apoptdéis.

c This observation again suggests that SDF-1 is not primarily
directed toward maintaining or enhancing cell proliferation. In
phospho-MAPK contrast to CD34 and ay,B3* cells, the stimulation of human
5 platelets by SDF-1 under similar conditions did not lead g)
| phosphorylation of MAPK p42/44 and AKT (Figure 9A,B). Thii
ol - observation supports our hypothesis that the responsivenes§ of
é 20 - * ..e--TPO CXCR4 to stimulation by SDF-1 (phosphorylation of MAP@"
= 16 O o —m — SDF Z
S | T * trol 2
2 10: 5 \,-". < ® con A &;
o 3 \i "-l 1 2 3 4 5 6 7 8 9 g
g . e phospho-AKTSer473 | S QP e e . &
o t 10° 30 60' z
time [min] g
AKT 7 an o esap{i-abap-ases-|
Figure 5. SDF-1 and TPO activate MAPK (p42/44) and p90 RSK in normal human 5\1
apPst cells. Western blot analysis of MAPK phosphorylation (A) and p90 RSK (B) in B %
normal human o B3 " cells. Cells were nonstimulated (lane 1) or stimulated with 100 -g_
ng/mL TPO (lanes 2, 4, 6, 8) or 500 ng/mL SDF-1 (lane 3, 5, 7, 9) for 1 minute (lanes phospho-AKT 3
2, 3), 10 minutes (lanes 4, 5), 30 minutes (lanes 6, 7), and 1 hour (lanes 8, 9). Equal R
loading in the lanes was evaluated by stripping the blot and reprobing with an §
anti-MAPK (p42/44) antibody or anti-p90 RSK antibody. (C) Densitometric data 50 5
showing changes in MAPK p42/44 phosphorylation. The experiment was repeated 5 40 g
times for MAPK p42/44 and 3 times for p90 RSK with similar results. Data are 2 i swapsse TOO 3
presented from 5 independent experiments. @ 30 _"' Y §
S ' 3 —-m—- SDF 5
g 2 ! 3 ° trol S
. . . k-] - v contro 3
AKT,?6 but whether TPO stimulates AKT as part of its antiapop | 2 10 ’ { B R s
totic effect and how this differs from SDF-1 have not been 0 . 2o g
investigated. Examining the kinetics of AKT phosphorylation in o " 10 30 60 3
megakaryoblastic cells (Figure 6), we observed that AKT is already i : g
phosphorylated 1 minute after stimulation by either TPO or SDF-1. e [min] B
however, SDF-1 phosphorylated AKT approximately 3 times more g
intensely than TPO (36« 8- vs 10-+ 4-fold increases, respec- C u TPO TPO LY294002 8
tively). Moreover, LY294002 abolished SDF-1- or TPO-induced DMSO Apmobl f0pmall 30 pmoll §
AKT phosphorylation, suggesting that AKT phosphorylation is ]
. . ML N
PI-3K dependent (Figure 6C). Hence, it appears that thouglPhospho-AKT —&= | ——— N
intracellular signaling through the c-mpl and the CXCR4 receptors '
overlaps and leads to phosphorylation of AKT with the same 1 31 3 330 12 18
kinetics, one results in an antiapoptotic effect and the other doe
not. Whether the degree of phosphorylation by the 2 agonists i L ;
responsible for the observed difference or whether TPO and SDF- AKT — m
differently activate other proteins related to PI-3K—AKT axis

requires further analysis.

AKT is also involved in the activation of NkB, a regulator of

Figure 6. SDF-1 and TPO phosphorylate AKT in normal human apBst cellsina
PI-3K—dependent manner. (A) Western blot analysis of AKT phosphorylation (upper

gene transcriptiof?4°Because NRB regulates the expression of panel) in normal human a,ps* cells. Cells were nonstimulated (lane 1) or stimulated
MMP-9 and VEGFE455and, as we have shown above, the secretidr'\_th 100 ng/mL TPO (lanes 2, 4, 6, 8) or 500 ng/mL of SDF-1 (lanes 3, 5, 7, 9) for 1

of both these factors was up-regulated after stimulation by SD

minute (lanes 2, 3), 10 minutes (lanes 4, 5), 30 minutes (lanes 6, 7), and 1 hour (lanes
8,9). Equal loading in the lanes was evaluated by stripping the blot and reprobing with

(Figure 2D, Table 3, respectively), we hypothesized that SDFad anti-AKT antibody (Iower panel). (B) Densitometric data showing changes in AKT
might influence NF<B activation. As predicted, using EMSA, we phosphorylation. The experiment was repeated 5 times with similar results. Data are
detected biologically active NEB in nuclear extracts isolated presented from 5 independent experiments. (C) Normal human oyp83™ cells were

etreated with LY294002 and then stimulated with TPO (100 ng/mL) or SDF-1 (500

. . p
fro_m normal human megakaryOblaStlc cel_ls stimulated by S_DF' /mL) (not shown). phospho-AKT (upper panel); total AKT (lower panel). The
(Figure 7A). At the same time, we established that TPO did netperiment was repeated 3 times with similar resuits.
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Figure 7. SDF-1, but not TPO, stimulates NF- kB activation in human  opB3*
cells in a PI-3K—dependent manner.  (A) Normal human «pB3* cells were made
quiescent and subsequently were stimulated with 300 ng/mL SDF-1 (lanes 1, 2, 3) or
100 ng/mL TPO (lanes 5, 6, 7). EMSA was performed with cell nuclear extracts from
cells stimulated with SDF-1 for 30 minutes (lane 1), 60 minutes (lane 2), 120 minutes
(lane 3), nonstimulated (lane 4), or stimulated with TPO for 30 minutes (lane 5), 60
minutes (lane 6), and 120 minutes (lane 7). A representative autoradiogram of 2
separate experiments is shown. (B) Normal human oyp33* cells were made quiescent
and then were pretreated with 10 wmol/L or 30 wmol/L (lanes 1 and 2) of MEK inhibitor
U0126 or 10 wmol/L or 30 pwmol/L PI-3K inhibitor LY294002 (lanes 3 and 4) and
stimulated with 300 ng/mL SDF-1. Control, cells pretreated but not stimulated with
SDF-1 (lane 5), cells not pretreated but stimulated with SDF-1 (lane 6). EMSA was
performed with nuclear extracts from cells stimulated with SDF-1 for 90 minutes. A
representative autoradiogram of 2 separate experiments is shown.

p42/44, and AKT) decreases in the final stages of megakaryocyt pdd ___[EI
poiesis—thrombocytopoiesis. In contrast, TPO stimulation of ht PR
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Figure 8. Phosphorylation studies of CD34  * cells. Western blot analysis of MAPK
p42/44 phosphorylation (A), AKT phosphorylation (B), and STAT-5 phosphorylation
(C) in normal human CD34" cells. Cells were nonstimulated (lane 1) or stimulated for
10 minutes by 100 ng/mL TPO (lane 2) or for 1 minute by 500 ng/mL SDF-1 (lane 3).
Equal loading in the lanes was evaluated by stripping the blot and reprobing with
anti-MAPK p42/44, AKT, and STAT-5 antibodies (lower panels). The experiment was
repeated 3 times with similar results.

the activation of the JAK-STAT pathways in normal humapRs*
cells. STAT proteins have been shown to play an important rolesin
regulating cell proliferatioh?!?754 and in signaling from th
activated c-mpl receptor in various hematopoietic cell idéand
normal human plateletd:23In particular, the stimulation of huma
platelets by TPO led to the phosphorylation of STAT-1, STAT-2
STAT-3, and STAT-5 proteirf§ and of STAT-3 and STAT-5 in
FDCP-2 cells genetically engineered to constitutively expr%s
human c-mpF” However, the effects of SDF-1 on the phosphorylg
tion of STAT proteins in human megakaryocytic cells have ng
been studied. g
We focused our studies on the phosphorylation of STAT-1 afd
STAT-3 at both Tyr705 and Ser727 and of STAT-5 and STATE
(Figures 10, 11) in human megakaryocytes, and we found that
among these proteins, only STAT-3 at Ser727 was phosphorylaged
N
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man platelets resulted in the phosphorylation of MAPK p42 an

AKT (Figure 9).

SDF-1, in contrast to TPO, does not induce tyrosine
phosphorylation of STAT family proteins
in human megakaryoblasts

Despite the fact that the stimulation of humay,Bs* cells with

STAT proteins in human platelets.
phosphorylation (A), AKT phosphorylation (B), STAT-3 (Tyr 705) (C), and STAT-5 (D)

B 1 3 D 1
phospho-AKT —# phospho-STAT5 —#
w [ ]

Figure 9. SDF-1, in contrast to TPO, does not phosphorylate MAPK, AKT, and
Western blot analysis of MAPK p42/44

SDF-1 led to the phosphorylation of MAPK p42/44, p38 and thghosphorylation in normal human peripheral blood platelets. Platelets were nonstimu-
nuclear protein ELK-1, SDF-1 (as shown above) had no effect &tpd (lane 1) or stimulated for 10 minutes by 100 ng/mL TPO (lane 2) or for 1 minute

. . . b
the proliferation or maturation of normal human megakaryoblastiﬁ/e

500 ng/mL SDF-1 (lane 3). Equal loading in the lanes was evaluated by stripping
blot and reprobing with anti-MAPK p42/44, AKT, and STAT-5 antibodies. The

To understand the molecular basis of these findings, we lookedegieriment was repeated 3 times with similar results.
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A 1 2 3 45 6 7 8 9 etic growth factor. This agrees with a recent report demonstrating
phospho-STAT 1Tyr705 ->{ - s - ‘ lack of a proliferative effect by SDF-1 on CFU-MK formation from
human CD34 cells* However, it does not support recent
STAT 1 +| —— e —— e — — — | observations on a murine model suggesting that SDF-1 acts
together with TPO to enhance the development of CFULR#fd
B 1 2 3 4 5 6 7 8 9 that SDF-1 at low doses enhances the proliferation of peripheral
phospho-STAT 5TY1694 ->l - - — — _l blood CD34 cells#3We suggest that this difference in results may

:'I------ be due to the different culture systems used (serum-free medium vs
STAT 58 === serum-supplemented medium) or to the different target cells

8 9 (human vs murine marrow cells).
g We next evaluated the role of SDF-1 and TPO in the homing of
human megakaryoblastic cells. We found that TPO, in contrast to
STAT 6 _,‘__ g _________,__,] SDF-1, does not induce Ca flux and is not a chemoattractant for
humana,,Bs* cells. We also demonstrated that human megakaryo
Figure 10. SDF-l, in contrast to TPO, does not phosphorylate STAT-lj STAT-5, blasts secrete MMP-9 constitutively and that SDF-1 slightly
or STAT6 in normal human  aupfs” cells. Western blot analysis of STATL o0 |ates jt. Moreover, trans-Matrigel chemotaxis of megakargo-
phosphorylation (A), STAT-5 phosphorylation (B), and STAT-6 phosphorylation (C) in N X A
normal human aypR3* cells. Cells were nonstimulated (lane 1) or stimulated with 100 blasts to an SDF-1 gradient was decreased by the tissue InhleOI'S
ng/mL TPO (lanes 2, 4, 6, 8) or 500 ng/mL SDF-1 (lanes 3, 5, 7, 9) for 1 minute (lanes  of MMPs rhTIMP-1 and rhTIMP-2. We also found that thé
2, 3)(,10 minutes (lanes 4, 5), 30 minutes (Iar}\esAB, 7), and 1 hour (lanes .8’ 9). lEquaI stimulation of normal human megakaryoblasts by SDF-1, but &Ot
loading in the lanes was evaluated by stripping the blot and reprobing with an R ) S
anti—STAT-1, anti-STAT-5, or anti-STAT-6 antibody. The experiment was repeated 3 by TPO, increases endogenous secretion of VEGF by these Cglls-
times with similar results. Because VEGF up-regulates the expression of E-selectin on hugan
endotheliumt> we postulate that VEGF endogenously secreted @y
) ) ) megakaryocytic cells may play an important role in the interactign
after stimulation by SDF-1 (Figure 11B). TPO, however, causgg megakaryocytes with endothelilfh% their egress from the§
phosphorylation of all the STAT proteins tested (Figures 10, 1l)gne marrow, and proplatelet formati#nAdhesion of human g
consistent with previous studies of human blood platéfetSThe  megakaryoblasts to fibrinogen and vitronectin was also increaged
phosphorylation of STAT proteins was maximal 10 minutes aftgfy; SpF-1, and both agonists were synergistic in activating bindifig
stimulation by TPO. The fact that multiple STAT proteins wergy the |atter. This supports the hypothesis that both SDF-1 and TPO
not phosphorylated in, 35" cells after stimulation by SDF-1 may may regulate the adhesiveness of megakaryoblasts in the hengato-
provide a molecular explanation as to why SDF-1, in contrast Bbietic microenvironment by activating,,8; ando,Bs integrins. &
TPO, does not affect the proliferation of human megakary@yr data are also consistent with a recent report showing tat
cytic cells. SDF-1 activates integrins; anda, 3,) on the surfaces of humarg
CD34" cells57 Collectively, our data indicate that the homing o§
immature megakaryoblasts in bone marrow and egress of plat@et-
releasing megakaryocytes through the endothelial layer and sulgen-
dothelial basement membranes may be regulated by changes ’@ or
Finally, we investigated the responsiveness of both human CD3#SPonsiveness to an SDF-1 gradief. _ S
cells and circulating platelets to stimulation by SDF-1 or TPQ. 10 find an explanation at the molecular level for the dﬁere_“C?;S
We found that only TPO stimulated the phosphorylation dff the biologic effects of SDF-1 and TPO, we investigated signal
STAT-5 (Figures 8C, 9D) and STAT-3 at Tyr705 (Figure 9C) ifransduction pe_tthways activated in normal human me_gakaryoblgsts
these cells. This finding for human CD34ells (Figure 8C) may by these cytokines. First, we found that the stimulation of human

also explain why TPO, but not SDF-1, stimulates the proliferatiofibBs” cells by both TPO and SDF-1 leads to the phosphorylatign
of CD34" cells. of the kinases MAPK p42/44 and p38 and their downstream tar%ts

C 1 2 3 4 5 6 7
phospho-STAT 6Tyr641 -b[ : o DN

SDF-1, in contrast to TPO, does not induce tyrosine
phosphorylation of STAT proteins in human
CD34t cells and platelets

. . A
Discussion 1 2 3 4 5

6
Tyr705 -

Data on CXCR4 or SDF-1 knockout mice* and recent findings phospho-STAT 37 " = & &
suggesting that SDF-1 enhances the effect of ¥P@n megakaryo STAT 3 —D-| m|
cyte formation indicate a potential role for SDF-1 in megakaryopoi-
esis. However, our previous wdfkand that of othefd provided

evidence that though SDF-1 stimulated homing features in huma
megakaryocytic progenitors, it did not influence CFU-MK forma- 1 2 3 4 5 6 7

20z sunr

7 9

8
- |

a8 9
tion and growth. These observations prompted us to compare thphogpho-STAT 35727 —— — < - e = e = = |
effects of SDF-1 with those of TPO on development and activatior
of human megakaryocytic cells and to study the intracellular STAT 3+|-------“‘

signaling pathways activated by these cytokines to better define H?geLJre 11. SDF-1 phosphorylates STAT-3 at Ser727 but not at Tyr705in  aypBs*

molecular basis for the observed differences. We found that th&s. wester biot analysis of STAT-3 phosphorylation at Tyr705 (A) and at Ser727
stimulation of human CD34cells and megakaryoblasts by SDF-1(8B) in normal human «;s@3* cells. Cells were nonstimulated (lane 1) or stimulated
does not influence proliferation, apoptosis, or telomerase activit{" tlog “g’mZL ;;’Cl’o('a_”est 2,(?, 6. 82 ‘;f) 53000 r‘_g’”t‘L ?IDF'l ga;)es 3& fvh7v 9)(If°r 1

. . ihute (lanes 2, 3), 10 minutes (lanes 4, 5), 30 minutes (lanes 6, 7), and 1 hour (lanes
even when the SDF-1 is added with TPO. Hence, our daé%). Equal loading in the lanes was evaluated by stripping the blot and reprobing with

collectively suggest that, unlike TPO, SDF-1 is not a megakaryopa@iranti-STAT-3 antibody. The experiment was repeated 3 times with similar results.
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(P90 RSK and ELK-1). However, we found a clear difference in th8TAT-3 was phosphorylated at the serine residue (Ser727) after
kinetics and possibly in the intensity of stimulation of megakarydSDF-1 stimulation, in contrast to much of the STAT family of
blasts by these 2 cytokines. This may be related to previopgoteins, which are phosphorylated by TPO at tyrosine residues in
observations that signaling pathways from G-protein—coupledegakaryocytic celld’-2° Because it has been suggested that the
CXCR receptors are activated fagtét* than those from the phosphorylation of STAT-3 at Ser727 may play a role in the
cytokine-type c-mpl receptdr. down-regulation of STAT-3 protein activatiéhthe phosphoryla
AKT has been reported to be important in preventing apoptosign of STAT-3 at Ser727 by SDF-1 suggests that it may down-
during hematopoiesi&:>° In agreement with this observation, weregulate STAT-3 in normal human megakaryoblasts. Hence, we
have now demonstrated that AKT is phosphorylated in normg{iggest that the tyrosine phosphorylation of JAK-STAT proteins
human megakaryoblasts after stimulation by both SDF-1 and TR{hhably plays a crucial role in the proliferation of megakaryocytic
in a PI-3K-dependent manner and that the inhibition of PI-3(g|is after TPO stimulation but that activation of the MAPK p42/44
activity by LY294002 induced apoptosis in these cells. Howevesng n3g pathways is not an important intermediate step in the
though both factors activate the PI-3K-AKT axis, our in vitro datdyjiteration of these cells given that SDF-1 also activates them. Of
showed that only TPO protectesi,;" cells from apoptosis; ,qte \we found that the inhibition of MEK by UO126 affected
SDF-1 hapl no eﬁ?‘:‘ 9” their survival. We ther_efore postulate thr"i‘éither survival nor proliferation of human megakaryoblasts. These
SDF-1~driven activation of the PI-3K-AKT axis does not lead t%ata are consistent with recent studies showing that the MAEK

activation of the appropriate antiapoptotic pathways. We SUQQ?%Z/M pathway is not required for megakaryoblast formatiah,

that TPO and SDF-1 differentially activate other proteins related Hough it may regulate the transition from proliferation to maturs-

the PI-3K-AKT axis. Areport showing that activation of AKT does. "~ . " 124 =
not always lead to phosphorylation and inactivation of proapoptottllc(:)n in this lineage: ]
; In contrast, the phosphorylation of MAPK p42/44, p38, ard

BAD supports this hypothes?§. Based on these results, we ) . 5 . 5
T after stimulation with SDF-1 does not occur in humag

postulate the simultaneous activation of other pathways by TPO'i telet d find this intriquing. W t that the diffe
normal human megakaryoblasts that are central to prevent} eebs, an Whe ihd this |nkr|gU|r;)g|. N Slég%esl at E Iier-
apoptosis ofy,,3* cells. We are currently investigating this in oureTices between human megakaryoblasts and platelets in t e Cogpo-

laboratory. Moreover, we found that N8, which is one of the sition of G and RGS proteins, coupled to the particular chemokgne

PI-3K—AKT axis downstream-regulated proteins, is activated aft&fCePt

or, could explain these differenéeés. 2
stimulation by SDF-1. The fact that NEB regulates the expres- N summary, we demonstrated that though both TPO and SDE-1

sion of MMP-%9 and VEGF® explains why the stimulation of &€ important in megakaryopoiesis and stimulate some of the s%me
normal human megakaryoblasts by SDF-1 leads to increadBijacellular pathways, they have distinct biologic effects on hum?n
endogenous MMP-9 and VEGF secretion. megakaryocytic cells. SDF-1, but not TPO, regulates some stepg in
Because TPO has been shown to be crucial for the proliferati8i migration of these cells in the hematopoietic microenvironment
and differentiation of developing murine megakaryocytes throudgd, chemotaxis and secretion of MMP-9 and VEGF). In contrast,
JAK-STAT pathway$#2” we investigated whether similar path TPO, but not SDF-1, permits growth of megakaryocyte precursgrs
ways are activated after SDF-1 stimulation. Identification of the§gg, by enhancing proliferation and by inhibiting apoptosis); bagh
pathways could shed more light on the regulation of proliferation &&ctors regulate their adhesion. Hence, this study sheds light ort;“}:the
normal human megakaryocytic cells and explain at a moleculeglation between 2 distinct cytokine axes critical in hum@
level why TPO and not SDF-1, as demonstrated in this studyegakaryopoiesis and the molecular basis of the observed diiger-

stimulated the proliferation of these cells. We found that onlgnces in cellular responses. S
N
N
R}
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