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I would like to Thank Alessandro and Alayew for inviting me here in this wonderful city of Florence to present you the work we have performed on the role of the FL ligand and p38 MAPK….  I would like to propose that Fl and p38 MAPK could be mediators of …



Specificity of IMF pathophysiology
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Primary myelofibrosis, a disease of hematopoietic 
stem cells and of their microenvironment
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As every body knows, PMF differs from other SMP by the fact that it is characterized by two main physiopathological features: A hematopoietic disorder characterized by a clonal amplification of HPs and a prominent proliferation of “dystrophic” megakaryocytes (MK) that partly result from the presence of gain-of-function mutations involving JAK2 in 50% of patients and that is associated with a migration of HSC from bone marrow to spleen and liver through blood.A pathology of stroma featured by a myelofibrosis, an osteosclerosis and a neoangiogenesis. This alteration of the stroma has been reported to be secondary to the stimulation of stromal/mesenchymal stem cells by inflammatory growth factors produced in excess by cells from the haematopoietic clone and by MK. 
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Role of stromal cells in PMF myeloproliferation
and dysmegakaryopoiesis

Myofibroblasts (Alpha-SMA+)
Tenascin, Collagens
Adhesion molecules (VLA-4, CD9…)
Chemokines (MCP-1, MIP-1, Rantes..)
Cytokines (GM-CSF, IL-15, FL..)

Stromal cells participate in the
proliferation of CD34+ and MK cells
and in their altered differentiation 

Inter-dependency of the CD34+/fibroblast couple
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Beside their central role in the pathogenesis of the stromal reaction, we have demonstrate that stromal cells and especially CSM/Fibroblast are involved in the pathogenesis of the myeloproliferation and dysmegakaryopoiesis. Data from D. BB in our group showed that The in vitro growth of PMF HP is dependent on the presence of autologous spleen fibroblasts and that these fibroblasts participate in the amplification of MK cells Fibroblasts from the spleen of PMF patients exhibit phenotypic and functional abnormalities. They produced in excess….including FL, the ligand of Flt3 receptor 



FL level is increased in the plasma of PMF patients 
and is produced by stromal and CD34+ cells 
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The fact that FL plays an important role in the proliferation of primitive hematopoietic progenitors and participate in Megakaryopoiesis in synergy with Tpo, incited us to study its potential involvement in PMF pathogenesis and especially in PMF dysmegacaryopoiesis.We first evidenced that: 1) the FL plasma level is specifically increased in PMF patients as compared to patients with PV or ET whatever the presence of the JAK2 mutation.	               	2) FL is not only overexpressed by stromal cells from spleen but also from bone marrow and by circulating CD34+ hematopoietic cells



Flt3 is overexpressed and activated in CD34+ and MK 
cells from PMF patients, independently of JAK2V617F
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The increase in FL level is associated with an increase number of  CD34 cells  expressing its cognate receptor Flt3 in PMF patients and once again whatever the presence of the JAK2 mutationIts expression is maintained all along MK differentiation, in contrast to healthy donors in which Flt3 expression is restricted to early progenitors,  This over expression is associated with an increase % of CD34 expressing Phospho-Flt3 and with the level of phosphorylation of Flt3 In CD34 and MK cellsSo, Flt3 is overexpressed and activated in CD34+ and MK cells from PMF patients, independently of JAK2V617F



Phosphorylation of MAPKs is increased in PMF 
CD34+ and MK cells,
independently of JAK2V617F
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Flt3 is known to signalize through several pathway such as STAT, MAPK and AKT.In a large scale transcriptome analysis of PMF CD34+ cells, we have observed a deregulation of MAPK pathway gene expression independently of the jak2 mutational status.Therefore, we focused our study on the MAPK pathway and showed that there is an increased percentage of cells expressing Flt3 and expressing Phospho-ERK, JNK and p38 in PMF patients. This increased phosphorylation is observed in CD34 and MK cells and in all PMF patients whatever they express the JAK2 mutation and is related to Flt3 expressing cells So, MAPK phosphorylation is increased in PMF CD34+ and MK cells expressing Flt3, independently of JAK2V617F



Phosphorylation of p38 MAPK and its up/down effectors 
is increased in PMF CD34 and MKs and is Flt3 dependent
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We further showed that up and down effectors of ERK (IRK), JNK and p38 pathways are phosphorylated in patients. As p38 is activated by inflammatory cytokines that are highly expressed in PMF, we concentrated our study on the p38 pathway and showed that its effectors were activated or overexpressed in CD34 and MK cells from patients.Inhibition of Flt3 either by silencing gene expression or using neutralizing antibodies demonstrates that the activation p38 and of their up and down effectors is Flt3 dependentSo, in PMF cells, the increased phosphorylation of p38 MAPK and of its effectors is Flt3 dependent



FL/Flt3 couple is involved in PMF dysmegakaryopoieisis
through p38 axis

% CD41+MK cells

Silencing of Flt3 or p38 in PMF MK:
 Decreases proliferation
 Restores differentiation
 Increases ploidization and 

pro-platelet formation
 Increases expression of genes 
involved in megakaryopoiesis (TFs, GFs…) 

(Desterke et al; Cancer Research, April 2011)
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Our results showing that Flt3/MAPK axis was altered in PMF megakaryopoiesis raise the question of whether it is involved in this pathological process. Therefore, we assessed the effect of p38, ERK, Jnk and Flt3 inhibitors on PMF MK-derived CD34+ cultures.We showed that silencing ….Altogether, these data demonstrate that the FL/Flt3 couple is involved in PMF dysmegakaryopoieisis through p38 axis activation



FL/Flt3 couple is involved in PMF MK precursor 
migration through p38 axis

(Desterke et al; Cancer Research, April 2011)
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FL has been reported to be a mobilization factor. Therefore, we analyzed whether Flt3/p38 axis participates in PMF MK migration in response to FL. We showed that: 1) In contrast to HD, in PMF patients, addition of 10 ng/ml FL induced a significant MK precursor migration as compared to untreated cells and that addition of SDF-1 did not modified the FL-Dependent migration.		       2) this FL-mediated migration was inhibited by addition of Flt3 inhibitor or of p38 inhibitorsAltogether, our data support the notion that FL/Flt3 couple is involved in PMF MK precursor migration through p38 axis activation



Activation of Flt3 in PMF MK cells by FL induces p38 
phosphorylation and increases p38 target gene expression

 Activation of ATF2, a key cross talk molecule for 
transcriptional  activity of p38
 Up-regulation of p38-associated downstream TF 
transcripts  (AP1, P53, ATF2, NF-κB and NFATC4, ...)
 Up-regulation and stabilisation of IL8 transcripts
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We further confirm that MAPKs and especially p38 were activated in PMF MK-derived CD34+ cells in response to FL stimulation .This activation is Flt3 dependent since it is reduced after addition of Flt3 inhibitorsIts it also associated with an increase of p38 target gene expression …..as shown by a….and stabilisation of p38 transcripts



Il-8 is over expressed in patients and participates in 
PMF dysmegacaryopoiesis
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 IL-8 level is highly increased in PMF patients 
and is mainly produced by megacaryocytes, 
HSC/PH and stromal cells 

 Plasma level of IL-8 is not correlated with 
JAK2 mutation and is a prognostic marker in 
PMF (Tefferi et al., 2011) 

 IL-8/receptors are involved in PMF 
dysmegacaryopoieis (Emadi et al., 2005)

Il-8 chemokine is one of the major mediators 
of the inflammatory process and is produced in 
response to pro-inflammatory molecules (TNF, 
IL-1..)  and cellular stress (Hoffmann et al., 
2002)

(Emadi et al, Blood 2005) 11
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Il-8 is one of the …Interestingly, we have previously demonstrated that IL-8 level is highly increased (up to 100 hundred -300 fold) in the serum of PMF patients and that such production is mainly due to CD41 MK cells, the numbers of which is highly elevated in the blood of patients. Il-8 participates in PMF MK(ET, Lucia Catani from Bologne) 



 Maximal IL-8 expression requires the coordinate 
activation of NF-κB, JNK and p38 pathways as 
well as a functional AP-1 transcription factor site

 In PMF patients, these different pathways are 
activated and AP1 expression is increased 
(Rameshwar et al. 2000; Komura et al. 2005; Desterke et al. 2011)

Inhibition of Flt3 or silencing of p38 down-
regulates IL-8 and AP-1 expression in PMF Mk 
cells (Desterke et al. 2011) 

Therefore, activation of NF-κB, JNK, AP-1 and
especially p38, likely participates in  IL-8 over-
expression in patients 

P38 MAPK activation is involved 
in IL-8 over expression in PMF patients 

(Hoffmann et al, 2002) 12
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Maximal Il-8 expression….So, p38 MAPK and NF-kB activation are likely involved in IL-8 over expression in PMF patients



 p38 cascade is activated by pro-inflammatory stimuli 
and cellular stress

 Its effects are isoform, cell, stimulus and signal 
intensity specific:
- Common signaling mediator for hematopoietic 

GF promoting hematopoiesis and for
myelosuppresive cytokines inhibiting 
hematopoiesis 

- Strong activation engages to apoptosis and 
senescence whereas lower activation is 
associated with survival  

p38, a dual pro-inflammatory kinase in 
balancing hematopoieis

p38

(Feng et al, 2009)

In PMF, strong activation of p38 likely participates in hematopoiesis/megacaryopoiesis 
deregulation and in inflammation by stabilizing transcripts of pro-inflammatory GFs
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Therefore, our results outline the role of FL/Flt3 and p38 mitogen-activated protein kinase (MAPK) in PMF pathogenesis.p38 is …



In PMF, alteration of stroma likely contributes to 
persistent production of proinflammatory cytokines 
capable to activate p38 and to maintain inflammation

p38

Cytokines/Chemokines 
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Inflammatory
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Targeting the common p38 pathway by selective pharmacologic inhibitors 
could be a promising approach and could be preferable than targeting individual cytokines
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 Recently, we have proposed that an abnormal dialogue between hematopoietic and stromal cells, resulting from microenvironmental niche alterations, participates in the hematopoietic deregulation that characterizes PMF.Therefore, it is possible that such alteration of the stroma likely contributes to persistent production of proinflammatory cytokines capable to activate p38 and to maintain inflammation . So, targeting the common p38 pathway may be also preferable than targeting individual cytokines; pharmacologic inhibitors (SCIO-469 , SD-282) that are highly selective for p38 alpha lead to the inhibition of proinflammatory cytokine signalling in CML and MDS.
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In conclusion, our results suggest that activation of the Flt3/MAPK pathway and especially of p38-MAPK participate in PMF pathogenesis: dysmegakaryopoiesis, including alterations of proliferation/differentiation and migration processes within an inflammatory context. The recent therapeutic strategies for PMF mainly target the Jak2 kinase, and some of the Jak2 inhibitors also inhibit the Flt3 kinase . The clinical efficacy of these inhibitors has been ascribed to a general down-regulation of inflammatory cytokine production and signaling. Our data suggest that this anti-inflammatory effect could be mediated, at least partially, by the FL/Flt3/p-38 axis strengthening the FL/Flt3-p38 MAPK axis as a potential therapeutic target 
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