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Abstract

Thrombopoietin (TPO), through activation of its cognate receptor Mpl, is the major regulator of
platelet production. However, residual platelets observed in TPO- and Mpl-loss-of-function (LOF)
mice suggest the existence of an additional factor to TPO in platelet production. Since
erythropoietin (EPO) showed both in vitro megakaryocytic potential, in association with other
early acting cytokines, and in vivo platelet activation activity, we sought to investigate its role in
this setting. Here, we used multiple LOF models to decipher the reciprocal role of EPO and TPO
in the regulation of platelet production in TPO- and Mpl-LOF mice and of platelet size
heterogeneity in wild type mice. We first identified EPO as the major thrombopoietic factor in the
absence of TPO-Mpl pathway. Based on the study of several mouse models we found that the
EPO-EPO receptor pathway acts on late-stage megakaryopoiesis and is responsible of large-size

platelet production, while the TPO-Mpl pathway promotes small-size platelet production. Our-data

amegakaryoeytopotests. Based on our data, EPO might be used for thrombocytopenia supportive

therapy in congenital amegakaryocytopoiesis. Furthermore, since a distribution skewed towards
large platelets is an independent risk factor and a poor prognosis indicator in atherothrombosis, the
characterization of EPO’s role in the production of large-size platelets, if confirmed in human,
may open new perspectives in the understanding of the role of EPO-induced platelets in

atherothrombosis.
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Introduction

The process of differentiation of hematopoietic stem cells into functional blood cells involves a
continuum of organized, stable and hierarchical intermediate stages ranging from multipotent to
unipotent progenitor cells. In the canonical hematopoiesis, megakaryocyte and erythroid lineages
are closely related and share a common bipotent megakaryocytic and erythroid progenitor (MEP)
(1, 2). Recently, several studies have demonstrated the existence of hematopoietic stem cells
(HSC) with megakaryocyte-biased differentiation potential at the apex of the hematopoietic
hierarchy in normal and stress hematopoiesis suggesting that commitment to the megakaryocyte
lineage could also occur at an earlier stage, bypassing erythroid versus megakaryocyte lineage
bifurcation (3-8). In addition, a unipotent megakaryocyte progenitor population (MegP) upstream
of the MEP, which resides in the common myeloid progenitor (CMP) population, was identified

recently (9).

Altheugh—The megakaryocytic and erythroid lineages have distinct physiologic roles and
regulatory mechanisms but share many cytokine receptors (10-14). After activation by their
specific ligands (thrombopoietin- TPO and erythropoietin- EPO), Mpl and EPO receptor (EpoR)
promote the differentiation, survival and proliferation of the megakaryocytic and erythroid
lineages, respectively. In addition to a major role on their respective erythroid and megakaryocytic
target cells, EPO and TPO have the ability to cross-stimulate the other lineage. TPO is able to
restore erythroid differentiation blockade of EpoR deficient erythroid progenitors (15) and
increases erythroid recovery in myelo-suppressed mice (16, 17). Conversely, EPO was already
identified as a potent megakaryocyte (MK) differentiation factor in vitro (18-23). Strikingly, EpoR
is expressed in up to 59% of total MKs (24) and EPO administration activates platelets (25-30),

while it induces only modest platelet production (27, 29-35).

Moreover, recombinant human EPO (rHuEPO) administration is associated with increased
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atherothrombosis and venous thromboembolism in cancer (36, 37) and chronic kidney disease
patients (38, 39). However, EPO’s specific physiologic role in in vivo basal platelet production

and function has not been established yet.

Marked size heterogeneity is a unique feature of platelets. Platelet size curve follows a log
Gaussian distribution, rather than the Gaussian distribution observed for mammalian cells (40, 41).
Relative to small platelets, large platelets show greater metabolic activity and have a higher
activation potential (41, 42). The mean platelet volume (MPV) (the platelet index most frequently
used in clinic), is a marker of activity and an independent cardiovascular risk factor in prospective
studies of patients or healthy subjects (43-47). Yet, despite extensive investigations, the regulation

of platelet size heterogeneity is elusive (48-51).

Here we identified that EPO is the long-sought-after residual thrombopoietic factor in Mpl”~ and
TPO”" mice. We also reveal a dual and sequential regulation of platelet production with opposing
impact of EPO and TPO on platelet size heterogeneity in wild type mice. Our study links EPO,
whose production is inversely correlated with oxygen availability (52), to the physiologic

regulation of large platelets.

Materials and Methods

Mice

Wild-type female C57BL/6JOlaHsd (WT), used at 8-12 weeks-old, were purchased from Harlan
Envigo (Horst, The Netherlands). Male and female Mpl” and TPO” mice (53, 54), kindly
provided by F.J. de Sauvage (Roche Genentech, CA, USA), were used at 8-12 weeks-old for

experiments

Anti-EPO polyclonal antibodies used for the generation of functional knock-out (KO) of EPO
(EPO-fKO) mice were produced by subcutaneous vaccination of 8-12 weeks female Sprague Dawley

rats (Harlan Envigo) with recombinant human Adenovirus-5 vectors encoding human EPO (Ad.huEPO).
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Rat anti-human EPO polyclonal antibodies were validated by their ability to induce profound anemia
both in rat and in mice. Polyclonal non-relevant antibodies, used as negative controls, were produced by
injecting rats with an adenovirus vector devoid of any recombinant sequence (Ad.null). Each control
was also validated for absence of anemia in mice injected with 100 pl of control serum 5 times per week

during 2 weeks.

Functional-KO (fKO) of EPO (EPO-fKO) mice were generated by intraperitoneal injections of 100 ul of
rat serum containing anti-EPO polyclonal antibodies (poAb), 5 times per week during 2 weeks. Control

mice were injected with non-relevant poAb.

TPO-fKO mice were generated by vaccination with an adenovirus encoding heterologous human
thrombopoietin as previously described (55). All adenovirus vectors were produced by Atlantic Gene

Therapies (Nantes, France).

For stimulation studies, mice were subcutaneously injected with 20 U of recombinant
erythropoietin (rHUEPO) (Neorecormon®, Roche) diluted in PBS, 3 times per week during 2-3

weeks. Control mice were injected with PBS.

Blood counts

Mice were bled retro-orbitally and blood samples collected on EDTA-containing tubes were

analyzed within 30 min on a MS9-5 blood cell analyzer (Melet-Schloesing, Osny, France).

Flow cytometry

WT or TPO” mice were injected with anti-EPO poAbs or non-relevant poAb. Mice were
sacrificed when reaching a hematocrit between 30-15% (EPO-fKO) in peripheral blood counts for
BM or spleen cells collection. Cells prepared in 10% FCS (fetal calf serum) DMEM, were stained
first with a biotin mouse lineage panel (#559971, Becton Dickinson Biosciences,
Le-Pont-De-Claix, France) and visualized with streptavidin-pacific orange (#S32365, Thermo

Fischer Scientific, Rockford, IL) and then with fluorochrome-conjugated antibodies against CD41
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(#11-0411, eBioscience/Thermo Fischer Scientific), c-Kit (#135136, BiolLegend, Uithoorn,
Netherlands), Sca-1 (#108114, BioLegend), and CD150 (#115910, BioLegend) before data

acquisition. Ee

determination—MKPs were characterized as Lin- cKit+ Sca-1- CD150+ CD41+. CD41+ gates

included both high and low expressing cells, while high and low CD41+ expressing cells were

gated separately for cell size and granularity determination.

Megakaryocyte ploidization studies were performed on BM and spleen cell suspensions prepared
in PBS with 0.5% BSA (bovine serum albumin). Cells (1-5 x 10°) were incubated for 30 min on
ice after addition of 1.25 pg of anti-CD41 antibody (#11-0411, eBioscience/Thermo Fischer
Scientific) and washed with PBS-citrate-BSA buffer. The pellet was then suspended in 200 pL
PBS, and 4 mL of 70% cold ethanol in PBS was added. After lhour incubation at 4°C, the
suspension was centrifuged and suspended in a PBS solution containing 50 pg/mL propidium

iodide and 100 pg/mL RNase A. After 30 minutes at 37°C, cells were analyzed by flow cytometry.

All acquisitions were performed using either a FC-500, FACS-Cantoll or FACSCalibur cell
analyzers (Becton Dickinson Biosciences). Flow cytometry data analyzes were evaluated using
FlowJo version 10.0.8 software (Tree Star, Ashland, OR, USA).

Quantitative real-time PCR

Whole blood, pooled from 10-20 mice, was collected in citrated tubes then centrifuged at 185 g
for 30 min at room temperature. The upper plasma supernatant, Platelet-Rich-Plasma (PRP), was
collected and then centrifuged at 2000 g for 15 min at room temperature. The platelet-containing
pellet was immediately dissolved in 1ml TRIzol reagent (#15596018, Thermo Fischer Scientific,
Massachusetts, USA), maintained at room temperature for 3 min, then stored at -80 °C. The
remaining blood obtained after PRP collection was used to purify the leukocyte fraction using

Histopaque-1077 (#10771, Sigma-Aldrich) gradient density. The collected leukocytes were
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immediately dissolved in 1ml TRIzol reagent and stored at -80°C.

Total RNA was obtained and then reverse-transcribed into cDNA using a High Capacity RNA to
cDNA Kit (#4387406, Thermo Fischer Scientific, Massachusetts, USA) according to manufacturer
instructions. SYBR Green 1 (#04887352001, Roche, Meylan, France) was used to quantify the
PCR-amplification products. All primers were purchased from Eurofins-MWG/Operon
(Ebersberg, Germany) (Table 1). The mRNA expression levels of the target genes were
normalized to a selected endogenous reference gene, depending on the cell population, according
to AA-CT method. The reference genes were selected based on their stability in the studied
population. B-2-microglobulin (B2M) was used for mouse BM cells, while PPIA was selected for
mice platelets and human primary MK cells.

RNAs from each human primary MK ploidization stage were kindly provided by Hana Raslova
(INSERM U1170, Villejuif, France) and were previously described (56). Briefly, cytapheresis
samples from healthy individuals, obtained with their informed consent, were used to purify
CD34+ cells. Cells were then cultured with 10 ng/mL human TPO (Kirin, Tokyo, Japan). After 8
days of culture, cells were recovered and incubated for 30 min at 4°C with FITC-conjugated
anti-CD41a monoclonal antibody (mAb) (eBioscience/Thermo Fisher). After washing with
PBS-EDTA, cells were incubated with 0.01 mM Hoechst 33342 (Sigma-Aldrich) at 37 °C for 2 h.

2N and 4N or 8N and 16N cell fractions were then purified by flow cytometry.
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Table 1.:

Primer for gPCR SOURCE Sequence

mB2M Fw Eurofins-MWG/Operon GACTGATACATACGCCTGCAGAGTT
mB2M Ry Eurofins-MWG/Operon TCACATGTCTCGATCCCAGTAGA
mEpoRFw Eurofins-MWG/Operon CCCAAGTTTGAGAGCAAAGC
mEpoRRv Eurofins-MWG/Operon TGCAGGCTACATGACTTTCG
mPPIAFw Eurofins-MWG/Operon TGGAGAGAAAGGATTTGGCTA
mPPIARv Eurofins-MWG/Operon AAAACTGGGAACCGTTTGTG
mGYPAFw Eurofins-MWG/Operon CTGTGGTGGCTTCAACTGTA
mGYPARv Eurofins-MWG/Operon CGATAATCCCTGCCATCACG
mGPIIbFw Eurofins-MWG/Operon GCAGGTCAGGAGCAAGAACA
mGPIIbRv Eurofins-MWG/Operon TCACACTCCACCACCGTACA

hB2M Fw Eurofins-MWG/Operon CTCACGTCATCCAGCAGAGA

hB2M Rv Eurofins-MWG/Operon CGGCAGGCATACTCATCTTT
hEpoRFw Eurofins-MWG/Operon GACTTGGTGTGTTTCTGGGAG
hEpoRRv Eurofins-MWG/Operon GGCGTCTAGGAGCACTACTTC
hMplFw Eurofins-MWG/Operon TCCTGCACACTACAGGAGACTGA
hMplIRv Eurofins-MWG/Operon TCCACTTCTTCACAGGTATCTGAGACT
hPPIAFw Eurofins-MWG/Operon GTCAACCCCACCGTGTTCTT
hPPIARv Eurofins-MWG/Operon CTGCTGTCTTTGGGACCTTGT

Table 1. List of the primer pairs used in this study. Abbreviations: Fw=forward, h=human,

m=murine, Rv=reverse

Statistical analysis

Data were analyzed using the adapted test for each experiment and are indicated in the figure
legends. Statistical analyses were performed using Prism software (GraphPad 7.0, La Jolla, CA).

For all tests: *=P<0.05; **=P<0.01; ***=P<0.001; ****P<0.0001; ns=not significant.

Study approval

All animal experiments were conducted in compliance with European guidelines (European

Directive 2010/63/EU) and were approved by the ethical and scientific board of the CERFE



152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173
174

175

176

animal facility (Evry, France) under the reference 2011-41.

Results

EPO is the major regulator of platelet production in TPO”- and Mpl~’- mice

Despite the fact that TPO is the major regulator for platelet production, TPO”" and Mpl” mice, still
result in platelet production which may reach up to 20% of normal levels (53, 54). The search for
the factors responsible for such residual thrombopoiesis using double KO-mutants involving Mpl
and other putative genes with MK stimulation potential, including IL-3, IL-6, IL-11, LIF, G-CSF,
IL-5, GM-CSF, and SCF, was unsuccessful so far (57-62). We selected EPO as a candidate
because in vitro data show that it influences megakaryopoiesis both on WT and Mpl” mice (18-23,
63), although the prior action of other early acting megakaryocytic growth factors such as IL-3,
IL-6, IL-11, TPO and SCF is required (23, 64-66). In addition, previous reports showed that
rHuEPO treatment increases platelet activation both in patients and healthy individuals (25-30,
67).

Since both EPO” and EpoR’ mice die during embryonic development (68), we designed a
functional knock-out (fKO) strategy in which an antibody neutralizes EPO’s activity in vivo (55,
69). The erythroid cell count starts to fall one week after anti-EPO injection, and the hematocrit
drops down to around 10% at three weeks (Figure 1A). The EPO-fKO phenotype was confirmed
by the marked reduction in mRNA expression of two specific markers of the erythroid lineage
(glycophorin A -GYPA and EpoR) (Figure 1B) as early as 1 week following anti-EPO injection.
We then evaluated the effects of EPO-fKO on the residual platelets produced by TPO™" and Mpl™

mice.

Notably, EPO-fKO induced a marked reduction in the platelet count of EPO-fKO-TPO”" and
EPO-fKO-Mpl’~ mice (Figure 2A-B). In parallel to decreased platelet counts, EPO-fKO resulted in

a significant decrease in the numbers of CD41+CD150+ megakaryocytic progenitor (MKP) cells
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in the BM and spleen suggesting a direct effect of EPO on megakaryopoiesis (Figure 2C-F).

To confirm the EPO’s thrombopoietic role, we administered tHuUEPO to TPO” and Mpl” mice.
We found that rHUEPO injection increased platelet counts in Mpl”~ and TPO” mice up to the
normal values observed in WT mice (Figure 2G-H) and confirmed the full thrombopoietic potency

of EPO.

Platelets characteristics in TPO”- and Mpl’- mice

Initial studies in the TPO” and Mpl” mice showed that despite profound thrombocytopenia
(Figure 3A), these mice have no spontaneous bleeding and display normal platelet function (70).
We sought to evaluate platelet characteristics in these models. We found that both models had
very high MPV and P-LCR (Platelet-large cell ratio) values compared to WT mice (Figure 3B-C).
This result suggests that EPO contributes to the platelet mass that maintains normal hemostasis in

the absence of the TPO/Mpl pathway.

MK ploidization in TPO"- and Mpl”’- mice

Platelets are derived from megakaryocytes during a maturation process that involves ploidy and
cell size increase, cytoplasm fragmentation and, ultimately, platelet shedding (71, 72).
Interestingly, in vitro, EPO was able to stimulate megakaryocyte production from bone marrow
harvested from Mpl” mice (63).

We thus elected to study MK characteristics in TPO” and Mpl”- mice. Notably, we found a higher
proportion of polyploid MKs in TPO™ and Mpl” mice than in WT mice (Figure 4A). We also
analyzed the size through the use of the forward size scatter (FSC) and density or granularity using
the side scatter parameter (SSC) of both CD41+highCD150+ and CD41+lowCD150+ MKP cells
of TPO” mice compared to WT mice. The results of these experiments confirmed a higher

ploidization of MKP cells in TPO” than in WT mice (Figure 4B). These observations suggest that

EPO Hates-positively-the MK-ploidization-EPO might be associated with MK ploidization but



203  further in vivo studies are needed to definitively confirm the direct role of EPO as a physiologic
204  regulator of late MK stages.

205

206  EPO and TPO have opposing effects on platelet size heterogeneity
207 To determine whether EPO has a specific physiologic activity in the MK lineage, we then

208  evaluated the impact of modulating EPO levels (Figure 5A) on platelet characteristics in WT mice.
209 Interestingly, the platelet size indices were significantly reduced after EPO-fKO (Figure 5B-C).
210  As expected, the megakaryocyte-erythroid progenitors’ skewed differentiation towards the MK
211  lineage, as a result of the blockade of the erythroid lineage, induced an increase in platelet counts
212 (Fig 5D) (2, 73). Hence, EPO has a major role in the regulation of platelet size distribution and
213 more specifically on large-size platelet production, independently of the increased platelet renewal
214  observed in this context. We next evaluated the impact of EPO supplementation in WT mice
215  (Figure 5A). Elevated MPV and P-LCR values were observed when compared to control mice
216  (Figure 5B-C), whereas the platelet counts fell, as expected (Figure 5D) (2, 34).

217  To gain insight into the respective influences of TPO and EPO on platelet size heterogeneity, we
218  compared the variation of platelet indices in a progressive TPO-neutralized model (TPO-fKO),
219  generated through a vaccination strategy using an adenovirus encoding the heterologous human
220 TPO (55), to that of EPO-fKO mice. TPO-dependent platelet (TPL) counts were inversely
221  correlated with MPV and P-LCR (Figure SE-F), whereas EPO-dependent platelet (EPL) counts
222 were directly correlated with MPV and P-LCR (Figure 5B-C). Indeed, when TPO is not yet
223 neutralized (to the right of the graphs depicted on Figure SE and 5F), platelets counts are high
224  (1400-1200 x10*/mm3), the action of EPO (physiologically produced) is not visible and the
225  platelets produced are small TPL with low MPV (~6 fL) and low P-LCR (10%). Conversely, as
226  TPO is neutralized (to the left on Figure SE and SF), platelets count decrease and platelet indices
227  increase, because the effect of EPO manifests and larger platelets are produced (for example,
228  when the TPO is neutralized to the point of reaching a platelet count of 600 x10°/mm3, these
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platelets have a high MPV of about 10 fL and high proportion of large platelets (P-LCR of 30%).
The progress towards loss-of-TPL production revealed the major role of EPO in the regulation of
the platelet functional mass. The impact of EPO neutralization or EPO supplementation on
platelets indices when TPO/Mpl axis is abrogated has also been studied. As shown on Figure SH
and 51, EPO neutralization (EPO-fKO) in Mpl”~ mice induces a significant decrease in platelet
indices. Conversely, the administration of EPO to this mouse model increases the MPV (Figure 5L)
and the P-LCR (Figure 5M). Overall, these data reveal opposing effects of TPO and EPO on

platelet size heterogeneity.

EPO’s impact on the MK lineage

We next sought to characterize the mechanisms underlying the effects of EPO on platelet size
heterogeneity when the TPO/MPL pathway is still functional. Three types of studies were
performed for this purpose.

First, given that Glycoprotein IIb (Gpllb) levels are known to increase with ploidization (56,
74-76) we wondered whether EPO injection in WT mice would impact the expression of this
marker on platelets. Indeed, platelets do not transcribe the nuclear genome since they are
anucleated, thus, variation in their RNA levels reflects changes in megakaryocyte transcriptional
activity (77). Interestingly, we found that rHuEPO injection for 2-3 weeks induced a
simultaneous increased expression of Gpllb and EpoR in platelets, at significantly higher relative
levels as compared to control mice (Figure 6A-B).

We next evaluated if EPO neutralization, when TPO/Mpl pathway is functional, impacts the
megakaryocyte profile. Surprisingly, we found that EPO-fKO has no impact on total bone marrow
MKP counts in this context (Figure 6 C-D). Accordingly, the study of the size (FSC) and
granularity or density (SSC) of CD41+CD150+ cells further confirmed the absence of variation of
the MK profile in EPO-fKO on a WT background (Figure 6E-F).

Finally, in view of human translation of our mouse results, we evaluated the balance between
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EPO-EpoR and TPO-Mpl pathways in primary human MK, through an RNA expression approach.
We showed that progress through MK ploidization was associated with a marked rise in EpoR
expression, whereas Mpl expression levels remained relatively stable (Figure 6G). Taken together,

these data unraveled EPO’s potential impact on late MK differentiation stages to achieve its

physiologic role in platelet mass homeostasis.;—through—its—prominent—action—on—late—MK

Discussion

Platelets’ primary physiological function is to enable hemostasis in response to vascular
endothelial injury, through the differential action and localization of highly activated and less
activated platelets within the thrombi (78-81). Platelets are also key actors in the pathogenesis of
atherothrombosis, through the formation and immobilization of stable platelets and

leukocyte-platelet aggregates at the site of atherosclerotic plaque rupture (82).

Despite compelling evidence for the role of large-size platelets in the pathogenesis of
atherothrombosis, their origin and regulation remain elusive. Previous studies showed that platelet
size at basal state is influenced by a number of genetic factors, regulating protein structure,
cellular trafficking, signaling and transcription (48-51), as well as various conditions such as
IL-1a release (83), diabetes (84, 85), hypoxia(86-89), acute blood loss(90), and treatment with
rHuEPO (28). In addition, several studies have shown that EPO increases platelet activation in

both patients and healthy individuals (25-30, 67).

By studying various mouse models, we have demonstrated herein that TPO and EPO have major,
sequential and differential effects on the regulation of platelet-size heterogeneity. Specifically, we
first identified EPO as the major residual thrombopoietic factor in TPO”" and Mpl”~ mice. We next
showed that EPO supplementation in TPO” and Mpl”~ mice induced a rebound of platelet counts

up to normal values, supporting its use as a potential therapy of human thrombocytopenia
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secondary to Mpl mutations such as congenital amegakaryocytic thrombopocytopenia. We also
characterized the major regulatory role of EPO on the basal and induced production of large-size
platelets. EPO neutralization was associated with increased platelet production and reduced MPV
and P-LCR, while TPO abrogation reduced platelet production but with increased MPV and
P-LCR. These results suggest that platelet count and size are modulated (at least in mice) by the

coordinated action of TPO and EPO, to maintain a stable platelet mass.

The identification of the reciprocal role of EPO and TPO in the regulation of the MPV #s-might be
important in the context of cardiovascular and respiratory diseases, since long-term evaluation of
large cohort studies of healthy subjects has shown that a high MPV is associated with greater
incidence of venous thromboembolism (91), myocardial infarction and a higher all-cause mortality
rate (45). Furthermore, the MPV is elevated in patients with acute myocardial infarction (43, 92),
ischemic stroke (93) and peripheral arterial disease (46, 47). Strikingly, treatment with rHuEPO is
associated with thrombotic events in patients suffering from cancer or chronic kidney disease
(36-39). The demonstration in clinical setting of the direct role of EPO in human thrombosis
associated with high MPV is still needed. Our results, confirming previous observations, indicate
that EPO has a limited basal action at the early MK differentiation steps since TPO, thanks to high
Mpl expression relative to EpoR levels, controls the early MKPs proliferative events in
coordination with the other early acting cytokines (23, 64-66). In contrast, given the relatively
stable expression of Mpl observed all along the MK ploidization (our results), increased EpoR in
parallel with higher DNA contents might allow EPO to become more active at late MK
ploidization stages. It is noteworthy that EPO binding reportedly increases at late MK ploidization
stages—n—tne—with—our—data—on—human MK pleidization (12). In contradiction with the initial
conclusions based only on data from bone marrow cells from TPO”" mice (53), we observed that
both bone marrow and spleen cells from TPO” and Mpl” exhibited a higher MK ploidy in these

two mouse models producing platelets mainly through an EPO-EpoR pathway. Furthermore,
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increased Gpllb relative expression levels (RLs) in platelets issued from rHuEPO-supplemented

mice 1

PO suggests an increased
MK ploidization in this context. These results confirm previous studies showing that in vitro
stimulation of MKs with EPO increased their ploidy (19, 94, 95). Similarly, EPO supplementation
was also associated with elevated MK ploidy in rodents (96, 97).

The very high proportion of large-size platelets observed in Mpl”~ and TPO™ mice, produced
mainly through an EPO-driven pathway, and the parallel increase in Gpllb and EpoR in platelets
purified from EPO-treated WT mice, which display elevated MPV in this context, warranted a
strong control of EPL production associated with high ploidization. Regarding the association of
increased platelet renewal with reduced MPV and P-LCR observed in the absence of the basal
action of EPO (EPO-fKO-WT mice), we hypothesize that TPO compensates for the reduction of
large-size platelets by maintaining a similar ploidization pattern, thereby stabilizing the platelet
mass through increased platelet preduetion—renewal. Alternatively, the megakaryocytic-biaised
HSC (3-8), or the MegP (which resides in the CMP progenitors) (9) might be involved in this
thrombopoiesis-stress response in order to rapidly increase the platelet count and then to regulate
the platelet mass when EPO is inactive.

Thus, our identification in mice models of a bipolarized process involving EPO and TPO and their
respective cognate receptors in the modulation of platelet size heterogeneity is an important step in
the understanding of late stage MK physiology.

Interplay between the two pathways in steady-state and under stress conditions say might
contribute to the regulation of platelet homeostasis. Since platelets can be produced throughout the
MK differentiation process (98), the prominent expression of EpoR in high ploidized MKs
suggests that the overproduction of EPO during a hemostatic stress (e.g. acute or chronic blood
loss) is an emergency mechanism to rapidly increase the production of large (and possibly more

active) platelets to stop a bleeding. Since mouse models may differ in some hematopoiesis aspects
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from human, these results should be confirmed in human settings.
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Figure Legends

Figure 1 (No colour should be used, small column size (90mm))
Figure 1. Reduced red blood cells and markers of the erythroid lineage in the BM of

EPO-neutralized mice. (A) Hematocrit (Ht) and red blood cells (RBC) in peripheral blood were
measured in C57BL/6 mice treated with anti-EPO polyclonal antibodies (poAb) (EPO-fKO-WT) (n = 12)
or with a non-relevant poAb (CTRL-WT) (n = 8), 5 times a week during 3 weeks. The results show a
blockade of the RBC production in EPO-neutralized mice. (B) RT-qPCR analyses were conducted on total
bone marrow cells obtained from EPO-fKO-WT mice (n = 8) and control WT mice (n = 5) to measure
mRNA relative expression levels (RL) of Glycophorin A (GYPA) and EpoR selected as markers of the
erythroid lineage. The results show a major reduction of EpoR and GYPA mRNA relative expression in
total BM cells of EPO-neutralized mice. Data are displayed as mean +SEM. Significance was determined

by Mann-Whitney test (A,B). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, ns: not significant

Figure 2 (Colour should be used, full page width (190 mm))
Figure 2. EPO regulates the residual platelet production in TPO”- and Mpl’- mice. (A) Lower

platelet (PLT) count in EPO-fKO-TPO” (n = 16) and (B) EPO-fKO-Mpl” mice (n = 15) than in TPO” (n =
15) and Mpl” (n = 8) control mice (C-F) FACS analysis of Lin-c-Kit+ Sead+Sca-1- CD150+ CD41+
megakaryocyte progenitors (MKPs) in the BM (C) and spleen (D) of EPO-fKO-TPO” mice and TPO” mice
indicates a low residual MKP counts in the BM (E) (n = 6) and spleen (n = 3) (F) cells of EPO-fKO-TPO™
mice quoted as absolute count when compared to TPO”control mice (n = 4 and 7 respectively) (G and H)
Time course of PLT recovery in Mpl” and TPO” mice (n = 17-19/group) after stimulation with rHuEPO.
PLT: platelet; Ht: hematocrit; MKP: megakaryocytic progenitors; EPO-fKO: EPO-functional-KO. Data are
quoted as the mean + SEM. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, ns: not significant.

Statistical significance was determined in a Mann-Whitney test (A,B, D-H).

Figure 3 (No colour should be used, small column size (90mm))

Figure 3. Platelet characteristics of Mpl’- and TPO”- compared to WT mice. (A-C) Platelet
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indices (MPV, P-LCR) and platelet counts (PLT) of Mpl” (n = 159) and TPO™ (n = 97) were compared to
C57BL/6 WT mice (n = 55). Results show high MPV and P-LCR values in Mpl”- and TPO™ mice, relative to
WT mice. Data are quoted as the mean = SEM. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, ns: not

significant. Statistical significance was determined in a Mann-Whitney test.

Figure 4 (No colour should be used, one and a half page width (140mm))
Figure 4. EPO acts predominantly in the late stages of MK differentiation. (A) Elevated MK

ploidization in TPO™ (n = 3) and Mpl”~ (n = 7) mice vs. WT mice (n = 7). The percentage of spleen and BM
MKs (evaluated separately) were pooled and normalized against values for WT mice at the same ploidization
stage. (B, C) Increased of CD41+low CD150+ and CD41+high CD150+ cell size (FSC) and cell density
(SSC) in TPO™ (n = 4) compared to WT mice (n=8). Statistical significance was determined in a multiple

test (A-C). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, ns: not significant.

Figure 5 (Colour should be used, full page width (190 mm))

Figure 5. EPO is the major regulator of large platelets production. (A-D) Platelets (PLT) count
and indices (MPV, P-LCR) and hematocrit (Ht) of C57BL/6 WT mice were measured after stimulation with
rHuEPO for 2 weeks (n = 15, n = 13 for controls (control-e)) or after EPO neutralization (anti-EPO) (n = 15,
n = 8 for controls (control-a)). Results showed a direct correlation between EPO action and large-size platelet
production. (E, F) Inverse correlation between MPV or P-LCR and the PLT count during generation of the
TPO-fKO phenotype (n = 73). (G-N) Platelets (PLT) count and indices (MPV, P-LCR) and hematocrit (Ht)
of Mpl’ mice were measured after EPO neutralization (G-J) (EPO-fKO-Mpl”, n = 10 and n = 16 for
controls (CTRL-Mpl ™" for which the values were pooled from data collected from individual mice during all
the follow-up), and after stimulation with rHuEPO for 2 weeks (K-N) (post-EPO stimulation: n = 17, n =7
for controls (Mpl™)). Control-e: PBS; control-a: non-relevant antibody. Data are quoted as the mean + SEM.
*P<0.05, **P<0.01, ***P<0.001, ns: not significant. Statistical significance was determined in a
Mann-Whitney test (A-D) and (G-N) or a Pearson’s correlation test (E, F). *P<0.05, **P<0.01, ***P<0.001,

*#*%%P<0.0001, ns: not significant.

Figure 6 (Colour should be used, full page width (190 mm))

Figure 6. EPO acts predominantly in the late stages of MK differentiation. (A, B) Increased
mRNA relative expression levels (RL) of Gpllb and EpoR in PLTs purified from C57BL/6 after rHUEPO
stimulation relative to controls. (C, D) FACS analysis showed that MKP eeunts-(Lin- c-Kit+ Sca-1- Sea—+
CD150+ CD41+ megakaryocyte progenitors) counts were similar in the BM of EPO-fKO-WT (n = 16) and
C57BL/6-WT (n = 12) mice. (E, F) Cell size (FSC) and cell density (SSC) of CD41+low CD150+ or
CD41highCD150+ cells of C57BL/6-WT mice (n = 7) were similar to those observed in EPO-fKO-WT mice
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(n = 16). (G) Changes in EpoR and Mpl mRNA relative expression levels (RL) normalized against the
values observed at the 2N stage in pooled purified human MKs at different ploidization stages, indicate an
increased EpoR expression along MK maturation whereas Mpl levels remained relatively stable. Data are
quoted as the mean + SEM. Significance was determined using Mann-Whitney test (A, B, D), and multiple ¢
test (E-G). *P<0.05; **P<0.01; ***P<0.001****P<0.0001, ns: not significant.
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Figure 5
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Figure 6
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