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Summary

Background—In addition to their key role in hemostasis, platelets and megakaryocytes also
regulate immune and inflammatory responses, in part through their expression of Toll-like
receptors (TLRs). Among the TLRs, TLR3 recognizes double-stranded (ds) RNA associated with
viral infection. Thrombocytopenia is a frequent complication of viral infection. However, the
expression and functionality of TLR3 in megakaryocytes and platelets is not yet well understood.

Objective—To study the expression and functionality of TLR3 in the megakaryocytic lineage.

Methods and Results—RT-PCR, flow cytometric, and immunofluorescence assays showed
that TLR3 is expressed in CD34* cells, megakaryocytes, and platelets. Immunoblotting assays
showed that stimulation of megakaryocytes with two synthetic agonists of TLR3, Poly(l:C) and
Poly(A:U), activated the NF-xB, PI3K/Akt, ERK1/2, and p38 pathways. TLR3-megakaryocyte
activation resulted in reduced platelet production in vitro and IFN-f release through the PI3K/Akt
and NF-xB signaling pathways. TLR3 ligands potentiated the aggregation mediated by classical
platelet agonists. This effect was also observed for ATP release, but not for P-selectin or CD40L
membrane exposure, indicating that TLR3 activation was not involved in alpha granule release. In
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addition, TLR3 agonists induced activation of the NF-xB, PI3K/Akt, and ERK1/2 pathways in
platelets. Reduction of platelet production and platelet fibrinogen binding mediated by Poly(l:C)
or Poly(A:U) were prevented by the presence of an inhibitor of TLR3/dsRNA complex.

Conclusions—Our findings indicate that functional TLR3 is expressed in CD34" cells,
megakaryocytes, and platelets, and suggest a potential role for this receptor in the megakaryo/
thrombopoiesis alterations that occur in viral infections.
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Introduction

Platelets play a key role in hemostasis and are important players in the immune and
inflammatory responses [1]. Although the mechanisms involved in the immune-related
functions mediated by platelets are not completely understood, it is known that the
expression and/or release of cell adhesion molecules, cytokines, and immunomodulators are
very important. Among the immunomodulatory molecules expressed by platelets and
megakaryocytes are the Toll-like receptors (TLRs) an important family of receptors that
detect the molecular patterns associated with a broad variety of pathogens [2]. Platelets
express TLR1, TLR2, TLR4, TLR6, TLR7, TLR8 and TLR9 [3-7]. Pathogens can bind to
platelets through TLRs, and present their products to neutrophils and cells in the
reticuloendothelial system. Thus, the expression of TLRs on platelets links the innate and
adaptive immune responses during infectious inflammation and atherosclerotic vascular
disease [8, 9]. Most investigations of TLR functionality have been focused on TLR4 and the
platelet response to its ligand, lipopolysaccharide (LPS), a component of the Gram-negative
bacterial cell wall. Although it is generally accepted that platelets contain the molecular
machinery required for signaling through TLR4 [10], the activation responses of platelets to
LPS stimulation remains controversial [11-15]. Regarding platelet TLR2 functionality, it
has been reported that stimulation of platelet TLR2 induces platelet aggregation, adhesion,
and degranulation [15-17]. A subset of TLRs recognizes viral components and induces
antiviral responses. TLR4 recognizes viral components at the cell surface, whereas TLR3,
TLR7, TLR8, and TLR9 recognize viral nucleic acids on the endosomal membrane. In
platelets, TLR9 is expressed internally [7], and unconventional TLR9 ligands promote
platelet activation in vitro and thrombosis in vivo via the TLR9/MyD88 pathway [18]. TLR7
is also expressed in platelets, and its activation mediates platelet-viral immune responses
through P-selectin exposure and increases platelet-neutrophil adhesion, without inducing
thrombosis [6].

In contrast, only a few studies have examined the expression and function of TLRs in
megakaryocytes and assessed whether or not these receptors have a role in platelet
production. TLR4~/~ mice were shown to have a lower platelet count than wild-type mice,
suggesting a possible role for TLR4 in thrombopoiesis [19]. The megakaryocytic cell line
Meg01 expresses TLR1, TLR6 and TLR2 [3, 20]. TLR2 stimulation of Meg01 promotes
activation of pathways known to be downstream of TLRs and subsequent megakaryocyte
maturation [20].
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Thrombocytopenia is a frequent complication of viral infections. Several mechanisms are
involved, depending on the nature of the infecting viruses, including immunological platelet
destruction, increased clearance, inappropriate platelet activation and consumption, and
impaired megakaryopoiesis [21].

We reported that Junin virus (JV), impairs in vitro thrombopoiesis by decreasing proplatelet
formation and platelet release as well as the functionality of in vitro generated-platelets. The
decrease in platelet release could be mimicked by Poly(l:C), a mimetic of double-stranded
(ds) RNA replication products and ligand of TLR3, and by both type I interferons (IFN-I,
IFN a/p) [22]. Moreover, both early progenitors and mature megakaryocytes express
functional IFN-I receptors and synthetize/release IFN-f after stimulation with JV or
Poly(1:C), indicating that megakaryocytes may play a role in antiviral defense as both IFN-I
producers and responders [23].

TLR3 is the critical sensor of viral dsSRNA, and its stimulation induces the activation of NF-
kB and the production of IFN-1 [24]. Although we previously demonstrated TLR3
expression in megakaryocytes by RT-PCR [23], its expression and functionality in the
megakaryocytic linage has not yet been studied. Here, we report that TLR3 is expressed in
hematopoietic progenitor cells, megakaryocytes, and platelets. Moreover, TLR3 activation
decreases platelet production but increases their functionality. Our data further extend the
novel role of TLRs in the megakaryocytic lineage and suggest a new mechanism through
which virus interaction with megakaryocytes could result in selective alteration of
thrombopoiesis.

Materials and Methods

Ethics statement

The study was approved by the Institutional Review Board of the National Academy of
Medicine, Argentina. All individuals provided written informed consent for the collection of
samples and their subsequent analysis.

Purification of CD34" cells

Umbilical cord blood was collected following normal, full-term deliveries. After collection,
CD34" cells were purified as previously described [25]. The CD34™ cells typically ranged
between 95% and 99%.

Megakaryocyte culture

CD34* cells were cultured in IMDM supplemented with BIT9500 (STEMCELL
Technologies, Vancouver, Canada) in the presence of thrombopoietin (TPO, 100 ng/mL)
(Peprotech, Veracruz, Mexico). For PCR experiments, mature megakaryocytes were purified
by immunomagnetic selection from cultures on days 12-14 using anti-CD61 magnetic beads
(Miltenyi Biotec) according to the manufacturer’s instructions. The purity of the final cell
suspension was > 97%, and cell viability was >80%.
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Preparation of human platelets

Blood samples were obtained from healthy donors who had not taken non-steroidal anti-
inflammatory drugs in the 10 days before sampling. Washed platelets (WPs) were prepared
as previously described [26]. Highly purified platelets were obtained using a high-efficiency
leukoreduction filter (Purecell PL; PALL Biomedical Products, East Hills, NY, USA),
which decreased contamination to less than 1 leukocyte per 104 platelets.

Semi-quantitative RT-PCR

RNA was isolated from cell pellets by using TriReagent (Genbiotech, Buenos Aires,
Argentina). cDNA was synthesized using random hexamers (Biodynamics, Buenos Aires,
Argentina) and MMLYV reverse transcriptase (Promega, Buenos Aires, Argentina). The PCR
was conducted at an annealing temperature of 55°C. All reactions were confirmed to be
within the linear range of amplification. The primer sequences used to amplify the target
fragments were: TLR3 sense 5-GATCTGTCTCATAATGGCTTG-3’ and antisense 5'-
GACAGATTCCGAATGCTTGTG-3’; CD20 sense 5’-
CGTGCTCCAGACCCAAATCTAACA-3 and antisense 5'-
GCGTGACAACACAAGCTGCTACAA-3; and actin sense 5’-
AACCCCAAGGCCAACCGCGAGAAGATGACC-3 and antisense 5'-
GGTGATGACCTGGCCGTCAGGCAGCTCGTA-3'. Results were analyzed with
GELPRO software (Bethesda, MD, USA), and the values were normalized to actin.

Immunofluorescence

Cells were fixed with 1% paraformaldehyde, centrifuged, and permeabilized with 0.1%
Triton X-100. After blocking, the cells were incubated with a goat polyclonal 1gG anti-
TLR3 antibody (Ab) or goat 1gG and then with a FITC donkey anti-goat IgG (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Similar results were obtained with a primary anti-
TLR3 mouse monoclonal antibody (clone TLR3.7; Abcam, Cambridge, UK), and then an
Alexa-conjugated secondary Ab. In the case of megakaryocytes and platelets, PE-CD61 (BD
Pharmingen) was used as a lineage marker. The nuclei were stained with DAPI. Slides were
mounted with PolyMount and analyzed by fluorescence microscopy (BX60; Olympus,
Tokyo, Japan).

Immunoblotting

Western blotting was performed as previously described [26]. Membranes were probed with
phospho-ERK1/2, phospho-p38, phospho-NF-xB p65 (all from Santa Cruz Biotechnology),
I-xB-a (BD Biosciences), and phospho-Akt (Abcam). Each membrane was reprobed with an
Ab against B-actin (BD Biosciences) to ensure equal loading. Protein bands were visualized
by using ECL. Immunoblotting results were semi-quantitated using Gel-Pro analyzer 3.1
software.

Determination of platelet production in culture

Platelets were counted using flow cytometry as previously described [25]. Briefly, after 17
days of culture, the cells were incubated with an FITC-CD61 antibody or an irrelevant
isotype and fixed. Cells from each culture condition were distributed in an equal volume.
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For each sample, the acquisition rate was 1 pL/s for 100 s. Events were collected without
gating by using a log scale for size (FSC) and intracellular granularity (SSC). An analytical
gate was determined based on the scatter properties of normal blood platelets treated similar
to the culture-derived platelets. Culture-derived platelets were counted as CD61* events
with the same scatter properties as human peripheral blood platelets. Anti-human IFN-f
antibody (clone IFNb/A1) or its respective isotype (both from BioLegend, San Diego, CA,
USA) were used in neutralizing experiments.

Determination of IFN-B level by ELISA

The concentration of IFN-f in the culture supernatant was determined using a commercial
ELISA kit (PBL Interferon-Source, Piscataway, NJ, USA) according to the manufacturer’s
instructions.

Platelet aggregation and ATP release

Aggregation and ATP release were measured simultaneously in a Lumi-aggregometer
(Chrono-Log, Havertown, PA, USA). Aggregation was induced by alpha-thrombin (Enzyme
Research Laboratories, Swansea, UK), arachidonic acid (AA), ADP (both from Sigma, San
Diego, CA, USA), or collagen (Nycomed Pharma, UnterschleiBheim, Germany). ATP levels
were calculated at the end of the assay by adding a known amount of ATP (Sigma).

Flow cytometry studies

To evaluate intracellular staining, cells were fixed and permeabilized using Cytofix/
Cytoperm™ solution (BD Biosciences) and incubated with a goat polyclonal anti-TLR3 IgG
or with normal goat 1gG. After washing, the cells were incubated with FITC-labeled donkey
anti-goat 1gG. To assess TLR3 expression in the megakaryocyte population, double staining
was performed by labeling the cells with PE-CD61. WPs were stained and fixed with PE-
CD62P (anti-P-selectin), Alexa-488-fibrinogen, FITC-CD40L or an equivalent amount of
isotype-matched control antibody. The percentage of positive cells and the median
fluorescence intensity (MFI) were analyzed using a FACSCalibur flow cytometer and FCS
Express V3 software.

Statistical analysis

Results

All results are expressed as mean + standard error of the mean (SEM). According to the
experiments, results were analyzed using Student’s paired t-test or ANOVA with normal
distributions to determine the significance of differences between groups. P values less than
0.05 were considered statistically significant. All statistical analyses were performed by
using Prism 5 software (GraphPad).

TLR3 is expressed in human hematopoietic progenitor cells, megakaryocytes, and

platelets

TLR3 mRNA expression in megakaryocytes was previously reported by our group [23]. To
extend our understanding of TLR expression throughout the megakaryocytic linage, here,
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we first evaluated the expression of TLR3 in human CD34* cells, cultured mature
megakaryocytes, and peripheral blood platelets. Transcripts of the expected size for TLR3
were detected in all these cells. These transcripts were not due to leukocyte contamination as
CD20, a marker very highly expressed by mononuclear cells (MNCs), was undetectable in
these platelet and megakaryocyte samples (Fig. 1A). To verify that these MRNAs
corresponded to TLR3 protein expression, TLR3 protein was visualized by
immunofluorescence microscopy and flow cytometry. The immunofluorescence assays
showed that TLR3 is expressed in CD34* progenitor cells as well as in megakaryocytes and
platelets (Fig. 1B). Taking into account that TLR3 expression has been reported to be cell-
specific and could be localized to either the cell surface or the endosomal membrane [27],
we analyzed the cellular localization of TLR3 by flow cytometry. Our analysis revealed that
TLR3 was only slightly expressed in CD34" cells, but not in megakaryocytes or platelet
surface. However, intracellular staining showed that 95% * 2% of CD34" cells, 76.5% +
5.2% of megakaryocytes, and 21.5% * 1.8% of platelets expressed TLR3 (Fig. 1C).

Signaling transduction pathways activated by TLR3 stimulation in megakaryocytes

A recent report demonstrated that TLR2 activation in Meg01 cells promotes PI3K/Akt and
MAPK activation [20]. To determine if these pathways are activated in megakaryocytes
upon TLR3 activation, mature cultured megakaryocytes were stimulated with Poly(l:C), a
synthetic dSRNA analogue that is extensively used as a TLR3 ligand. Megakaryocyte lysates
were immunoblotted for phospho-AKT, phospho-ERK1/2, and p38 MAPK. Figs 2A and 2B
show that Akt, ERK1/2, and p38 MAPK phosphorylation was triggered by Poly(l:C).

In other cell types, activation of TLR3 leads to the activation of NF-xB, IRF3, and AP1 with
subsequent production of inflammatory cytokines and IFN-I [27]. As shown in Figs 2A and
2B, Poly(l:C) induced the degradation of I-xB, the inhibitor of the NF-xB complex after 5
min of stimulation, which then returned to control levels. Accordingly, the levels of
phospho-p65, a subunit of NF-xB were increased (Figs. 2A and B).

Poly(1:C) is recognized by both endosomal TLR3 and cytosolic receptors, including RNA
helicases such as RIG-I and the melanoma differentiation-associated gene 5 (MDADS) [27].
To determine whether the described signaling cascade triggered by Poly(l:C) was due to
TLR3-specific activation, megakaryocytes were stimulated with another synthetic dSRNA,
polyadenylic-polyuridylic acid [Poly(A:U)], which only signals through TLR3 [28]. Figs 2C
and 2D show a similar protein phosphorylation pattern after Poly(A:U) stimulation.
Collectively, these data suggest that TLR3 activation induces not only ERK1/2, p38-MAPK,
and PI3K/Akt signaling but also NF-xB signaling.

Megakaryocyte functional responses-mediated by TLR3 activation

We have previously demonstrated that infection of TPO-stimulated CD34* cells with JV
results in a reduction of platelet production due to IFN-B release [22]. We now show that
both, Poly(I:C) and Poly(A:U), dampened platelet biogenesis in culture (Fig. 3A). This
effect was not due to a reduced proliferation of CD34* cells’ differentiation towards
megakaryocyte or impaired megakaryocyte maturation since the percentage of CD61 and
CDA42b positive cells (maturation marker) was not modified in Poly(l:C) or Poly(A:U)
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treated cultures (Fig. 3B). The presence of an IFN-B blocking antibody in the cell culture
completely prevented the decrease in platelet production (Fig. 3C). Moreover, a novel
compound named 4a which acts as a specific inhibitor of the TLR3/dsRNA complex [29]
significantly reduced the inhibitory effect mediated by Poly(l:C) or Poly(A:U) (Fig. 3C). To
further confirm that IFN-B was the mediator involved in this effect, this cytokine was
measured in the supernatant of megakaryocytes stimulated with the TLR3 ligands. As shown
in Fig. 3D both dsRNAs induced significant levels of IFN-B compared to the control
samples and the production of IFN- was not observed in megakaryocytes treated with the
TLR3 antagonist, 4a. Furthermore, the IFN- production was completely abolished when
megakaryocytes were pretreated with inhibitors of the PI3K/Akt (Ly294002) or NF-xB
(R0106-9920) pathways but not with inhibitors for ERK1/2 (U0126) or P38 MAPK
(SB203580) pathways (Fig. 3D).

TLR3 agonists differentially modulate platelet responses

Platelets were previously shown to express functional TLRs; however, the expression and
functionality of TLR3 in platelets has not yet been studied. Having shown here that platelets
express TLR3, in the next set of experiments, we tested whether Poly(1:C) and Poly(A:U)
modulated platelet function. We observed that while neither Poly(l:C) or Poly(A:U) per se
were able to induce platelet aggregation, both agonists potentiated aggregation mediated by
suboptimal concentrations of classical platelet agonists such as ADP, collagen, arachidonic
acid, and thrombin (Fig. 4A).

The molecular mechanism of platelet-platelet interaction involves integrin allbp3 binding to
fibrinogen, which acts as a bridge between the two cells [30]. Our results show that the
potentiation of aggregation was correlated with increased fibrinogen binding (Fig. 4B). The
potentiating effect of dsRNAs in the fibrinogen binding induced by thrombin was abolished
by the preincubation of platelets with the 4a compound (Fig. 4C). Similar results were
observed with the others agonists used (data not shown). In addition, we found that both
dsRNAs also potentiated ATP release (Fig. 5A).

We then determined whether TLR3 activation promoted alpha granule secretion of two
mediators of platelet inflammatory responses, P-selectin and CD40 ligand (CD40L). Our
results show that neither Poly(l:C) nor Poly(A:U)-mediated platelet stimulation resulted in
P-selectin and CD40L surface exposure. In addition, TLR3 agonists were not able to
potentiate alpha granule secretion caused by platelet agonists (Figs. 5B and 5C).

Poly(l:C) and Poly(A:U) triggered NF-xB, PI3K/Akt, and ERK1/2 activation in platelets

Similar to what was observed in megakaryocytes, in platelets, the PI3K/Akt, ERK1/2, and
NF-kB signaling pathways were activated following stimulation by Poly(I:C) and Poly(A:U)
(Figs. 6A and 6B). Interestingly, and in contrast to megakaryocytes, the p38 MAPK pathway
was not activated by TLR3 agonists within the first five minutes of stimulation (data not
shown). Notably, as was observed in the functionality assays, activation of these pathways
by TLR3 agonists did not seem to be sufficient to induce platelet activation. However, these
pathways were involved in the potentiating effect of platelet activation mediated by
Poly(1:C) or Poly(A:U) and classical agonists, since inhibitors of the PI3K/Akt (Ly294002)
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and NF-xB (R0106-9920) pathways restored integrin-allbp3 activation to thrombin values
(Fig. 6C).

Discussion

In the present study, we demonstrated that TLR3 mRNA and protein is present on CD34*
cells, megakaryocytes, and platelets. Moreover, stimulation of megakaryocytes with two
TLR3 ligands, Poly(l:C) and Poly(A:U), impaired platelet biogenesis and synthesis, release
IFN-I, and potentiated platelet activation triggered by classical agonists.

The expression and functionality of TLRs in murine and human CD34" cells have been
previously described [31]. Human CD34* progenitors express TLR4, TLR7, TLRS, and
TLR9, and stimulation of TLR7 and TLR8 in vitro induces myeloid differentiation of these
progenitors [32]. TLR4 activation of HSCs also redirects lymphoid progenitors to produce
dendritic cells, enter the cell cycle, and acquire lineage markers [33]. In addition, we
previously showed that JV infection or Poly(1:C) stimulation of TPO-stimulated CD34" cells
reduces platelet generation in culture without affecting apoptosis or cell proliferation,
suggesting the presence of dsRNA sensors in CD34* cells [22]. Recently, it was reported
that human peripheral blood CD34* cells express TLR3 mRNA and that Poly(1:C)
stimulation increases its expression as well as IFN-1 synthesis and apoptosis [34]. Here, we
confirmed these data, showing that TLR3 mRNA and protein are expressed in CD34* cells
derived from cord blood. We observed that the expression pattern of TLR3 decreased from
CD34" cells to megakaryocytes and platelets. Although the reason for this phenomenon is
not clear, a similar observation was reported for TLR1 and TLR6 in Meg01 cells and
platelets [3]. The higher expression of TLRs on CD34* cells is in line with the suggestion
that TLR expression on HSCs represents an early sensing mechanism for HSCs to directly
detect infection and respond with immediate production of immune effector cells [35]. On
the other hand, the expression of TLRs in HSC was shown to be regulated during their
differentiation [36, 37]. Together, these data suggest that bacterial/viral products may
influence hematopoiesis through activation of TLRs on HSCs.

In contrast to that with HSCs, few studies have examined the expression of TLRs on human
megakaryocytes and their role in platelet biogenesis. Beaulieu et al. demonstrated that TLR2
activation promotes adhesion of Meg01 cells to extracellular matrix, increases
polyploidization, and increases CD41 and GPIb mRNA and protein levels [20]. TLR9, a
receptor for unmethylated CpG islands in bacterial and viral DNA, is expressed in murine
megakaryocytes and is distributed to platelets during proplatelet production [7]. Mice with a
deletion of TLR2 or TLR4 have lower platelet counts than wild type mice, suggesting a role
for these TLRs in thrombopoiesis [19, 20].

Our study demonstrates that TLR3 is localized in the cytoplasm of megakaryocytes.
Although TLR3 subcellular localization is associated mainly with the endosomal
compartment in megakaryocytes, the staining pattern seems to be partially consistent with
CD61, probably due to possible endoplasmic reticulum expression of both proteins [38—40].
To the best of our knowledge, we described here, for the first time, a functional intracellular
TLR in human megakaryocytes that acts as a sensor of viral infection. Indeed,
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megakaryocytes are not only susceptible to viral infection [41-44] and replication [45, 46]
but thrombocytopenia is also a common clinical feature in people infected with several
viruses [21]. Increased platelet clearance, destruction, and activation are among the different
causes of the reduced platelet count observed during viral infection. Our previous findings
of IFN-B-mediated selective impairment of platelet production in JV infected hematopoietic
progenitors and megakaryocytes [22], together with our current data showing a similar effect
using two mimetics of viral replication products that are also TLR3 ligands, strongly
indicate that activation of this pattern-recognition receptor in megakaryocytes may be
another mechanism involved in virus-associated thrombocytopenia. The observation that in
the presence of 4a, an inhibitor of TLR3/dsRNA complex, the reduction in platelet count
was prevented and the IFN- production was inhibited, gave further support to the functional
role of TLR3 in megakaryocytes.

In an attempt to further characterize the molecular pathways involved in TLR3 activation,
we demonstrated that TLR3 downstream signaling in megakaryocytes involves activation of
NF-xB, ERK1/2, p38, and PI3K/Akt. Moreover, blockade of PI3K/Akt and NF-xB
pathways abolished IFN-f synthesis triggered by TLR3 agonists, suggesting that, similar to
inflammatory cells, in megakaryocytes, these pathways account for IFN-I production.
Interestingly, Beaulieu et al. [20] showed that that signaling molecules activated
downstream of TLR2 in Meg01 cells, also include NF-xB, PI3K/Akt, ERK1/2, and p38
MAPK. However, and in contrast to our data, the functional responses were cell
polyploidization and platelet production. Unlike to that observed with other TLRs, TLR3
activation induces MyD88-independent pathways that activate IRF3 and IRF7, which induce
the synthesis of IFN-I [47]. On the other hand, except for specific inflammatory cells and
agonists [48], activation of TLR2 does not induce the production of IFN-I but rather
inflammatory cytokines [49]. Therefore, the different signal transduction pathways and
effector molecules triggered by activation of either TLR2 or TLR3 appear to determine the
positive or negative fate of megakaryocyte development and platelet production, as well as
the thrombocytosis or thrombocytopenia frequently observed in bacterial or viral infections,
respectively.

Although there have been several studies of the expression and functionality of TLR2,
TLR4, TLR7, and TLR9 in platelets, this is the first report of TLR3 expression at both the
mRNA and protein levels. TLR3 was only expressed intracellularly in platelets and in
contrast to platelet TLR9 [7], no upregulation or surface exposure of TLR3 was induced by
dsRNAs or platelet agonists (data not shown). We observed that although stimulation of
platelets with Poly(l:C) or Poly(A:U) failed to trigger platelet activation, it potentiated the
allbB3 activation, ATP release, and platelet aggregation induced by classical platelet
agonists. P-selectin and CD40L expression were not altered, suggesting that alpha granule
degranulation is not influenced by TLR3 activation. As in megakaryocytes, TLR3 agonists
activated the PI3K/Akt, NF-xB, and ERK1/2 signaling pathways. Although activation of
these pathways was not sufficient to trigger platelet effector responses, they were required to
prime activation induced by platelet agonists as the synergistic effect exerted by dsRNA and
thrombin on fibrinogen binding or allbp3 activation was no longer observed in platelets
pretreated with NF-xB or PI3K inhibitors.
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Recently, very interesting data from Koupenova et al. in platelets revealed that stimulation
of TLR7, another endosomal TLR that recognizes single-stranded (ss) RNA, did not induce
platelet aggregation nor affect the ability of platelets to aggregate with a low concentration
of platelet agonists but promoted P-selectin exposure and platelet-neutrophil aggregates
without inducing thrombosis [6]. In contrast, priming of platelets with collagen and
subsequent activation of TLR9 by viral oligodeoxynucleotides, results in increased P-
selectin expression and platelet clumping [7]. Interestingly, activation of platelet TLR9 by
carboxyalkylpyrrole protein adducts, the so-called altered-self molecules generated during
oxidative stress, promotes platelet activation and aggregation in vitro and accelerates
thrombosis in vivo in a TLR9/MyD88-dependent manner [18]. Together, these data indicate
that activation of viral sensor TLRs in platelets could give rise to a plethora of effector
responses that could influence immune and hemostatic responses.

In summary, our data indicate that CD34" cells, megakaryocytes, and platelets, express
functional TLR3. Activation of this receptor in megakaryocytes results in an IFN-f-
mediated reduction in platelet generation, suggesting a potential role for TLR3 in the
thrombocytopenia observed in viral infections. In addition, stimulation of TLR3 primes
platelets for activation mediated by classical agonists. Whether this effect compensates for
the decreased platelet number induced by activation of TLR3 on megakaryocytes or whether
it has a thrombotic effect during viral infections require further investigation.
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Fig. 1. TLR3isexpressed in the megakaryocytic lineage

(A) mRNAs encoding TLR3 were detected in CD34™ cells, megakaryocytes (Mks), and
platelets (PIt) by RT-PCR. No CD20 mRNA (a marker of leukocytes) was detected in
platelets or megakaryocytes, indicating no leukocyte contamination, and mononuclear cells
(MNC) were used as a positive control (n=3). (B) TLR3 (green) and CD61 (red) proteins
were detected by immunofluorescence microscopy, and nuclei were visualized with DAPI
(blue) (n=4) Original magnification, 60x (scale bar: 5 um). (C) Flow cytometry analysis of
TLR3 in cell surface and permeabilized cells throughout of the megakaryocyte lineage.
Histograms showing TLR3 expression assayed in CD34* purified cells (CD34* >95%), in
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double stained mature megakaryocytes (CD61*/TLR3" cells) and in washed platelets (WPs).
Shown are representative histograms from one of three experiments. The gray histograms
represent the isotype fluorescence.
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(A) Megakaryocytes were treated with 100 pg/mL Poly(l:C) for up to 30 min, and lysates
were probed for proteins in each pathway and were compared to untreated cells (NT). (B)
Each membrane was reprobed with an anti-p-actin antibody to calculate the relative OD.

Mean + SEM in arbitrary units (AU) is shown at the time point when the most significant
differences were found for each pathway (*P<0.05 vs. NT, n=3). (C and D) The signaling
pathways activated by 100 pg/mL Poly(A:U) were examined as described in (A).
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Fig. 3. Functional responsestriggered by TL R3 agonistsin megakaryocytes
(A) Immature megakaryocytes (7 day culture) were treated with Poly(1:C) or Poly(A:U)

(100 pg/mL), and platelets were counted on day 17 by flow cytometry (*P<0.05 vs. none,
n=5). (B) CD34" cells were cultured in presence of TPO and 100 ug/ml of Poly(1:C) or
Poly(A:U) during 14 days. Total cells were counted with an hemocytometer and percentage
of CD61* cells as a differentiation marker, or CD42b™* cells as a maturation marker, were
determined by flow cytometry (n=4). (C) The TLR3/dsRNA inhibitor (4a, 27uM), or the
neutralizing anti-IFN-f or corresponding 1gG (20 pg/ml) were added 1 h before
megakaryocyte stimulation with Poly(1:C) or Poly(A:U), and platelet counts were
determined at day 17 (*P<0.05 vs. none, #P<0.05 vs the same treatment with vehicle or 1gG,
n=4). (D) Mature megakaryocytes were preincubated with the TLR3/dsRNA inhibitor (4a,
27uM), the PI3K/Akt inhibitor Ly294002 (Ly, 25 uM), the NF-xB inhibitor Ro106-9920
(Ro, 12.5 uM), the p38 inhibitor SB203580 (SB, 25 uM) and the ERK1/2 inhibitor U0126
(U, 10 uM) 1 h before Poly(I:C) or Poly(A:U) (100 pg/mL) for 24h. IFN- release in
megakaryocyte supernatants was determined by ELISA. Values below 50 pg/mL cannot be
detected by this ELISA assay, and are shown as not detectable (ND), (*P<0.05 vs. none,
#P<0.05 vs vehicle, n=4).
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Fig. 4. TLR3 activation potentiates platelet aggregation and al Ibp3 integrin conformational
changestriggered by classical agonists

(A) WPs were incubated with Poly(l:C) or Poly(A:U) (50 ug/mL) for 1 min, and then
aggregation was induced by a suboptimal concentration of ADP (1.25 uM), arachidonic acid
(AA, 0.05 uM), collagen (Col, 1 pg/mL), or thrombin (Thr, 0.02 U/mL). Representative
aggregation curves from 4 independent experiments are shown. (B) WPs were stimulated
with the indicated dsSRNA for 1 min, and then ADP (1.25 pM), Thr (0.02 U/mL), AA (0.05
UM) or vehicle was added and incubated for 5 min. Fibrinogen binding was analyzed by
flow cytometry (*P<0.05 vs. each respective agonist alone, n=4). (C) WPs were
preincubated with the TLR3/dsRNA inhibitor (4a) at the EC90 (27uM), 30 min before
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Poly(l:C) or Poly(A:U) (50 pg/mL) and then stimulated with Thr (0.02 U/mL) for 5 min
(*P<0.05 vs. none, #P<0.05 vs vehicle+Thr, n=4).
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Fig. 5. TLR3 activation potentiates ATP release but not alpha granule secretion
(A) WPs were incubated with Poly(1:C) or Poly(A:U) (50 pg/mL) for 1 min, and then ATP

release was induced by suboptimal concentrations of ADP (1.25 uM), AA (0.05 uM), Col (1
ug/mL), or Thr (0.02 U/mL). (*P<0.05 vs. the respective agonist alone, n=4). (B) P-selectin
and (C) CD40L expression was determined by flow cytometry in WPs treated with each
TLR3 agonist (50 pg/mL) alone or with Thr 0.05 U/mL for 15 min (n=4).
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Fig. 6. Signaling pathwaystriggered by TL R3 activation
(A) WPs were stimulated or not (NT) for 5 min with Poly(1:C) or Poly(A:U) (50 pg/mL),

and blots of cell lysates were probed for pAkt, pPERK1/2, I1-xB, and pP65 as indicators of
NF-xB pathway activation. Actin was used as a loading control. The image shown is
representative of three independent experiments. Mean + SEM in arbitrary units (AU) are
shown in (B) *P<0.05 vs. NT. (C) WPs were preincubated with the inhibitors of PI3K/Akt
(Ly294002, 10 uM), NF-xB (R0106-9920, 3 uM), or ERK1/2 (U0126, 20 uM) for 20 min,
stimulated with 50 pg/mL Poly(I:C) or Poly(A:U) for 5 min, and then treated with 0.03
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U/mL of Thr. The mean fluorescence intensity of fibrinogen binding was determined by
flow cytometry (n=4, *P<0.05 vs. Thr).
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