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ABSTRACT 

Thrombopoietin is produced at a constant rate by the liver and kidney and is removed from 
the circulation upon binding and subsequent uptake via the Tpo receptor, c-Mpl, expressed by 
platelets and megakaryocytes. Apart from uptake, this study shows that platelets can also 
function as a storage pool for Tpo. 

Upon stimulation with various platelet agonists, full-length biologically active Tpo was re
leased by platelets. Platelet fractionation experiments indicated that this Tpo is contained in 
the granules. When platelets were preincubated with Tpo-peptide mimetic or truncated Tpo 
prior to activation, a three- to fivefold increment in Tpo release was seen. However, no en
hanced release of other granule proteins such as vWF-propeptide or serotonin occurred. 
Therefore, the Mpl agonists might compete with Mpl-bound Tpo, thereby releasing Tpo into 
the platelet supernatant. 

Intravascular release of Tpo by platelets might occur in patients with massive platelet activa
tion, as occurs in patients with disseminated intravascular coagulation. The Tpo concentration 
in these patients is elevated (p<0.01) and correlates with markers for thrombin generation, 
TAT complexes and Fl+2 (rp=0.8 and 0.9; pO.01). This suggests that the increment in Tpo 
concentration may be attributed to Tpo release by activated platelets in vivo, which might be 
instrumental in subsequent stimulation of thrombocytopoiesis. 
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INTRODUCTION 

The main mechanism determining the amount of circulating thrombopoietin (Tpo) in blood 
can be described by a "feed-back" model, as initially proposed by Gabriele and Penington [1] 
and Kuter and Rosenberg [2]. In this model, Tpo, which is produced at a constant rate by the 
liver and to a lesser extent by the kidney, stimulates megakaryocytopoiesis and subsequent 
platelet production. Cells of the megakaryocyte lineage and platelets carry c-Mpl, the recep
tor for Tpo [3], Via binding to this receptor, Tpo is removed from the circulation. Thus, me
gakaryocyte and platelet mass regulate the amount of circulating Tpo. Several patient studies 
have been published that support this "feed-back" model. An inverse relationship exists be
tween platelet count and plasma Tpo concentrations in patients receiving chemotherapy and 
aplastic anemia. Also, Tpo levels are elevated in patients with other causes of impaired 
platelet production [4-14]. When platelet production is normal or increased, but platelet life
span is shortened, such as occurs in idiopathic thrombocytopenic purpura (ITP), the plasma 
Tpo concentration is normal or nearly normal [4,5,8,9,15]. In this case, sufficient megakaryo
cytes and platelets are produced to bind and remove Tpo. That platelets can indeed bind Tpo 
was illustrated by the observation that in thrombocytopenic patients the plasma Tpo concen
tration decreased after platelet transfusion [7]. Moreover, Fielder et al. have shown in in vitro 
studies that after uptake by platelets, Tpo seems to be processed [16,17]. 
Apart from the role of platelets in Tpo uptake and degradation, platelets might also function 
as a storage pool of Tpo, releasing it when activated. We previously showed that serum Tpo 
levels from healthy donors are approximately 3.5 times higher than plasma levels [7]. We 
postulated that this was caused by Tpo release from platelets upon blood coagulation. In this 
paper it is shown that activation of platelets with different stimuli can indeed induce release 
of Tpo, which appears to be biologically active. Moreover, it is now known that Tpo itself has 
a priming effect on platelets. For instance, it has been described that pretreatment of platelets 
with Tpo results in an enhanced response to several agonists [18-21]. Therefore, also the po
tential role of Tpo in its own release was analysed. 
Tpo release by platelets upon activation might represent another regulatory loop in the throm-
bocytopoiesis. It might be instrumental in case of intra- or extravascular platelet activation. 
Recently, it has been published that in patients suffering from disseminated intravascular co
agulation (DIC), Tpo levels are increased [22,23]. In these patients massive platelet activation 
occurs. The increment in Tpo levels in DIC might be explained by intravascular Tpo release 
from these activated platelets. In order to gain insight in the mechanism of Tpo release from 
platelets and Tpo level regulation in DIC, Tpo levels, glycocalicin (GC) levels as a marker for 
platelet mass [24,25], and markers for thrombin generation were analysed in plasma from a 
group of patients suffering from sepsis with DIC. 
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MATERIALS AND M E T H O D S 

Blood collection for platelet isolation 

Venous blood, either anticoagulated with acid-citrate dextrose or with citrate, was obtained 

from healthy volunteers. In addition, platelets isolated from buffy coats of CAPD-

anticoagulated blood were used. Platelets were isolated as previously described [26]. In short, 

whole blood was centrifuged for 15 minutes at 850g to obtain platelet-rich plasma (PRP). 

Platelets were pelleted and washed three times with a buffer (36 raM citric acid, 103 raM 

NaCl, 5 raM KCl, 5 raM EDTA, 5.6 mM D-glucose and 0.35% (w/v) bovine serum albumin; 

pH 6.5) to which 100 nM prostaglandin E, had been added to prevent platelet activation. Fi

nally, platelets were resuspended in Hepes-buffered modified Tyrode's solution (137 mM 

NaCl, 2 mM KCl, 12 mM NaHC03 , 0.3 mM NaH2P04, 1 mM MgCl2, 0.5 mM CaCl2, 0.35% 

(w/v) bovine serum albumin, 5.5 mM D-glucose, 5 mM Hepes, pH 7.4). 

Platelet activation and disruption 

Platelets were incubated for 10 minutes at 37°C under shaking conditions with either 1 U/ml 

thrombin (Sigma Chemical Co., St Louis, MO, USA), 0.19 mg/ml collagen (Bio/Data Co., 

Horsham, PA, USA), CD41 MoAb 6C9 (1:200 ascites, CLB, Amsterdam, the Netherlands) or 

2 uM ADP (Boehringer Mannheim GmbH, Germany), unless mentioned otherwise. Throm

bin was neutralised with 10 U/ml hirudin (Sigma Chemical Co.) for 10 minutes at 37°C. The 

activation-inducing capacity of the CD41 MoAb 6C9 has been described previously [27]. 

Following activation, supernatants were harvested by centrifugation. To study the effect of 

Tpo priming on Tpo release, platelets were preincubated for 5 minutes at 37°C under shaking 

conditions with different concentrations of either PEG-rHuMGDF, the truncated poly-

ethylene-glycolated form of Tpo, or the peptide Mpl agonist AFI3948 [28]. PEG-rHuMGDF 

was kindly provided by Amgen (MGDF-D, Thousand Oaks, CA, USA). AFI3948, a dimeric 

peptide, was obtained from Isogen (Isogen Bioscience BV, Maarssen, the Netherlands). After 

preincubation, one of the platelet activators was added and after 10 minutes the supernatant 

was isolated. 

For purification of Tpo from disrupted platelets, platelets isolated from a buffy coat were sus

pended in saline. After repeated freezing and thawing, debris was removed by centrifugation. 

Platelet lysis was performed by incubation of lxl09 platelets/ml at 4°C for 1 hr in lysisbuffer 

( 1 % Nonidet P40, 150 mM NaCl, 10 mM Tris-HCL, 5 mM EDTA) with a protease inhibitor 

cocktail (Complete™, Boehringer Mannheim GmbH) in the presence or absence of Tpo-

peptide mimetic (10 ng/ml). Supernatants were stored at -20°C. 

Isolation of polymorphonuclear cells and mononuclear cells 

Polymorphonuclear cells and mononuclear cells were separated by density gradient centrifu

gation of EDTA-anticoagulated blood on Ficoll Isopaque (d= 1.077 g/mm3). The mononuclear 

cell fraction was washed three times with phosphate-buffered saline (PBS). Polymorphonu

clear cells were isolated after lysis of the red cells by incubation for 15 minutes at 4°C with 
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isotonic NH.C1 (155 mM NH4C1, 10 mM KHCO,, 0.1 mM EDTA. pH 7.4). The remaining 
cells were washed three times with PBS. 

Tpo isolation 

MoAb ctTpol2 [7] was coupled to CNBr-activated Sepharose® 4B beads (Pharmacia Biotech 
AB, Uppsala, Sweden) according to the manufacturers' instructions. Supernatants of activated 
or disrupted platelets were concentrated with an Amicon system (Amicon Corp., Danvers, 
MA, USA) and incubated overnight with the aTpol2-coupled Sepharose beads. After exten
sive washing with PBS with 0.01% (v/v) Tween, Tpo was eluted from the beads with 3M 
KSCN in PBS pH 7. Eluates were extensively dialysed against PBS or, if necessary, concen
trated by dialysis against PBS containing 30% (w/v) polyethylene glycol 6000 (PEG-6000). 
The same procedure was performed with culture supernatant of HepG2 cells. HepG2 cells, 
which produce Tpo, were cultured in Iscove's modified Dulbecco's medium (IMDM) sup
plemented with 5% (v/v) fetal calf serum, penicillin (100ug/ml), streptomycin (100 U/ml) and 
glutamine. Culture supernatant was incubated overnight with the ctTpol2-coupled Sepharose 
beads and processed as described above. 

I m in ii n oblotting 

For determination of the molecular mass of isolated Tpo, samples were electrophoresed on 
10% (w/v) SDS-polyacrylamide gels. The separated proteins were blotted onto nitrocellulose, 
which was subsequently incubated overnight with block buffer (5% (w/v) Protifar, 10 mM 
Tris-HCl pH 8, 150 mM NaCl, 0.05% (v/v) Tween). The blot was incubated overnight with 
biotinylated MoAb aTpol2. After washing, and subsequent incubation with streptavidin 
polyhorseradish peroxidase (CLB, Amsterdam, The Netherlands) for one hour, bound MoAb 
was visualised with the BM chemiluminescence system (Boerhinger Mannheim GmbH). A 
kaleidoscope prestained marker (Biorad Laboratories, CA, USA) was used as a standard. 

Tpo and GC ELISA 

Solid-phase sandwich ELISAs for measurement of Tpo or GC were described previously 
[4,7]. Normal Tpo plasma levels, as determined in 193 healthy individuals, ranged from 4-32 
A.U./ml [2.5,h-97.5,h percentile]. One A.U. equals 3.2 pg when calibrated against rHuMGDF 
(MGDF-A), the full-length rHuTpo molecule, which was a generous gift from Amgen. Nor
mal GC plasma concentrations, as determined in 95 healthy individuals, ranged from 144-444 
A.U./ml [mean±2SD]. 

Von Willebrand factor propeptide ELISA 

Propeptide concentrations were determined with an ELISA as described elsewhere [29]. A 
pool of plasma containing 6.3 nmol/L propeptide was used as a standard. 
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Table I: Summary of diagnoses in DIC patients and 
ICU controls 

DIC severe abdominal infection and sepsis 9 
pulmonary infection and sepsis 2 
meningococcal sepsis 1 
sepsis with unknown source 3 

Control pancreatitis 1 
cardiopulmonary surgery 4 
neurology and neurosurgery 5 
polytrauma 1 
major abdominal surgery 1 
bronchopulmonary disease 3 

Measurement of Serotonin 
Serotonin concentrations were measured by reverse phase high-performance liquid chroma
tography as previously described [30,31]. 

Tpo Bioassay 
The proliferative capacity of platelet supernatant was tested with Ba/F3 cells that stably ex
pressed the human c-mpl receptor. Supernatant was isolated from repeatedly frozen and 
thawed platelets and concentrated by dialysis against PEG-6000. The Ba/F3-hmpl cell line 
was kindly provided by Dr. I. Touw (Erasmus University, Rotterdam, the Netherlands). Cells 
were maintained in IMDM supplemented with 10% conditioned medium from WEHI 3B cells 
as a source of IL-3, 5% fetal calf serum, penicillin (100ug/ml), streptomycin (100 U/ml) and 
glutamine. For the proliferation assay, cells were washed free from IL-3 and plated, 5x10' 
cells per well, into a 96-well plate (Nunc, Roskilde, Denmark). Cells were incubated at a final 
volume of 200 ul with different dilutions of platelet supernatant. Platelet supernatant was left 
untreated or was incubated overnight with aTpol2-coupled Sepharose beads (10% w/v) or, as 
a control, with Sepharose beads to which a MoAb directed against Factor VIII (CLB-Cag 69, 
CLB, the Netherlands) was coupled. After 48 hours, cells were pulsed for four hours with 
[3H]-thymidine (7.4GBq/mmol, 0.04MBq/ml). Subsequently, the cells in each well were har
vested (Tomtec harvester *96; Skatron Instr. Norway) and [3H]-thymidine incorporation into 
DNA was measured in a liquid scintillation counter (1205 Betaplate; Wallac oy, Finland) and 
expressed as counts per minute (cpm) per well. 

Platelet fractionation 
Different platelet fractions were obtained with the method of Broekman et al. [32], with mi
nor modifications as previously described [33]. Platelets were disrupted by nitrogen cavita
tion, and the homogenate was subsequently fractionated by centrifugation on a linear sucrose 
gradient. After fractionation, six bands were obtained, and the concentration of the following 
markers were measured in each fraction: lactate dehydrogenase (LDH) as a cytosolic marker, 
succinate cytochrome-c reductase (SCR) as a marker for mitochondria, serotonin as a marker 
for the dense (S)-granules and vWF propeptide as a marker for the a-granules [34,35]. 
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Figure 1: Tpo concentration aner recaiciiicauuii oi cnraieu piasnia in me auseiice or presence of different 
cell types. Shown are the mean and SD of incubations with cells derived from four different individuals. Sam
ples that were recalcified with 16.8 niM CaCI, are represented by the grey bars. Mononuclear cells (MNC) and 
polymorphonuclear cells (PMN) were added in a concentration of 2.5x106 cells/ml. The number of platelets in 
platelet-rich plasma (PRP) of the four preparations were 1, 2.7, 3.5 and 4.1x10s./ml. PPP: platelet-poor plasma. 

Patient material 

EDTA-anticoagulated blood was obtained after informed consent from fifteen patients with 
septicaemia, who were admitted to the Intensive Care Unit (ICU) of our hospital. All patients 
showed signs of disseminated intravascular coagulation (DIC), including an underlying disor
der compatible with the occurrence of DIC, with platelet counts < 100xl09/L, prolongation of 
PTT and aPTT and elevated levels of fibrin degradation products. Sixteen consecutive ICU 
patients without septicaemia or signs of DIC served as controls. In the control group, platelet 
counts and PTT and aPTT were normal. Mean age and male/female ratio in both groups were 
71±16 years and 61 ±20 years, and 1.1 and 1.2, respectively. The underlying diseases of the 
different patients are summarised in Table I. Markers for thrombin generation, F1+2 and TAT 
complexes, were tested by Elisa (micro enzygnost, Behringwerke AG, Marburg, Germany). 

Statistics 

The software package SPSS for windows, release 7.5 (SPSS Inc.) was used for statistical 
analysis. A p-value <0.05 was considered significant. 

RESULTS 

Platelets release Tpo upon coagulation of platelet rich plasma 

Previously, we described a difference in serum versus plasma Tpo concentration with the se
rum concentration being 3.5 times higher [7]. To investigate whether other cells than platelets 
are involved in the Tpo level increment that occurs upon clotting of blood, citrated plasma or 
PRP was clotted by recalcification in the absence or presence of mononuclear cells 

128 



Platelets release Tpo upon activation 

-, 30 

I 25 H 

< 20 

g 15 

8 10 
8. 5 

Thrombopoietin 

rh 

r ^ i 

control thrombin collagen ADP 

vWF-propeptide 

B 25 

S „ 20 

§ .£ • 15 
2 6 

ii 8 
g 5 
> 

0 

5 

4 

3 

2 

1 -

control thrombin CD41 collagen 

Serotonin 

- T [ 

control thrombin CD41 collagen ADP 

Figure 2A-C: Release of Tpo, v\Y'F-propeptide and serotonin in supernatants of stimulated platelets. 
Shown are the mean and SD of three different experiments expressed as obtained value per 1x10' incubated 
platelets. The number of platelets used in each experiment were 7.5xl08/ml (n=2) and 6.5x10s/ml (n=l). The 
concentration of the different stimulators were: 1 U/ml thrombin, 1:200 ascites CD41 MoAb, 0,19 mg/ml colla
gen and 2 uM ADP. 

(2.5xl06/ml) or polymorphonuclear cells (2.5xl06/ml). CaCl2 was added to a final concentra
tion of 16.8 mM, and the samples were incubated for 30 minutes at 37°C (shaking), after 
which supernatant was isolated. As shown in figure 1, only the presence of platelets during 
the coagulation process led to an increment in Tpo concentration. 

Activation of platelets leads to release of Tpo 
Washed platelets, isolated from ACD-anticoagulated venous blood, were activated with 
strong stimulators, such as thrombin, collagen and the CD41 MoAb 6C9, or with the weak 
agonist ADP. Apart from platelets stimulated with ADP, all samples showed an aggregator/ 
response. In the ADP-stimulated samples, shape change but not aggregation occurred under 
the conditions used, as detected with an aggregometer (data not shown). Figure 2 shows the 
Tpo, von Willebrand Factor propeptide (vWF-propeptide) and serotonin concentration in su
pernatants from stimulated platelets. VWF-propeptide is stored in the a-granules of platelets,. 
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Figure 3: Determination of Mr of released Tpo. Western immunoblot of Tpo isolated from supernatants of 
platelets stimulated with CD41 (lane 1) or thrombin (lane 2). Lane 3 represents Tpo isolated from supernatant of 
platelets disrupted by repeated freezing and thawing. Lane 4: rHu.MGDF (100 pg), lane 5: concentrated culture 
supernatant of the HepG2 cells, lane 6: rHuMGDF (1 ng), M: marker. 

whereas serotonin is contained in the dense granules. Tpo as well as vWF-propeptide and se

rotonin were released when platelets were stimulated with strong activators. Neither one was 

present above control levels in supernatants from platelets activated with 2 |iM ADP. 

Released Tpo has the same Mr as Tpo produced by HepG2 cells, but migrates faster than 
recombinant Tpo 

The Mr of Tpo isolated from supernatants of stimulated or disrupted platelets was compared 

with that of Tpo isolated from HepG2 supernatant and rHuMGDF. Figure 3 shows the results. 

In all isolates only one band of approximately 88 kD was seen. Tpo isolated from platelet su

pernatants migrated identical to HepG2-derived Tpo but faster than rHuMGDF (approxi

mately 98 kD). 

Released Tpo is biologically active 

The concentrated supernatant of platelets disrupted by freezing was tested for its capacity to 

induce proliferation of the Ba/F3-hmpl cell line. Apart from total supernatant, supernatant de

pleted of Tpo and supernatant incubated with anti-Factor VHI-coupled Sepharose beads as a 

control, were tested. The Tpo concentrations in the three preparations as measured in the Elisa 

were 470 pg/ml, not detectable and 336 pg/ml, respectively. Both the total supernatant and the 

supernatant incubated with anti-Factor VIII- coupled Sepharose beads induced proliferation 

of the Ba/F3-hmpl cell line. Less proliferation was observed after depletion of Tpo by 

aTpol2-coupled Sepharose beads. In figure 4 the amount of incorporated 3H-thymidine into 

the cells per condition is shown. 

Tpo is stored in platelet granules 

The concentration of the markers lactate dehydrogenase (LDH), succinate cytochrome-c re

ductase (SCR), serotonin, vWF-propeptide and Tpo, were measured in different platelet frac

tions. No correlation was present between the distribution of Tpo and LDH (a cytosolic 
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Figure 4: Proliferation of Ba/F3-hmpl cells. 'H-Thymidine incorporation into the DNA of Ba/F3-hmpl cells 
incubated with different preparations of platelet supematants is represented by the number of counts per minute 
(cpm). Shown are the mean values of duplicate measurements of two dilutions of one representative experiment. 
As a control, platelet supernatant was incubated overnight with CLB-Cag69-Sepharose. The dotted line indicates 
the number of background counts. 

marker), or Tpo and SCR (a marker for mitochondria). However, a strongly positive correla
tion was present between the distribution of Tpo and serotonin (rp=0.95, p<0.005), and of Tpo 
and vWF-propeptide (rp=0.98, p<0.005). On the basis of our fractionation results no decisive 
answer could be given as to the exact localisation of Tpo, since no complete separation of se
rotonin and vWF-propeptide was reached in the fractionation experiments. 

Platelet-stored Tpo is at least partly receptor bound 

Platelets isolated from buffy coats were pre-incubated with either PEG-rHuMGDF or with 
Tpo-peptide mimetic for five minutes at 37°C. PEG-rHuMGDF is the PEG-conjugated, N-
truncated form of HuTpo, which is not detected in our Tpo ELISA; PEG-rHuMGDF used in 
these experiments did not cross-react in the ELISA (data not shown). The Tpo-peptide mi
metic AFI3948, is a dimeric peptide Mpl agonist, which also does not interfere in the Tpo 
Elisa. After preincubation with PEG-rHuMGDF or Tpo-peptide mimetic different activators 
were added and Tpo levels were measured in the harvested supematants. Similar as without 
Mpl agonists, all samples to which thrombin, CD41 or collagen was added, showed a visible 
aggregatory response. As shown in Figure 5, incubation of platelets with PEG-rHuMGDF or 
Tpo-peptide mimetic led to measurable levels of Tpo in the supernatant. Under these condi
tions, no aggregation occurred. Furthermore, preincubation with PEG-rHuMGDF or Tpo-
peptide mimetic and subsequent addition of strong activators led to a 3.5 to 5-fold increment 
in measurable Tpo release. Addition of ADP after preincubation also led to an increment of 
Tpo in the platelet supernatant. In all cases, preincubation with Tpo-peptide mimetic and sub
sequent activation led to a significant increment in Tpo release when compared with preincu
bation without activation (paired t-test; p<0.05). This difference was also present for 
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Figure 5A-C: Release of Tpo, vWF-propeptide and serotonin after preincubation with PEG-rHuMGDF 
or Tpo-peptide mimetic and subsequent stimulation with different agonists. Platelets (lxlO9 platelets/ml) 
isolated from buffy coats were incubated with PEG-rHuMGDF (10 ng/ml), Tpo-peptide mimetic (4 ng/ml) or 
buffer. Subsequently, various agonists were added in the following concentrations: thrombin: 1 U/ml, CD41: 
1:200 ascites, collagen: 0,19 mg/ml and ADP: 2 u.M. The mean and SD of 4 different series are shown. In fig 5A 
the Tpo results are shown. There was a considerable difference between the four series, with highest Tpo con
centrations ranging from 52 AU/ml to 96 AU/ml. * :Not detectable. Prestimulation with either MGDF-D or Tpo-
peptide mimetic before activation significantly increased the Tpo concentration in the supernatant of platelets 
activated with thrombin, 6C9, collagen or ADP (paired t-test: p<0.05 in all cases). Figure 5B and C represent the 
vWF-propeptide and the serotonin results, respectively. 
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Figure 6: Tpo concentration in supernatants of platelet Ivsates prepared in the presence or absence of 
Tpo-peptide mimetic. Shown are the mean and SD of three different experiments. 

prestimulation with MGDF-D (paired t-test; p<0.05), except in case of subsequent activation 
by ADP. In contrast to the increase in Tpo release, the level of vWF-propeptide and serotonin 
release remained unchanged after prestimulation with the Mpl agonists (Fig 5b and c). This 
suggests that part of the released Tpo is receptor-bound and is released when the Tpo peptide 
or the PEG-rHuMGDF competitively binds to the receptor. To investigate this, platelets were 
lysed with NP40 in the presence or absence of Tpo peptide. In the presence of peptide the Tpo 
concentration in the supernatant was approximately tenfold higher than without peptide pres
ent (figure 6). 

I I platelets 
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I I plasma Tpo cone. 
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Figure 7: Box plots of platelet counts, plasma GC and Tpo concentrations for patients with DIC and ICU 
controls. The data of individuals for whom all three variables were tested are shown. The asterisks indicate a 
significance of p<0.01. Boxes represent the interquartile range containing 50% of the values. The line across the 
box indicates the median, whereas the whiskers extend to the highest and lowest value. 
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Figure 8: Correlation between plasma Tpo concentration and Fl+2 and TAT complexes in patients with 
DIC 

In patients suffering from sepsis complicated with DIC, plasma Tpo levels are increased 
and correlate with markers for thrombin generation 

Fifteen patients with signs of DIC were analysed and sixteen consecutive ICU patients with

out sepsis and DIC served as a control group. Both plasma Tpo and GC levels were deter

mined as demonstrated in Fig 7. Tpo levels were significantly different between the DIC 

group and the control group (144 ± 152 vs. 24 ± 15, t-test p<0.01). The concentration of GC 

showed a broad variation but was not significantly different between both groups (t-test 

p>0.3). Tpo levels correlated with those of Fl+2 and TAT complexes as shown in figure 8 

(r =0.8 and 0.9 respectively, p<0.01 in both cases) but not with platelet counts. 

DISCUSSION 

Previous in vitro studies have shown that platelets internalise rHuTpo upon binding to the c-

Mpl receptor [16,17]. Apart from their role in Tpo uptake, we show in this report that plate

lets also play a role as a carrier of Tpo, releasing it when stimulated. Tpo release by platelets 

may represent a third regulatory loop in thrombocytopoiesis. The first described regulatory 

mechanism is the "feed-back" loop, in which megakaryocyte and platelet mass regulate the 

amount of circulating Tpo. The second, being the recently described upregulation of Tpo pro

duction as shown by an increased mRNA level in the bone-marrow stroma in thrombocytope

nia [36-40]. 

Upon coagulation of blood, platelets released Tpo as measured with our Tpo Elisa. This re

lease was not influenced by the presence of mononuclear or polymorphonuclear cells during 

the clotting process. Furthermore, when washed platelets were stimulated with activators such 

as thrombin, collagen or the CD41 MoAb 6C9, Tpo was released in the supernatant, similarly 

as the a-granule marker vWF-propeptide and the 5-granule marker serotonin. Stimulation 

with the weak agonist ADP did not induce release of Tpo or vWF-propeptide or serotonin. In 
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concordance with results from Matsumoto et al. [41] further characterisation of platelet de

rived Tpo by immunoblot analysis showed a molecule with an Mr of approximately 88 kD, 

which was similar to the Mr of Tpo produced by the liver carcinoma cell line HepG2. Re

combinant HuTpo protein, however, had a somewhat slower pattern of migration. This differ

ence might reflect a difference in glycosylation, since the recombinant protein was produced 

by CHO cells, a non-human cell line. The identical Mr of platelet-derived Tpo and HepG2-

derived Tpo, suggested that released Tpo is full-length and biologically active. Indeed, super

natant of platelets disrupted by freezing, supported the proliferation of Ba/F3-hmpl cells. 

Proliferation was diminished when supernatants were depleted of Tpo by incubation with 

aTpol2-coupled Sepharose beads but not when supernatants were incubated with control 

beads. Although proliferation was observed, control experiments in which exogenous recom

binant Tpo was added to platelet supernatants, showed that not all recombinant Tpo could be 

recovered. This indicates that inhibitory molecules are present in the platelet supernatant, 

which prevent optimal proliferation of Ba/F3-hmpl cells. To circumvent this problem we have 

attempted to purify Tpo for testing in the bioassay, but so far we have not been able to re

move the toxic substances. 

In order to investigate the location of Tpo in the platelet, fractionation experiments were per

formed. The release of Tpo upon activation suggested that its location might be granular. The 

fractionation experiments excluded the cytosol or mitochondria as candidates for Tpo storage. 

However, an almost complete correlation was found with the a-granule marker vWF-

propeptide and the 8-granule marker serotonin. Unfortunately, no separation between these 

granules was reached. In addition to the a- and 8-granule, the lysosome might also be a can

didate. From the results shown, it can not be excluded that Tpo (also) resides in the lysosomal 

compartment. However, the released Tpo we analysed seems to be full-length and biologi

cally active. Therefore, it is unlikely that lysosomes are the exclusive Tpo-containing organ

elles. 

In studies of Fielder et al. [16,17], it was shown that platelets degrade exogenously added 

Tpo. In our study, we found no evidence for the presence of degradation products. An expla

nation might be that Mo Ab aTpol2, which was used for purification and immunoblotting, 

recognises an epitope on the C-terminal domain of thrombopoietin. Smaller N-terminal frag

ments, if present, can therefore not be detected under these conditions. This might also ex

plain why no Tpo cleavage products were seen after incubation of platelets with thrombin. 

Recently, Kato et al. [42] showed that Tpo can be cleaved by thrombin into smaller frag

ments. However, apart from the specificity of our used MoAb, it might be possible that no 

cleavage products were generated under the conditions we used, i.e. shorter incubation times, 

less thrombin and detection of native Tpo in the pg range instead of exogenously added Tpo 

in the ug range. In contrast to the above-mentioned studies, in which Tpo was exogenously 

added, the Tpo released by platelets could have been stored already in the megakaryocyte 

stage. 
Several reports have been published, showing that binding of Tpo to platelets affects platelet 

function in vitro. For instance, it has been shown that Tpo can augment the activation re-
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sponse to different agonists, measured as aggregation, ADP release and thromboxane B2 pro
duction and P-selectin upregulation [18-21]. In the current study, we did not show an addi
tional effect of Tpo on granule release, measured in terms of serotonin or vWF-propeptide 
release. Possibly, this is due to the high concentration of thrombin used in our experimental 
set-up (lU/ml) through which maximal release is already induced. Despite induction of 
maximal release with strong activators, incubation of platelets with Tpo-peptide mimetic or 
truncated rHuTpo (PEG-rHuMGDF) alone, did induce Tpo release. When platelets were 
stimulated after preincubation with these Mpl agonists, a synergistic increment in Tpo release 
was found. The absence of an increased release of the vWF-propeptide and serotonin suggests 
that the origin of the 'additionally' released Tpo is not granule associated. Probably, this Tpo 
was receptor-bound and is released because of competitive binding of the Mpl agonist. Part of 
the Mpl-bound Tpo seems to be present on the platelet membrane and in the open canalicular 
system, because release was already seen upon incubation with a Mpl agonist, without further 
activation. Another part seems to be present inside the platelet, since a further enhancement in 
Tpo release was seen after activation with strong activators and upon platelet lysis in the 
presence of Tpo-peptide mimetic. This suggests that upon stimulation, Tpo-Mpl complexes 
from inside the cell are transported to the exterior cell membrane. These data subscribe find
ings that Mpl expression is not regulated on the mRNA level but by internalisation upon Tpo 
binding [16,17,43]. 

Tpo release by activated platelets might occur also in vivo. As a model, patients with DIC 
were studied. In a group of patients with septicaemia complicated by DIC, we found that 
plasma Tpo concentrations were elevated as compared to ICU controls. This is in accordance 
with the findings of Hiyoyama et al.[22] who showed that serum Tpo levels were elevated in 
a group of 10 DIC patients with thrombocytopenia as compared to healthy controls (p<0.01). 
Also, Tpo levels significantly increased in healthy individuals after low-grade endotoxemia 
was induced [44], In addition to Tpo, we also analysed plasma GC concentration, which is a 
measure for platelet mass [24,25]. Plasma GC levels were not statistically different between 
the two groups, suggesting a similar platelet turnover. The increment in circulating Tpo might 
be the result of Tpo release by activated platelets in DIC. Indeed, in our study, Tpo levels cor
related with markers for thrombin generation, TAT and F1+2 levels. As shown by the in-vitro 
experiments, thrombin can induce platelet activation, resulting in Tpo release. In contrast, no 
apparent correlation was found between Tpo and TAT levels in septic patients with DIC in a 
recently published abstract from Kawasugi et al. [23]. This difference might be attributed to 
the time of sampling or to a difference in underlying pathology of the included patients. 
In summary, we show that platelets store full-length, biologically active Tpo, which may be 
instrumental in enhancing thrombocytopoiesis in case of massive activation-induced platelet 
destruction. 
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