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Abstract 
Understanding how mature megakaryocytes (MKs) release their platelets, and 
crucially, what are the triggers that facilitate this process is of huge impact on human 
medicine. Controlling this biological process, as well as being able to utilise in vitro 
produced platelets will be a major therapeutic advancement. Unfortunately, the exact 
mechanism and mediators that drive thrombopoiesis remain elusive. Here, we seek to 
identify such mediators through studying the dynamics of platelet production after an 
acute loss of platelets. Analysis of plasma taken from 19 plateletpheresis donors at 
various timepoints pre and post donation, identified peak platelet production 
timepoints (4-8 hours). Analysis of these timepoints by proteomic and metabolomic 
techniques allowed for the identification of Triiodothyronine (T3), as well as its 
analogues, GC-1 (Sobetirome), MGL-3196 (Resmetirom) and KB2115 (Eprotirome), 
as having a direct effect on in vitro platelet production in human cord blood (T3 3 
hours 100nM 1.26±0.24 and GC-1 100µM 5.54±1.58, MGL-3196 300µM 6.92±1.38,  
KB2115 75µM 17.90±5.25 fold change at 12 hours, mean±SD)  and iPSC-derived 
MKs (viral A1ATD1 KB2115 36.1uM 3.36±0.38, inducible QOLG1.1H KB2115 
75uM 1.85±0.46 fold change, mean±SD). Receptor specific antagonists revealed that 
thyroid hormone induced platelet production primarily signals via the non-genomic 
signalling pathway, integrin αVβ3 (CD51/61, vitronectin receptor), of which MKs 
highly express. When combined with silk-based-3-dimensional scaffold bioreactor 
technology, we observe a significant upscaling of platelets (KB2115 2.8±0.79 fold 
change±SD) that respond positively to agonist stimulation (P-selectin exposure). This 
shows the direct impact of thyroid on platelet production through integrin αVβ3, 
which offers interesting therapeutic potential in the field of transfusion medicine. 
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Introduction 
Platelets are a critical component of haemostasis and are now known to play a role in 
the innate immune system and tissue repair. They are derived from megakaryocytes 
(MKs) in the bone marrow. Mature MK lie close to the bone marrow sinusoids where 
they release platelets into the vasculature by budding off the ends of extensions, 
known as proplatelets or possibly via an “MK rupture” process1, 2. Platelets then 
terminally mature in the circulation (marked by a decrease in size and loss of their 
mRNA content) and remain in the circulating system for approximately 10 days3, 4.  
Platelet transfusions represent a crucial therapeutic tool for patients who are either 
actively bleeding (following trauma or surgery) or for patients with a severely reduced 
platelet count (thrombocytopenia) as a result of genetic disorders or malignancies and 
the (often) myelosuppressive treatment thereof. For a healthy adult, platelet counts 
range from 150-450x109/L, with a third of all platelets being pooled in the spleen. To 
maintain these numbers an adult must produce approximately 1x1011 platelets every 
day5. This production can increase 10-fold in times of stress and acute demand (e.g. 
bleeding).  
We are totally reliant on blood donors to generate platelets which creates a range of 
issues. Platelets have a short shelf life, between 5-7 days (as opposed to 35 days for 
red blood cell units which can be refrigerated), making the supply management of 
platelets complicated in instances when there are acute changes to donor availability 
such as national holidays, natural disasters, and pandemics6. In addition, multi-
transfused patients or multiparous women can become immunised against non-self 
HLA Class I antigens, relying on HLA matching. Finally, any allogeneic blood 
component exposes the recipient  to the risk of transfusion-transmitted infection with 
bacteria (platelets, unlike other blood products, have to be kept at room temperature) 
and viruses, necessitating strict donor selection and microbiological screening 
programs that have to be constantly adapted to emerging new infectious agents.  
The generation of in vitro-derived platelets has the potential to address issues of 
supply, microbiological safety, and allo-immunogenicity (using for example genome-
edited universal cells). Although the publication of highly efficient culture systems for 
the production of MKs from pluripotent stem cells has made this a possibility, the rate 
of release of functional platelets from the mature MKs even with advanced bioreactor 
systems remains several orders of magnitude below the estimated rates of release of 
platelets per MK in vivo (30-80 platelets per MKs vs 1000 to 2000 platelet per MK 
respectively)7-12.  
In this manuscript, we use platelet donation as a model of acute platelet loss in order 
to identify soluble mediators in the blood that can improve the upscaling of in vitro 
platelet production.  

 
Methods 

For more information, please see Supplementary Materials and Methods  
 
Blood sampling of apheresis/plasmapheresis donors and plasma isolation  
19 healthy male plateletpheresis donors who donate regularly were recruited, and full  
consent was given in accordance with East of England-Cambridge Central Research 
Ethics Committee (14/EE/0194). 5 healthy male plasmapheresis donors were 
recruited, and collections done under the IRB approved “Healthy Donor Bank” 
protocol (PRO00026243).  
 
Cord blood-derived megakaryocytes  
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CD34+ cells were isolated from cord blood obtained with full consent in accordance 
with Cambridgeshire 4 Research Ethics Committee (07/MRE05/44), the Ethical 
Committee of the I.R.C.C.S. Policlinico San Matteo Foundation of Pavia, and the 
principles of the Declaration of Helsinki.   

 
Proplatelet assay  
In brief, proplatelet assays were performed on 200µg/ml fibrinogen coated slides and  
incubated for 37 ºC for indicated timepoints. Cells were permeabilised with 0.1%  
saponin/0.2% gelatin and stained with mouse anti-human α-Tubulin (1/250, clone B-
5-1-2, Merck), phalloidin CruzFluor-555 (sc-363784, Santa Cruz) and DAPI.  
 
Platelet production assay  
In brief, platelet production assays were performed in high-glucose RPMI (Thermo 
Fischer Scientific, A10491) at 37 ºC and analysed at indicated timepoints. For 
experiments with antagonists, cells were pre-incubated for 30mins at 37 ºC prior to 
start of assay. Platelets were analysed by flow cytometry using CD41a-APC H7 
(1/200, clone HIP8, BD Pharmingen), CD42a-APC (1/100, clone REA209, Miltenyi 
Biotec) and Calcein AM (C3100MP, Thermo Fisher Scientific). 
 
Silk bone marrow model  
Silk fibroin aqueous solution was obtained from Bombyx mori silkworm cocoons 
according to previously published literature16. MKs were stained with anti-CD61 
(1/100, Beckman Coulter) and Alexa Fluor secondary antibody (1/500, Invitrogen) for 
imaging. For ex vivo platelet production, a custom flow chamber was produced and 
perfused as previously described.13 The perfusion of the silk scaffold was performed 
with a basic medium (DMEM, Euroclone) containing KB2115 and analysed by flow 
cytometry. 
 
Platelet activation assay by flow cytometry  
In brief, platelet activation assays were performed in high-glucose RPMI and 
stimulated with ADP and Thrombin (Merck) for 30mins at 37 ºC in the presence of 
1mM CaCl2 (Merck), CD41-APC H7 (1/200), P-selectin-APC (1/30, clone AK4, 
304910 Bioloegend), Calcein violet (for platelets 2.5pg/ml, for whole blood 
12.5pg/ml, Thermo Fischer Scientific). Samples were fixed with 0.2% formyl saline 
and analysed with a flow cytometer (Gallios).   
 
 

 
 
Results 

Platelet donation is followed by the rapid release of newly formed platelets 
Nineteen Caucasian male individuals who regularly give platelets by apheresis were 
recruited (Supplementary Table 1). To analyse the dynamics of change in the blood 
indices, blood samples were taken pre-, immediately post-donation and subsequently 
at 4-8 hours and day 1, 3, 7 and 14 post-donation. As expected, the platelet counts 
dropped significantly by 0.65±0.06 fold, immediately post-donation (mean±SD, 
p<0.001, Fig. 1a). This was accompanied by a significant increase in both immature 
platelet fraction (IPF) and mean platelet volume (MPV) that peaked at 4-8 hours post 
donation (Fig.1b-c, Supplementary Table 2). The recovery in the platelet count 
showed a lag with the rise in IPF, with only a marginal increase in the platelet count 
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(non-significant) between day 1 and 3 followed by a much more rapid and significant 
rise between day 3 and 7, by which point the platelet count had recovered back to 
baseline levels (p<0.001, Supplementary Table 3). There was also an increase in 
lymphocyte counts and red cell distribution width at the 4–8 hour time point 
(Supplementary Table 2). 
To rule out an effect of the apheresis process itself, 5 healthy male plasmapheresis 
donors were recruited and sampled at the same time points (Supplementary Table 4). 
Although there were no significant changes in the platelet counts or the IPF post 
plasma donation (Fig. 1d-e), we noted a small decrease in MPV 4-8 hours after 
donation (Fig. 1f). There was also a small increase in the neutrophil and lymphocyte 
counts in the 4-8 hours samples post plasma donation (Supplementary Table 5). 
 
The rapid release of newly formed platelets is triggered by signals contained 
within the plasma 
We hypothesized that the signal(s) that trigger an acute release of platelets would be 
contained within the plasma compartment. To verify this, we added plasma isolated 
from platelet apheresis donor samples taken at baseline, 4-8 hours and day 14 post-
donation, to cord blood-derived MK (CBMK) cultures. All following experiments 
were carried out using serum or plasma from donors who exhibited high fold changes 
at the 4-8 hour timepoint in MPV and IPF compared to the pre-donation control 
(Supplementary Fig. 1). Incubation of CBMKs for 48 hours with 4-8 hour plasma 
increased the percentage of MKs forming proplatelets by 1.49±0.57 fold compared to 
MKs cultured with pre-donation plasma, although not significantly (mean±SD, 
p=0.061, Fig. 1g-h and Supplementary Fig. 2). Platelet production increased 
1.19±0.09 fold at 4-8 hours plasma compared to cultures incubated with the pre-
donation plasma (mean±SD, p<0.01, Fig. 1i, Supplementary Fig. 3a shows gating 
strategy and Supplementary Fig. 3b). 
 
Identifying candidate triggers for platelet release 
We first focused on known signals that may promote platelet production. Analysis by 
ELISA showed no statistically significant changes in serum thrombopoietin (TPO) 
with any timepoint post-donation compared to the pre-donation control 
(Supplementary Fig. 4a). 
To identify potential novel candidates that drive the acute release of newly formed 
platelets, 3 types of analyses were performed on the plasma samples: mass 
spectrometry, metabolomics (Metabolon) and Luminex-based quantitation of 56 
candidate growth factors/cytokines (R&D). The analyses were carried out on three 
timepoints, the point at which there was the biggest increase in both IPF, MPV and 
effect on platelet production in vitro (4-8 hours) compared to baselines, pre-donation 
and Day 14. Volcano plots of all the analytes at time point 4-8 hours analysed against 
the baseline (pre-donation and Day 14) highlight that most do not see significant 
variation compared to baseline measurements (Fig. 2a-c). Significant increases at the 
4-8 hours timepoint were observed in: mass spectrometry, 26 proteins; metabolomics, 
111 metabolites and multiplex bead assay, 3 cytokines/growth factors (Supplementary 
Tables 6-11).  
Nine analytes were selected to be screened in platelet production assays using 
CBMKs, based on novelty, links to platelet activation (for exclusion) and receptor 
expression. Alpha 1-acid glycoprotein, L-Carnitine, Leu-Gly, Succiniminde, ECM-1 
and Chemerin all showed no significant increases in platelet production compared to 
the control (Supplementary Fig. 4b-g). SerpinA7 (thyroid binding globulin, TBG) had 
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a significantly increased plasma concentration in both the mass spectrometry analyses 
and the Luminex screen (Fig. 2a and 2c). SerpinA7 is the major carrier protein for the 
thyroid hormones thyroxine (T4) and triiodothyronine (T3). CBMKs stimulated with 
biologically relevant concentrations of T3 (1-100pM), showed a significant increase 
in platelet production (Fig. 2d). There were no significant increases in platelet 
production with T4 or its metabolite, diiodo-L-thyronine (T2, Fig. 2e-f, 
Supplementary Fig. 5). 
Free T3 levels were analysed in our plateletpheresis donors (Fig. 3a and 
Supplementary Table 12). A rise of free T3 serum levels can be observed at D1 after 
platelet donation, reaching a peak and significance at D3. No differences were 
observed in thyroid stimulating hormone (TSH) levels in the plateletpheresis donor 
samples and no differences of free T3 levels were observed in plasmapheresis donors 
post plasma donation (Supplementary Fig. 6a and Fig. 3b).  
A mouse model of acute platelet depletion was also tested in wild type male 
C57BL/6J mice using an antibody against mouse CD42b (Fig. 3c). Administration of 
0.6μg/g BW anti-CD42b led to a significant decrease in platelet count within the first 
24 hours post-injection with a return to baseline by D5 (Fig. 3d, Supplementary Table 
13). Significant increases in free T3 levels were observed D3 post depletion compared 
to the mice injected with vehicle control (Fig. 3e). Incidentally, analysis of serum 
TPO concentrations post depletion showed an increase in TPO levels 24 and 48 hours 
post depletion, returning to baseline levels at 72 hours (Supplementary Fig. 6b). 
 
Thyroid hormones acutely increase platelet production 
To further verify our findings, commercially available thyroid hormone analogues 
were also tested. CBMKs were incubated with three different thyroid hormone 
analogues; GC-1 (Sobetirome), MGL-3196 (Resmetirom) and KB2115 (Eprotirome, 
Supplementary Fig. 5). All analogues induced a robust dose-dependent increase in 
platelet production after 6-8 hours (Fig. 4a-c). This rise in the platelet count was not 
seen when using an albumin-containing culture medium which binds the thyroid 
hormone and analogues (Supplementary Fig. 7a). Time-course experiments of all 3 
analogues revealed that all induced a very rapid increase in platelet production (Fig. 
4d-f) reaching statistically significance as early as 8 hours, with maximum fold 
changes being observed after 12 hours (GC-1 100µM 5.54±1.58, MGL-3196 300µM 
6.92±1.38,  KB2115 75µM 17.90±5.25 fold change at 12 hours, mean±SD). We also 
observed dose-dependent increases in platelet production with MKs from two 
different hPSC sources using two different differentiation protocols (viral A1ATD1 
KB2115 36.1uM 3.36±0.38 and inducible QOLG1.1H KB2115 75uM 1.85±0.46 fold 
change, mean±SD, Supplementary Figure 7b-e). 
Flow cytometry analysis of the size and density (forward scatter and side scatter) of 
the platelet-sized events within our thyroid hormone stimulated CBMK cultures 
revealed a ‘new population’ of platelets, not observed with hPSC-derived MKs 
(population ‘B’, Supplementary Fig. 8a and Supplementary Fig. 7d-e) larger than the 
platelet sized events observed in the vehicle control (population ‘A’). Population B 
represented 37.1±11.40% of the total platelet population in the KB2115 treated 
sample as opposed to 17.5±10.91% in the vehicle control (Supplementary Fig. 8b, 
mean±SD) and had a significant increase in both viability (calcein-AM, 
Supplementary Fig. 8c) and purity (CD41a+/42a+, Supplementary Fig. 8d) over 
platelets in population A.  
Proplatelet formation assays revealed a rapid activation of MKs with over 60% of the 
MK population exhibiting signs of spreading by 2 hours (indicated by striated F-actin 
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patterns, Supplementary Fig. 9a-b), compared to <5% in the vehicle control. By 8 
hours, KB2115 stimulated MKs showed a 2-fold increase in the percentage of 
proplatelet forming MKs (Fig. 5a-b).      
 
Thyroid hormone analogues promote platelet release primarily through a 
pathway downstream of integrin aVb3 
We sought to investigate which receptors and downstream pathways are responsible 
for the phenotype observed. Quantitative RT-PCR  and flow cytometry data 
confirmed expression of both thyroid hormone receptors (THRA/B) and the 
vitronectin receptor (integrin αVβ3, Fig. 6a-c).  
To confirm which receptor the thyroid hormone agonists promoted platelet formation, 
CBMKs were preincubated for 30 minutes with either tetrac, an inhibitor of αVβ3 or 
1-850, a THRA/B antagonist and then stimulated with the most potent of the T3 
analogues, KB2115. Antagonism of the αVβ3 receptor caused a 0.41±0.06 fold 
inhibition of the KB2115-induced platelet production, while the THRA/B antagonists 
had only a limited effect (mean±SD, tetrac p<0.05, Fig. 6d, controls shown in 
Supplementary Fig. 10a-b). Analysis of the different FS/SS A and B platelet 
populations from CBMKs, described above, showed that tetrac significantly inhibited 
the appearance of the newly produced platelet almost exclusively in population “B” 
(Supplementary Fig. 8e-f). To further confirm that thyroid hormones signal 
downstream of the αVβ3 receptor in MKs, primary MKs were differentiated from β3-/- 
KO and control mouse bone marrows and stimulated with 75μM KB2115 for 6 hours. 
The wild type controls exhibited a 1.21±0.08-fold increase in platelet production 
(mean±SD, p<0.05) with KB2115 but this response was completely abrogated in the 
β3-/- KO MKs (Fig. 6e).  
To gain a measure of how significant a contribution signalling downstream of αVβ3 
plays into the platelet count recovery post-acute platelet depletion, wild type mice we 
treated intravenously with daily doses of tetrac or vehicle control. Untreated mice 
platelet counts returned to baseline levels 4 days after depletion, Fig. 6f. Tetrac treated 
mice showed a much slower recovery rate, with platelet counts returning to baseline 
levels between day 8-10.  
The signalling components responsible for the promotion of platelet release following 
binding of thyroid hormones to integrin αVβ3 were investigated by pre-incubating 
CBMK cultures for 30 minutes with specific inhibitors for intracellular calcium 
mobilisation (BAPTA-AM), PKC (Gö6983), PI3K (LY294002) or MEK (U-0126), 
and then stimulated with KB2115. BAPTA-AM, Gö6983 and U-0126 all significantly 
inhibited KB2115 induced platelet production, whilst LY294002 had a very limited 
effect (Fig. 6g). 
 
Application to the production of platelets in vitro: platelet production from 
pluripotent stem cells and 3D culture systems 
We assessed whether thyroid hormone analogues promote ex vivo platelet production 
by CBMKs in the silk-based bone marrow model functionalized with 25μg/mL 
fibronectin to support cell adhesion as previously published13-15. The silk bone 
marrow model was enclosed into a flow chamber which allowed the perfusion of 
medium containing 75μM KB2115, or vehicle as control (Fig. 7a).  
Confocal microscopy imaging of the 3D culture, after 4 hours of perfusion, 
demonstrated the presence of proplatelet forming MKs (Fig. 7b). After flow through 
of the culture medium, the analysis of platelet count demonstrated significantly 
increased numbers of CD41+CD42b+ platelets in medium containing KB2115 
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(2.8±0.79 fold change±SD, Fig. 7c). The morphological characterisation of the 
released particles highlighted the presence of both disc-shaped β1-tubulin+ platelets of 
1–4μm diameter and pre-platelets intermediates of >4μm diameter (Fig. 7d). 
Stimulation of these platelets with ADP and thrombin showed an increase in P-
selectin exposure as assessed by flow cytometry analysis, compared to the untreated 
controls (Fig. 7e), and similar to peripheral blood platelets (Supplementary Fig. 11). 

 
 
Discussion 

Understanding how mature MKs release their platelets, and crucially, what are the 
triggers that facilitate this process are of huge impact on human medicine. Controlling 
this biological process therapeutically could lead either to an increase of platelet 
release for patients who are thrombocytopenic (and at risk of bleeding) or reduce 
platelet release for patients suffering with myeloproliferative diseases such as 
essential thrombocythemia where the platelet count is increased to the point that the 
major morbidity is from thromboembolic events 
In this study, we demonstrate through serial sampling of human platelet apheresis 
donors that the sudden drop in the platelet count (around 30%) over the donation 
period (1-1.5 hour) leads to the very prompt release of newly formed platelets (in a 
matter of hours) which cannot reflect an increase in megakaryopoiesis, but very likely 
the sudden increase of platelet production from a pre-existing pool of mature MKs. 
Consistent with other studies, IPF and MPV values immediately increase post-
donation and this is followed by a concerted platelet count recovery between D3 and 
D7 post donation16-18. Platelet donation is an intense process, see Supplementary Fig. 
12, and it is not unreasonable to speculate that the process itself, the return of 
processed blood, could initiate proinflammatory responses post donation. We indeed 
see an immediate rise in white cells reflecting this in samples taken from both platelet 
apheresis donors and donors undergoing plasmapheresis (Supplementary Table 2 and 
5). However, the rise in IPF and MPV is only seen in the donors who give platelets 
showing that the sudden release of newly formed platelets is a specific response to the 
drop in the platelet count and not the result of the apheresis process itself. 
We hypothesized that the signal that triggers this sudden platelet release is contained 
within the plasma compartment, an idea reinforced by our observation that the 
addition of plasma taken post-donation promoted both proplatelet formation by 
cultured MKs as well as their platelet release in vitro. Screening of selected 
upregulated analytes, or their cargo (in the case of carrier proteins), in platelet 
production assays identified that biologically relevant concentrations of T3 (1-
10pmol/L) exhibited a subtle but significant increase in platelet production. An effect, 
interestingly not seen with other biologically active native thyroid hormones, T4 or 
T2. Analysis of free T3 in both human and mouse acute platelet depletion models 
showed a significant increase in serum levels but interestingly not at the earlier 
timepoints when IPF and MPV are at their peak. This increase in free T3 levels 
coincides with the timepoint where we observe the most significant difference in 
platelet numbers. This causal link between thyroid hormones rise and increased 
platelet production was confirmed in vitro with thyroid hormone analogues, which, 
when incubated with cultured MKs, produced from multiple stem cell sources, 
robustly induced dose-dependent increases in platelet production as well as increased 
proplatelet formation. This effect was shown to signal mainly through the non-
classical αVβ3 receptor rather than the classical THRA/B receptor. Moreover, in the 
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murine model of acute platelet depletion we showed that blocking αVβ3 signalling 
significantly delayed platelet recovery. 
Interestingly, Xu B et al. have previously shown that CD34+ cells differentiated into 
MKs in the presence of low dose T3 can have an effect on MK development and by 
extension platelet production although no direct effects of T3 on platelet production 
were studied, i.e. T3 as an agonist of terminal differentiation, 19. This however 
supports that MKs truly have the signalling capabilities to by modulated by thyroid 
hormones.   
A second morphologically distant (FS/SS) platelet population was observed in 
response to KB2115 treatment but this phenomena was exclusively observed in 
CBMK static 2D cultures. In static, 2D systems, CBMKs baseline ability to generate 
platelets is considerably lower than that of hPSC-derived MKs, ~0.2 platelets/MK as 
opposed to 0.5-1 platelets/MK respectively14. This difference is extended further 
when CBMK cultures are moved from a static system to a more dynamic, 3D system 
that we encounter with the silk scaffolds (>1 platelet/MK)13-15. The baseline MK 
‘state’ will significantly affect how it responds to outside stimuli, whether this is 
maturity or a physical environment that is conducive to platelet production, which 
may explain why we see differences in the platelets produced. Therefore, the 
observation of 2 distinct platelet populations may be a feature of a sub-optimal culture 
system rather than a true reflection of KB2115 actions.   
Taken together, our observation in vitro of T3 promoting platelet production and 
increases in free T3 in vivo at timepoints where platelet production is actively 
increasing, strongly suggests that T3 is a direct regulator of platelet production. It is 
very likely that T3 acts in concert with other signals to increase the release of platelet 
from MKs. First, its peak does not correspond with the early time point during which 
the IPF reaches a maximum. Second, blocking αVβ3 integrin and thereby T3 effect on 
MKs merely delayed the platelet recovery in mice, but did not abrogate it. 
Previous studies have reported platelet count changes in patients with either hypo- or 
hyperthyroidism and in response to treatment with either thyroid hormones 
supplement or anti-thyroid drugs. Ijaz et al. analysed healthy individuals with no 
history of thyroid disease and found that increase serum total T4 levels correlated 
with increase platelet counts20. No link was made between T3 or TSH levels with 
platelet count and no pituitary-thyroid axis hormones with MPV. Gullu et al. studied 
overt and subclinical hypothyroidism patients before and after treatment with 
Levothyroxine21. They found that both patients subsets had increased platelet activity 
that could be reversed with Levothyroxine, with overt hyperthyroidism patients 
showing increases in platelet count post treatment. Conversely, Panzer et al. have 
shown that anti-thyroid drugs given to hyperthyroidism patients increase the platelet 
counts. Sullivan et al.and Kurata et al. have both shown platelet counts dropping after 
thyroid hormone treatment in mice and hyperthyroid rats, respectively22-24. These 
conflicting results may reflect the fact that thyroid hormones may have an effect on 
both haemopoietic stem cells and their differentiation into MKs (which we did not 
examine in this study given the immediate platelet release seen in the donors) and, 
additionally, on the very last stage of thrombopoiesis and the acute release of 
platelets. The former effect on stem cell differentiation would correlate with chronic 
changes in thyroid hormones, whilst the latter would reflect acute changes such as 
those analysed in this study. 
The endeavour of producing clinically relevant quantities of platelets in culture for 
transfusion (each unit used for adult patients contains 3x1011 platelets) has long been 
impaired by the enormous cost-of-goods associated with the manufacturing process. 
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As demonstrated in this study, thyroid hormone analogues can be integrated into this 
process by applying it to a 3-dimensional bone marrow system. The gains made (2-
fold increase) do not bring the amount of platelet released per MKs to the estimated 
levels in vivo (1000 platelets per MK) but represent a significant step forward 
reducing the timing and volume needed for ex vivo human platelet production which 
represent a large proportion of the manufacturing cost-of-goods25. 
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Figure legends 
Figure 1. Analysis of the dynamics of platelet production post-acute loss of 
platelets. Analysis of (a, d) platelet count, (b, e) immature platelet factor (IPF), (c, f) 
mean platelet volume (MPV), at the indicated timepoints (pre pheresis donation [pre], 
immediately post pheresis [post], days post pheresis [D]), of healthy volunteers 
donating (a-c) platelets, n=19 or, (d-f) plasma, n=5, data expressed as relative to pre-
donation. CBMK incubated with 10% plateletpheresis plasma from the indicated 
timepoints for 48 hours, (g) representative image of a proplatelet forming MK, α-
tubulin (green), DAPI (blue), buds at end of extensions (red arrows), swellings along 
shaft (white arrows), scale bar = 10μm, n=3; quantification of (h) proplatelet 
formation by IF, n=5, and (i) platelet production by flow cytometry, n=5, both 
expressed as relative to MKs incubated with pre-donation plasma, each dot represents 
a different donor. All data expressed as mean±SD, (a-f) one-way ANOVA with 
Dunnett’s multiple comparison test, (h-i) paired student T-test,*p<0.05, **p<0.01, 
***p<0.001, not statistically significant (ns). 

 
Figure 2. Identification and analysis of modulated analytes post-acute loss of 
platelets. Analysis of plasma from plateletpheresis donors for (a) proteins by mass 
spectrometry, n=5, (b) metabolites by metabolomics (Metabolon), n=11 and, (c) 
growth factors, chemokines and cytokines by multiplex bead assay, n=5, data 
represents -log10(P) versus the effect size at the middle point (pre vs. D14, gamma). 
Analysis of platelet production from CBMKs incubated for 3 hours with either (d) T3, 
n=4, (e) T4, n=3 or (f) T2, n=3, data expressed as relative to control, either vehicle 
(VC) or no agonist (NA). (d-f) one-way ANOVA with Dunnett’s multiple comparison 
test, *p<0.05 
 
 
Figure 3. Free T3 serum levels increase post an acute loss of platelets. Analysis of 
serum free T3 concentration at indicated timepoints from (a) plateletpheresis, n=5, or 
(b) plasmapheresis donors, n=5, data expressed as relative to pre-donation (pre). 
C57BL/6J mice i.p. injected with 0.6µg/g BW anti-CD42b at day (D) 0 timepoint, 
analysis at indicated timepoints, (baseline, B) (c) diagram of mouse experiment 
indicating timepoints of injection and analysis, (d) platelet count at indicated 
timepoints, n=3-9, (e) concentration of free T3 within the plasma, n=3-8. All data 
expressed as mean±SD, (a-b) one-way ANOVA with Dunnett’s multiple comparison 
test, (d) two-way ANOVA with Šídák’s multiple comparison test, (e) paired student 
T-test, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, not statistically significant 
(ns). 

 
Figure 4. Thyroid hormones are potent inducers of in vitro platelet production. 
Analysis of platelet production by flow cytometry of CBMKs stimulated for 6-8 hours 
with (a) GC-1, n=4, (b) MGL-3196, n=4, (c) KB2115, n=3-5, data expressed as 
relative to vehicle control (VC), no agonist (NA). Analysis of platelet production by 
flow cytometry at indicated timepoints of CBMK stimulated with (d) 125μM GC-1, 
n=3-5, (e) 300μM MGL-3196, n=3, and (f) 75μM KB2115, n=3, with appropriate 
vehicle control and no agonist control, data expressed as relative to vehicle control at 
2 hour timepoint. All data expressed as mean±SD, (a-c), one-way ANOVA with 
Dunnett’s multiple comparison test, (d-f) two-way ANOVA with Tukey’s multiple 
comparison test, *p<0.05, **p<0.01, ***p<0.001, ****p>0.0001. 
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Figure 5. Thyroid hormone analogues promote proplatelet formation. Analysis of 
proplatelet formation at indicated timepoints of CBMKs stimulated with 75μM 
KB2115 or vehicle control, (a) percentage of proplatelet forming MKs, n=3, (b) 
representative images of CBMK on either fibrinogen or fibronectin stimulated for 8 
hours with either 75μM KB2115 or vehicle control, DAPI (blue), α-tubulin (green), F-
actin (red), buds at end of extensions (pink arrows), swellings along shaft (white 
arrows). All data expressed as mean±SD, (a) two-way ANOVA with Šídák’s multiple 
comparison test, *p<0.05, **p<0.01, ***p<0.001, ****p>0.0001. 
 
Figure 6. Thyroid hormone analogue signalling is mediated by integrin αVβ3 in 
megakaryocytes. Receptor expression analysed in CBMK by (a) RT-PCR, data 
expressed as ΔCt, n=3, (b-c) representative images of flow cytometry histograms, 
isotype control (white), indicated receptor (grey), n=3. Analysis of platelet production 
by flow cytometry of CBMKs stimulated for 6-8 hours with 75μM KB2115 with or 
without 30min preincubation with 1μM Tetrac, 1μM 1-850 or vehicle control (VC), 
(d) data expressed as percentage inhibition of KB2115 induction platelet production, 
n=3-4. (e) Analysis of platelet production by flow cytometry of bone marrow-derived 
MKs from either integrin β3 knock out mice(B3 KO) or wild type mice (WT) 
stimulated for 6-8 hours with 75μM KB2115, n=3, data expressed as relative to 
vehicle control. (f) Analysis of platelet count in 0.6μg/g body weight (BW) anti-
CD42b platelet depleted WT mice at indicated timepoints with daily i.p. of either 
1µg/g BW tetrac or vehicle control (Ctl), n=5, Baseline (B). (g) Analysis of platelet 
production by flow cytometry of CBMK stimulated for 6-8 hours with 75μM KB2115 
with a 30min pre-incubation with either 30μM BAPTA-AM, 5μM Go6983, 5μM 
LY294002, 15μM U-0126 or vehicle control, data expressed a percentage inhibition 
of KB2115 induced platelet production, n=3-4. All data expressed as mean±SD, (d + 
g) one-way ANOVA with Dunnett’s multiple comparison test, (e) two-way ANOVA 
with uncorrected Fisher’s LSD, (f) two-way ANOVA with Šídák’s multiple 
comparison test, *p<0.05, **p<0.01, ***p<0.001. 

 
Figure 7. Ex vivo platelet production within the silk bone marrow model. (a) The 
bone marrow model consisted of a flow chamber connected to a syringe pump and 
gas-permeable tubing to allow perfusion of medium to the system. A silk-based 
spongy scaffold with interconnected pores mimicking bone marrow microcirculation 
was modelled into the chamber. After megakaryocyte seeding, the system was 
connected to a gas-permeable collection bag, containing anticoagulant, and placed 
into an incubator at 37°C and 5% CO2, and perfused for 4 hours (Syringe pump and 
transfusion bag items are from Biorender.com). (b) Confocal microscopy analysis of 
megakaryocytes seeded into the silk bone marrow. (bi) 3D culture of megakaryocytes 
perfused in the medium containing vehicle control. (bi) 3D culture of megakaryocytes 
perfused in the medium containing 75μM KB2115. The box highlights a proplatelet-
forming megakaryocyte in adhesion to silk scaffold, elongating highly branched 
proplatelet shafts, which assemble nascent platelets at their terminal ends, within the 
hollow space of silk pores. Arrows indicate proplatelets and platelet-like particles 
released into the perfused medium (green = megakaryocytes, blue = silk) (scale bars = 
50μm). (c) Platelet count was assessed by flow cytometry by mixing samples with 
counting beads. Perfusion with medium containing 75μM KB2115 significantly 
increased the number of collected platelets. (d) Immunofluorescence staining of β1-
tubulin (red) highlighted the presence of the microtubule coil typically present in 
resting platelets (scale bars = 5μm). (e) Flow cytometry analysis of the activation of 
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vehicle control (VC) or 75µM KB2115 ex vivo collected platelets demonstrated 
increased P-Selectin exposure upon treatment with 25 µM ADP or 3 U/mL thrombin 
indicative of physiological functionality, red dotted line indicates basal level. All data 
expressed as mean±SD, (c)(e) paired Student T-test, *p<0.05. 

 

















Supplementary Methods 

Blood sampling of apheresis/plasmapheresis donors and plasma isolation 

All studies involving the use of human samples were conducted in accordance with 

the Declaration of Helsinki. 

Apheresis donors. 19 male donors who donate regularly were recruited, and full 

consent was given in accordance with East of England-Cambridge Central Research 

Ethics Committee (14/EE/0194). Platelet donations were carried out using a Trima 

Accel automated blood collection system (TerumoBCT) and performed by trained 

nurses in the Cambridge Blood Donor Centre (NHSBT, Cambridge, UK).  

 

Plasmapheresis donor. 5 healthy male donors were recruited, and collections done 

under the IRB approved “Healthy Donor Bank” protocol (PRO00026243). Full donor 

consent was given according to this protocol and processing of samples was 

performed under the IRB approved protocol “Analysis of Plasma Proteins after 

Platelet donation” (PRO00031603). Plasma donations were carried out and performed 

by trained phlebotomists at Versiti Headquarters (Milwaukee, USA).  

 

Sampling. Blood was sampled from the opposite arm usually used for donation and 

was drawn into EDTA, heparin and serum BD vacutainers. Full blood counts were 

performed within 30mins of being taken with the EDTA blood samples using either 

Sysmex XN-2000 (UK) or Sysmex XN-1000 (USA) blood counter (Sysmex). 

To isolate plasma, EDTA or heparinised blood was centrifuged at 1000g for 15mins at 

22 ºC 15mins after collection. The top plasma was collected, immediately aliquoted 

and stored at -80 ºC until analysis. 

To isolate serum, blood in the serum BD vacutainers were allowed to stand at room 

temperature (r.t.) for 30-60mins then centrifuged at 1000g for 15mins at 22 ºC. The 

top serum was collected, immediately aliquoted and stored at -80 ºC until analysis. 

 

Cord blood-derived megakaryocytes 

CD34+ cells were isolated from cord blood obtained with full consent in accordance 

with Cambridgeshire 4 Research Ethics Committee (07/MRE05/44), the Ethical 

Committee of the I.R.C.C.S. Policlinico San Matteo Foundation of Pavia, and the 

principles of the Declaration of Helsinki.  

In brief, cord blood diluted 1:1 with PBS was layered over Ficoll-Paque premium (GE 

Healthcare) and centrifuged at 400g for 30mins. The mononuclear cell layer was 

collected and washed once in PBS 510g 6mins then in MACS buffer (PBS with 0.5% 

BSA, 2mM EDTA) 200g, 10mins. Pellets were resuspended in MACs buffer and 

incubated for 20mins with FC block and CD34 magnetic microbeads (Miltenyi 

Biotech). Magnetic separation was employed with MACS columns (Miltenyi Biotec) 

and a magnet. Columns were washed 3 times with MACS buffer and finally removed 

from the magnet where the CD34 cells were eluted. Cells were centrifuged at 510g for 

10mins, and pellets resuspended in CBMK culture media (Cellgro supplemented with 

50ng/ml TPO (Cellgenix) and 5ng/ml interleukin (IL)1β (Cellgenix)) to a 

concentration of 104 cells/ml. Cells were seeded in 1ml per well of a 12 well plate and 

incubated at 37 ºC in a 5% CO2 humidified incubator. On day 3, cells were fed by the 

addition of 1ml CBMK culture media. On day 6 1ml of media was removed from 

each well and 1ml of fresh CBMK culture media was added. Cells were further 

incubated at 37 ºC until day 9/10. 



Alternative protocols were also tested1. Briefly, MKs were cultured for 13 days in 

StemSpan media (STEMCELL Technologies, Vancouver, Canada) supplemented 

with 10 ng/ml TPO and IL-11 (Peprotech, London, UK), 1% penicillin-streptomycin, 

and 1% L-glutamine (Euroclone). The culture medium was renewed every 3 days for 

two weeks. 

 

Mouse bone marrow-derived megakaryocytes 

This research was regulated by the UK Animals (Scientific Procedures) Act 1986 

Amendment Regulations 2012 (project license P667BD734) and β3(-/-) mice (Kindly 

provided by R.O.Hynes, Howard Hughes Medical Institute,Cambridge,MA) studies 

approved by Medical College of Wisconsin’s Animal Care Committee project number 

AUA000004882.  

Wild type (+/+) colony littermates were sacrificed, bone marrow cells were collected 

from the tibias and femurs and stored on ice in DMEM Glutamax supplemented with 

10% FBS, 100U/ml penicillin/streptomycin, then centrifuged at 200g for 5mins at 

4 ºC. Erythrocytes were lysed in buffer containing 150mM ammonium chloride, 

10mM potassium bicarbonate and 0.1mM EDTA (pH7.3) and filtered through a 70μm 

cell strainer. MK progenitors were negatively selected with rat anti-mouse CD11b 

biotin-conjugated (clone M1/70, 1/500, eBioscience), rat anti-mouse Ly6G (clone 

RB6-8C5, 1/500, eBioscience), rat anti-mouse CD45R/B220 biotin (clone RA3-6B2, 

1/500, BD Biosciences), rat anti-mouse CD16/CD32 (clone 2.4G2, 1/500, BD 

Biosciences) and magnetic beads against rat IgG (Dynabeads, Thermoscientific). 

Cells were centrifuged at 200g for 5mins, and pellets were resuspended in Cellgro 

supplemented with 100ng/ml mouse TPO. Cells were incubated for 4 days at 37 ºC in 

a 5% CO2 humidified incubator.  

MKs were isolated by BSA gradient. In brief, 4ml 1.5% BSA was layered over 4ml 

3% BSA. Cells were collected and centrifuged for 5mins at 120g, and pellets were 

resuspended in 4ml PBS which was then layered over the 1.5% BSA. The gradient 

was incubated at r.t. for 45 mins, then the top 10ml was centrifuged at 200g for 5 mins 

and resuspended with Cellgro supplemented with 100ng/ml thrombopoietin (TPO), 

100ng/ml stem cell factor (SCF), 10ng/ml IL-3, 100ng/ml IL-6 and 100ng/ml IL-11 

(all recombinant mouse, Peprotech). These cells were further incubated for 3 days at 

37 ºC for a second round of MK isolation. The bottom 2 ml was centrifuged at 120g 

for 5mins and resuspended in appropriated media for the assay of choice. 

 

iPSC-derived megakaryocytes 

The differentiation of human pluripotent stem cells (hPSC) into megakaryocytes was 

carried out using forward programming techniques (FOP) either virally or using a 

doxycycline-inducible system, as previously described3, 4.  

Viral FOP. A1ATD1 hPSC were obtained from the Cambridge Biomedical Research 

Centre iPSC Core Facility. In brief, A1ATD1 hPSC were lentivirally transduced with 

3 transcription factors; FLI1 (MOI20), TAL1 (MOI20) and GATA1 (MOI20), in an 

in-house media DMEM/F12 (Thermo Fisher Scientific) 7.5% w/vNaHCO3 (Thermo 

Fisher Scientific), 2x Insulin-Transferrin-Selenium premixed solution (Thermo Fisher 

Scientific), 6.4mg/ml L-Ascorbic acid 2-phosphate sesquimagnesium salt hydrate 

(Sigma) supplemented with 10ng/ml recombinant human BMP4 (Qkine), 20ng/ml 

recombinant human FGF2 and 10μg/ml protamine sulphate for 24 hours. Cells were 

then washed with PBS and placed in a mesoderm media (above in-house media 

supplemented with 20ng/ml FGF2 and 10ng/ml BMP4) for 24 hours. Media was then 

replaced with a MK culture media (Cellgro supplemented with 20ng/ml TPO and 



25ng/ml SCF), with semi-depletion of media every 2-3 days. On Day 10, cells were 

harvested with TrypLE (Thermo Fisher Scientific), centrifuged at 300g 5mins and 

then seeded back in MK culture media in TC treated plates (no vitronectin). Cells 

were fed by semi-depletion every 2-3 days until mature (greater than 70% 

CD41+/42+). 

Inducible FOP. QOLG1 hPSC were obtained from the Human Induced Pluripotent 

Stem Cell Initiative (HipSci). QOLG1 hPSC, had been modified in-house with a 

doxycycline-inducible overexpression cassette containing FLI1, TAL1 and GATA1, 

as previously described but using the next generation construct containing genomic 

insulators in the dual genomic harbour system, denoted inducible (i)QOLG1.1H4. In 

brief, iQOLG1.1H were cultured in the above mesoderm in-house media 

supplemented with 125ng/ml doxycycline, 20ng/ml FGF2 and 10ng/ml BMP4 for 24 

hours. Cells were then incubated for 24 hours with 3μM CHIR99021 (Cayman 

Chemicals). Cells were incubated for a further 24 hours in mesoderm media 

supplemented with doxycycline, FGF2 and BMP4, then transferred to an in-house MK 

culture media (AMK) containing IMDM (without phenol red), 0.5% BSA (BioSera), 

1x Insulin-Transferrin-Selenium premixed solution, 50μM β-mercaptoethanol, 1x 

Chemically Defined Lipid Concentrate (Gibco) supplemented with 125ng/ml 

doxycycline, 20ng/ml TPO and 25ng/ml SCF and fed via semi-depletion every 2-3 

days4. On day 10, cells were harvested as above and cultured in the in-house AMK 

culture media until mature.   

 

Proplatelet assay 

Cell purity was first analysed using CD41a-APC H7 (1/200, clone HIP8, BD 

Pharmingen), CD42a-APC (1/100, clone REA209, Miltenyi Biotec) and 0.5µg/ml 

DAPI (Cell Signalling). Briefly, cells were incubated with appropriate antibodies for 

15mins at r.t. then diluted with PBE (PBS containing 0.2% BSA, Biosera, 5mM 

EDTA, Sigma) and DAPI. Analysis was performed on a Gallios flow cytometer using 

Kaluza software (Beckman Coulter). Experiments were only performed on CBMKs 

that had a purity above 70% (CD41+/CD42+) and a viability above 80% as indicated 

by the DAPI staining. Chamber slides (μ-slide, Ibidi) or sterile coverslips were 

washed three times with PBS, then incubated with 200µg/ml Fibrinogen (FIB3, 

Enzyme Research) overnight at 4 ºC or for 1 hour at r.t. Cells were centrifuged at 

100g for 6mins, and the pellets were resuspended to 0.25x106 cells/ml in Cellgro. 

Wells were washed once with Cellgro, then cells were seeded. Cells were fixed at 

indicated time points using 1% formaldehyde (FA). For staining, wells were 

incubated with 50μM NH4Cl for 5 mins then washed 3 times with a permeabilisation 

buffer containing 0.1% saponin (Quillaja Bark, Sigma), 0.2% gelatin (cold water fish 

skin, Sigma) and 0.02% sodium azide in PBS. Cells were incubated with mouse anti-

human α-Tubulin (1/250, clone B-5-1-2, Sigma) prepared in permeabilisation buffer 

for at least 1 hour at r.t. Wells were washed again 3 times with permeabilisation 

buffer and then incubated with goat-anti-mouse IgG1 Alexa Fluor 488 (1/1000, 

A21121, Thermo Fisher Scientific) and phalloidin CruzFluor-555 (sc-363784, Santa 

Cruz) in permeabilisation buffer for at least 1 hour in the dark at r.t. Cells were then 

washed 3 times with PBS and incubated with 1µg/ml DAPI for 5mins in the dark at 

r.t. Finally, cells were washed 3 times with PBS, wells were mounted using Prolong 

Diamond anti-fade mounting media (Thermo Fisher Scientific) or coverslips applied 

to slides with said mounting media. Slides were cured overnight in the dark at r.t. and 

then stored at 4 ºC.  



Cells were imaged either with a 40x objective on a Leica DM4000 with LAS software 

or with a 63x oil objective on an SP5 using this software. Assays were run with a 

minimum of 2 technical replicates. 5 images were taken per technical replicate and the 

percentage proplatelet-forming MKs or spreading MKs were averaged.  

 

Platelet production assay 

Experiments were only performed on CBMKs above 80% DAPI- and above 70% 

41+/42+, and for hPSC-MKs above 30% DAPI- and above 70% 41+/42+, see above for 

details of staining protocol. Cells were centrifuged 120g /100g 5mins and pellets were 

resuspended to 0.5x106 cells/ml (CBMK/hPSC-MK) or 0.2x106 cell/ml (mouse MKs) 

in high-glucose RPMI (Thermo Fischer Scientific, A10491). For experiments with 

plasma, to reduce the amount of contaminating platelets within this experiment, 

plasma was centrifuged 4000g 15mins 4 ºC to pellet platelets and no MK controls 

were used to ascertain the correct amount of platelet contamination from each 

different timepoint. For experiments involving antagonists, cells were preincubated 

with the appropriate concentration of antagonist; 1μM 3,3’,5,5’-Tetraiodothyroacetic 

acid (Tetrac, Sigma), 1μM 1-850 (17248, Cayman Chemicals), 30μM BAPTA-AM 

(A1076, Sigma), 5μM Gö6983 (228T, Tocris, Bio-techne), 5μM LY294002 (SM24. 

Cell Guidance Systems) or 15μM U-0126 (70970, Cayman Chemicals), for 30mins at 

37 ºC. Cells were seeded at 50,000 cells/well (CBMK/hPSC-MK) or 20,000 cells/well 

(mouse MKs) in a 96-well flat bottomed plate and incubated at 37 ºC in a 5% CO2 

humidified incubator for the indicated time points. All cells/platelets were harvested 

and stained with CD41a-APC H7 (1/200), CD42a-APC (1/100) for human-derived 

platelets and CD41-APC/Cy7 (1/200, clone 1C2, Biolegend), CD42d-PerCP/Cy5.5 

(1/200, clone MWReg30, Biolegend) for mouse MK-derived platelets. Both were also 

stained with 200ng/ml calcein-AM (C3100MP, Thermo Fisher Scientific) for 15mins 

at 37 ºC. Samples were diluted with PBE containing 0.5μg/ml DAPI and flow-count 

fluorospheres (Beckman Coulter) and analysed by flow cytometry (Gallios, Beckman 

coulter). Events that were of a platelet size/density (FS/SS) set by peripheral blood 

platelets and calcein+/CD41+/CD42+ were defined as platelets, Supplementary Fig. 3. 

All platelet production assays were run in triplicate and platelet numbers calculated 

using flow-count fluorospheres. 

 

Mass Spectrometry 

10µl of plasma was subjected to depletion of the two most abundant protein 

components (Albumin, using affinity spin columns as per the instruction manual 

(Thermo Scientific/Pierce), followed by reduction/alkylation with 

DTT/Iodoacetaminde, Chloroform/Methanol precipitation and tryptic digest.  

Peptide samples were desalted using SOLA SPE Cartridges (Thermo 

Scientific/Pierce) and resuspended at a concentration of 1µg/µl. Samples were 

analysed on a LC-MS/MS platform consisting of Dionex Ultimate 3000 UPLC and Q-

Exactive mass spectrometer (both Thermo Fisher Scientific), using a linear gradient 

from 2-35% ACN in 0.1% Formic Acid/5% DMSO over 120mins with an EASY-

Spray PepMap C18 column (500mm x 75um, 2um particle size). Survey scans were 

acquired at a resolution of 70000 (@200 m/z) and the most 15 abundant precursors 

were selected for MSMS analysis. 

Resulting data was imported into Progenesis LCMS (V4.1.4832.42146, Waters) using 

default settings. MS/MS spectra were identified with Mascot (V2.3, Matrix Science). 

Peptide FDR was adjusted to 1% and peptides hits with scores lower than 20 were 

excluded. 



 

Metabolon 

Plasma samples isolated from plateletpheresis donor blood were submitted to 

Metabolon, Morrisville, NC, for metabolomic analysis. 

 

Multiplex bead assay 

Plasma samples isolated from plateletpheresis blood were analysed using a custom 

premixed multiplex human magnetic Luminex assay (R&D Systems, Bio-techne) 

following the manufacturer’s protocol. Briefly, samples were diluted according to 

manufacturer’s recommendations and then incubated with the microparticle cocktail 

for 2 hours at room temperature on a plate shaker (800rpm). Plates were washed three 

times using a 96-well plate magnet and then incubated for 1 hour at r.t. on a plate 

shaker with the biotin antibody cocktail. Microparticles were washed again three 

times using a magnet and then incubated for 30mins at r.t. on a plate shaker with the 

streptavidin-PE. After a final wash, the microparticles were resuspended in wash 

buffer and analysed using a Luminex 100 and xPONENT v3.1 software (Luminex). 

 

Immunoassay analysis 

Thyroid stimulating hormone (TSH) and human Free T3 (all ADVIA Centaur, 

Siemens) were analysed using a clinically accredited laboratory at Addenbrookes 

Hospital, Cambridge, UK (National Institute for Health Research, Cambridge 

Biomedical Research Centre, Core Biochemistry Assay Laboratory, Tissue Bank and 

Histology). Human plasma was also analysed with ELISAs for TPO (DY288, Bio-

techne) following manufacturer’s instructions. Plasmapheresis serum samples were 

analysed for Free T3 using ab108663, Abcam following manufacturer’s instructions. 

Mouse plasma was isolated from blood collected from the inferior vena cava (IVC). 

In brief, mice were terminally anaesthetised intraperitoneally with 100mg/ml 

ketamine and 10mg/ml xylazine. IVC blood was drawn over 50μl 0.5M EDTA and 

centrifuged at 2000g 15mins at 4 ºC. Plasma was isolated and immediately stored at -

20 ºC. Plasma was analysed for Free T3 (NBP2-60012, NovusBio) and TPO (MTP00, 

Bio-techne) following manufacturer’s instructions.      

 

RT-PCR 

RNA was isolated from cells using RNeasy Plus mini kit (Qiagen) following 

manufacturer’s instructions. RNA was incubated with random hexamers for 65 ºC for 

5mins then with SuperScript III reverse transcriptase, dNTPs and RNase inhibitors 

(all Thermo Fisher Scientific) following manufacturers protocols. RT-PCR was 

performed using SYBR green Brilliant II low ROX  (Agilent), with 10μM primers 

(opitmised to 90-110% primer efficiency with clean single Tm peaks); THRA 

forward-GTGGGGCACTCGACTTTC reverse-TGACTGACCTCCGCATGAT, 

THRB forward-CATAAATTCCATTTGTCAGTGAG reverse-

GCTCCACTGTGGGGAGATATT, ITGAV forward-

TCCATTTCAATTTTGTGGATAAA reverse-TCCCAGGACTGTATTGCTGA, 

ITGB3 forward-CATGGCCGGAACACATCT reverse-

GCAAGTACTGTGAGTGCGATG and housekeeping gene 18s forward-

GCTTAATTTGACTCAACACGGGA reverse-

AGCTATCAATCTGTCAATCCTGT, on a MX3000 (Stratagene) using a 1 plateau, 

normal 2 step protocol. Data expressed ΔCT (target CT – housekeeping CT). 

 

Flow cytometry analysis of receptor expression 



For extracellular staining, MKs were stained with mouse anti-human integrin αVβ3-

FITC (1/50, clone LM609, Millipore) for 20mins at r.t. Samples were diluted with 

PBE (described above) and analysis was performed on a Gallios flow cytometer. 

For intracellular staining, MKs were fixed with 0.2% formyl saline for 10mins at r.t. 

MKs were washed twice with PBE at 120g 5mins and incubated with a 

saponin/gelatin/PBS permeabilisation buffer (described above) and mouse anti-human 

THRA/THRB antibody (1/20, clone C3, Thermo Fisher Scientific) for 30mins at r.t. 

Samples were washed three times in permeabilisation buffer at 120g 5mins and 

incubated in permeabilisation buffer with a goat anti-mouse Alexa Fluor 488 (1/1000, 

Thermo Fisher Scientific) for 30mins at r.t. in the dark. Samples were finally washed 

three times in PBE at 120g 5mins and analysis was performed on a Gallios flow 

cytometer. 

 

In vivo assays-platelet depletion 

JAX C57BL/6J (Charles River Laboratories) male, aged-matched mice were 

intraperitoneally injected once at ‘Day 0’ with either 0.6μg/g body weight (BW) 

CD42b antibody (R300, Emfret) in PBS or vehicle control (PBS). For experiments 

involving the antagonist tetrac, mice were intraperitoneally injected with 1μg/g BW 

tetrac in PBS or vehicle control (equivalent volume of DMSO in PBS) daily from Day 

1-5 inclusive. Blood samples were taken at indicated intervals by tail vein bleeds and 

terminal inferior vena cava bleed in the presence of EDTA, as previously described 

above. Platelet counts, as well as other blood cell indices, were analysed by veterinary 

haematology analyser (Scil Vet abc plus+, Horiba).  

 

Preparation of the silk bone marrow model 

Silk fibroin aqueous solution was obtained from Bombyx mori silkworm cocoons 

according to previously published literature5.  

A silk solution (8% w/v) was mixed with 25 µg/ml fibronectin and dispensed into a 

moulding system. NaCl particles (approximately 500 µm in diameter) were then sifted 

into the solution in a ratio of 1 mL/2 g of NaCl particles. The scaffolds were then 

placed at r.t. for 48 hours and then soaked in distilled water to leach out the NaCl 

particles. The scaffolds were sterilized in 70% ethanol and finally rinsed in culture 

medium before any cell-based experiments. 

 

Imaging of MK cultures within the 3D silk bone marrow model 

For immunofluorescence imaging in the silk bone marrow tissue model, samples were 

fixed in 4% paraformaldehyde (PFA) for 20mins and then blocked with 5% bovine 

serum albumin (BSA, Sigma) for 30 min at r.t.. Samples were probed with anti-CD61 

(1/100, Beckman Coulter) overnight at 4°C and then immersed in Alexa Fluor 

secondary antibody (1/500, Invitrogen) for 2 hours at r.t.. Nuclei were stained with 

Hoechst. Samples were imaged by a TCS SP8 confocal laser scanning microscope 

(Leica, Heidelberg, Germany). For silk fibroin scaffold imaging, we took advantage 

of silk auto-fluorescence in UV light. Silk fluorescence was brightened by staining 

with Hoechst. For all immunofluorescence imaging, the acquisition parameters were 

set on the negative controls. 3D reconstruction and image processing were performed 

using Leica licensed softwares. 

 

Ex vivo platelet production 



A custom flow chamber was produced and perfused as previously described6. The 

perfusion of the silk scaffold was performed with a basic medium (DMEM, 

Euroclone) containing KB2115.  

Collected platelets, produced ex vivo, were analysed by flow cytometry using the 

same forward and side scatter pattern as human peripheral blood and identified as 

CD41a+CD42a+ events. Human peripheral blood platelets were isolated from whole 

blood that was centrifuged at 200 × g for 10 min to obtain platelet-rich plasma (PRP). 

Platelets were washed in Tyrode’s buffer (134 mM NaCl; 0.34 mM Na2HPO4; 2.9 

mM KCl; 12 mM NaHCO3; 20 mM HEPES; 5 mM glucose) in the presence of 0.2 

U/ml apyrase and 1 μM PGE 1 (Sigma, Milan, Italy) and allowed to rest at room 

temperature for 1 h, before being used. 

 Isotype controls were always used as a negative control to exclude non-specific 

background signals. The platelet number was calculated using a TruCount bead 

standard. All samples were acquired with a BD FACS Lyric (Becton Dickinson). 

 

Platelet activation assay by flow cytometry 

For platelet activation studies, MKs were seeded at 1x106/ml in A10491 RPMI 

overnight in 12 well plates at 37 ºC with the indicated ligand. Whole blood controls, 

blood was first drawn over EDTA with tourniquet. The tourniquet was removed, then 

blood was drawn into sodium citrate. The sodium citrate blood was diluted 1/25 with 

Tyrodes solution (134mM NaCl, 2.9mM KCl, 0.34mM Na2HPO4.2H2O, 12mM 

NaHCO3, 20mM HEPES, 1MM MgCl2.6H2O, 5mM D-Glucose, pH 7.3, all Merck). 

250µg/ml PGI2 (Merck) was added to both the diluted whole blood and MK cultures. 

MKs/platelets were collected and centrifuged 120g 5min r.t. to reduce MK 

contamination. Supernatants were collected and centrifuged 1400g 10mins r.t. to 

pellet the platelets. Pellets were resuspended with Tyrodes solution supplemented 

with 1mM CaCl2 (Merck). Platelets and whole blood were incubated for 30mins at 

37 ºC in the presence of CD41-APC H7 (1/200), P-selectin-APC (1/30, clone AK4, 

304910 Bioloegend), Calcein violet (for platelets 2.5pg/ml, for whole blood 

12.5pg/ml, Thermo Fischer Scientific) with or without the indicated concentrations of 

ADP (Merck) or thrombin (Merck). Samples were fixed with 0.2% formyl saline 

(water with 0.85% NaCl, and 0.2% formaldehyde, Merck). Gates were set compared 

to unstained samples (calcein violet), appropriate isotype controls (CD41 and P-

selectin exposure) and 4.2mM EDTA (Fibrinogen binding). The sample were 

analysed by flow cytometry (Gallios). Relative MFI of platelet sized events that were 

calcein and CD41 positive were compared to no agonist controls. All samples were 

run in duplicate. 

 

Statistical Analysis 

For analysis of Mass spectrometry, Metabolon and Multiplex bead assay. Using three 

different assays, we quantified molecules in plasma samples obtained pre-donation, 4-

8 hours post donation and D14 post-donation. The number of donors for each assay 

were as follows: mass spectrometry (n=5), Luminex bead array (n=5) and Metabolon 

(n=11). We fitted the following linear mixed model for each molecule captured by 

each assay: 

log(𝑦𝑖𝑗 + 1) = 𝛼 + 𝑥𝑗𝛽𝑗 + (1 − |𝑥𝑗|)𝛾 + 𝜈𝑖 +  𝜖𝑖𝑗, 

where: 

• 𝑦𝑖𝑗 is the raw intensity measurement for donor 𝑖 at time point 𝑗, 

• 𝑥 = (−1, 0, 1), 

• 𝜈𝑖 is a normally distributed random effect, and 



• 𝜖𝑖𝑗 is a normally distributed residual. 

Using a likelihood ratio test, we tested the null hypothesis 𝛾 = 0, which represents a 

model in which there is no significant deviation from a linear trend across the three 

consecutive time points. 

For all other. Values were either expressed as mean plus or minus the standard 

deviation (mean±SD). A two-tailed paired t-test was performed for statistical analysis 

of data from samples tested in parallel under different experimental conditions. One 

and two-way ANOVAs were also performed with indicated post-hoc analysis. A p-

value of less than 0.05 was considered statistically significant. All N numbers 

represent biological replicates. For experiments involving cord blood-derived MK, 

different donors are used and for iPSC-derived MK, different FOP experiments are 

used. 

 

Data availability 

Numerical data analysis for the multi-omic study of the platelet apheresis donors are 

detailed in Supplementary Tables 6-11. Non-identifiable donor information is also 

detailed in Supplementary Tables 1 + 4. Correspondence and requests for data or 

information should be addressed to Cedric Ghevaert, Wellcome-MRC Cambridge 

Stem Cell Institute, Jeffrey Cheah Biomedical Centre, Cambridge Biomedical 

Campus, University of Cambridge, Puddicombe Way, Cambridge, CB2 0AW, UK. 

Request will be responded to within 10 working days 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure Legends 

Supplementary figure 1. (a) Analysis of plateletpheresis donor mean platelet volume 

(MPV) and immature platelet fraction (IPF) at 4-8 hours compared to the pre-donation 

control, each data label indicates a donor reference ID, red dots indicate donor plasma 

or serum that was utilised in further experiments. 

 

Supplementary figure 2. Representative images of proplatelet-forming 

megakaryocytes from cord blood-derived megakaryocyte cultures incubated with 

plasma from the indicated timepoints for 6-8 hours, staining indicates α-tubulin 

(green) and DAPI (blue), scale bar 10µm, n=3.  

 

Supplementary figure 3. (a) Representative flow cytometry sequential gating 

strategy for the analysis of platelets. Firstly, platelet sized particles are gated on based 

on forward scatter (FS) and side scatter (SS) of a peripheral blood platelet sample. 

Then calcein-AM positive events are gated on using an unstained sample as the 

control, calcein stained sample (light grey), unstained sample (dark grey). Finally, 

CD41 and CD42a positive events are gated on based on the isotype controls. Platelets 

sized events that are calein-AM/CD41/CD42a positive are considered ‘true’ platelets. 

(b) Representative flow cytometry data from cord blood-derived megakaryocyte 

cultures incubated for 6-8 hours with the indicated 10% plateletpheresis plasma, n=5. 

 

Supplementary figure 4. (a) Analysis of plateletpheresis serum by ELISA for 

thrombopoietin (TPO) at the indicated timepoints, data expressed as relative to pre-

donation control for each donor, each line represents a different donor, n=6. Analysis 

of platelet production from CBMKs incubated for 6-8 hours with the indicated 

concentrations of either (b) alpha-1-acid glycoprotein, n=3, (c) L-carnitine, n=3, (d) 

Leu-Gly, n=3, (e) Succinimide, n=3-4, (f) Extracellular matrix-1 (ECM), n=5, (g) 

Chemerin, n=5, data expressed as relative to control, mean±SD. (a-g) one-way 

ANOVA with Dunnett’s multiple comparison test, not statistically significant (ns).  

 

Supplementary figure 5. Representative chemical structures of thyroid hormones, 

thyroxine (T4), triiodothyronine (T3), diiodothyronine (T2). Chemical structures of 

thyroid hormone analogue agonists GC-1 (Sobetirome), MGL-3196 (Resmetirom), 

KB2115 (Eprotirome) and antagonists, tetraiodothyoacetic acid (tetrac).  

 

Supplementary figure 6. (a) Analysis of plateletpheresis serum thyroid stimulating 

hormone (TSH) concentration at indicated timepoints, pre donation (pre), 

immediately post donation (post), day (D), mean±SD, n=5. (b) Analysis of TPO 

plasma concentration at indicated timepoints in wildtype mice with either 0.6µg/g 

BW CD42b Ab i.p (black circles) or vehicle control i.p. (VC, grey circles), mean±SD, 

n=4-5. (a) one-way ANOVA with Dunnett’s multiple comparison test, no significant 

difference (SD), (b) two-way ANOVA with Šídák’s multiple comparison test, 

*p<0.05, ***p>0.001, ****p>0.0001. 

 

Supplementary figure 7. Analysis of platelet production by flow cytometry of (a) 

CBMK with or without 1% BSA incubated for 6-8 hours with either 75μM KB2115 

or vehicle control (Ctl), (b) Virally differentiated A1ATD1-MKs incubated overnight 

with the indicated concentrations of KB2115 or vehicle control (VC), (c) Inducible 



QOLG1.1H-MK incubated overnight with the indicated concentrations of KB2115, 

all data expressed as mean±SD, relative to vehicle control, n=3. Representative 

forward scatter (FS) and side scatter (SS) flow cytometry dot plots of (d) viral 

A1ATD1 MKs and (e) inducible QOLG1.1H. (a) one-way ANOVA with 

Bonferroni’s multiple comparison test, (b-c) one-way ANOVA with Dunnett’s 

multiple comparison test,*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, not 

statistically significant (ns). 

 

Supplementary figure 8. (a) Representative flow cytometry dot plots, forward scatter 

(FS) vs. side scatter (SS), of CBMK stimulated with vehicle control or 75µM KB2115 

for 6-8 hours. Analysis of platelet populations, Platelet ‘A’ (A) and Platelet ‘B’ (B) by 

flow cytometry of CBMKs stimulated for 6-8 hours with 75μM KB2115 or vehicle 

control (b) percentage of platelet sized events, n=4, (c) percentage of calcein positive, 

platelet sized events, n=4, and (d) percentage of CD41a/CD42a positive, platelet sized 

events, n=4. Analysis of platelet production by flow cytometry of CBMKs stimulated 

for 6-8 hours with 75μM KB2115 with or without 30min preincubation with 1μM 

Tetrac, (e) representative dot plots of forward scatter (FS) and side scatter (SS), n=3, 

(f) platelet numbers in platelet gates, Platelet ‘A’ (A) and Platelet ‘B’ (B), n=3. All 

data expressed as mean±SD, (b + d) two-way ANOVA with uncorrected Fisher’s 

LSD, (c) paired Student T-test (e) one-way ANOVA with Dunnett’s multiple 

comparison test, (f) two-way ANOVA with uncorrected Fisher’s LSD, *p<0.05, 

**p<0.01, ***p<0.001, ****p>0.0001 

 

Supplementary figure 9. Analysis of spreading of CBMK incubated for 6-8 hours 

with either 75μM KB2115 or vehicle control (VC), (a) representative images at 2 

hours, DAPI (blue), F-actin (red), n=3, (b) percentage of spreading MKs at indicated 

timepoints, n=3, mean±SD, two-way ANOVA with Šídák’s multiple comparison test, 

****p<0.0001. 

 

Supplementary figure 10. Analysis of platelet production by flow cytometry of 

CBMK incubated for 6-8 hours with vehicle control and pre-incubated for 30mins 

with either vehicle control (VC) or (a) 1μM 1-850, n=4, (b) 1μM Tetrac, n=3. All 

data mean±SD, all data expressed as relative to no agonist control (NA), one-way 

ANOVA with Dunnett’s multiple comparison test, not statistically significant (ns). 

 

Supplementary figure 11. Analysis of  activation of peripheral blood platelets by 

flow cytometry by 3 U/mL thrombin. (a) representative flow plots of unactivated 

(basal) and activated (Thombin) platelets showing FS/SS and P-selectin gating, n=4 

(b) Relative MFI of P-selectin of stimulated (3 U/ml thrombin) and unstimulated 

platelets, n=4, Mean±SD, Paired Student T-test, ****p<0.0001. 

 

Supplementary figure 12. Schematic of the pheresis process. Blood is collected from 

the donor where anti-coagulant is added before the blood is centrifuged to separate 

out three layers, red blood cells (RBC, red), platelet rich plasma (orange, for platelets) 

and platelet poor plasma (yellow, for plasma). Each layer is continually syphoned 

from the centrifuge, platelet rich plasma and platelet poor plasma is passed through a 

leukocyte reduction device. Depending on what is being collected, each layer can 

either be diverted to a collection bag or a reservoir. Blood in the reservoir is then 

returned to the donor through the same collection needle.  

 



 

Supplementary Table Legends 

 

Supplementary Table 1. showing plateletpheresis donor and donation information, 

negative (-ve), positive (+ve), unknown (?), British including 

Welsh/Scottish/English/Northern Irish (A), double platelet donation (D), triple platelet 

donation (T), single homozygous donation (HZD), body mass index (BMI). 

 

Supplementary Table 2. showing plateletpheresis donors full blood counts relative 

to the pre-donation control (Pre), bold text indicates statistical significance, n=19, 

average (Av.), one-way ANOVA with Tukey’s multiple comparison test, not 

statistically significant (ns), *p<0.05, **p<0.01, ***p<0.001. 

 

Supplementary Table 3. showing plateletpheresis donors (a) platelet count (PLT), 

(b) immature platelet fraction (IPF) and (c) mean platelet volume (MPV), at the 

indicated timepoints, data expressed as relative to pre-donation control (Pre), n=19, 

one-way ANOVA with Bonferroni’s multiple comparison test, not statistically 

significant (ns), *p<0.05, **p<0.01, ***p<0.001. 

 

Supplementary Table 4. showing plasmapheresis donor and donation information, 

negative (-ve), positive (+ve), body mass index (BMI). 

 

Supplementary Table 5. showing plasmapheresis donors full blood counts relative to 

the pre-donation control (Pre), bold text indicates statistical significance, average 

(Av.), n=5, one-way ANOVA with Tukey’s multiple comparison test, not statistically 

significant (ns), *p<0.05, **p<0.01, ***p<0.001. 

 

Supplementary Table 6. showing proteins identified with mass spectrometry that are 

down-regulated at the 4-8 hour timepoint compared to the middle point (pre vs. D14), 

difference in timepoints pre and D14 (2x beta, 1x beta indicated in table), difference 

in the middle point (pre vs. D14) and the 4-8 hour timepoint (gamma), p value (p), 

bold text indicated statistically significant proteins, n=5. 

 

Supplementary Table 7. showing proteins identified with mass spectrometry that are 

up-regulated at the 4-8 hour timepoint compared to the middle point (pre vs. D14), 

difference in timepoints pre and D14 (2x beta, 1x beta indicated in table), difference 

in the middle point (pre vs. D14) and the 4-8 hour timepoint (gamma), p value (p), 

bold text indicated statistically significant proteins, n=5. 

   

Supplementary Table 8. showing metabolites identified with Metabolon that are up-

regulated at the 4-8 hour timepoint compared to the middle point (pre vs. D14), 

difference in timepoints pre and D14 (2x beta, 1x beta indicated in table), difference 

in the middle point (pre vs. D14) and the 4-8 hour timepoint (gamma), p value (p), 

bold text indicated statistically significant proteins, n=11. 

 

Supplementary Table 9. showing metabolites identified with Metabolon that are 

down-regulated at the 4-8 hour timepoint compared to the middle point (pre vs. D14), 

difference in timepoints pre and D14 (2x beta, 1x beta indicated in table), difference 

in the middle point (pre vs. D14) and the 4-8 hour timepoint (gamma), p value (p), 

bold text indicated statistically significant proteins, n=11. 



 

Supplementary Table 10. showing cytokines and growth factors identified with a 

multiplex bead assay that are down-regulated at the 4-8 hour timepoint compared to 

the middle point (pre vs. D14), difference in timepoints pre and D14 (2x beta, 1x beta 

indicated in table), difference in the middle point (pre vs. D14) and the 4-8 hour 

timepoint (gamma), p value (p), bold text indicated statistically significant proteins, 

n=5. 

 

Supplementary Table 11. showing cytokines and growth factors identified with a 

multiplex bead assay that are up-regulated at the 4-8 hour timepoint compared to the 

middle point (pre vs. D14), difference in timepoints pre and D14 (2x beta, 1x beta 

indicated in table), difference in the middle point (pre vs. D14) and the 4-8 hour 

timepoint (gamma), p value (p), bold text indicated statistically significant proteins, 

n=5. 

 

Supplementary Table 12. showing the average serum concentration (pmol/L) of free 

T3 in plateletpheresis samples at the indicated timepoints, n-5, pre-donation (pre), 

immediately post donation (post), day (D), standard deviation (SD).   

 

Supplementary Table 13. showing full blood counts for wildtype mice at the 

indicated timepoints either i.p. injected with 0.6µg/g body weight (BW) anti-CD42b 

Ab (Depletion) post baseline measurement, or vehicle control (control), n=3-4, two-

way ANOVA with with Šídák’s multiple comparison test, *p<0.05, **p<0.01, 

***p<0.001, ****p<0.0001, not statistically significant (ns). 
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Supplementary Table 2 

 Timepoints 
 Pre Post 4-8 hours Day 1 Day 3 Day 7 Day 14 
 Av. SD Av. SD p Av. SD p Av. SD p Av. SD p Av. SD p Av. SD p 

WBC (10^3/ul) 1 0 1.06 0.122 ns 1.26 0.234 *** 1.09 0.185 ns 1.01 0.117 ns 1.00 0.147 ns 0.99 0.180 ns 
RBC (10^6/ul 1 0 1.01 0.045 ns 1.02 0.073 ns 0.98 0.053 ns 0.96 0.060 ns 0.96 0.059 ns 0.98 0.086 ns 

HGB (g/dL) 1 0 1.02 0.051 ns 1.01 0.070 ns 0.95 0.115 ns 0.96 0.065 ns 0.90 0.218 ns 0.93 0.218 ns 
HCT (%) 1 0 1.02 0.048 ns 1.04 0.081 ns 0.98 0.058 ns 0.97 0.079 ns 0.97 0.062 ns 0.98 0.096 ns 
MCV (fL) 1 0 1.00 0.009 ns 1.03 0.020 *** 1.00 0.013 ns 1.01 0.043 ns 1.00 0.010 ns 1.00 0.013 ns 

MCH (pg) 1 0 1.00 0.019 ns 0.99 0.017 ns 1.00 0.014 ns 1.00 0.021 ns 0.99 0.034 ns 1.00 0.023 ns 
MCHC (g/dL) 1 0 1.00 0.014 ns 0.97 0.025 ns 0.98 0.100 ns 0.99 0.038 ns 0.99 0.033 ns 1.00 0.018 ns 
PLT (10^3/ul) 1 0 0.65 0.055 *** 0.69 0.093 *** 0.71 0.062 *** 0.74 0.160 *** 1.00 0.161 ns 1.08 0.172 ns 
RDW-SD (fL) 1 0 1.00 0.012 ns 1.07 0.048 *** 0.99 0.020 ns 1.02 0.075 ns 1.00 0.020 ns 1.00 0.024 ns 
RDW-CV (%) 1 0 1.00 0.005 ns 1.04 0.026 *** 1.00 0.010 ns 1.01 0.029 ns 1.00 0.017 ns 1.01 0.015 ns 

PDW (fL) 1 0 0.98 0.050 ns 1.06 0.069 ** 1.02 0.041 ns 1.02 0.050 ns 1.02 0.050 ns 0.98 0.043 ns 
MPV (fL) 1 0 0.98 0.024 ns 1.04 0.043 *** 1.01 0.022 ns 1.02 0.035 ns 1.01 0.031 ns 0.99 0.023 ns 

P-LCR (%) 1 0 0.97 0.104 ns 1.14 0.150 *** 1.04 0.080 ns 1.06 0.108 ns 1.04 0.106 ns 0.98 0.079 ns 
PCT (%) 1 0 0.66 0.135 *** 0.74 0.114 *** 0.74 0.124 *** 0.83 0.149 * 1.06 0.251 ns 1.12 0.268 ns 

NEUT# (10^3/ul) 1 0 1.15 0.157 ns 1.35 0.454 ns 1.10 0.238 ns 0.94 0.233 ns 0.97 0.161 ns 1.50 2.188 ns 
LYMPH# (10^3/ul) 1 0 0.98 0.220 ns 1.25 0.194 ** 1.09 0.279 ns 1.06 0.207 ns 1.08 0.240 ns 1.00 0.251 ns 

MON# (10^3/ul) 1 0 0.94 0.341 ns 1.17 0.337 ns 1.13 0.427 ns 1.02 0.403 ns 1.07 0.472 ns 1.05 0.455 ns 
EO# (10^3/ul) 1 0 0.87 0.178 ns 1.04 0.373 ns 1.07 0.299 ns 1.19 0.204 ns 1.25 0.402 ns 1.09 0.383 ns 

BASO# (10^3/ul) 1 0 0.99 0.390 ns 1.03 0.362 ns 1.05 0.317 ns 1.18 0.456 ns 1.13 0.444 ns 1.16 0.485 ns 
RET% (%) 1 0 0.97 0.088 ns 0.94 0.218 ns 1.04 0.148 ns 1.13 0.241 ns 1.17 0.213 * 1.20 0.198 ** 

IRF (%) 1 0 1.15 0.760 ns 1.43 0.928 ns 1.47 0.747 ns 1.80 2.059 ns 1.64 0.950 ns 2.05 2.095 ns 
LFR (%) 1 0 0.96 0.201 ns 1.00 0.018 ns 1.00 0.018 ns 1.00 0.019 ns 0.99 0.015 ns 0.99 0.028 ns 

MFR (%) 1 0 1.07 0.583 ns 1.39 0.855 ns 1.45 0.754 ns 1.75 1.997 ns 1.66 0.964 ns 1.83 1.495 ns 
RET-He (pg) 1 0 1.00 0.032 ns 1.01 0.037 ns 1.01 0.038 ns 1.01 0.041 ns 0.98 0.049 ns 0.99 0.047 ns 

IPF (%) 1 0 1.43 0.669 * 1.56 0.561 ** 1.44 0.498 * 1.35 0.539 ns 1.14 0.412 ns 1.05 0.360 ns 
NEUT% (%) 1 0 1.09 0.109 ns 1.05 0.169 ns 1.01 0.099 ns 1.02 0.161 ns 0.97 0.112 ns 1.00 0.112 ns 

LYMPH% (%) 1 0 0.92 0.150 ns 1.04 0.197 ns 1.02 0.235 ns 1.06 0.173 ns 1.08 0.172 ns 1.01 0.201 ns 
MONO% (%) 1 0 0.89 0.269 ns 0.94 0.211 ns 1.02 0.253 ns 1.70 3.027 ns 1.05 0.320 ns 1.07 0.301 ns 

EO% (%) 1 0 0.82 0.156 ns 0.81 0.277 ns 0.99 0.295 ns 1.20 0.186 ns 1.26 0.393 * 1.13 0.417 ns 
BASO% (%) 1 0 0.86 0.324 ns 0.80 0.276 ns 0.95 0.314 ns 1.13 0.454 ns 1.06 0.352 ns 1.15 0.516 ns 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 3 



 

 

  



Supplementary Table 4 

 

 

 

 

  



Supplementary Table 5 

  Pre Post  4-8 hours Day 1 Day 3 Day 7 Day 14 
  Av. SD Av. SD p Av. SD p Av. SD p Av. SD p Av. SD p Av. SD p 

WBC (10^3/ul) 1.00 0 0.94 0.062 ns 1.34 0.171 *** 1.03 0.083 ns 0.95 0.064 ns 1.01 0.075 ns 0.97 0.118 ns 
RBC (10^6/ul 1.00 0 1.00 0.087 ns 1.03 0.063 ns 1.02 0.055 ns 0.94 0.103 ns 0.96 0.106 ns 0.91 0.124 ns 

HGB (g/dL) 1.00 0 1.00 0.082 ns 1.02 0.051 ns 1.00 0.040 ns 0.93 0.113 ns 0.96 0.102 ns 0.90 0.132 ns 
HCT (%) 1.00 0 1.00 0.083 ns 1.03 0.059 ns 1.01 0.042 ns 0.94 0.102 ns 0.96 0.101 ns 0.91 0.115 ns 
MCV (fL) 1.00 0 1.00 0.005 ns 1.00 0.010 ns 0.99 0.014 ns 1.01 0.010 ns 1.00 0.013 ns 1.00 0.021 ns 

MCH (pg) 1.00 0 1.00 0.010 ns 0.99 0.015 ns 0.98 0.024 ns 0.99 0.012 ns 0.99 0.007 ns 0.99 0.025 ns 
MCHC (g/dL) 1.00 0 1.00 0.012 ns 0.99 0.008 ns 1.00 0.018 ns 0.98 0.016 ns 0.99 0.014 ns 0.99 0.029 ns 
PLT (10^3/ul) 1.00 0 1.03 0.039 ns 1.14 0.048 ns 1.01 0.141 ns 1.20 0.210 ns 1.14 0.083 ns 1.12 0.136 ns 
RDW-SD (fL) 1.00 0 1.00 0.008 ns 0.99 0.013 ns 0.98 0.011 ns 1.00 0.013 ns 1.01 0.022 ns 1.00 0.026 ns 
RDW-CV (%) 1.00 0 1.00 0.003 ns 0.99 0.006 ns 1.00 0.014 ns 1.00 0.003 ns 1.01 0.013 ns 1.01 0.011 ns 

PDW (fL) 1.00 0 0.93 0.057 ns 0.91 0.049 * 0.95 0.093 ns 0.92 0.041 ns 0.95 0.071 ns 0.93 0.057 ns 
MPV (fL) 1.00 0 0.97 0.028 * 0.95 0.019 ** 0.98 0.007 ns 0.98 0.019 ns 0.97 0.025 ns 0.97 0.023 ns 

P-LCR (%) 1.00 0 0.90 0.091 * 0.87 0.076 ** 0.96 0.024 ns 0.96 0.057 ns 0.93 0.088 ns 0.94 0.076 ns 
PCT (%) 1.00 0 0.99 0.048 ns 1.07 0.040 ns 1.06 0.059 ns 1.19 0.201 ns 1.10 0.103 ns 1.16 0.175 ns 

NEUT# (10^3/ul) 1.00 0 0.99 0.067 ns 1.46 0.386 *** 1.06 0.115 ns 0.95 0.067 ns 1.01 0.104 ns 1.09 0.117 ns 
LYMPH# (10^3/ul) 1.00 0 0.90 0.098 ns 1.26 0.147 ** 1.00 0.117 ns 0.94 0.044 ns 0.99 0.061 ns 0.82 0.159 ns 

MON# (10^3/ul) 1.00 0 0.95 0.043 ns 1.20 0.311 ns 1.03 0.219 ns 1.02 0.249 ns 1.07 0.206 ns 0.97 0.155 ns 
EO# (10^3/ul) 1.00 0 0.84 0.082 ns 1.00 0.201 ns 0.88 0.285 ns 0.90 0.219 ns 1.03 0.224 ns 0.74 0.208 ns 

BASO# (10^3/ul) 1.00 0 0.77 0.160 ns 1.00 0.158 ns 0.87 0.108 ns 0.97 0.166 ns 1.06 0.171 ns 0.76 0.224 ns 
NEUT% (%) 1.00 0 1.05 0.030 ns 1.07 0.152 ns 1.03 0.103 ns 1.01 0.044 ns 1.00 0.060 ns 1.13 0.081 ns 

LYMPH% (%) 1.00 0 0.95 0.046 ns 0.97 0.214 ns 0.97 0.077 ns 0.99 0.046 ns 0.98 0.062 ns 0.84 0.092 ns 
MONO% (%) 1.00 0 1.02 0.065 ns 0.89 0.178 ns 0.99 0.154 ns 1.06 0.211 ns 1.05 0.163 ns 1.00 0.121 ns 

EO% (%) 1.00 0 0.90 0.137 ns 0.77 0.200 ns 0.86 0.289 ns 0.96 0.214 ns 1.02 0.233 ns 0.75 0.130 ns 
BASO% (%) 1.00 0 0.82 0.155 ns 0.74 0.178 ns 0.86 0.124 ns 1.02 0.155 ns 1.09 0.232 ns 0.78 0.164 ns 

PLT-I (10^3/ul) 1.00 0 1.03 0.030 ns 1.12 0.056 ns 1.07 0.068 ns 1.20 0.206 ns 1.12 0.091 ns 1.20 0.165 ns 
PLT-F (10^3/ul) 1.00 0 1.03 0.039 ns 1.14 0.048 ns 1.01 0.141 ns 1.20 0.210 ns 1.14 0.083 ns 1.12 0.136 ns 
PLT-O (10^3/ul) 1.00 0 1.01 0.038 ns 1.13 0.031 ns 0.99 0.204 ns 1.20 0.185 ns 1.13 0.091 ns 1.08 0.148 ns 
RET# (10^6/ul) 1.00 0 1.01 0.095 ns 1.06 0.104 ns 1.08 0.089 ns 1.00 0.215 ns 1.14 0.317 ns 1.09 0.279 ns 

RET-He (pg) 1.00 0 1.00 0.008 ns 0.99 0.010 ns 1.01 0.020 ns 1.00 0.024 ns 1.00 0.031 ns 1.00 0.017 ns 
RET% (%) 1.00 0 1.02 0.056 ns 1.03 0.058 ns 1.06 0.048 ns 1.06 0.136 ns 1.16 0.201 ns 1.19 0.195 ns 

IRF (%) 1.00 0 0.96 0.201 ns 0.94 0.140 ns 1.05 0.182 ns 1.12 0.169 ns 1.41 0.220 ** 1.25 0.123 ns 
LFR (%) 1.00 0 1.00 0.022 ns 1.00 0.014 ns 1.00 0.015 ns 0.99 0.010 ns 0.97 0.018 ** 0.98 0.008 ns 
MFR (%) 1.00 0 0.92 0.180 ns 0.94 0.105 ns 1.04 0.185 ns 1.06 0.112 ns 1.30 0.184 * 1.20 0.095 ns 
HFR (%) 1.00 0 1.72 1.191 ns 1.87 2.090 ns 1.66 1.098 ns 1.93 0.922 ns 3.19 2.202 ns 3.39 4.326 ns 
IPF (%) 1.00 0 0.93 0.128 ns 0.96 0.143 ns 0.91 0.106 ns 0.92 0.016 ns 0.92 0.045 ns 0.87 0.121 ns 
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Supplementary Table 8 continued 

 

 

 

  



Supplementary Table 8 continued 
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Supplementary Table 9 
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Supplementary Table 12 

 

Plateletpheresis serum samples 

  

Free T3 

(pmol/L)  
Timepoint Average SD 

pre 4.81 0.36 

post 4.79 0.57 

4-8 hours 4.74 0.49 

D1 4.96 0.33 

D3 5.13 0.41 

D7 4.94 0.42 

D14 4.92 0.49 
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