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Background. Leucoreduction of blood components, including platelet components, is strongly 
encouraged but not yet universal, especially outside high income countries. As both leucocytes and 
platelets secrete copious amounts of pro-inflammatory cytokines/chemokines under various conditions 
and during storage, we investigated the potential of the respective secretory programmes of these 
cells in order to evaluate their subsequent pathophysiological effects.

Material and methods. A total of 158 individual non-leucoreduced platelet components were 
obtained from Tunisian donors and tested for characteristic biological response modifiers (BRM) of 
leukocytes (IL-1β, IL-8), platelets (sCD62P, sCD40L) and both cell types (TNF-, RANTES) in the 
presence or absence of thrombin stimulation and after different periods of storage (up to 5 days). 
BRM levels were determined using enzyme-linked immunosorbent assays and Luminex technology. 
Platelet-leucocyte aggregate formation during storage was analysed using flow cytometry.

Results. Leucocyte- and platelet-associated BRM had clearly distinct profiles both at the onset 
(day 0) and termination (day 5) of the observation period but altered during the intermediate period so 
that their respective importance was inverted; in fact, the profiles were merged and indistinguishable 
on days 2-3. The leucocyte-derived BRM largely dominated over platelet-derived ones and further 
altered the BRM platelet secretion programme.

Discussion. This study contributes substantial, new information on leucocyte/platelet interactions 
and their likely role in transfusion when leucodepletion cannot be performed or is only partially 
achieved.
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Introduction
Leucoreduction has become the standard for blood 

component processing in Europe and in many high income 
countries1-5. Systematic leucoreduction has demonstrated 
advantages of reducing alloimmunisation, carriage of 
viruses and transfusion-related immunomodulation6,7. 
Leucoreduction consistently lowers the amount of 
pro-inflammatory cytokines and chemokines, released 
predominantly from granulocytes and monocytes, 
which are largely responsible for transfusion-associated 
disorders (chills, moderate fever, rigors, etc.)8. However, 
platelets themselves, especially when ageing (stored for 
more than 3 days), also release substantial quantities of 
cytokines and chemokines9,10. Despite accounting for 
only 10% of transfused blood components, in settings 
of stringent leucoreduction, platelet transfusions are 
responsible for almost 25% of recorded adverse events 
and 50% of serious adverse events11. We and others 
have extensively evaluated the evolution of platelet-

derived biological response modifiers (BRM) in 
leucoreduced platelet components (PC), and explored 
their involvement in the development of platelet 
transfusion adverse events12-14. The results cannot, 
however, be extrapolated to PC prepared from non-
leucoreduced blood donations, as occurs in many lower 
income countries in which systematic leucoreduction 
is not performed. This is particularly the case when 
PC comprise whole blood-derived platelet-rich plasma 
(PRP), as in Tunisia, among other countries15. PC 
obtained from such a production process contain residual 
leucocytes. The coexistence of platelets and leucocytes 
in a potential platelet-activating environment initiates an 
interaction that can influence the secretory programmes 
of both types of cells. Certain cytokines/chemokines and, 
in general, BRM secreted by leucocytes and platelets 
in blood components are common, but the majority are 
acknowledged to be fairly specific to one or other of the 
types of cells16,17. 
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Through the assessment of BRM characteristic of 
leucocytes (interleukin-1 [IL-1β], interleukin 8 [IL-8]), 
platelets (sCD62P, sCD40L) and both cell types (tumour 
necrosis cell factor- [TNF-], regulated on activation, 
normal T cell expressed and secreted [RANTES]) and 
the measurement of platelet-leukocyte aggregates, we 
investigated the mutual influence of leucocyte- and 
platelet-released BRM in stored PC (individual whole 
blood-derived PRP), with two clearly distinct objectives: 
Firstly, to further explore the pathophysiological process 
that can lead to adverse events, including severe ones 
such as transfusion-related acute lung injury and severe 
febrile non-haemolytic transfusion reactions, as there 
are still gaps in the fine understanding of the pathogenic 
sequences18; and secondly to identify strategies that 
could reduce the impact of BRM in PC transfusions 
and that could be applied, despite limited resources, in 
medium-income countries. 

Materials and methods 
Platelet component preparation 

The PC were prepared from whole blood donations 
collected from healthy donors. Informed consent was 
obtained from all participants and the ad hoc Ethics 
Committee of the Regional Blood Transfusion Centre 
at "F. Hached" Hospital (Sousse, Tunisia) approved 
the protocol. Blood was collected into triple blood 
bags (JMS Co. Ltd, Ang Mo Kio, Singapore) with 
acid-citrate-dextrose as the anticoagulant. The PC were 
isolated by a standard, two-step centrifugation method, 
as previously described by Bouslama et al., and could 
be issued if they met all required testing parameters 
and quality controls15. Plasma removal and platelet 
additive solutions were not used and the PC were stored 
as unitary PC (UPC).

Testing protocols and sampling procedures
The samples used in this study were obtained by 

methods that preserved the sterility of the UPC so that 
they remained valid for distribution to patients. For 
each studied UPC, two samples were obtained. The 
first one was obtained immediately after the production 
process (day 0) as follows: after 1 hour of stirring, a 3 
mL sample was moved into a quick transfer bag (VSE 
0000A, MacoPharma, Mouvaux, France) that was 
aseptically connected to the bag containing the PC using 
a sterile connection device (Terumo Europe, Middle 
East & Africa, Leuven, Belgium). The second sample 
was obtained on a specified day (day 1, 2, 3, 4 or 5) of 
the UPC storage using the "stripping" method19. Each 
sample was subsequently divided into two aliquots, 
one for functional stimulation and analysis and one 
for determining the final concentrations of platelets, 
residual leucocytes, and contaminating red blood cells 

using a Beckman Coulter AcT 10 Hematology Analyzer 
(Beckman Coulter Inc., Paris, France).

A 600 μL volume from each sample was added to 
an equal volume of fixative solution (Thrombofix® 
Platelet Stabilizer 6607130, Beckman Coulter Inc.). 
This solution stabilises platelets and prevents their 
activation. The mixture was incubated for 1 hour at 
room temperature and then centrifuged at 450 g for 
10 minutes. The supernatants were stored at −80 °C 
(unstimulated samples).

To a second 600 μL aliquot, we added 50 μL of 
thrombin receptor activator peptide (TRAP; Peptide 
SFLLRN, Sigma-Aldrich Chemie, Saint-Quentin 
Fallavier, France; 66.85 μM) for 30 minutes at room 
temperature and then added 650 μL of Thrombofix. 
One hour later, the mixture was centrifuged and the 
supernatants were frozen at −80 °C until further use 
(stimulated samples) (Online Supplementary Figure S1).

Quantification of biological response modifiers 
The frozen PC supernatants were assayed using 

human enzyme-linked immunosorbent assays (ELISA) 
to measure sCD62P and RANTES (R&D Systems 
Europe Ltd., Abingdon, UK). The absorbance at 450 
nm was measured with an ELISA microplate reader 
(Multiskan, Thermo Scientific, Illkirch, France). 
sCD40L, IL-8, IL-1β and TNF-α were measured by the 
multiplex method using Luminex technology, according 
to the manufacturer's instructions (Milliplex Map Kit 
Millipore, Darmstadt, Germany).

Analysis of platelet-leucocyte aggregates 
Platelet-leucocyte aggregates were assessed in 

six supplementary UPC by means of flow cytometry. 
Samples of 5 mL, without volume replacement, were 
taken from each UPC on days 0, 1, 2, 3, and 5 for 
analysis. Samples were diluted 100-fold in phosphate-
buffered saline and analysed under unstimulated 
conditions using Thrombofix® fixative solution. One 
hundred microlitres of each aliquot were incubated, 
for 15 minutes in the dark at room temperature, with 
5 μL of a mouse monoclonal antibody to human CD41 
conjugated to fluorescein isothiocyanate (FITC) (R&D 
system) and 5 μL of allophycocyanin (APC)-conjugated 
mouse monoclonal antibody to the human leucocyte 
common antigen CD45 (BD Biosciences, Paris, France). 
Mouse IgG1 FITC and APC isotype controls (BD 
Biosciences) were used at saturating concentrations 
as the negative controls. Stained samples were diluted 
4-fold in phosphate-buffered saline and analysed in 
a flow cytometer (EPICS XL, Beckman Coulter). 
Platelet-leucocyte aggregates were identified as particles 
positive for both CD45 and CD41 and expressed as the 
percentage of total leucocytes. 
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Statistical analyses 
XLSTAT (Addinsoft, Paris, France) and GraphPad 

Prism version 5.00 for Windows (San Diego, CA, 
USA) were used for statistical evaluation of the data. 
The Kolmogorov-Smirnov test was used to check for 
the normal distribution of the data. To compare paired 
or unpaired data of the PC samples during storage, 
we used the Wilcoxon signed-rank or Kruskal-Wallis 
tests, respectively, for non-parametric comparisons 
of cytokine levels at the different studied conditions. 
Principle component analysis for the visualisation of 
BRM correlations was performed using Spearman's 
correlations. P-values less than 0.05 are considered 
statistically significant.

For statistical reasons, samples stored for 1 or 2 days 
were grouped together, as were those stored for 3 or 4 days. 

Results
Characteristics of the unitary platelet components

All 158 UPC, which originated from an equal 
number of donations from healthy volunteers (52 
males and 106 females), were assessed for changes in 
platelet concentration, leucocyte contamination and 
pH. No significant changes in these parameters were 
observed between day 0 and day 5 and the samples 
were comparable between units and over time (Online 
Supplementary Figure S2).

The release (secretion) of a pre-defined set of BRM 
was tested for each UPC at day 0 and at the time of the 
units' issue. Soluble CD62P and sCD40L were selected 
for measurement because they are characteristic BRM 
of platelets; RANTES and TNF- because they are 
principally characteristic of platelets, although not 
completely absent from leucocytes; and IL-1 and IL-
8, because they are chiefly characteristic of leucocytes. 
Online Supplementary Table SI shows the respective 
contributions of platelets and leucocytes to the overall 
amount of the six selected BRM. Importantly, platelets 
have been reported to secrete all six analysed BRM, 
although their release profiles probably differ from those 
of leucocytes17,20.

Kinetics of release of biological response modifiers 
depending on time of storage

Figure 1 shows that the BRM secretion profiles can be 
grouped in pairs: sCD62P and TNF- increased almost 
linearly over time, while sCD40L and RANTES peaked 
at days 3+4 and declined slightly, but not significantly, 
on day 5. IL-1 and IL-8 were nearly undetectable at day 
0, began to be detectable on days 1+2, and were secreted 
fairly abundantly after day 2. There was a non-significant 
increase of IL-1 on day 5 over days 3+4, whereas there 
was a sustained and statistically significant increase of 
IL-8 on day 5 over days 3+4. 

As reported, BRM are not specific but simply 
characteristic of certain cell types. Thus, we sought 
to investigate whether their secretion profiles could 
be determined. This could not be done based on the 
individual secretion assays for technical reasons, so we 
used a statistical (mathematical) model. Correlations 
between BRM release during storage were analysed 
through principle component analysis (Figure 2 and 
Table I). On day 0, two secretion profiles, separated 
by TNF-could be observed (Figure 2A): IL-1β and 
IL-8 in the upper right quadrant and RANTES, sCD62P 
and sCD40L below. There was a statistical correlation 
between TNF- and the other five BRM (Table I). 
Moreover, IL-1β and IL-8 were statistically correlated 
but IL-8 did not correlate with sCD62P, RANTES and 
sCD40L, while IL-1β had no correlation with sCD62P 
but did exhibit a correlation with the other two BRM. On 
days 1+2, sCD62P dissociated from sCD40L and IL-1β 
dissociated from IL-8. The graphic representation (Figure 
2B) clearly shows that sCD40L and IL-1β exchanged 
positions. On days 3+4, sCD62P re-associated with 
sCD40L, IL-1β and TNF-, while RANTES dissociated 
from IL-1β and TNF-. Indeed, RANTES secretion 
clearly polarised and opposed another polarisation: 
that of IL-8 and sCD62P (Figure 2C). Finally, on day 
5, there were again two profiles with TNF- returning 
to an intermediate position, similar to that on day 0, 
still dividing the RANTES+sCD40L+sCD62P and 
IL-1β+IL-8 secretion, but with these now in the opposite 
positions from day 0 (Figure 2D). This strongly suggests 
that platelet and leucocyte BRM secretion profiles are 
distinct from one another on days 1 and 5, while there are 
intricate associations in between, with possible cascade 
interactions (not assessed here). 

Kinetics of platelet-leucocyte aggregate formation
As shown in Figure 3, the formation of platelet-

leucocyte aggregates varied very little during the first 
2 days of PC storage, then increased on days 3 and 5 
although the differences were not statistically significant.

Reactivity of platelets to PAR1 activation in a 
platelet-rich plasma suspension with leucocytes

We next examined whether the presence of leucocytes 
in PRP suspensions, representing UPC, altered platelet 
reactivity to a thrombin analogue, TRAP (SFLLRN), 
which signals through platelet-expressed platelet-
activating receptor 1 (PAR1). Because the present 
investigation was focused on platelet/leucocyte 
interactions, we measured BRM secretion in response 
to non-leucodepleted UPC, comprising platelets and 
contaminating leucocytes.

There is little evidence from the literature that cells 
other than platelets express PAR1 and are sensitive to 
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thrombin21-24. Despite our attempts, we failed to identify 
PAR1 on leucocytes in this series of experiments, but 
we do not rely unquestionably on these findings, as the 
working conditions (reagents) and controls appeared 
variable and did not lead to clear-cut data (not shown). 

As shown in Figure 4, the exposure of platelets to 
TRAP during UPC storage still resulted in sustained 
production of sCD62P, TNF-, sCD40L and RANTES. 
Furthermore, IL-8 and IL-1β secretion was elicited at the 
onset of the UPC process but only in minute amounts 
(although significantly different from the controls). 
However, while the secretion of these cytokines was 
more abundant beyond day 3, it was independent of 
TRAP stimulation; thus, one can hypothesise that 
minute mounts were mobilised from platelets early 
after stimulation, while the later, large amounts derived 

from the leucocytes in the stored PC. The responses 
of all BRM decreased after day 0 and remained stable 
(Figure 5).

Discussion
In this study, we evaluated the secretion of six BRM 

over time from platelets and residual leucocytes in 
non-leucodepleted individual PRP, constituting PC for 
transfusion in a medium income country (Tunisia). As 
was expected and in contrast to what is usually observed 
in PC obtained from leucodepleted-apheresis or from 
buffy coats, we found that there was a non-negligible 
production of BRM attributable to leucocytes, i.e., IL-
1β and IL-8, and to a lesser extent, TNF-. All three 
of these BRM can be produced by stored platelets in 
PC, but generally in less copious amounts17,25. Notably, 

Figure 1 - Kinetics of BRM release depending on the day of storage.
 * or ≠: p<0.05; ** or ≠≠: p<0.001; *** or ≠≠≠: p<0.0001. Asterisks and hashtags represent significant 

differences against D0 and D1, respectively, using the Kruskal-Wallis test with Dunn's correction 
for multiple comparisons. Data are presented as mean ± SEM; n=158 , 29, 65 and 64 for D0, 
D1+2, D3+4 and D5, respectively. D: day; TNF: tumour necrosis factor; RANTES: regulated on 
activation, normal T cell expressed and secreted; IL: interleukin; SEM: standard error mean.© SIM
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the profile of platelet-secreted BRM, as demonstrated 
by the "standard" sCD62P and sCD40L as well as by 
RANTES, was largely comparable to what is commonly 
observed26-28. This led to the first impression that non-
leucodeleted PC carry both platelet- and leucocyte-
BRM-associated inflammatory risks13,29-31. Because a 
canonical property of cytokines/chemokines (and likely 
mediators, which largely constitute the BRM under 
investigation in this study) is their action in cascades 
(along with redundancy), we explored the influence 
- if any - of leucocyte-derived BRM on the platelet 
secretory programme to assess whether there is indeed 
a cumulative inflammatory risk. In fact, most leucocyte-
derived BRM have ligands on platelets and most platelet-
derived BRM have ligands on leucocytes8,32-34. We 

showed a clearly individualised BRM profile at the onset 
of PC processing, with sets of statistically associated 
leucocyte BRM and platelet BRM on day 0, with TNF-, 
produced by both cell types, in an intermediate position 
and associated with both. On day 5, just prior to the 
expiry date of the PC, polarised sets of leucocyte- and 
platelet-BRM (with an intermediate association with 
TNF-) were observed again, although in inverted 
positions from day 0 (leucocyte-BRM secretion was 
copious and seemed to dominate the picture). In the 
period between days 0 and 5, there was an interplay 
between the leucocyte- and platelet-BRM associations, 
suggesting that products of one cell type influence the 
secretion of products by the other type and vice versa. 
One limitation of this study is that BRM could not be 

Figure 2 - A two-dimensional correlation monoplot of the coefficients of the first two principal components, showing relationships 
between the BRM during storage. 

 The correlation monoplot has vectors pointing away from the origin to represent the original variables. The angle between 
the vectors is an approximation of the correlation between the variables. A small angle indicates that the variables are 
positively correlated, an angle of 90 degrees indicates the variables are not correlated, and an angle close to 180 degrees 
indicates the variables are inversely correlated. The length of the line and its closeness to the circle indicate how well the 
variable is represented in the plot. A, B, C and D illustrate correlations at D0, D1+2, D3+4 and D5, respectively. D: day; 
TNF: tumour necrosis factor; RANTES: regulated on activation, normal T cell expressed and secreted; IL: interleukin.© SIM
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Figure 3 - Leucocyte-platelet aggregate formation during PC storage. 
 Complexes were detected by flow cytometry using 

allophycocyanin (APC)-conjugated anti-CD45 
(BD Biosciences) and fluorescein isothiocyanate 
(FITC)-conjugated anti-CD41 (R&D system). Data 
are presented as mean ± SEM; n=6. PC: platelet 
concentrate; D: day; SEM: standard error mean. 

Table I - Spearman's correlations between BRM levels during PC storage.

Variables sCD62P D0 RANTES D0 CD40L D0 IL-1β D0 TNF-α D0 IL-8 D0

sCD62P D0 1/0 0.387/<0.0001 0.514/<0.0001 0.144/0.071 0.417/<0.0001 0.141/0.078

RANTES D0 1/0 0.596/<0.0001 0.359/<0.0001 0.307/<0.0001 0.152/0.057

CD40L D0 1/0 0.208/0.009 0.552/<0.0001 0.063/0.428

IL-1 D0 1/0 0.272/0.001 0.287/<0.0001

TNF- D0 1/0 0.392/<0.0001

IL-8 D0 1/0

Variables sCD62P D1+2 RANTES D1+2 CD40L D1+2 IL-1β D1+2 TNF-α D1+2 IL-8 D1+2

sCD62P D1+2 1/0 0.144/0.453 −068/0.723 0.347/0.065 0.155/0.419 0.268/0.159

RANTES D1+2  1/0 0.275/0.147 0.579/0.001 0.382/0.041 0.00/1.00

CD40L D1+2   1/0 0.283/0.135 0.570/0.001 0.399/0.033

IL-1D1+2    1/0 0.560/0.002 0.099/0.608

TNF- D1+2     1/0 0.439/0.018

IL-8 D1+2      1/0

Variables sCD62P D3+4 RANTES D3+4 CD40L D3+4 IL-1β D3+4 TNF-α D3+4 IL-8 D3+4

sCD62P D3+4 1/0 −0.235/0.06 0.490/<0.0001 0.304/0.014 0.555/<0.0001 0.475/<0.0001

RANTES D3+4 1/0 0.049/0.699 0.095/0.449 −0.045/0.719 −0.249/0.045

CD40L D3+4 1/0 0.361/0.003 0.647/<0.0001 0.396/0.001

IL-1D3+4 1/0 0.600/<0.0001 0.441/<0.0001

TNF- D3+4 1/0 0.526/<0.0001

IL-8 D3+4      1/0

Variables sCD62P D5 RANTES D5 CD40L D5 IL-1β D5 TNF-α D5 IL-8 D5

sCD62P D5 1/0 0.244/0.052 0.644/<000.1 0.249/0.047 0.328/0.008 0.188/0.137

RANTES D5 1/0 0.334/0.007 −0.085/0.502 −0.080/0.526 −0.119/345

CD40L D5 1/0 0.085/0.501 0.418/0.001 −0.0330.791

IL-1 D5 1/0 0.586/<0.0001 0.875/<0.0001

TNF- D5 1/0 0.484/<0.0001

IL-8 D5      1/0

Values are presented as correlation matrix/p-value. The italic values were statistically different from 0 at a significance level of p<0.05. D: day; TNF: tumour 
necrosis factor; RANTES: regulated on activation, normal T cell expressed and secreted; IL: interleukin.

measured along storage in the same PC. However, we 
found no significant variations in platelet and leucocyte 
contents between the PC groups analysed each day of 
storage.

Recently, there has been a flurry of publications 
highlighting the importance of platelet-leucocyte 
aggregates, which have proven to be essential in 
both physiology (haemostasis and clot stability35,36) 
and pathology (formation of neutrophil extracellular 
traps in sepsis, to cite one37). An intricate programme 
for platelet-leucocyte aggregate formation compared 
to the programmes for solely leucocytes or platelets 
would not be a complete surprise. We examined this 
issue closer, still in the context of UPC for transfusion. 
However, another limitation of this study is that this 
investigation could not be conducted on the series of 
samples described above, and data were obtained from 
pilot experiments carried out on an additional series of 
volunteer donations (n=6). 
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We obtained evidence that platelet-leucocyte 
aggregate formation increased between days 3 and 4, 
although differences were not statistically significant. 
As this increase paralleled the increase of sCD62p 
(indicating platelet activation) and the secretion of IL-1β 
and IL-8, our data may indicate not only the leucocyte 
origin of these BRM but also the probable mutual 
influence of both cell types (Figures 1 and 3). This 
platelet-leucocyte aggregate formation does not seem 
to alter the capacity of platelets to respond to external 
stimuli when needed and probably aids haemostasis. 

We next examined the capacity of platelets, bathed in 
leucocyte-derived BRM, to react to haemostatic signals. 
The platelets maintained their secretory potential of 
platelet-associated BRM over time from day 0 to day 5 
when they were exposed to TRAP (thrombin). On day 3 
and later, IL-1β and IL-8 levels were high, irrespectively 
of TRAP stimulation, suggesting that these are platelet 

Figure 4 - Secretory profiles of BRM in response to TRAP stimulation. 
 Comparisons used the mean of the Wilcoxon sign ranked test for paired samples. 

White boxes represent the unstimulated condition and grey boxes represent the 
TRAP-stimulated condition. Data are presented as mean ± SEM; n=158, 29, 65 and 
64 for D0, D1+2, D3+4 and D5, respectively. * p<0.05; ** p<0.001; *** p<0.0001. 
BRM: biological response modifier; TRAP: thrombin receptor activator peptide; 
TNF: tumour necrosis factor; RANTES: regulated on activation, normal T cell 
expressed and secreted; IL: interleukin. 

independent. While this specific point was not addressed 
in this study and it is likely that the ageing of PC is 
detrimental considering the cumulative risks posed by 
the inflammatory molecules that will be infused along 
with the therapeutic components (the platelets), ageing 
does seem compatible with continued reactivity of 
platelets to thrombin. 

The present study examined the BRM responses of 
platelets in PRP as non-leucoreduced PC for transfusion. 
It confirmed that pro-inflammatory cytokines tend to 
accumulate in ageing PC stored under normal conditions; 
these cytokines create an inflammatory risk to the 
recipient and may also reduce the efficacy of the PC, as 
deduced from numerous other studies8,38-42. Furthermore, 
in non-leucodepleted conditions, leucocyte-derived 
BRM also accumulate with peaks reached gradually 
at the time the PC approaches its expiry date, but with 
considerable levels already by day 3 and onwards. These 
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data confirm both data collected in the past by our group, 
albeit under different conditions, and those collected 
by others. In addition to the aforementioned evidence, 
we have contributed substantial novel information on 
leucocyte/platelet complexes and their likely role in 
transfusion when leucodepletion cannot be performed 
or is only partially achieved. Platelet-secreted and 
leucocyte-derived BRM are independent (as observed 
clearly on day 0), but their concomitant presence in the 
PC induces an interplay and a loss of independency was 
observed from day 1 to day 4. The variables became 
independent again by day 5, most likely because the 
amounts of leucocyte-derived BRM exceeded the 
platelet-secreted BRM so greatly that the leucocyte 
profile dominated. 

Conclusions
This study confirms, in a novel transfusion 

circumstance, the interdependence of the BRM 
secretory profiles of leucocytes and platelets when 
bound in platelet-leucocyte aggregates. This interplay 
may have consequences for transfusion quality and 
safety, as already outlined. The data provide information 
for pathophysiological models of leucocyte/platelet 
interactions (at least via their secretory products). 
Leucocytes in PC are undesirable in general, and create 
higher risks as the shelf-life of the PC is prolonged. The 
leucocytes present in non-leucoreduced PC secrete BRM 
over time and are agonists with platelet-derived BRM. 
Strategies to reduce pro-inflammatory BRM should be 
sought. Alternatively, pathogen reduction technologies 

Figure 5 - Fold-changes of BRM levels in response to TRAP stimulation depending on 
storage time. 

 Data are presented as mean ± SEM; n=158 , 29, 65 and 64 for D0, D1+2, D3+4 and D5, 
respectively. BRM: bilogical response modifier; TRAP: thrombin receptor activator 
peptide; RANTES: regulated on activation, normal T cell expressed and secreted; 
TNF: tumour necrosis factor; IL: interleukin; D: day; SEM: standard error mean.© SIM
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for whole blood are under development and hold some 
promise with regards to reducing both leucocyte-
mediated effects (as deduced from early studies43) and, 
potentially, allo-immunisation (antigen presentation). 
To what extent this strategy could be cost-efficient 
compared to conventional PC processing involving 
leucoreduction remains to be evaluated.  
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