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Effect of leukocyte filtration on the P-selectin 
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ABSTRACT. The aim of this study was to investigate the effect of 
leukocyte filtration on the P-selectin (CD62P) surface expression of 
apheresis platelets during the retention period. Ten bags of apheresis 
platelets stored for 1 day (0-24 h) and 10 bags of apheresis platelets stored 
for 2 days (24-48 h) were used for leukocyte filtration (experimental 
group). Ten bags of apheresis platelets with the corresponding 
retention periods but without filtration were used as a negative control 
(control group). Thereafter, 100 μL of platelet suspensions from 
apheresis platelets with or without leukocyte filtration were sampled 
before and after leukocyte filtration for the detection of CD62P surface 
expression by flow cytometry. No statistical difference in the CD62P 
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surface expression of apheresis platelets was observed before and 
after leukocyte filtration (P > 0.05), neither did the CD62P surface 
expression exhibit any change among the different retention periods. 
Leukocyte filtration does not affect the CD62P surface expression 
of apheresis platelets stored for up to 2 days, which indicates that 
leukocyte filtration does not damage the activation of apheresis 
platelets within the retention period.
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INTRODUCTION

Allogeneic blood transfusion is an important and indispensable supportive treatment 
in clinical medicine. However, the presence of blood leukocytes often causes a series of ad-
verse transfusion reactions to occur after platelet transfusion, such as febrile non-hemolytic 
transfusion reactions, human leukocyte antigen allogeneic immune response, platelet trans-
fusion refractoriness, and philo-leukocyte virus infection (Novotny, 1999; Crescenzi et al., 
2012). To reduce the leukocyte-associated adverse transfusion reaction, blood products should 
be depleted of leukocytes when used clinically. Related research and development work on 
leukocyte filtration has served as a reference in the preparation of red blood cells, but this 
process remains in the promotion stage for apheresis platelets. Two main factors limit the 
use of leukocyte filtration in apheresis platelets: whether leukocyte filtration is necessary for 
apheresis platelets; and whether the process enhances the activation of platelets in vitro, and 
thus affects clinical infusion. The necessity of leukocyte filtration for apheresis platelets has 
been confirmed by several studies and clinical practices (Alhumaidan et al., 2013; Nagura et 
al., 2013). However, whether the process could result in platelet activation damage is a ques-
tion that has caused widespread concern and remains unanswered. Laboratory indicators for 
evaluating the activation of platelets include β-TG, GPIb (CD42), the platelet aggregation test 
or GPIIb/IIIa (CD41), soluble P-selectin, platelet surface P-selectin (CD62) (Wasiluk et al., 
2013), among which CD62 is the best. Thus, we detected and analyzed the platelet P-selectin 
(CD62P) surface expression of apheresis platelets with different retention periods using flow 
cytometry before and after leukocyte filtration to evaluate the effects of leukocyte filtration on 
platelet activation.

MATERIAL AND METHODS

Samples

Twenty bags of apheresis platelets stored for 1 day (0-24 h) and 20 bags of apheresis 
platelets stored for 2 days (24-48 h) supplied by Wenzhou City Blood Bank were used in this 
study, among which 10 bags of each retention period were used for leukocyte filtration (ex-
perimental group), and the other 10 bags of each retention period without filtration were used 
as a negative control (control group). Leukocytes in the apheresis platelets were removed at a 
speed of 13-15 min/bag using platelet-specific leukocyte filters (FTS-PL310, Nanjing Shuang-
wei Biotechnology Co., Ltd. China) in an International Organization for Standardization Level 
6 clean room. Before and after leukocyte filtration, 100 μL of platelet suspension was sampled 
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from each bag in the experimental group for detection of the expression of CD62P. Thereafter, 
100 μL of platelet suspension was sampled twice from each bag in the negative control group 
at the corresponding sampling time and used for detection of CD62P expression.

Flow cytometry

Platelet suspensions sampled from the experimental and control groups were fixed 
with 1% phosphate-buffered paraformaldehyde (Sigma-Aldrich, USA) for 20 min and then 
rinsed with phosphate-buffered saline thrice. The suspensions were then centrifuged at 400 
g for 5 min. The platelet concentration was adjusted to 5000/μL. Thereafter, 50 μL of each 
sample was stained with 5 μL anti-CD62P-FITC (BD Biosciences, USA) and 5 μL anti-CD41 
(BD Biosciences) at room temperature for 30 min in the dark, and another 50 μL of each 
sample was stained with 5 μL mouse IgG1-FITC (BD Biosciences) and 5 μL anti-CD41 un-
der the same conditions as the negative control. The platelets were then washed with 2 mL 
phosphate-buffered saline and centrifuged at 400 g for 5 min. Finally, the platelets was resus-
pended in 300 μL 1% phosphate-buffered paraformaldehyde and detected on a FACSCalibur 
flow cytometer (BD Biosciences) using the CellQuest v3.2 software.

Statistical analysis

Data are reported as means ± standard deviation (SD) and analyzed using the SPSS 
v10.0 statistical software (Chicago, IL, USA). A paired t-test was used to compare the CD62P-
positive percentage of platelets before and after leukocyte filtration. P values were deemed 
significant at or below the 5% level.

RESULTS

CD62P-positive percentage in control group

Apheresis platelets stored for 1 day (0-24 h) or 2 days (24-48 h) showed no significant 
difference in terms of CD62P-positive percentage (P > 0.05, Figure 1A-F and Table 1).

A-F: The CD62P-positive percentage of apheresis platelets stored for 1 day (0-24 h) or 2 
days (24-48 h). A and D, gated with CD41-PE/FSC; B and E, platelets stained with mouse IgG1 
and anti-CD41-PE; C and F, platelets stained with anti-CD41-PE and anti-CD62P-FITC. A-C, 
apheresis platelets stored for 1 day (0-24 h); D-F, apheresis platelet stored for 2 days (24-48 h).

G-L: The CD62P-positive percentage of apheresis platelets before and after leukocyte 
filtration. G and J, gated with CD41-PE/FSC; H and K, platelets stained with mouse IgG1 
and anti-CD41-PE; I and L, platelets stained with anti-CD41-PE and anti-CD62P-FITC. G-I, 
apheresis platelets before leukocyte filtration; J-L, apheresis platelets after leukocyte filtration; 
M1, FITC-negative; M2, FITC-positive.

CD62P-positive percentage in experimental group

The CD62P-positive percentage of the apheresis platelets before leukocyte filtration 
was not remarkably different from that after leukocyte filtration (P > 0.05, Figure 1G-L), nei-
ther was there a large difference between the storage period groups (Table 2).
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Figure 1. Flow cytometry detection. A.-F. The CD62P-positive percentage of apheresis platelet stored for one 
day (0-24 h) or two days (24-48 h). A. and D. Gated with CD41-PE/FSC; B. and E. platelets stained with mouse 
IgG1 and anti-CD41-PE; C. and F. platelets stained with anti-CD41-PE and anti-CD62P-FITC. A.-C. Apheresis 
platelet stored for one day (0-24 h); D.-F. apheresis platelet stored for two day (24-48 h). G.-L. The CD62P-positive 
percentage of apheresis platelet before and after leukocyte filtration. G and J. Gated with CD41-PE/FSC; H. and 
K. platelets stained with mouse IgG1 and anti-CD41-PE; I. and L. platelets stained with anti-CD41-PE and anti-
CD62P-FITC. G.-I. Apheresis platelet before leukocyte filtration; J.-L. apheresis platelet after leukocyte filtration; 
M1, FITC-negative; M2, FITC-positive.

Groups Cases                                            CD62P-positive percentage (%, means ± SD)  P value

  First time Second time t value

One day 10 5.74 ± 2.76 6.32 ± 2.46 1.460 >0.05
Two days 10 6.06 ± 2.90 6.97 ± 2.83 1.579 >0.05

Table 1. CD62P-positive percentage of apheresis platelet in the negative control.
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DISCUSSION

Leukocyte filtration has been widely used and generalized for whole blood or red 
blood cell products in many countries, and its safety and clinical value have also been fully 
affirmed (Eguchi et al., 2007; Sriprawat et al., 2009; Hinojosa and Bryant, 2011; Kim et al., 
2013). In some countries, donor blood leukocyte filtration is conducted routinely. Owing to the 
low leukocyte count remaining in the apheresis platelets (approximately 106 to 108), as well as 
the consideration that leukocyte filtration may disrupt platelet activation, leukocyte filtration 
has not been widely used for apheresis platelets. With increasing reports on platelet transfu-
sion refractoriness, the necessity of leukocyte filtration has recently attracted considerable 
attention (McGettrick et al., 2007; Boodram and Evans, 2008; Singh and Kumar, 2009; Miyaji 
et al., 2010). Clinical evaluation of the performance of the platelet-specific leukocyte filter 
merely includes leukocyte removal rate, platelet recoveries, and other indicators (Alaoja et al., 
2006; Ott et al., 2006). However, few studies consider whether leukocyte filtration disrupts 
platelet activation. Considering that platelets are prone to adhesion and aggregation in vitro, 
the materials and production process of platelet-specific leukocyte filters are key factors in de-
termining the efficiency of leukocyte removal from apheresis platelets. Thus, an erythrocyte-
specific leukocyte filter cannot be used to remove leukocytes from apheresis platelets. The 
platelet-specific leukocyte filter used in this study was a flat filter mainly constructed using 
membranous materials, and it contained medical polyvinyl chloride, acrylonitrile-butadiene-
styrene plastic, and micro-fiber filters. This type of filter is categorized as a depth filter, the 
main processing of which involves passing through the molecular sieve and physical/chemical 
adhesion of the materials. The leukocyte removal rate and platelet recovery rate of this filter 
can reportedly reach 99.8 and 91.29%, respectively (Guerid et al., 2013).

CD62P, also known as platelet α-granule membrane protein-140 (GMP-140), is ex-
pressed on the platelet plasma membrane during platelet activation, but not on the resting 
platelet. CD62P can reportedly transfer rapidly to the platelet surface when the platelet is 
activated (Ritchie et al., 2000; Vetlesen et al., 2007). Among the surface-activated markers 
of platelets, CD62P expression shows the most significant difference between activated and 
non-activated platelets. Thus, CD62P is generally considered the most sensitive and specific 
marker reflecting platelet activation. Holme et al. (1997), and Dumont and VandenBroeke 
(2003) reported that a relationship exists between the expression of P-selectin and the life 
of a platelet after transfusion: the more strongly P-selectin expresses on the platelet surface, 
the more easily platelets are cleared out after platelet transfusion. CD41, also called platelet 
membrane glycoprotein IIb/IIIa (GPIIb/IIIa), is stably expressed on both the activated and 
non-activated platelet surface and can thus be used as a platelet marker. In this study, CD41+ 
was used to label the platelets, whereas the positive percentage of CD41+CD62P+ was used to 
reflect the degree of platelet activation.

Groups Cases                                          CD62P-positive percentage (%, means ± SD)  P value

  First time Second time t value

One day 10 6.41 ± 2.85 8.34 ± 2.55 2.157 >0.05
Two days 10 6.62 ± 2.11 7.86 ± 2.71 1.733 >0.05

Table 2. CD62P-positive percentage of apheresis platelet in the experimental group.
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To avoid the influence of non-research factors, a negative control group was set up in 
this study. No statistical difference was observed between the two sampling times or among 
the different retention periods, suggesting that sampling time is not a confounding factor that 
would result in platelet activation. Thus, leukocyte filtration can be regarded as the single 
factor. Our results showed no significant difference between CD62P expression before and 
after leukocyte filtration, irrespective of the retention periods. This suggests that filtration has 
no effect on the CD62P expression of the apheresis platelets regardless of whether they were 
stored for 1 or 2 days. Thus, we can conclude that leukocyte filtration may not cause activa-
tion damage to the apheresis platelets during retention. However, we notably failed to obtain 
sufficient apheresis platelets with the retention periods of 3, 4, and 5 days (the expiration date 
for apheresis platelets stored in platelet-specific bags and oscillated at 22° ± 2°C) to analyze 
CD62P expression. Therefore, whether leukocyte filtration can promote platelet activation 
over such retention periods remains unclear.

Collectively, leukocyte filtration by a platelet-specific leukocyte filter does not pro-
mote the platelet activation of apheresis platelets stored for up to 2 days. Thus, leukocyte filtra-
tion can be recommended for use with apheresis platelets for such a retention period to prevent 
the occurrence of leukocyte-associated adverse reactions after platelet transfusion.
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