Pharmacogn J. 2023; 15(1): 223-227

Research Article

A Multifaceted Journal in the field of Natural Products and Pharmacognosy

www.phcogj.com

Effect of Platelet Concentrates (PCs) Leucodepletion on the
Activation and Efficacy of Platelet Transfusion

Teguh Triyono™, Zelly Dia Rofinda®

Teguh Triyono'*, Zelly Dia Rofinda®

'Department of Clinical Pathology and
Laboratory Medicine, Faculty of Medicine,
Universitas Gadjah Mada, Yogyakarta,
INDONESIA.

*Department of Clinical Pathology and
Laboratory Medicine, Faculty of Medicine,
Universitas Andalas, Padang, INDONESIA.

Correspondence
Teguh Triyono

Department of Clinical Pathology and
Laboratory Medicine, Faculty of Medicine,
Universitas Gadjah Mada, Yogyakarta,
INDONESIA.

E-mail: teguhpk@ugm.ac.id
History

e Submission Date: 02-01-2023;

* Review completed: 05-02-2023;
e Accepted Date: 07-02-2023.
DOI : 10.5530/pj.2023.15.33
Article Available online
http://www.phcogj.com/v15/i6
Copyright

© 2023 Phcogj.Com. This is an open-
access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Phcogj.co

223

ABSTRACT

Platelet concentrates (PCs) are blood components transfused in thrombocytopenic patients, including
patients with blood malignancies. PCs contain leukocytes, which can pose potential side effects and
activate platelets, reducing the efficacy of platelet transfusion. The leucodepletion process can be carried
out by filtration to reduce the leukocyte count. This study aims to determine the difference between the
CDB62P expression of nonleucodepleted and leucodepleted PCs and to determine the difference between
the Corrected Count Increment (CCl) of patients transfused with nonleucodepleted and leucodepleted
PCs. This analytic observational study with a cross-sectional design was carried out on PCs obtained
from platelet-rich plasma (PRP-PC). PCs were transfused into 48 blood malignancy patients, Yogyakarta,
consisting of two groups i.e the group transfused with nonleucodepleted PCs (24 patients) and the
group transfused with leucodepleted PCs (24 patients). CD62P expression in PCs was measured by flow
cytometry method, and the CCl of the patients was calculated based on the CCl formula. The difference
between the median CD62P expression and CCl of the two groups was analyzed using the Mann-
Whitney Test with a significance of p<0.05. The median CD62P expression of the nonleucodepleted
and leucodepleted groups were 34.4% (16.8-94.4%) and 21.7% (6.2-34.0%), respectively. There was a
statistically significant difference between the CD62P expression of the two groups (p = 0.00). The group
transfused with nonleucodepleted, and leucodepleted PCs showed respective median CCl of 18.8 x 10%/L
(2.4-94.8 x 10%L) and 14.7 x 10%L (2.4-124.0 x 10%L). There was no statistically significant difference
between the CCl of the two groups (p = 0.42). It can be concluded that the CD62P expression in the PCs
of the leucodepleted group was significantly lower than those of the nonleucodepleted group and that

there was no significant difference between the CCl of both groups.
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INTRODUCTION

Platelet concentrates (PCs) are one of the blood
components in transfusion therapy utilized in a
medical procedure to maintain primary hemostatic
function. The need for platelet concentrates is
increasing for therapeutic transfusions in diseases
that cause thrombocytopenia, such as patients
with blood malignancies and those who experience
thrombocytopenia after chemotherapy or major
invasive procedures such as heart surgery.'”

Although platelet transfusions are recognized
to provide benefits in various cases of
thrombocytopenia, they still carry risks. One of
the efforts to reduce platelet transfusion reactions
is leucodepletion on platelet concentrates.
Leucodepletion is aimed to remove leukocytes
from blood components using a special filter.*
Leukocytes, especially mononuclear cells in
allogeneic blood products, both packed red cellsand
platelet concentrates, can cause various side effects,
including immunomodulation  (Transfusion-
Related Immunomodulation), acute lung damage,
Graft versus Host Disease, and virus transmission.’
Transfusion-related immunomodulatory mediated
by allogeneic mononuclear cells can be prevented
by reducing leukocytes both before and after
storage and autologous transfusion. The allogeneic
transfusion effects caused by soluble HLA peptides
can be overcome by autologous transfusion, while
the allogeneic transfusion effects caused by soluble

mediators produced by leucocytes can be prevented
by reducing them before storage.®”

Leucocytes can influence platelet function by
releasing various substances such as cathepsin
G, reactive oxygen species, nitric oxide*® and
myeloperoxidase (MPO). MPO is an enzyme
derived from PMN cell granules that reflects PMN
degranulation and is also produced by PMN cells that
experience necrosis during storage. These enzymes
are excreted along with several other biochemical
substances, such as proteases and peroxidative
enzymes, into the extracellular environment."
Platelet activation by MPO is characterized by
increased expression of P-selectin (CD62P) and
PECAM-1."2"* If platelet activation occurs, there
will be a release of platelet granules, and the process
is called degranulation. One of the degranulation
markers due to platelet activation is the expression of
P-selectin (CD62P) on the platelet surface, which can
be assessed using flow cytometry.'>'® High CD62P
expression is the cause of faster platelet destruction
in the reticuloendothelial system.’

Therefore, an assessment of the efficacy of platelet
transfusions can be measured by calculating the
CCI and platelet recovery. In addition, the in vivo
hemostatic efficacy after PC transfusion can be
measured by the level of CD62P expression and
the formation of leukocyte-platelet aggregates. This
study aims to determine the difference between
CD62P  expression in nonleucodepleted and
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leucodepleted platelet concentrates and to determine the difference
between the CCI of patients transfused with nonleucodepleted and
leucodepleted platelet concentrates.

METHODS

This study was an analytic observational study with a cross-sectional
design, conducted in Dr. Sardjito Hospital, Yogyakarta, Indonesia from
January-September 2014. The target population included all pediatric
patients aged 1-18 years who received platelet concentrate transfusions.
The inclusion criteria were pediatric patients aged 1-18 years diagnosed
as having blood malignancy with an indication of platelet transfusion.
In comparison, the exclusion criteria were patients with bleeding
manifestations, fever, DIC, hypersplenism, undergoing antithrombotic
therapy, and transfusion of other components.

Patients who qualified for the inclusion criteria were examined for their
platelet count before transfusion. The subjects were divided into two
transfusion groups, i.e the nonleucodepleted and leucodepleted PC
transfusion groups. The platelet yield and CD62P expression of the PCs
to be transfused was initially examined. One hour after the transfusion,
the platelet count was rechecked for the CCI calculation.

Platelet Concentrate Production

The platelet concentrates were obtained from whole blood through
a centrifugation process using a refrigerated centrifuge. The platelet
concentrates were then stored in a horizontal agitator at a temperature
of 22°C, to make the platelet concentrate homogeneous and prevent
platelet aggregation. The agitator was placed in an air-conditioned
room with temperature set at 22+2°C.

Examination of CD62P expression using the flow
cytometry method

The nonleucodepleted and leucodepleted platelet concentrates
were processed in two separate tubes. Flow cytometry analysis was
conducted using anti-CD41 as a marker of platelets and anti-CD62P as
a marker of platelet activation. For analysis, at least 5,000 platelets were
analyzed using Celquest software, gates were made on predetermined
platelet areas with the addition of anti-CD41. Data are presented in the
percentage of positive CD41 and CD62P.

Statistical Analysis

The percentage (%) of CD62P-expressing platelets are shown
in the median (95% CI). The Mann-Whitney test was used to
determine the difference between the mean CD62P expression in
the nonleucodepleted, and leucodepleted platelet concentrates,
as well as to determine the difference between the mean CCI of the
nonleucodepleted and leucodepleted groups. The basic characteristics
of the subjects are displayed descriptively. Statistical calculations were
performed using a significance limit of p < 0.05 with a 95% confidence
interval.

Ethical considerations

The subjects were asked for consent to participate in this study by
signing an informed consent form. This study was approved by the
Biomedical Research Ethics Commission of the Faculty of Medicine,
Universitas Gadjah Mada, Yogyakarta.

RESULTS

The characteristics of the platelet concentrates (PCs) in this study are
presented in Table 1 as follows.

Nonleucodepleted and leucodepleted PCs were transfused in 24 blood
malignancy patients with characteristics as shown in table 2 below.
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Table 1: Characteristics of platelet concentrates in the nonleucodepleted
and leucodepleted groups.

Platelet concentrates Nonleucodepleted Leucodepleted

(unit) group n=24 group n =24
Number of transfused PC, units 130 142

Mean platelet yield/unit, x 10" 5.8 4.4

Median platelet storage, days(min-max) 1 (1-4) 2 (0-5)

Table 2: Characteristics of subjects.

nonleucodepleted Leucodepleted

Characteristics

group n =24 group n =24
Average Age (years) 8.1 10.3
Sex n (%)
Male 11 (45.8%) 12 (50%)
Female 13 (54.2%) 12 (50%)
Mean Body Weight (kg) 24.1 26.9
Mean Height (cm) 115.2 129.8
Mean Body Surface Area 0.857 0.989
Diagnosis
ALL 16 (66.7%) 15 (62.5%)
AML 8 (33.3%) 9 (37.5%)
Transfusion indications n (%)
Therapy 17 (70.8%) 16 (66.7%)
Prophylaxis 7 (29.2%) 8 (33.3%)
Blood group n (%)
A 4 (16.6%) 3 (12.5%)
B 10 (41.7%) 12 (50.0%)
o 10 (41.7%) 9 (37.5%)
Median platelet count (min-
max), /uL
Before transfusion 12,500 9,500

(2,000-40,000) 51,000 (3,000-140,000) 32,500

After transfusion (10,000-136,000) (10,000-104,000)

Table 3: Comparison of platelet CD62P expression in the
nonleucodepleted and leucodepleted groups.

CD62P Expression
Groups N Median (Min-Max) P
Nonleucodepleted 24 34.4 (16.8-94.4) 0.00
Leucodepleted 24 21.7 (6.2-34.0)

Table 4: Comparison between the Corrected Count Increment (CCl) of
the group transfused with nonleucodepleted platelet concentrates and
those transfused with leucodepleted platelet concentrates.

CCl (x 10°/L)

e B Median (Min-Max) P
Nonleucodepleted 24 18.8 (2.4-94.8) 0.42
Leucodepleted 24 14.7 (2.4-124.0)

The platelet activation was assessed from CD62P expression by platelets
in PCs. CD62P expression was measured using monoclonal antibodies
against CD41 and CD62P using flow cytometry method, as plotted and
shown in Figure 1 below.

The effect of leucodepletion on platelet activation was assessed
by comparing CD62P expression in the non-filtered PC group
(nonleucodepleted group) and the filtered PC group (leucodepleted
group) using the Mann-Whitney test as shown in Table 3.

The above table presented that the median CD62P expression in
the leucodepleted group was significantly lower than those in the
nonleucodepleted group (p<0.05).

The efficacy of platelet transfusion was assessed by the Corrected
Count Increment (CCI) formula, which was calculated one hour after

224



Triyono T, et al.: Effect of Platelet Concentrates (PCs) Leucodepletion on the Activation and Efficacy of Platelet Transfusion

25E (1).002

109
s

10°

EIT’C

CDEZP
10
ssial

Tk
assil

=
i

00 T e e
Ch41 PE

" ““T.-.'I

10

Sample ID: 25 B (1)

Patient ID: 061814
Acguisition Date: 18-Jun-14
Gated Events: 18082

Total Events: 20000

Cuad Eventz %% Gated 9% Total

LIL 0 000 000
LIR G278 T2 3138
LL 0 0,00 0,00
LR 11804 6528 5902

Figure 1: CD62P expression plot using flow cytometry method.

the platelet concentrate product was transfused to the patient. The
Mann-Whitney Test statistic was performed to compare the CCI values
between two groups as shown in Table 4.

Table 4 above depicts that, the CCI of the two groups indicated good
platelet transfusion efficacy i.e more than 7.5 x 10°/L, however, there
was no significant statistical difference (p > 0.05).

DISCUSSION

All PCs in this study were obtained using the platelet-rich plasma
(PRP-PC) method. The mean platelet yield in the nonleucodepleted
group was 5.8 x 10" with a median storage time of one day, and the
mean platelet yield in the leucodepleted group was 4.4 x 10" with a
median storage time of two days. The platelet yield obtained in this
study was similar with various references which was approximately 5.5
x 10,

Leucodepletion that can be performed by filtration on PCs aims to
remove or reduce the contaminant leucocyte. It is acknowledged that
leucocytes in blood components can cause various harmful side effects
to recipients.” In addition, leukocytes can also cause activation of
platelet contained in PCs to reduce the efficacy of platelet transfusions.

Among the various techniques to remove or reduce leukocyte count
in PCs, filtration is quite efficient, cost-effective, and easy to apply
clinically. The working principle of the leukocyte filter is based on
differences in deformability and adhesive properties of the cells. In
general, this filter can remove more than 95% of the leukocytes in one
unit of blood product.'®

The effect of leucodepleted platelet concentrates on
platelet activation

Platelet activation in this study was assessed from CD62P expressed
by platelets in PCs using flow cytometry method. Platelets can be
activated during the preparation and storage of PCs, and this activation
can be assessed by the expression of P-selectin (CD62P) by platelets.”
P-selectin (CD62P) is a protein in the alpha granule of platelets,
which will be expressed on the cell surface a few seconds after platelet
activation. Flow cytometry analysis of CD62P expression alone or in
combination with other markers has been utilized as the gold standard
for assessing platelet activation.?**
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There are not many studies regarding the effect of leucodepletion on
platelet activation as assessed through CD62P expression in PCs. In
this study, CD62P expression in the nonleucodepleted group was
found to be higher than those in the leucodepleted group. It showed
that reducing the leukocyte yield or known as leucodepletion, can
reduce platelet activation. Nomura et al. (2000), who conducted a
study of 100 PC units transfused in 28 patients with hematological and
nonhematological malignancies, found that platelets expressing CD62P
(P-selectin) were significantly reduced after leukocyte filtration.”
Average CD62P expression in the leucodepleted group in this study
(20.8%), was not much different from that obtained in a study by
Dijkstra-Tiekstra et al. (19.2%).%

Most of the studies regarding platelet activation in PCs relate the
activation with storage time. Dijkstra-Tiekstra et al. (2004) found that
there was an increase in platelet activation if stored for more than eight
days (CD62P 41.6 *+ 30.7%) compared to those stored for 2-7 days
(CD62P 12.3 + 4.8%).” A study by Ali (2012), which compared platelet
activation during storage based on two PC preparation methods, found
that with storage for more than five days, PRP-PCs showed a significant
increase in CD62P expression compared to buffy coat-derived PCs.*
The shelf life of PCs in this study was no more than five days, so the
effect of storage on platelet activation in this study could be ruled out.

The PCs in this study were obtained from platelet-rich plasma (PRP-
PC) method. The mean platelet yield in the leucodepleted group was
4.4 x 10", lower than that in the nonleucodepleted group, which was
5.8 x 10". The filtration process could reduce platelet count in PCs due
to the platelet-leukocytes aggregation on the filter.

The effect of leucodepleted platelet concentrates on
transfusion efficacy

The efficacy of platelet transfusion in this study was assessed by
calculating the Corrected Count Increment (CCI) one hour after the
PCs were transfused to the patients. Patients with blood malignancies
have prolonged thrombocytopenia due to bone marrow involvement
or medication. Platelet transfusions, mostly from random donors, are
given to patients with platelet counts < 10,000/pL to reduce the risk of
bleeding.?* In this study, the median platelet count before transfusion
was 12,500/puL in the nonleucodepleted group and 9,500/uL in the
leucodepleted group.

Pharmacognosy Journal, Vol 15, Issue 1, Jan-Feb, 2023
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The mean CCI of patients transfused with nonleucodepleted platelet
concentrates was 23.6 x 10°/L, while those transfused with leucodepleted
platelet concentrates was 22.1 x 10°/L. Both CCI results showed good
efficacy because they were more than 7.5 x 10°/L, but according to the
statistical test, there was no significant difference between the CCI of
the two groups. The influencing immunological factors include anti-
HLA antibodies, anti-HPA antibodies, ABO mismatch, and immune
complexes in the circulation, while the influencing non-immunological
factors include splenomegaly, drugs, bleeding, disseminated
intravascular coagulation, fever, sepsis, etc.?”*

Besides using CCI, the efficacy of platelet transfusion can also be
assessed by calculating platelet recovery, but this parameter was not
measured in this study. Many platelet transfusions do not produce the
expected platelet recovery due to the presence of immunological and
non-immunological factors. In a study of 97 patients with hematological
malignancies who received leucodepleted platelet transfusions from
random donors, it was found that the low platelet recovery was caused
by immune factors, in this case, anti-HLA antibodies and anti-HPA
antibodies, as well as non-immune factors, in this case, splenomegaly
and PC storage time of longer than three days.”

The limitation of this study was that authors unable to rule out clinical
splenomegaly and bleeding, which may affect the efficacy of platelet
transfusions because these two symptoms are commonly found in
patients with blood malignancies, who were the subjects of this study.
The potential significant difference between the CCI of the group
transfused with nonleucodepleted PCs and those transfused with
leucodepleted PC in this study due to this effect cannot be ruled out.

CONCLUSIONS

This study indicated that there was a significant difference between
CD62P expression in the nonleucodepleted group and that in the
leucodepleted group. CD62P expression in the leucodepleted group
is significantly lower than that in the nonleucodepleted group. In
addition, the study also showed that there was no significant difference
between the Corrected Count Increment (CCI) of both groups.
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