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ABSTRACT

BACKGROUND AND OBJECTIVE: Immune platelet resistance is a condition in which antibodies are produced
against platelet antigens and cause damage to injected platelets by phagocytes and macrophages. The aim of this study
is to evaluate the efficacy of flow cytometry in predicting the results of platelet injections and platelet resistance and
selecting compatible platelet for patients.

METHODS: This case-control study was performed on 15 patients with acute myeloid leukemia (AML) with two or
multiple injections of platelets and 15 healthy subjects without a history of platelet injection. After marking the platelets
with 5-Chloromethylfluorescein diacetate (CMFDA) and their adjacency to the serum of patients, the amount of
phagocytosis of platelets by monocytes was assessed in the two groups.

FINDINGS: The mean phagocytic power of platelets by monocyte was 18.27 + 2.86% in the control group, 68.47 +
10.40% in the group of patients with immune platelet resistance, and 36.73 + 15.21 in the group of patients without
immune platelet resistance (p = 0.001). In addition, there was a significant negative correlation between phagocytic power
of platelets by monocyte and Corrected Count Increment (CCI) at 1 and 24 hours (p = - 0.001).

CONCLUSION: Based on the results of this study and considering the high sensitivity of the flow cytometric method,
the use of CMFDA is highly appropriate for evaluating platelet studies, and it can also be used for platelet crossmatch
by flow cytometry.
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Introduction

Oneofthe complications that occur in patients with
frequent platelet transfusion is platelet resistance, which
produces antibodies against platelet antigens and cause
damage to transfused platelets by phagocytes and
macrophages. Platelet resistance is defined as the lack
of increase in platelet count up to optimal therapeutic
levels after two or more platelet transfusion, which can
be estimated by calculating Corrected Count Increment
(CCI) at 1 and 24 hours after platelet transfusion (1 — 3).
Patients with acute leukemia are among the people who
receive platelet due to thrombocytopenia (4, 5), which
may lead to platelet resistance and lack of increase in
platelet count in these patients, and may lead to severe
bleeding and even death from bleeding (6). The
prevalence of platelet resistance in hematology and
oncology patients ranges from 7 to 34% (7). The causes
of platelet resistance are divided into two categories:
immune and non-immune. Non-immune causes may
include  fever, infection, splenomegaly, and
intravascular coagulation, while immune causes may
include alloantibodies against human leukocyte antigen
(HLA) or alloantibodies against human platelet antigens
(HPAs) (8, 9). Some of the important human platelet
antigens that production of antibodies against them
causes moderate to severe thrombocytopenia includes
HPA-1, HPA-2, HPA-15, and HLA-I (10, 11). One of
the most effective cells in destroying transfused
platelets in susceptible individuals is monocyte. This
cell has different types of receptors for the Fc portions
of the 1gG molecules. After the production of IgG
alloantibodies against the HPA or HLA antigens, the
Fab portions of the antibody adhere to the antigen of the
surface of platelet and produce sensitized platelets. The
exposure of sensitized platelets to monocytes and
macrophages leads to phagocytosis and ultimately to
destruction (12). In this condition, the platelet transfusion is
inefficient and the patient's platelet will not increase as
expected. Multiple assays using flow cytometry beads
coated with soluble HLA antigens are a new type of
assay that has been introduced in recent years. Since
laboratory identification of anti-HLA antibodies is very
difficult, in most patients, there are anti-HLA antibodies
along with these antibodies (13), a flow cytometry
method based on the phagocytic potency of monocyte
was used in this study to evaluate the results of platelet
transfusion. The aim of this study is to evaluate the
efficacy of flow cytometry in predicting the results of
platelet transfusion and platelet resistance and the
selection of compatible platelets for patients.
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Methods

After approval by the Ethics Committee of Iranian
Blood Transfusion Organization (Ir.Tmi.rec.1393.10),
this case-control study was performed among 15
patients with AML admitted to Shariati Hospital with
history of platelet transfusion twice or more, while 15
healthy subjects without a history of transfusion of
blood and blood products were considered as control
group. Sample size was determined based on previous
studies (14). After completing the questionnaire by a
colleague in Shariati Hospital, 5 ml of whole blood
sample was collected from AML patients and control
subjects in an anticoagulant EDTA tube and centrifuged
for 10 minutes at 1200 g. The plasma of patients and
controls were isolated in 0.5 ml microtube and stored in
freezer at -70 °C until the time of use. After platelet
transfusion, a whole blood sample was collected from
the patient 1 hour and 24 hours after the transfusion, and
platelet counting was performed by the Cell Counter
(KX-21, Sysmex, Japan) and CCl at 1 and 24 hours was
calculated according to the Formula (15).

To obtain a platelet source, six whole blood samples
from healthy people with blood type O were poured into
a Falcon 15 ml tube and were mixed with each other.
After 15 minutes of centrifugation at 200 g, the
supernatant containing PRP (Platelet Rich Plasma) was
isolated and was poured into a separate tube. Then, the
amount of platelet present in PRP was counted with a
cell counter and the number was adjusted to 5 x 108/ml
platelets. To evaluate the purity of the platelets in PRP,
flow cytometry analysis was done with CD61 antibody
(bdbiosciences, USA). In addition, 5-
Chloromethylfluorescein diacetate (CMFDA)
(Lifetechnology, USA), which is a non-toxic substance
for cells, was analyzed at a final concentration of 5 uM
for evaluation of live cells by flow cytometry.
Furthermore, platelets cross — match against HLA
antigens was performed for all patients according to the
method described in the articles (16). Isolation of
monocyte from whole blood was performed using the
technique of monocyte adhesion to culture medium
flask (17, 18) and the percentage of viable cells was
determined using Trypan Blue 0.4% Solution. In
addition, CD14 antibody (bdbiosciences, USA) was
used to evaluate the purity of monocytes cultured
through flow cytometry. After adjacency of the labelled
platelets with CMFDA and serum, the CMFDA-
labelled and antibody-sensitized platelets were adjacent
to monocyte-rich mononuclear cells. To investigate the
phagocytic potency, anti-CD14 monoclonal antibodies
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were added to cell suspension. Since CMFDA-labelled
platelet produces color in the color spectrum of
fluorescein isothiocyanate (FITC), its phagocytic
potency was evaluated by examining CMFDA-positive
monocytes (19). To interpret the results after gating the
platelet populations and monocyte-rich mononuclear
cells, the percentage of platelets that were conjugated
with Anti-Human IgG antibody to FITC and monocyte-
rich mononuclear cells that were positive in terms of
both CD14 and CMFDA markers (double positive)
were calculated, respectively. To assess the difference
between the patients and controls in terms of platelet
cross — match assay and FMPA,U Mann-Whitney tests
were used, and to assess the difference between the
FMPA tests in the three groups of platelet resistance (5
people), normal (10 people), and control (15 people),
Kruskal-wallis assay was used and p < 0.05 was
considered significant.

Results

CCI assessment in patients: The patients' CCI levels
were calculated based on the number of platelets before
and after transfusion, and the number and type of
transfused platelet units. The CCI assessment showed
that 5 out of 15 patients had immune platelet resistance
(table 1). There was a statistically significant difference
between the mean CCl at 1 hour (6300 + 1202 vs. 10530
+ 2857) and 24 hours (5540+993 vs. 8470+1666) in the
two groups of patients with immune platelet resistance
and patients with non-immune platelet resistance,
respectively (p=0.001).
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Flow cytometric studies: The average purity of
monocyte-rich mononuclear cells that were isolated
from peripheral blood by the technique of monocyte
adhesion to culture medium was 26.56 * 2.51%.
Considering that the percentage of isolated monocytes
was low in mononuclear cells, Nycoprep isolation
method was used (purity higher than 50% is
acceptable). Mean percentage of monocyte-rich
mononuclear cells isolated from peripheral blood by
Nycoprep method was 74.69 + 0.85. Considering that
the percentage of monocytes in mononuclear cells by
Nycoprep method was more than cell culture method,
the Nycoprep method was used for the isolation of
monocyte-rich mononuclear cells in this study (Fig. 1).
Evaluation of the purity of isolated platelets and
CMFDA-labelled platelet showed that the average
percentage of platelet purity in the three samples was
97.25+0.25 and the mean percentage of CMFDA-
labelled platelet cells in three samples was determined
to be 99.48+0.18 (Fig. 2).

The mean phagocytic potency of platelet by
monocyte in the control group was 18.27+2.86%, in
group of patients with immune platelet resistance was
68.47+10.40%, and in the group of patients with non-
immune platelet resistance was 36.73+15.21%
(p=0.001). This difference was also significant in the
two groups of patients with platelet resistance and
normal subjects (p=0.001). The results also showed that
there is a significant and inverse association in the
phagocytic potency of platelet by monocyte in 1-hour
CCl (r=-0.885, p=0.001), and in 24-hour CCI (r=-0.884,
and p=0.001) of patients (Fig. 3).
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Figure 1. The flow cytometric chart of surface expression of CD14 in monocytes isolated from peripheral blood.
Adhesion to the culture flask method: (A) Gate of monocyte-rich mononuclear cells (B) PE isotype control (C)
surface expression of CD14 in monocyte-rich mononuclear cells isolated from peripheral blood. Nycoprep
method: (D) Gate of monocyte-rich mononuclear cells (E) PE isotype control (F) surface expression of CD14 in
monocyte-rich mononuclear cells isolated from peripheral blood
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Figure 2. Flow cytometric results. Surface expression of CD61 in platelets isolated from peripheral blood: (A)
Gate of platelet population (B) FITC Isotype Control (C) Surface Expression of CD61 in Platelet Cells Isolated
from Peripheral Blood. Flow cytometric results of the expression of CMFDA in labelled platelets: (D) Gate of
platelet population (E) The expression of CMFDA in platelets isolated from peripheral blood (F) Histogram

showing the expression of CMFDA in platelets.
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Figure 3. Flow cytometric diagram of phagocytic potency of platelets by monocytes: (A and C) Gate of
monocyte population. (B) Surface expression of CD14 and CMFDA in monocyte cells in positive control sample.
(D) Surface expression of CD14 and CMFDA in monocyte cells in study patients. The dual positive cells (region
Q2) in Figures B and D represent the level of phagocytosis of platelets by monocytes.

Discussion

Our results indicate that there was a significant
difference between the mean phagocytic potency of
platelets by monocytes in both patient and control
groups, and there was also a significant difference
between the mean phagocytic potency of platelets by
monocytes in the group of patients with platelet
resistance and patients without platelet resistance. In
addition, there was a significant negative correlation
between the phagocytic potency of platelets by
monocytes and the CCI at 1-hour and 24 hours. In the
present study, it tried to simulate body condition at the
time of platelet transfusion; we adjoined the patient's
serum, containing the possible antibodies, to a series of

pooled platelet antigens to sensitize the platelet and
finally, placed it in the vicinity of monocyte to start the
phagocytosis process. Lim et al. (19) in their study used
a flow cytometric method based on phagocytosis of
platelets by monocytes to predict the results of platelet
transfusion. They measured CCI after platelet
transfusion, performed a platelet cross — match assay,
and performed flow cytometric method based on
phagocytosis of platelets by monocytes, and used
ELISA method to assess anti-HPA or anti-HLA
antibodies. They found that there was a significant
negative correlation between phagocytosis of platelets
by monocytes and CCI of patients. They stated the
results of the comparison between the cross — match
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method and phagocytosis of platelets by monocytes as
follows; if phagocytosis of platelets by monocytes is
high, platelet cross — match assay may be considered as
an effective screening method, but if phagocytosis of
platelets by monocytes is low even if the platelet cross
— match assay is high, it is not reliable. Therefore, the
effective role of flow cytometric method in identifying
this disorder is emphasized in studies, especially in
alloimmune individuals, for whom HLA-compatible
platelets are not available (20). In the present study, all
5 patients with high FMPA had a positive platelet cross
— match, but of 10 patients with low FMPA (and normal
CCl), 6 had positive cross — match, while their CCI was
normal, and cross — match was negative only in four of
these patients. A set of factors are effective, including
the patient-related factors and the characteristics of the
transfused platelets such as the number of transfused
platelets, the platelet source (random or apheresis), the
compatibility of ABO between donor and recipient, and
the duration of platelet maintenance on CCI after
clinical transfusion and hemorrhage in patients with
thrombocytopenia (21). However, there is still no
complete study of how these factors can be considered
in predicting the results of platelet transfusion, and it
seems that the level of hemorrhage cannot be estimated
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by examining these factors (22). Because discovering
the presence of antiplatelet antibodies in the platelet
cross — match does not necessarily mean platelet
destruction. Meanwhile, only anti-HLA and anti-GP-I1b
/ Illa antibodies have been reported to play a predictive
role in platelet resistance (23).

It is also necessary to consider that we would
observe platelet resistance in cases of the presence of
splenomegaly and storage of platelets for more than
three days due to non-immunological reasons (24).
Considering the high sensitivity of the flow cytometric
method, the use of CMFDA is very suitable for platelet
examination, and since this fluorescent substance does
not alter platelet function or, in other words, has no
effect on platelet activity, it can be used for platelet
cross — match by flow cytometry and can also be used
to achieve better clinical results in identifying platelet
resistance.
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