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Changes in microparticles (MP) from red blood cell (RBC) concentrates in the context of 
irradiation have not been investigated. The aim of this study was to evaluate how irradia-
tion affects the number of MPs within transfusion components. Twenty RBC concentrates, 
within 14 days after donation, were exposed to gamma rays (dose rate: 25 cGy) from a 
cesium-137 irradiator. Flow cytometry was used to determine the numbers of MPs derived 
from RBC concentrates before and 24 hr after irradiation. The mean number of MPs 
(±standard deviation) in RBC concentrates was 21.9×109/L (±22.7×109/L), and the to-
tal number of MPs ranged from 2.6×109/L to 96.9×109/L. The mean number of MPs in-
creased to 22.6×109/L (±31.6×109/L) after irradiation. Before irradiation, the CD41-posi-
tive and CD235a-positive MPs constituted 9.5% (1.0×109/L) and 2.2% (263×106/L) of 
total MPs, respectively. After irradiation, CD41-positive MPs increased to 12.1% (1.5×109/
L) (P =0.014), but the CD235a-positive MPs decreased to 2.0% (214×106/L) of the total 
MPs (P =0.369). Irradiation increases the number of CD41-positive MPs within RBC con-
centrates, suggesting the irradiation of RBC concentrates could be associated with throm-
botic risk of circulating blood through the numerical change.  
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Microparticles (MPs), ranging in size from 0.1 to 1.0 μm, are re-

leased in the blood circulation from the cell membrane of vari-

ous cells, following activation or apoptosis [1, 2]. They retain the 

characteristics of their parent cells, thus allowing identification 

of their cellular origin [1].

Increased numbers of certain kinds of MPs (endothelial, 

erythrocyte, or other cell-derived MPs) are reported in cancer, 

autoimmune diseases, blood disorders, cardiovascular diseases, 

infectious diseases, disorders of the female reproductive sys-

tem, and kidney disorders [2, 3]. They have diagnostic potential 

as biomarkers for those diseases [2, 4]. However, only a few 

studies have focused on the MPs of blood products [5-7]. In a 

previous study on blood products, cell activation through cal-

cium influx during the storage of blood products was suggested 

to form immunogenic MPs and increase the risk of transfusion 

complications [5]. However, changes in MPs from RBC concen-

trates in the context of irradiation have not been investigated. 

The aim of this study was to demonstrate the hypothesis that 

gamma-irradiation of RBC concentrates might induce increased 

MPs in the blood product through comparing the number of 

MPs before and after gamma-irradiation of RBC concentrates.

RBC concentrates were derived from twenty healthy donors. 

Whole blood (400 mL) was collected from each volunteer donor 

who attended the Republic of Korea National Red Cross on the 

same day. The collected blood was stored in bags containing a 

citrate-phosphate-dextrose-adenine-1 anticoagulant solution at 

room temperature, prior to processing. After separation of plasma 

from the erythrocytes by centrifugation within eight hours of 

phlebotomy, the RBC concentrates were stored at 4°C. All RBC 

units in blood bags were individually irradiated with an IBL 437 

cesium-137 irradiator (CIS bio International, Bangnols sur Ceze, 

France) at doses of 25 cGy within 14 days after collection. Sam-
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ples for counting MPs were drawn from RBC concentrates prior 

to and 24 hr after irradiation. Using these samples, white blood 

cells (WBCs), RBCs, platelet counts, Hb concentration, and Hct 

in RBC concentrates were determined by the Sysmex XE-5000 

automated cell counter (Sysmex Corporation, Kobe, Japan).

To isolate MPs as previously described [8], 800 μL of RBC 

Fig. 1. (A-C) Gating strategy for the identification of microparticles (MPs). (A) The MP region is set up. On a forward scatter (FS) log×side 
scatter (SS) log cytogram, the MP region is restricted to the lower region by the 0.5 μm beads and to the upper region by the 0.9 μm beads. 
Three-micrometer beads were responsible for a discrete cloud of events that were easily distinguished above background noise or debris. 
MPs are seen in (B) as blue dots against the background (gray dots). CD235a-positive MPs are shown in (C) as violet dots within the box. 
(D-G) Analysis of CD41/CD235a stained MPs in pre- and post-irradiation conditions using flow cytometry. (D) CD235a-positive MPs within 
RBC concentrates (violet dots) before irradiation; (E) CD235a-positive MPs within RBC concentrates (violet dots) after irradiation; (F) CD41-
positive MPs within RBC concentrates before irradiation (green dots); (G) CD41-positive MPs within RBC concentrates after irradiation 
(green dots).
Abbreviations: PE, phycoerythrin; FITC, fluorescein isothiocyanate; RBC, red blood cell.
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concentrates in 1.5 mL micro-centrifuge tube (Sigma Aldrich 

Co., St. Louis, MO, USA) was centrifuged at 1,500g for 15 min 

to remove the blood cells. The supernatant containing the MPs 

was collected, followed by a second ultracentrifugation step at 

13,000g for 2 min. The residual pellet was then suspended in 

phosphate buffered saline (PBS) and tested within 4 hr. For la-

beling MPs, 10 μL of the MP suspension was incubated with 1.5 

μL each of anti-human CD235a labeled with phycoerythrin (PE) 

and anti-human CD41 labeled with fluorescein isothiocyanate 

(FITC) from BD Bioscience Inc. (Franklin Lakes, NJ, USA) for 

10 min in the dark. Just prior to flow cytometric analysis, 500 

μL of PBS and 30 μL of size-calibration beads of 0.5 and 0.9 

µm in diameter formulated to a numerical ratio of 2:1, called 

Megamix (0.5, 0.9, and 3.0 μm; BioCytex, Marseille, France), 

were added to the labeled samples. In addition, 30 μL of count-

ing beads with an established concentration of around 1,000 

beads/μL (Flow Count Fluorospheres; Beckman-Coulter, Vil-

lepinte, France) were added to each sample in order to enu-

merate the MPs as absolute numbers per microliter [9].

Flow cytometric analyses were performed by using the Cy-

tomics FC500 flow cytometer (Beckman-Coulter). MPs were 

gated on the basis of their forward scatter (FS) and side scatter 

(SS) signals with logarithmic fluorescence scales as previously 

reported [8] (Fig. 1). MPs were defined as events within the MP 

region as shown in the FS×SS plot (Fig. 1). 

The statistical analyses were performed by using SPSS soft-

ware (version 20.0, SPSS, Chicago, IL, USA). Paired t-test was 

used to compare numbers of MPs, WBCs, RBCs, platelets, and 

the concentrations of Hb and Hct within transfusion compo-

nents in pre-irradiation and post-irradiation conditions. Pear-

son’s correlation coefficient between the number of platelets (or 

WBCs) and total MPs was determined. P <0.05 was considered 

statistically significant.

The characteristics of RBC concentrates before and after irra-

diation are summarized in Table 1. The means of WBC, RBC, 

and platelet counts, and the concentrations of Hb and Hct did 

not show any statistical differences between pre-irradiation and 

post-irradiation samples. Before irradiation, the Pearson’s corre-

lation coefficients between the number of platelets and total MPs 

and between the number of WBCs and total MPs were -0.235 

(P =0.332) and 0.117 (P =0.634), respectively. After irradiation, 

these values changed to -0.141 (P =0.565) and 0.046 (P = 

0.851), respectively. There was no significant difference  between 

correlation coefficients before and after irradiation. 

The baseline mean MP counts of the RBC concentrates 

(n=20) was 21.9×109/L, which increased to 22.6×109/L at 24 

hr after irradiation without reaching statistical significance 

(P =0.785). Before irradiation, the mean percentage (mean 

number) of CD41-positive MPs and CD235a-positive MPs was 

9.5% (1.0×109/L) and 2.2% (263×106/L) of total MPs, respec-

tively (Table 1). After irradiation, the mean percentage of CD41-

positive MPs significantly increased to 12.1% (1.5 ×109/L) 

(P =0.014). However, the mean percentage of CD235a-positive 

MPs decreased to 2.0% (214 ×106/L) of total MPs without 

reaching statistical significance (P =0.369). 

In a recent study using rat-derived mesenteric arteries, Liu et 
al. [10] showed that MPs could contribute to increased inflam-

mation, thrombosis, and blood storage lesions through loss of 

nitric oxide (NO) bioavailability. MP-encapsulated Hb was dem-

onstrated to reduce NO bioavailability about 1,000 times faster 

than the red cell-encapsulated Hb and scavenge NO similarly to 

cell free Hb [10]. Transfusion of three or four units of stored 

blood could increase red cell MPs to a level at which they could 

affect NO bioavailability [10]. Accordingly, the numerical change 

in the MPs in the transfusion units has a direct impact on such 

negative consequences. 

In this study, the total average MP count within the RBC con-

centrates increased after irradiation, even though no statistically 

significant difference was observed. According to their cellular 

origin, only CD41-positive MPs showed a statistically significant 

numerical increase after irradiation, whereas CD235a-positive 

MPs did not increase. 

CD41-positive MPs in the RBC concentrates were more nu-

Table 1. Changes in RBC- and platelet-derived microparticle counts 
and the blood component parameters before and after irradiation of 
the RBC concentrates (n=20)

Type
Before Irradiation 
(×106 cells/L)†

After Irradiation 
(×106 cells/L)†

Differences 
(×106 cells/L)

WBC (×109/L) 9.4 (2.4) 9.6 (2.4) 0.2

RBC (×1012/L) 7.7 (0.7) 7.7 (0.7) 0

Hct (%) 70.3 (6.8) 69.4 (6.8) 0.6

Hb (g/dL) 23.0 (2.3) 22.6 (2.3) 0.4

PLT (×109/L) 214.1 (22.8) 213.9 (24.3) 0.2

CD235a+ MPs 
   (×106 cells/L)

263 (238) 214 (86) -49

CD41+ MPs 
   (×106 cells/L ) 

1,031 (392) 1,475 (860)* 444

Total MPs (×106 cells/L ) 21,858 (22,691) 22,635 (31,603) 777

*P =0.014 vs. before irradiation (paired t-test); †Data are expressed as mean 
and SD.
Abbreviations: RBC, red blood cell; SD, standard deviation; WBC, white 
blood cell; PLT, platelet; MP, microparticle. 
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merous than the CD235a-positive MPs, consistent with the re-

port that platelet-derived MPs are the most abundant types of 

MPs in human circulation [11]. CD41-positive MPs might be 

helpful in restoring hemostasis and preventing overt bleeding in 

patients post-surgery or post liver biopsy (in case of severe liver 

cirrhosis) [8]. CD41-positive MPs are reported to facilitate de-

creased bleeding time in diseases such as storage pool disease 

[5]. On the other hand, CD41-positive MPs were demonstrated 

to have about 50 to 100 times more procoagulant activity than 

the platelets, being associated with certain pathophysiologic 

processes of prothrombotic diseases [11, 12]. Therefore, in-

creased CD41-positive MPs could lead to thrombosis associated 

with tumor development [13]. In addition, CD41-positive MPs 

may contribute to the residual thrombotic risk reported in sple-

nectomized, multi-transfused β-thalassemia major patients [14] 

and the vaso-occlusive phenotype-related severity in sickle cell 

anemia [15]. Besides, CD41-positive MPs represent a patholog-

ical mediator of inflammation, and increased CD41-positive 

MPs were detected in diseases such as rheumatoid arthritis, 

Sjogren syndrome, mixed connective tissue disease, and ath-

erothrombosis [2, 16]. Although the precise risk for CD41-posi-

tive MPs in inflammatory and thrombotic diseases is yet un-

known, the possible risk could be high enough when irradiated 

transfusion units are donated to patients with such diseases 

[11]. Such a risk would be especially evident under conditions 

like massive transfusion. 

A previous study evaluating the effects of ionizing radiation on 

cellular pro-coagulability of human peripheral blood mononu-

clear cells (PBMNCs) showed that both cellular components 

and MPs derived from the PBMNCs had greater tissue factor 

activity after irradiation than before irradiation [17]. Although the 

numerical change in MPs after irradiation was not evaluated in 

that study, the large irradiation dose (20 Gy) used in the previ-

ous study compared with that (25 cGy) used in this study could 

have possibly increased the numbers of total MPs including 

CD41 and CD235a-positive MPs in PBMNCs [17].

In this study, we selected the surface markers, CD41 and 

CD235, because the most frequently detected MPs in healthy 

individuals are derived from platelets and erythrocytes [15, 18]. 

However, in future studies, inclusion of CD45 as a surface 

marker for WBC-derived MPs will clearly help elucidate the ef-

fect of irradiation on MPs from RBC concentrates.

In conclusion, only CD41-positive MPs in the RBC concen-

trates showed a significant numerical increase after irradiation. 

While future evaluation using more specimens under various ir-

radiation doses is required, the present result suggests that irra-

diation of transfusion units could increase thrombotic risk of cir-

culating blood owing to the change in the number of CD41-pos-

itive MPs. 
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