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Background: Research on microparticles is rapidly evolving and has extended to the field of many diseases. It is unclear
whether microparticles can be stored frozen. In this study, our goal was to verify whether cryopreservation had
an effect on the properties of the microparticles.

Material/Methods: We obtained C57BL/6) mouse-derived microparticles by grinding and gradient centrifugation. The specimens
were divided into 2 groups: without dimethyl sulfoxide and with dimethyl sulfoxide. The microparticles were
then stored at 25°C, 4°C, —20°C, =80°C, and —196°C for 0.5 days, 1 day, 3 days, 5 days, and 7 days. We tested
whether the concentration, coagulation function, diameter distribution, and morphology of the microparticles
in the 2 groups changed compared to those of a fresh sample.

Results: We discovered that the concentrations of total microparticles, annexin V-positive microparticles, and brain-de-
rived microparticles changed with freezing. The coagulation function, morphology, and size distribution of the
microparticles were also affected by cryopreservation. Finally, there was no difference in the effects of cryo-
preservation on microparticles between the dimethyl sulfoxide group and the dimethyl sulfoxide-free group.

Conclusions: This study suggests that cryopreservation has diverse effects on microparticles within 1 week and that dimethyl
sulfoxide has no protective effect on cryopreserved microparticles. Therefore, microparticles should be used
fresh for future studies, and they should not be cryopreserved with or without dimethyl sulfoxide.

MeSH Keywords: Annexin A5 e Cell-Derived Microparticles ¢ Cryopreservation ¢ Dimethyl Sulfoxide

Abbreviations: BDMPs - brain-derived microparticles; DMSO — dimethyl sulfoxide; MPs — microparticles;
TBI - traumatic brain injury
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Material and Methods

When a cell is activated or apoptotic, its plasma membrane
protrudes outward in a bud-like manner and then forms mic-
roparticles (MPs) after membrane curvature and cytoskeleton
detachment [1,2]. MPs, also known as microvesicles (MVs) or
ectosomes, are a subset of extracellular vesicles [3]. Typically,
the plasma membrane surface of MPs is rich in phosphati-
dylserine (PS), and their size is between 100 and 1000 nm.
Annexin V can bind to PS on the outer surface of MPs. Therefore,
the measurement of annexin V-positive vesicles using flow cy-
tometry is a conventional method for detecting MPs [4]. Most
cells can release MPs after activation, such as platelet-derived
MPs (PMPs), erythrocyte-derived MPs (RMPs), leukocyte-de-
rived MPs (LMPs), endothelial cell-derived MPs (EMPs), and
tumor cell-derived MPs (TMPs) [5-7]. The parental cells can
be identified by detecting the surface glycoproteins of MPs.

Increasing reports show that MPs plays an important role in
many biological metabolic processes, such as signaling, inter-
cellular communication, inflammatory responses, and clot-
ting processes [8,9]. Thus far, MPs are considered to be an
important intermediary for transcellular delivery systems and
proinflammatory mediators within biological complex net-
works [10,11]. In addition, Ratajczak et al. showed that MPs
can alter gene expression of target cells by transferring mRNAs
and miRNAs [12]. More importantly, the concentration of MPs
is mentioned in the literature on almost all thrombotic dis-
eases occurring in the vascular bed [13-16]. MPs have strong
procoagulant function, mainly because they are rich in tissue
factor (TF) [17,18] and negatively charged PS [19]. The outer
membrane of MPs expresses abundant PS and can be bound
by annexin V [20], and thus, annexin V-positive MPs exhibit
procoagulant activity [21]. Interestingly, in the recent study by
Tian et al. [22], the procoagulant activity of brain-derived mi-
croparticles (BDMPs) was stronger than that of PMPs. More
importantly, the involvement of BDMPs may be responsible
for the occurrence of traumatic brain injury (TBI) coagulop-
athy. Therefore, the role of BDMPs is currently receiving in-
creased attention [23].

However, before a large-scale study of MPs is carried out,
whether MPs can be cryopreserved effectively must be deter-
mined. The purpose of this study was to determine whether
cryopreservation had an effect on MPs within 1 week. In ad-
dition to detecting the total MPs concentration, we also de-
tected annexin-positive MPs and BDMPs. This study will pro-
vide a reference for large-scale research on MPs.

MPs production and collection

The brain tissue of C57BL/6) mice (8 weeks old, male) was
taken out and kept at low temperature (containers for brain
tissue were placed on ice) after euthanasia (sodium pento-
barbital, 150 mg/kg intraperitoneal). The brain tissue of mice
was ground for 5 minutes until a brain tissue homogenate was
formed. First, the brain tissue homogenate was centrifuged at
1500 g for 20 minutes at 4°C; then, the supernatant was cen-
trifuged at 13 000 g for 2 minutes at 4°C, and finally, the su-
pernatant was centrifuged at 100 000 g for 60 minutes at 4°C.
Then, the pellet was resuspended in sterile phosphate-buff-
ered saline (PBS) (final concentration of 106/uL) [22]. All ex-
perimental procedures were approved by the Chinese Small
Animal Protection Association.

Specimen storage and testing

The samples were divided into 2 groups. The samples in one
group were stored without additives at 25°C, 4°C, -20°C, -80°C,
and —-196°C; dimethy! sulfoxide (DMSO) (Sigma-Aldrich, USA)
was added to the samples in the other group (original sam-
ple volume: DMSO volume=9: 1) before storage at 25°C, 4°C,
-20°C, -80°C, and —196°C. The 2 groups of samples were stored
for 0.5 days, 1 day, 3 days, 5 days, and 7 days.

Then, the frozen samples were removed from the freezer, and
fresh particles were prepared for comparison. The MPs con-
centration was detected by flow cytometry; the function of the
MPs was detected by a coagulation function meter; the parti-
cle size distribution of the MPs was detected by a NanoSight;
and the morphology of the MPs was observed by electron
microscopy. Each set of experiments was repeated 3 times
(Supplementary Figure 1).

Flow cytometric detection of MPs

Prior to flow cytometric analysis, the samples were incubated
with annexin V-PE (BD Biosciences, CA, USA), GFAP-FITC (eBio-
science, CA, USA) and annexin V binding buffer for 30 min-
utes at room temperature in the dark. We used a flow cytom-
eter (BD™ Biosciences, USA, LSRFortessa) to detect the MPs
concentration. The data were collected and analyzed using
FACSDiva software. MPs were defined as annexin V-positive
vesicles that were less than 1.0 pm in diameter (Supplementary
Figure 2C, 2D) [24]. BDMPs were defined as annexin V-positive
and surface antigen GFAP-positive particles less than 1.0 pym in
diameter (Supplementary Figure 2E, 2F) [22]. The MPs size gate
was set with the help of microbeads that were 0.5, 0.9, and
3 um in diameter (Biocytex, Marseille, France) (Supplementary
Figure 2A). The total MPs concentration of each specimen
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was evaluated using fluorescent beads (Spherotec, CA, USA)
(Supplementary Figure 2B). The following equation was used
to calculate the total concentration of MPs: microparticles per
uL=positive events/bead eventsxbead count per tube (lot-spe-
cific)/sample volume.

The concentrations of annexin V-positive MPs and BDMPs were
determined on a dot plot, with GFAP-FITC on the horizontal
axis and annexin V-PE on the vertical axis. The flow cytom-
eter was set up to obtain samples at a low flow rate for 60
seconds to ensure consistent flow rates throughout the sam-
ple collection process.

MPs coagulation function test

All specimens were removed and placed at 37°C for rapid thaw-
ing. The concentration of each specimen was adjusted accord-
ing to the flow cytometry results to generate a uniform con-
centration. The specimen, mouse plasma, and calcium ions
were added to the coagulation function meter (TS6000, MD
Pacific, China). The specimens were preheated at 37°C and
then tested for prothrombin time (PT) values.

MPs size distribution detection

We used a NanoSight NS300 instrument (Malvern Instruments,
Malvern, UK) to analyze the MPs size distribution. The air bub-
bles were removed from the instrument before testing, and the
instrument was kept clean. The instrument was adjusted, and
a 50-second video was taken with a 405-nm monochrome la-
ser beam. The video was taken 3 times at a frame rate of 30
frames per second. Particle motion was analyzed by NTA soft-
ware (version 3.2, NanoSight). We used the NTA system with
a minimum detectable size of approximately 50 nm. The NTA
setting parameters remained constant while the NTA tested
each sample. The software was used to plot the particle size
distribution of the MPs by analyzing the videos.

Morphological observation of MPs

The specimens were added to a carbon membrane/Formvar
membrane-coated copper mesh and incubated for 5 minutes
at 25°C. Phosphotungstic acid (pH 6.5) was added for 5 min-
utes to enhance the visibility of the membrane structure and
then dehydrated with absolute ethanol. Digital images were
acquired using a Hitachi HT-7700 transmission electron mi-
croscope (TEM, Japan).

Statistical analysis
The data are presented as the mean and standard deviation

(Supplementary Tables 1-10). A general linear model was used
to analyze the influencing factors of the data. The fixed effects
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were set as temperature, time, and the interaction between
temperature and time. The subjects in each group were ran-
dom effects; if the interaction between temperature and time
was not statistically significant, the effect was removed and
analyzed again. The influence of temperature, time and parti-
cle size on the data was analyzed using a general linear model.
Multiple comparisons were performed using the least squares
regression mean for pairwise comparisons. All statistical anal-
yses were performed using SAS 9.4 statistical software; P<0.05
was considered statistically significant.

Results

Flow cytometry

As shown in Figure 1, the horizontal axis represents the num-
ber of days of storage, the sample tested on day 0 was a fresh
sample, and the vertical axis represents the MPs concentra-
tion (x10%). The 5 curves represent the trends of the total MPs
concentrations over 7 days of storage at 25°C, 4°C, —20°C,
-80°C, and -196°C.

Total MPs concentration

From Supplementary Tables 1 and 2 and Table 1, we know that
the total MPs concentration did not differ significantly accord-
ing to temperature or the interaction of temperature and time.
The total MPs concentration did differ significantly at different
times (P=0.0038 <0.05 in the DMSO-free group and P=0.0033
<0.05 in the DMSO group).

Annexin V-positive MPs concentration

The interaction between temperature and time had no signif-
icant effect on the concentration of annexin V-positive MPs in
the DMSO group, but there was a difference according to the
temperature and time interaction (P=0.0408 in the DMSO-free
group) (Supplementary Tables 3, 4 and Table 2). Concerning
the concentration of annexin V-positive MPs, significant dif-
ferences were observed at different temperatures in each
group (P=0.0004 in the DMSO-free group and P=0.0006 in the
DMSO group). There were significant differences over time in
each group (P=0.0002 in the DMSO-free group and P<0.0001
in the DMSO group).

The concentration of BDMPs

From Supplementary Tables 5 and 6 and Table 3, we know that
the concentration of BDMPs did not differ significantly in terms
of the temperature and time interaction. There was a signifi-
cant difference across temperatures in the DMSO-free group
(P=0.0388 <0.05). There was no significant difference across
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Figure 1. The figure presents the changes in MPs concentrations over 7 days of storage at different temperatures. (A) The change
in the total MPs concentration over 7 days in the DMSO-free group. (B) The change in the total MPs concentration over 7
days in the DMSO group. (C) The change in the annexin V-positive MPs concentration over 7 days in the DMSO-free group.
(D) The change in the annexin V-positive MPs concentration over 7 days in the DMSOs group. (E) The change in the BDMPs
concentration over 7 days in the DMSO-free group. (F) The change in the BDMPs concentration over 7 days in the DMSO
group.
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Table 1. Statistical analysis of the influence of time, temperature, timextemperature factors on the total MPs concentration.

Dependent Group Source P
Temperature 0.1481
DMSO-free group Time 0.0038
Temperaturextime 0.6116
Total MPS CONCENtration  -----o- o
Temperature 0.8597
DMSO group Time 0.0033
Temperaturextime 0.6692

MPs — micropartles; DMSO — dimethyl sulfoxide.

Table 2. Statistical analysis of the effect of time, temperature and timextemperature factors on the concentration of Annexin V

positive MPs.

Dependent Group Source P

Temperature 0.0004

DMSO-free group Time 0.0002

Concentration of Temperaturextime 0.0408
ANNEXIN Voo

positive MPs Temperature 0.0006

DMSO group Time <.0001

Temperaturextime 0.0990

MPs — micropartles; DMSO — dimethyl sulfoxide.

Table 3. Statistical analysis of the effects of temperature, time and timextemperature on the concentration of BDMPs.

Dependent Group Source P
Temperature 0.0388
DMSO-free group Time 0.0011
Temperaturextime 0.2646
Concentration Of BDIMPS o
Temperature 0.0662
DMSO group Time 0.0001
Temperaturextime 0.4123

BDMPs — brain-drived micropartles; DMSO — dimethyl sulfoxide.

temperatures in the DMSO group. There were significant dif-
ferences between the groups at different times (P=0.0011
in the DMSO-free group and P=0.0001 in the DMSO group).

Functional assays

The trend of the MPs PT value over 7 days is shown (Figure 2).
The horizontal axis represents the number of days of storage.
The sample tested on day 0 was a fresh sample, and the ver-
tical axis represents the PT value(s) of the MPs. The 5 curves

represent the trends of the MPs PT values over 7 days of stor-
age at 25°C, 4°C, -20°C, -80°C, and —196°C.

From Supplementary Tables 7 and 8 and Table 4, we know that
the temperature and time interaction had no significant ef-
fect on the MPs procoagulant time. There was no statistically
significant difference across storage times in the 2 groups.
There was a statistically significant difference across temper-
atures in both groups (P<0.0001 in the DMSO-free group and
P=0.0055 <0.05 in the DMSO group).
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Figure 2. The figure presents the changes in the MPs PT values over 7 days at different temperatures (Figure 2). (A) The change in the
MPs PT value over 7 days in the DMSO-free group. (B) The change in the MPs PT value over 7 days in the DMSO group.

Table 4. Statistical analysis of the influence of time, temperature and timextemperature factors on the procoagulant time of MPs.

Dependent Group

PT value

DMSO group

Source P
Temperature <.0001
CTime 04008
Temperaturextime 01268
Temperatwe 000ss
CTime 0434
Temperaturextime | o161

PT — prothrombin time; MPs — micropartles; DMSO — dimethyl sulfoxide.

Nanoparticle tracking analysis

From Figure 3, we know that at the same temperature, the change
trends of MPs with different particle sizes differed between the
DMSO-free group and the DMSO group over 7 days. At the same
particle size, the changing trend of MPs stored at different tem-
peratures differed between the DMSO-free group and the DMSO
group over 7 days. After storage at different temperatures for
7 days, the 0 to 250 nm size accounted for the greatest num-
ber of MPs, followed by the 250 to 500 nm size, and the 500
to 1000 nm size accounted for the smallest number of MPs.

From Supplementary Tables 9 and 10 and Table 5, we found
that at the same storage temperature and storage time, there
were significant differences in the particle size distributions
of each group (P<0.0001). At the same storage temperature
and MPs size, there were significant differences across differ-
ent storage times in each group (P<0.0001).

Transmission electron microscopy

As shown by the photos of fresh specimens, the number of
MPs was large, and the MPs were separated from each other
and presented a spherical or horseshoe shape (the black ar-
row in Figure 4). The background of the field of view was also
very clean, with no impurities or fragments of MPs.

In the DMSO-free group, the number of MPs stored at 4°C, —20°C,
-80°C, and —196°C decreased with increasing storage time, and
the MPs shape changed from the normal spherical or horse-
shoe shape to an unusual or irregular shape. After one day of
storage at 25°C, the specimen began to grow bacteria, and on
the 5% and 7t days, MPs could not be seen in the field of view.
The growth of bacteria may be the cause of this phenomenon.

In the DMSO group, after storage at 4°C, -20°C, -80°C, and
-196°C, similar to the DMSO-free group, the number of MPs
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Figure 3. The change trends of MPs with different particle sizes. (A) The change trends of the concentrations of 0 to 250 nm, 250 to
500 nm, and 500 to 1000 nm MPs at the same temperature over 7 days in the DMSO-free group. (C) The change trends of
the concentrations of 0 to 250 nm, 250 to 500 nm, and 500 to 1000 nm MPs at the same temperature over 7 days in the
DMSO group. (B) The change trends of the concentration of MPs of the same size at different temperatures over 7 days in
the DMSO-free group. (D) The change trends of the concentration of MPs of the same size at different temperatures over

7 days in the DMSO group.
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Table 5. The effect of different temperatures on MPs 0-250 nm, decreased as the storage time increased, and the MPs mor-
250-500 nm, 500-1000 nm (x10°) in the DMSO-free phology also became unusual or irregularly shaped. Unlike the
group and the DMSO group within 7 days. DMSO-free group stored at 25°C, the DMSO group stored at

25°C for 7 days showed no bacterial growth or reproduction.
Variable Constant P This effect is related to the toxicity of DMSO, which is not suit-

—_— N P able for the growth and reproduction of bacteria. In conclu-

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e sion, compared to the DMSO-free group, the DMSO group not

Temperature Time, size <0.0001 only showed no protective effect on MPs cryopreservation but

S Time, temperature BT also showed changes in MPs morphology, suggesting that the
added DMSO may also cause damage to the MPs.

MPs — micropartles; DMSO — dimethyl sulfoxide.

Fresh sample B PBS

25°C 4°C -20°C -80°C -196°C 25°C 4°C -20°C -80°C -196°C

Figure 4. Electron micrograph of MPs stored over 7 days of cryopreservation (magnified 4000 to 10 000 times). (A) Electron
micrograph of fresh MPs. (B) Electron micrograph of the diluent PBS. (C) Electron micrograph of MPs stored for 7 days of
cryopreservation in the DMSO-free group. (D) Electron micrograph of MPs stored for 7 days of cryopreservation in the DMSO
group. The photos show MPs stored at 25°C, 4°C, —20°C, —80°C, and —196°C, from left to right. The photos show MPs stored
for 0.5 days, 1 day, 3 days, 5 days, and 7 days from top to bottom.
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We found that cryopreservation may cause damage to the
morphology of MPs, as cryopreservation may result in MPs ag-
glomeration (the red arrow in Figure 4), lysis (the green arrow
in Figure 4) or fusion (the yellow arrow in Figure 4).

Discussion

Research on MPs is attracting more and more research teams.
However, before performing large-scale discovery work, there
is an obstacle that must be overcome; that is, can MPs be cryo-
preserved? The results of different studies differ on this topic.
Jy et al. suggested rapid freezing of platelet-free plasma in lig-
uid nitrogen followed by storage at -80°C to reduce the forma-
tion of ice crystals [25]. However, Lacroix et al. found no sig-
nificant difference between these 2 methods in a comparison
between rapid freezing in liquid nitrogen and direct storage at
-80°C [26] although it is unclear whether there are differences
in the fine structure or cytoplasmic content of MPs. Shah et al.
observed a decrease in the number of CD144+ EMPs in sam-
ples stored at 4°C and —80°C [27]. However, van lerssel et al.
proposed that when samples are stored at 4°C and -80°C,
cryopreservation has different effects on different pheno-
typic subsets of MPs [28]. Our research showed that the con-
centrations of total MPs, annexin V-positive MPs, and BDMPs
change with freezing. Although the identification by flow cy-
tometry may be inaccurate for MPs less than 0.5 pm, we im-
proved the specificity and sensitivity of flow cytometry by us-
ing the 3 basic features of MPs (size, annexin V positivity, and
cell-specific markers) in this study. In summary, although flow
cytometry has a certain detection threshold, it is still the most
common method for detecting MPs.

MPs have strong procoagulant activity. Some studies have
reported an increase in the number of MPs after cryopreser-
vation [29]. This change may be the cause of the increased
platelet clotting activity after freezing [30]. PMPs expressing
phosphatidylserine can participate in the coagulation path-
way by binding to FXa and thrombin to produce a thrombin
complex, resulting in an obvious increase in the blood coag-
ulation activity of cryopreserved apheresis platelet concen-
trates [30,31]. However, there is controversy regarding the co-
agulation function of MPs themselves after cryopreservation.
Lacroix et al. found that the procoagulant activity of MPs did
not change after 12 months of storage at —-80°C [26]. However,
our results show that cryopreservation affects the coagulation
function of the MPs.

DMSO is a widely used reagent in cell biology. It can dehydrate
cells during cryopreservation, thereby preventing the forma-
tion of ice crystals in the intracellular environment [32]. Our
results showed that compared to the fresh group, the total
MPs concentration, the concentration of annexin V-positive

ANIMAL STUDY

MPs, the concentration of BDMPs, the procoagulant function
of MPs, the MPs size distribution, and the morphology of the
MPs were significantly changed in the DMSO group; however,
there was no difference between the DMSO group and the
DMSO-free group. Therefore, we conclude that DMSO has no
protective effect on cryopreserved MPs. Notably, there are cur-
rently no reports of reagents that can protect frozen MPs well.

Studies by Matijevic et al. have shown that MPs may be de-
graded into smaller vesicles and may aggregate or fuse into
larger vesicles after 5 days of refrigeration [33]. Our research
confirms this finding. We found that cryopreservation may
cause damage to the morphology of the MPs, such as MPs ag-
glomeration, lysis or fusion. Compared to fresh MPs, there are
many impurities and MPs fragments in the field of view after
cryopreservation. Morphological changes may cause a change
in MPs concentration. We observed changes in the morphol-
ogy of MPs by electron microscopy; however, this change did
not rule out the effects of dehydration and fixation on sam-
ple morphology. Therefore, cryo-EM that maintains the activ-
ity and functional status of biological samples will be consid-
ered in the future.

Specifically, we used a method involving the grinding of the
mouse brain to obtain a large number of MPs (including an-
nexin V-positive MPs and BDMPs) [22]. This is one of the ad-
vantages of this experiment. In addition, this experiment fo-
cused on the effects of 4 different storage temperatures on
MPs, including MPs concentration, function, and particle size
distribution, and MPs morphology. This work will provide a ref-
erence for the storage of MPs in the future. However, this study
has several limitations, reflected mainly in the following 3 as-
pects: 1) this study lacks data on the separate storage of blood
cell-derived MPs. The effect of cryopreservation on blood cell-
derived MPs may be different from that on other MPs. 2) This
study lacks data on MPs proteomics after cryopreservation, and
the protein changes in the MPs after cryopreservation are un-
clear. Protein changes during cryopreservation may be a key
cause of fluctuations in MPs concentration and procoagulant
activity. Therefore, proteomics of MPs during cryopreserva-
tion will become a hot spot in future research. 3) Further re-
search is needed on the specific mechanism by which freez-
ing affects MPs changes.

Conclusions

This study confirms that 1) the concentrations of total MPs,
annexin V-positive MPs, and BDMPs changed with freezing;
2) the coagulation function, morphology and size distribution
of MPs were also affected by cryopreservation; and 3) there
was no difference in the effect of cryopreservation on MPs be-
tween the DMSO group and the DMSO-free group. Our research
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Supplementary Figure 1. Cryopreservation protocol and experimental method. We obtained C57BL/6) mouse-derived MPs by grinding
and gradient centrifugation. The specimens were divided into 2 groups: without DMSO and with DMSO.
The MPs were then stored at 25°C, 4°C, —20°C, —80°C, and —196°C for 0.5 days, 1 day, 3 days, 5 days, and
7 days. We then tested whether the concentration of MPs, the coagulation function of the MPs, the diameter
distribution, and the morphology of the MPs in the two groups changed compared to those of the fresh
sample.
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Supplementary Figure 2. Flow cytometric detection of MPs/BDMPs. Detection of MPs by flow cytometry (A) The microbead (0.5, 0.9,
and 3 pm) size gate was set. (B) The fluorescent bead (3.8 um) size gate was set. (C) The MPs size gate
was set with the help of microbeads that were 0.5, 0.9, and 3 mm in diameter in samples unstained with
antibodies. (D) The MPs size gate was set with the help of microbeads in samples stained with antibodies.
(E) Application of flow cytometric detection for unstained MPs. (F) Application of flow cytometric detection
for stained MPs.
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Supplementary Table 1. Concentration of total MPs in the DMSO-free group (x10%).

Temperature 25°C (N=3) 4°C (N=3) -20°C (N=3) -80°C (N=3) -196°C (N=3)

0 day 95.97+7.30 150.24+19.00 135.04+19.40 137.42+11.16 185.45+82.87
"""" 05days  247.87#8452  277.43+132.25  155.89:+9898  12037#37.10 249.12412545
"""" lday 1347911525 1733815154 123.93:12077 1508414574 482886227
"""" 3days 26020415538 28144813924  26193£69.83 21551311500 2462289294
"""" 5days  407.81$33080 14580£11343  20297+18677 169.11:13864 20576:193.13
"""" 7days 2671483613 87.60£5420  7641:8441 735586692 58.17:44.16

Mean and standard deviation of the total MPs concentration (x10%) in the DMSO-free group.

Supplementary Table 2. Concentration of total MPs in the DMSO group (x10%).

Temperature 25°C (N=3) 4°C (N=3) -20°C (N=3) -80°C (N=3) -196°C (N=3)
0 day 95.97+7.30 150.24+19.00 135.04+19.40 137.42+11.16 185.45+82.87

7 days 136.62+70.18 52.68+33.92 38.11+44.35 48.55+41.76 53.12+43.26

Mean and standard deviation of the total MPs concentration (x10%) in the DMSO group.

Supplementary Table 3. Results of Annexin V positive MPs concentration in DMSO-free group (x10%).

Temperature 25°C (N=3) -20°C (N=3) -80°C (N=3) -196°C (N=3)
0 day 2.45+0.07 2.69+0.05 2.19+0.10 2.40+0.06 6.45+6.89
"""" 05days  2248+530  2431#614  2176+7.58  21.96s7.76 23074850
"""" lday 6384803 15941310 18911400 1695:13.34  1645:13.16
"""" 3days 10602810263  11256:112.05  1463:1073  1256£670  1649:1047
"""" 5days 1151269953 1125486621 23912937  20.12t1448  18.00:1350
"""" 7days  3385:1521 672584402 23148744 1476:1.08  1636:2.68

Mean and standard deviation of the annexinV-positive MPs concentration (x10*) in the DMSO-free group.

Supplementary Table 4. Results of Annexin V positive MPs concentration in DMSO group (x10%).

Temperature 25°C (N=3) -20°C (N=3) -80°C (N=3) -196°C (N=3)
0 day 2.45+0.07 2.69+0.05 2.19+0.10 2.40+0.06 6.45+6.89
"""" 05days  2651#1779  2535:1852  2664+1832 6408313 35233039
"""" lday  3056£390 35708469 3461:070  3032¢1525 37168323
"""" 3days 831267653 88.26:8138  30.14:1513  2330£1403  2802¢6.83
"""" 5days 1174749026 99.67£3802  2877:13.00 261481334  25.11:1212
"""" 7days  5880£9.83 448281473 27.27+402  2287+466  2488:449

Mean and standard deviation of the concentration of annexinV-positive MPs (x10%) in the DMSO group.
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Supplementary Table 5. Results of BDMPs concentration in the DMSO-free group (x10%.

Temperature 25°C (N=3) 4°C (N=3) -20°C (N=3) -80°C (N=3) -196°C (N=3)
1.7640.10 1.67+0.06 1.72+£0.04 5.8147.15

7 days 7.51+12.63 0.25+0.36 5.01+8.64 0.85+1.45 0.21+0.33

Mean and standard deviation of the BDMPs concentration (x10%) in the DMSO-free group.

Supplementary Table 6. Results of BDMPs concentration in the DMSO group (x10%).

Temperature 25°C (N=3) 4°C (N=3) -20°C (N=3) -80°C (N=3) -196°C (N=3)
0 day 2.09+0.04 1.76+0.10 1.67+0.06 1.72+0.04 5.8147.15
"""" 05days  2481#1655 241741757  2549+1747 6194301 33682041
"""" lday  3038$392 35512471 34426076 30131531  37.00£330
"""" 3days  6035:8439 643589010  1947+1383  1515:1554  10.80+11.65
"""" 5days 1121989119 8500£55.14 2624+1543  2296:1505  2170¢13.96
"""" 7days  131:169 0312049  106:1.80 003:001 333572

Mean and standard deviation of the BDMPs concentration in the DMSO group (x10%.

Supplementary Table 7. Results of procoagulant time of MPs in the DMSO-free group (s).

Temperature 25°C (N=3) 4°C (N=3) -20°C (N=3) -80°C (N=3) -196°C (N=3)
0 day 9.83+0.12 10.60+0.72 10.90+0.69 9.83+0.06 11.2740.49
"""" 05days 211082313 957+1.39  887:+249 9108230 10533095
"""" lday 20631342 1100£053  1100£0.17 11708050 11708026
"""" 3days 332382372 747#265  893:091 9208056  870:139
"""" sdays  47.07:1499  1087:2.80  847:091  1107¢345  883t236
"""" 7days  3557:2563  987#323  897+4l5s  953:384  880£352

Mean and standard deviation of the procoagulant time value in the DMSO-free group.

Supplementary Table 8. Results of the procoagulant time of MPs in the DMSO group (s).

Temperature 25°C (N=3) 4°C (N=3) -20°C (N=3) -80°C (N=3) -196°C (N=3)
0 day 9.83+0.12 10.60+0.72 10.90+0.69 9.83+0.06 11.27+0.49
"""" 05days  1170#333  12.83:136 11674301 7733076 6673031
"""" lday  3400#3534  1163:042 11732078  1183:0.85 1243:1.10
"""" 3days  860$320  970:131  887+1.81  1930:1544  987+150
"""" 5days 457084343 913:148  7.67#254  917:150  927#072
"""" 7days  2260:1680  963:293  920:1.84  940$331 8638291

Mean and standard deviation of the procoagulant time value in the DMSO group.
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Supplementary Table 9. Mean and standard deviation statistics of 0-250 nm, 250-500 nm, and 500-1000 nm distributions of MPs in
the DMSO-free group (x109).

Size distribution
Temperature

25°C 3 2.60+0.16 2.61+0.34 0.27+0.05

4°C 3 3.23+0.37 3.00+0.28 0.39+0.13
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Mean and standard deviation of the distribution of 0-250 nm, 250-500 nm, and 500-1000 nm MPs in the DMSO-free group (x108).
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Supplementary Table 10. Mean and standard deviation statistics of the distribution of MPs 0-250 nm, 250-500 nm, 500-1000 nm
(x108) in the DMSO group.

Size distribution
Temperature

25°C 3 2.76+0.13 2.84+0.32 0.35+0.14

4°C 3 3.56+0.37 3.01+0.21 0.30+0.10
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Mean and standard deviation of the distribution of 0-250 nm, 250-500 nm, and 500-1000 nm MPs (x108) in the DMSO group.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution- 6689
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




ANIMAL STUDY

References:

1.

N

w

S}

[=))

~

o

Nl

10.

11.

12

13.

14.

15.

16.

17.

D’Souza-Schorey C, Clancy JW: Tumor-derived microvesicles: Shedding light
on novel microenvironment modulators and prospective cancer biomark-
ers. Genes Dev, 2012; 26(12): 1287-99

. Burnier L, Fontana P, Kwak BR, Angelillo-Scherrer A: Cell-derived microparti-

cles in haemostasis and vascular medicine. Thromb Haemost, 2009; 101(3):
439-51

. Raposo G, Stoorvogel W: Extracellular vesicles: Exosomes, microvesicles,

and friends. ) Cell Biol, 2013; 200(4): 373-83

. Yun JW, Xiao A, Tsunoda | et al: From trash to treasure: The untapped poten-

tial of endothelial microparticles in neurovascular diseases. Pathophysiology,
2016; 23(4): 265-74

. Al-Nedawi K, Meehan B, Micallef J et al: Intercellular transfer of the onco-

genic receptor EGFRVIII by microvesicles derived from tumour cells. Nat Cell
Biol, 2008; 10(5): 619-24

. Trzepizur W, Martinez MC, Priou P et al: Microparticles and vascular dys-

function in obstructive sleep apnoea. Eur Respir J, 2014; 44(1): 207-16

. Tissot JD, Rubin O, Canellini G: Analysis and clinical relevance of micropar-

ticles from red blood cells. Curr Opin Hematol, 2010; 17(6): 571-77

. Mause SF, Weber C: Microparticles: Protagonists of a novel communica-

tion network for intercellular information exchange. Circ Res, 2010; 107(9):
1047-57

. Ramacciotti E, Hawley AE, Wrobleski SK et al: Proteomics of microparticles

after deep venous thrombosis. Thromb Res, 2010; 125(6): €269-74

Niccolai E, Emmi G, Squatrito D et al: Microparticles: Bridging the gap be-
tween autoimmunity and thrombosis. Semin Thromb Hemost, 2015; 41(4):
413-22

Yun JW, Barzegar M, Boyer CJ et al: Brain endothelial cells release apical
and basolateral microparticles in response to inflammatory cytokine stim-
ulation: Relevance to neuroinflammatory stress? Front Immunol, 2019; 10:
1455

Ratajczak J, Miekus K, Kucia M et al: Embryonic stem cell-derived microves-
icles reprogram hematopoietic progenitors: Evidence for horizontal trans-
fer of mRNA and protein delivery. Leukemia, 2006; 20(5): 847-56

Matsumoto N, Nomura S, Kamihata H et al: Increased level of oxidized LDL-
dependent monocyte-derived microparticles in acute coronary syndrome.
Thromb Haemost, 2004; 91(1): 14654

Chirinos JA, Heresi GA, Velasquez H et al: Elevation of endothelial micropar-
ticles, platelets, and leukocyte activation in patients with venous thrombo-
embolism. J Am Coll Cardiol, 2005; 45(9): 1467-71

Simak J, Gelderman MP, Yu H et al: Circulating endothelial microparticles
in acute ischemic stroke: A link to severity, lesion volume and outcome. )
Thromb Haemost, 2006; 4(6): 1296-302

Ederhy S, Di Angelantonio E, Mallat Z et al: Levels of circulating procoag-

ulant microparticles in nonvalvular atrial fibrillation. Am J Cardiol, 2007;
100(6): 989-94

Mackman N: New insights into the mechanisms of venous thrombosis. J
Clin Invest, 2012; 122(7): 2331-36

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

19.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

6690

Dong X. et al.:
Effects of cryopreservation on microparticles concentration...
© Med Sci Monit, 2019; 25: 6675-6690

. Mackman N, Tilley RE, Key NS: Role of the extrinsic pathway of blood co-

agulation in hemostasis and thrombosis. Arterioscler Thromb Vasc Biol,
2007; 27(8): 1687-93

Aleman MM, Gardiner C, Harrison P, Wolberg AS: Differential contributions
of monocyte- and platelet-derived microparticles towards thrombin gen-
eration and fibrin formation and stability. ) Thromb Haemost, 2011; 9(11):
2251-61

Simak J, Gelderman MP: Cell membrane microparticles in blood and blood
products: Potentially pathogenic agents and diagnostic markers. Transfus
Med Rev, 2006; 20(1): 1-26

Owens AP 3', Mackman N: Microparticles in hemostasis and thrombosis.
Circ Res, 2011; 108(10): 1284-97

. Tian Y, Salsbery B, Wang M et al: Brain-derived microparticles induce sys-

temic coagulation in a murine model of traumatic brain injury. Blood, 2015;
125(13): 2151-59

Herbert JP, Guillotte AR, Hammer RD, Litofsky NS: Coagulopathy in the set-
ting of mild traumatic brain injury: Truths and consequences. Brain Sci,
2017; 7(7): pii: E92

Dey-Hazra E, Hertel B, Kirsch T et al: Detection of circulating microparti-
cles by flow cytometry: influence of centrifugation, filtration of buffer, and
freezing. Vasc Health Risk Manag, 2010; 6: 1125-33

Jy W, Horstman LL, Jimenez JJ et al: Measuring circulating cell-derived mi-
croparticles. ) Thromb Haemost, 2004; 2(10): 1842-51

Lacroix R, Judicone C, Poncelet P et al: Impact of pre-analytical parameters
on the measurement of circulating microparticles: Towards standardiza-
tion of protocol. ) Thromb Haemost, 2012; 10(3): 437-46

Shah MD, Bergeron AL, Dong JF, Lopez JA: Flow cytometric measurement of
microparticles: pitfalls and protocol modifications. Platelets, 2008; 19(5):
365-72

van lerssel SH, Van Craenenbroeck EM, Conraads VM et al: Flow cytomet-
ric detection of endothelial microparticles (EMP): Effects of centrifugation
and storage alter with the phenotype studied. Thromb Res, 2010; 125(4):
332-39

Raynel S, Padula MP, Marks DC, Johnson L: Cryopreservation alters the mem-
brane and cytoskeletal protein profile of platelet microparticles. Transfusion,
2015; 55(10): 2422-32

Eker I, Yilmaz S, Cetinkaya RA et al: Generation of platelet microparticles
after cryopreservation of apheresis platelet concentrates contributes to he-
mostatic activity. Turk ) Haematol, 2017; 34(1): 64-71

Keuren JF, Magdeleyns EJ, Govers-Riemslag JW et al: Effects of storage-in-
duced platelet microparticles on the initiation and propagation phase of
blood coagulation. Br ) Haematol, 2006; 134(3): 307-13

Stock W, Pinseel E, De Decker S et al: Expanding the toolbox for cryopreser-
vation of marine and freshwater diatoms. Sci Rep, 2018; 8(1): 4279

Matijevic N, Wang YW, Kostousov V et al: Decline in platelet microparticles
contributes to reduced hemostatic potential of stored plasma. Thromb Res,
2011; 128(1): 35-41

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



