
          Cell J, Vol 22, No 4, January-March (Winter) 2021 542

Original Article

The Effect of Composol Medium on miR-16 Expression during 
Platelet Storage up to Day 7 at Room Temperature

Ali Rajabi, Ph.D., Zohreh Sharifi, Ph.D.*, Fatemeh Yari, Ph.D., Mohammadreza Deyhim, Ph.D., Mohammadali Jalili, Ph.D.
  

Blood Transfusion Research Center, High Institute for Research and Education in Transfusion Medicine, Tehran, Iran

*Corresponding  Address: P.O.Box 14665-1157, Blood Transfusion Research Center, High Institute for Research and Education in 
Transfusion Medicine, Tehran, Iran 

Email: z.sharifi@ibto.ir
 

Received: 10/May/2019, Accepted: 3/August/2019
Abstract
Objective: MicroRNAs (miRNAs) are short, noncoding RNAs that play vital roles in gene regulation. It has been shown 
that storage has an effect on platelet miRNAs. MiR-16 is highly expressed in platelets and it appears to target the genes 
involved in cell death. It has been shown that platelets could be stored in Composol for a longer period of time. The 
aim of the present study was to assess and compare the expression pattern of miR-16 in platelet concentrates (PCs) 
in plasma and Composol media.    

Materials and Methods: In an experimental study, ten PC bags were collected and each bag was divided into two 
separate bags, one with the 70% Composol and the other with only plasma. Both bags were stored for 7 days at 22˚C 
and tested on days 1, 3, 5, and 7 of storage. For each sample, we performed quantitative real-time polymerase chain 
reaction (qRT-PCR). The water-soluble tetrazolium salt-1 (WST-1) test was used to assess platelet viability in all of the 
samples. Statistical analysis was done by SPSS and REST software. A P<0.05 was considered statistically significant.  

Results: miR-16 was significantly elevated during the storage days, with fold changes of 3.47 (plasma) and 2.77 
(Composol). The Composol group had significantly decreased miR-16 expression compared with the plasma group. 
Results of the WST-1 test showed less decrease in optical density (OD) in the Composol group (0.93 ± 0.4) during the 
storage days compared with the plasma group (0.75 ± 0.3). 

Conclusion: Our finding supported results from previous studies that reported an increase in miR-16 expression during 
platelet storage. In addition, miR-16 down-regulation in Composol medium implied that Composol might be a good 
solution for long-term platelet storage because it has the potential to elevate the shelf-life of platelets stored at 22˚C. 

Keywords: Blood Platelets, MicroRNAs, miR-16, Platelet Storage  
Cell Journal(Yakhteh), Vol 22, No 4, January-March (Winter) 2021, Pages: 542-547

Citation: Rajabi A, Sharifi Z, Yari F, Deyhim MR, Jalili MA. The effect of composol medium on miR-16 expression during platelet storage up to day 7 at room 
temperature. Cell J. 2021; 22(4): 542-547. doi: 10.22074/cellj.2021.6790.
This open-access article has been published under the terms of the Creative Commons Attribution Non-Commercial 3.0 (CC BY-NC 3.0).

Introduction

MicroRNAs (miRNAs) are short (20-24 nucleotides), 
single-strand, noncoding evolutionarily conserved RNAs 
that mediate post-transcriptional negative regulation 
of gene expression by recognizing and binding mRNA 
transcripts (1-3). They were first discovered in the 
nematode Caenorhabditis elegans in 1993 (4). MiRNAs 
appear to target several mRNAs (4, 5), an average of 307 
distinct mRNAs for one particular miRNA (6). More than 
60% of mammalian mRNAs are affected by miRNAs (7). 
They are considered to be negative regulators because they 
bind to mRNA targets and then silence their translation 
(8). To date, the number of discovered miRNAs is more 
than 2000 and they have been investigated more than all 
other non-coding RNAs (9, 10).

Platelets express high levels of various miRNAs 
that have been derived from their precursor cells, 
megakaryocytes (11, 12). There is a lack of knowledge 
about platelet miRNAs’ behaviour under storage 
conditions (13). It has been shown that storage time 
has an effect on platelet miRNAs. Some miRNAs have 
different patterns of expression during storage (14, 15). 
miRNA-16 (miR-16) appears to have an increased level 

tendency during platelet storage (15, 16). It was first 
discovered through profile expression analysis of chronic 
lymphocytic leukaemia patients. miR-16 binds to and 
targets a nine base pair sequence in the 3’-UTR region 
of the anti-apoptotic gene BCL-2, which is a crucial gene 
in programmed cell death. miR-16 negatively regulates 
BCL-2 at the posttranscriptional level (17). It is assumed 
that platelet cell death is mediated by miRNAs, and miR-
16 is an apoptotic factor for accelerating cell death.

Platelet additive solutions (PASs) are useful solutions 
added to platelet concentrates (PCs) to make the cells 
more viable over longer periods of time. PASs prevent 
the PC recipients from increased plasma exposure and 
provide lower risk of transfusion reactions. In these cases, 
the plasma content of PCs is replaced by PASs. PCs 
could be stored more than five days under good storage 
situations that prevent bacterial contamination and with 
the use of additive solutions (18). There are many PASs 
that have been introduced, each of which has a different 
composition that emphasizes multiple aspects of platelet 
needs. The Composol solution (known as PAS-D) is a 
third generation PAS salt composed of sodium chloride, 
sodium gluconate, sodium acetate trihydrase, sodium 
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citrate dehydrate, potassium chloride, magnesium chloride 
hexahydrate, HCl, and water. The ingredients, especially 
magnesium, calcium, potassium and citrate have good 
effects on platelet membrane function, rate of glycolysis 
and platelet activation. According to multiple reports, 
Composol is a potent PAS for long-term PC storage. PCs 
stored in Composol medium have shown better function 
with less activated platelets (19-23).

No study has compared platelet miRNAs expression 
in different PAS media until now. The aim of this study 
was to investigate platelet miR-16 expression during PC 
storage periods and the effect of Composol on miR-16 
expression.

Materials and Methods
Platelet concentrate collection and sample preparation

This experimental study was approved by the Research 
Ethics Committee of the High Institute for Research 
and Education in Transfusion Medicine under the code 
IR.TMI.REC.1395.010.

Ten single donor PC bags from healthy volunteers 
were prepared from whole blood bags by the platelet 
rich plasma method in the Iranian Blood Transfusion 
Organization. All platelet bags (Macopharma, France) 
were counted for platelet numbers by a Sysmex K-1000 
Hematolgy Analyzer (Sysmex, Japan). Then, the content 
of each bag was divided equally into two separate bags 
using a transfer bag and a connective device, CompoDock 
instrument (Fresenius, Germany). The two bags were 
separated by a thermic tube sealer device (Fresenius, 
Germany) and both bags were centrifuged at 5000 g for 6 
minutes at 22˚C in a blood bag centrifuge (model 830RS, 
Hetich, Germany). After removing 70% of the plasma 
from one of the bags by using a manual plasma extractor, 
we carefully added Composol solution (Composol-PS, 
E2083, Fresenius, Germany) and used this bag as the test 
(Composol) group. We followed aseptic techniques when 
adding the Composol to the PC bags. The other intact 
bag contained only plasma and was considered to be the 
control (plasma) group.

Both the plasma and Composol PC bags were stored 
with constant agitation on a PC shaker-incubator (Model 
48PIAG-93-A, Fajr DP, Iran) at 20-24˚C for seven days. 
We simultaneously tested both PC groups on storage days 
1, 3, 5, and 7. Day zero was the processing day or the 
day before the onset of testing. Platelet counts and volume 
of both the plasma and Composol samples were unified. 
We used the same volume and concentration of platelets 
for analyses on each of the test days. Less than 24 hours 
after sample processing, the tests were started with fresh 
platelets.

In order to detect bacterial contamination, all PC bags 
were sampled on the first (day 1) and last (day 7) storage 
day points and cultured on general blood agar and eosin 
methylene blue (EMB) agar media (Merck, Germany). 
For minimizing the effect of nucleated cells in molecular 

testing, both plasma- and Composol-PC tubes were 
centrifuged at 96 g for 4 minutes in a bench top centrifuge 
(Sigma, Germany) to reduce the white blood cell numbers.

MicroRNA extraction and analysis by real-time 
polymerase chain reaction

miRNA was extracted using a SanPrep column 
microRNA Mini-Prep kit (Bio Basic, Inc., Canada) 
according to the manufacturer’s instructions. mRNA 
polyadenylation and cDNA synthesis were assessed with 
BONmiR qPCR kits (Stem Cell Technology, Iran).

Standard curves of miR-16 and U6 snRNA (RNU6) 
were plotted using serial dilutions of the cDNAs to 
evaluate the quantitative real-time polymerase chain 
reaction (qRT-PCR) efficiency. qRT-PCR with R2=0.998 
and curve slope=3.358 was performed for all samples 
using a Rotor-Gene Q cycler (Qiagen, Germany) 
according to the manufacturer’s guidelines under the 
following conditions: 95˚C for 2 minutes (one cycle), 
95˚C for 5 seconds and 60˚C for 30 seconds (40 cycles). 
Melting curve analysis was done by heating from 50˚C 
to 95˚C at a rate of 0.1˚C/second. The PCR primer for 
the standard sequence of miR-16-5p according to the 
miRBase database (mirbase.org) was used as the specific 
forward primer (5´-GGCATAGCAGCACGTAAAT-3´) 
in conjunction with the RNU6 gene forward primer 
(5´-AACGATACAGAGAAGATTAG-3´) as the internal 
control and reference housekeeping gene. A common 
reverse primer was also used for the reactions.

Results were taken as cycles of threshold (CTs) and 
relative gene expression was obtained using the standard 
comparative CT (ΔΔCT) method (24). All samples were 
run in triplicate and the mean CT values were used as the 
raw and primary results. For relative gene expression and 
fold change analysis, we used REST software (REST-
2009©, rest.gene-quantification.info). RNU6 CT results 
were used for gene expression normalization.

Platelet viability assay
The water-soluble tetrazolium salt-1 (WST-1) test was 

used to assess platelet viability in the two groups with the 
WST-1 cell proliferation assay kit (Cayman Chemical, 
Ann Arbor, MI, USA) and a 96-well microplate. All PC 
samples were centrifuged at 1800 g for 4 minutes and 
the platelets were re-suspended in phosphate-buffered 
saline. Platelet concentrations of 5×1011 cells/L in a 100 
µL suspension were used with the addition of 10 µL 
of WST-1 reagent mix, followed by incubation for 4 
hours in a CO2 incubator at 37˚C. The absorbance of 
the reaction was read at 450 nm as the optical density 
(OD) in a microplate reader (ASYS Expert 96 UV 
Microplate Reader, UK). Results of the WST-1 analysis 
were presented as mean ± SD.

Statistical analysis
The data were analysed using IBM SPSS Statistics 

version 23 (IBM, USA). To compare the results of two 
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PC groups on corresponding days, we performed the 
paired t test. Analysis of variance (ANOVA) for repeated 
measures was done to assess the differences at various 
storage times. A P<0.05 was considered to indicate a 
statistically significant difference.

Results
Platelet count and microbial analysis

The untreated plasma group samples contained more 
than 1×1012 platelets/L on the first day of storage. The mean 
± SD platelet counts on the first day were 1.15 ± 0.10×1012 

platelets/L. Upper and lower limits were 1.35×1012 

platelets/L and 1.03×1012 platelets/L, respectively. The 
Composol bags had slightly less platelet counts than their 
primary plasma bags because of the centrifugation process. 
The mean ± SD platelet counts in the Composol group on 
the first storage day were 0.99 ± 0.08×1012 platelets/L, and 
the upper and lower limits were 1.15×1012 platelets/L and 
0.82×1012 platelets/L, respectively. However, the count 
was the same in both paired samples before the start of 
each testing day. Microbial analyses were conducted on 
the first and last days of storage before the start of qRT-
PCR testing. The analysis of results showed no microbial 
contamination in any of the samples.

Quantitative real-time polymerase chain reaction 
results

The qRT-PCR results originally are expressed as raw 
CTs. All samples were run in triplicate and simultaneously 
with the control gene, RNU6. For reporting the results, we 
calculated the raw CTs into simple fold changes by REST 
software to show the amount of miR-16 gene expression. 
We found that miR-16 expression was elevated during the 
storage days in both the plasma and Composol groups 
compared with the RNU6 internal control. Day to day 
comparison of both group samples against the first storage 
day (day 1) showed a clear increase in miR-16 expression 
during storage. This increase was significant for days 3 
and 5 in both groups, but not for day 7 when compared 
with day 1 (Table 1, Fig.1).

Table 1: Expression of miR-16 in the plasma and Composol groups

Storage days 
versus storage 
day 1

Plasma Composol

Mean fold 
change

P value Mean fold 
change

P value

3 2.58 0.027 2.70 0.029

5 4.87 0.037 3.13 0.048

7 2.95 0.124 2.48 0.115

Storage days 3, 5 and 7 were compared to the first storage day. P values 
were calculated by the t test for paired samples. A P<0.05 indicated a 
statistically significant difference.

Fig.1: Mean fold changes of miR-16 during the storage days in both 
platelet concentrates (PCs) groups. Days 3, 5 and 7 were compared to day 
1 of storage. Amounts were calculated by REST software, where the raw 
CT results were converted to fold changes. Fold changes imply the amount 
of changes in comparison to the baseline level of gene expression.

Fold change analysis

The average fold changes in miR-16 expression in 
all days in comparison with the first storage day were 
3.5 in plasma and 2.8 in Composol group. The most 
statistically significant increase in miR-16 was seen on 
day 5 of storage in both PC groups. A fold change of 4.87 
(P=0.037) was seen in the plasma group and a fold change 
of 3.13 (P=0.048) was observed in the Composol group 
(Table 1).

Despite the obvious increased expression of miR-16 in 
both PC groups for all storage days after the third day, miR-
16 expression decreased in the Composol group compared 
with the plasma group (average fold change of 0.356). This 
expression decrease for all days was statistically significant, 
except for day 7 of storage (Table 2).

Table 2: Comparison of miR-16 expression in the Composol versus 
plasma platelet concentrate (PC) group

Storage days Mean fold change P value

1 0.382 0.049

3 0.399 0.015

5 0.277 0.045

7 0.365 0.102

P values were calculated by the t test for paired samples.  P<0.05 was 
considered statistically significant.

Viability assessment
Results of the WST-1 test for platelet viability revealed 

that the ODs of WST-1 gradually fell during storage in 
both groups. This decrease was more obvious from day 
3 of storage (Fig.2). We also showed that platelets were 
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more viable in the Composol samples in comparison with 
the control plasma samples. The plasma group had an 
average OD of 0.75 ± 0.3, whereas the Composol group 
had an average OD of 0.93 ± 0.4 (Table 3, Fig. 2).

Fig2.: WST-1 assay test with one standard deviation (1SD) in different 
storage days as optical density (OD) of WST-1 samples at 450 nm. 
Corresponding days in both group samples were compared and P values 
were calculated by the t test for paired samples. P<0.05 was considered 
statistically significant.

 Table 3: Results of WST-1 test for the Composol and plasma groups as
mean ± SD of the optical density

Storage day Optical density P value

Plasma Composol

1 1.29 ± 0.56 1.31 ± 0.66 0.493

3 0.780 ± 0.39 1.08 ± 0.51 0.034

5 0.521 ± 0.17 0.703 ± 0.26 0.049

7 0.394 ± 0.17 0.620 ± 0.25 0.067

Optical density were read at 450 nm. P values were calculated by 
the t test for paired samples. P<0.05 were considered significant. 
Comparisons were done between plasma (control) and Composol 
(test) groups for each of the corresponding storage days.

Discussion
Platelets play very important roles for normal blood 

haemostasis and effective coagulation function at times of 
injury. They preserve vascular integrity (25). PCs are used 
to control bleeding in patients with low platelet counts or 
impaired platelet functionality. Because of the low (3-5 
days) shelf-life of platelets on storage conditions, they 
are valuable blood components that should be kept for 
destitute patients.

Platelets lack nucleus, but they have mRNA synthesis 
(26). miRNAs are involved in fine-tuning control of gene 
expression (27, 28). They suppress mRNAs by inhibiting 
translation (29). An attractive issue is that they can put on 

their regulation in the storage conditions (13). miRNAs 
have vital roles in essential cellular functions, including 
cell apoptosis (30, 31). Platelets have several miRNAs 
and, to date, many studies have researched miRNAs in 
platelets, each considered one or more aspects of the 
platelet characteristics, namely their roles in diseases, 
blood banks, etc.

In this study, we found that miR-16 expression in both 
the plasma and Composol groups increased during PC 
storage. The most obvious increase was found on day 5 of 
storage, with mean fold changes of 4.87 (plasma) and 3.13 
(Composol). However, the average increased expression 
was less  in the Composol group (2.8) compared to the 
plasma group (3.5). To date, no reports have compared 
miRNA expression in plasma and PAS medium. In 2015, 
Pontes et al. (14) analysed 16 PC bags in an attempt to 
characterize the expression profile of platelet miRNAs. 
They found a total of 1899 miRNAs over six selected 
storage days and listed the most highly expressed miRNAs 
in each storage day (until day 7). No information about 
miR-16 was mentioned in their report. Maués et al. (32) 
examined the expression profiles of miRNAs from 100 
PCs stored for six days at room temperature. They found 
that nine miRNAs had down-regulated and five had up-
regulated profiles. They did not conduct any experiment 
with miR-16. Kannan et al. (16) reported a change in 
different apoptosis-associated miRNA levels during 
storage as assessed by miRNA array. They observed that 
some of the miRNAs increased, including miR-16 and 
Let-7b, during storage. In 2014, Yu et al. (15) reported 
the expression patterns of some apoptosis-associated 
miRNAs in apheresis platelets. In their study, five miRNA 
were up-regulated, including miR-16, and five were down-
regulated. We also reported the increased expression of 
miR-16 in all PC bags during the assessed storage days, 
which supported the results of the above reports.

miR-16 is a marker of apoptosis. It is best known for its 
role in haematological and non-haematological diseases 
such as leukaemia, diabetes and solid tumours (17, 33-
37), because of the role of platelets in inflammation and 
other biological processes. The important role of miR-16 
in platelet gene regulation has been proven. Therefore, 
a decreased level of miR-16 is associated with more 
viable platelets in the PC bags. For this reason, miR-
16 is a good predictor of platelet viability in PC bags 
stored under normal storage conditions. More than 1000 
targets have been identified for miR-16, including platelet 
lipoxygenase and CD151 antigen, which are specific for 
platelet apoptosis (16).

All unused PC bags in blood banks are discarded after five 
days of storage (14). This imposes a great expenditure on the 
country heath system and creates a shortage of PCs for needy 
patients. It is of great importance to seek a solution. Platelet 
quality is affected by certain factors, such as the method of 
preparation, storage media, storage container and donor 
characteristics (38). It is a good idea to use media for storage 
of platelets that can increase the shelf-life of cells with better 
cellular metabolism. Many studies have compared different 
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PASs and their benefits (18-23, 38). In the current study, we 
chose the Composol PS solution as an adequate PAS for long-
term platelet storage. Advantages of Composol as PAS against 
plasma include better functional and biochemical parameters, 
particularly glucose consumption, which improves cellular 
metabolism and more platelet viability and increased life 
span. In addition, the use of PASs can saves more plasma for 
use in other situations, less plasma exposure of PC recipients, 
and decreased adverse reactions to transfusions (18).

To date, no previous study reported the expression 
pattern of platelet miRNAs in PCs stored in PAS. The 
present study was the first that compared the expression 
of a platelet miRNA (miR-16) in Composol and 
plasma media. For the comparison between the two PC 
groups, we replaced the plasma with Composol under 
sterile conditions. When using PAS, the usual mixture 
composition is 20-50% plasma and 50-80% PAS (38). In 
our study, the final mixture in the Composol samples was 
30% plasma and 70% Composol solution.

Furthermore, to ensure that adequate platelets existed 
before the beginning of the miRNA extraction, an original 
bag with less than 1×1012 platelets/L on the preparation 
day (day zero) was rejected. In addition, centrifugation 
of PC samples at 96 g for 4 minutes effectively reduced 
the number of white blood cells and other non-platelet 
components, and had a minimal effect on reducing platelet 
counts. We sampled both PC groups simultaneously on 
days 1, 3, 5 and 7 of storage.

Results of the expression pattern of miR-16 in 
qRT-PCR cyclers gave raw CT results for each test 
reaction. However, raw CT results are not reliable 
and are not good parameters to show the changes in 
gene expression. We used REST software to analyse 
the primary results as fold changes according to the 
comparative CT method. This method is a relative 
quantification of gene expression in which the amount 
of target gene is calculated by relative expression of 
a reference housekeeping gene and is equal to 2-ΔΔCT. 
The ΔCT implies the difference between CTs of the 
target and reference genes, and ΔΔCT is the difference 
in two ΔCTs such as between the test and calibrator 
or treated and untreated samples (24). In our study, 
the ΔΔCT was the difference between the ΔCTs of 
the Composol (test) group and plasma (control) group 
samples. RNU6 was used as the endogenous reference 
and internal control gene for miR-16 expression 
normalization for all storage time points. So, the 
given fold change meant the fold increase or decrease 
in the expression of the target gene compared to our 
reference gene. Results of real-time analysis showed 
an obvious increase in miR-16 expression during 
storage in both group samples. However, this increase 
was slower in the Composol group. Furthermore, 
miR-16 expression was clearly down-regulated in the 
Composol group for all of the assessed storage days, 
in comparison to plasma group in corresponding days. 
Hence, miR-16 is a factor of apoptosis. This finding is 
of great importance and confirms the results of other 

studies where PASs, including Composol PS, had 
positive effects on platelet metabolism and increasing 
the shelf-life of platelets in storage. However, the 
previous studies did not compare miRNA expression 
patterns in plasma and PASs media.

The WST-1 test was used for analysis of platelet 
viability during PC storage. Viable platelets produce 
NADH that causes a reduction of cell-impermeable and 
colourless tetrazolium salt to purple and soluble formazan 
dye at the cell surface. The greater amount of formazan 
dye formation indicates a greater number of active and 
living platelets (39). Our results of WST-1 test support 
the above mentioned finding about miR-16. The platelets 
showed more viability in Composol medium than in 
plasma. This means that the Composol group PCs had 
more viable platelets than control plasma PCs. Hence, 
this supports the finding that Composol can be a useful 
medium for long-term platelet storage.

Conclusion
The present study aimed to determine the effect of a 

PAS, Composol, on miR-16 expression during platelet 
storage. miR-16 had an increased expression pattern 
in all PCs in the control (plasma) and test (Composol) 
groups during storage. Furthermore, we showed that 
miR-16 expression decreased effectively in PCs 
stored in the Composol medium. We concluded that 
Composol might be a good choice as a PAS for long-
term storage of platelets because it has the potential 
to elevate the shelf-life of platelets stored at 22˚C. 
Additional, in-depth with more samples integrated are 
needed to clearly confirm the above results. Analyses 
of other platelet miRNAs during PC storage would 
also be important.

Acknowledgements
This study financially supported by the Blood 

Transfusion Research Center, High Institute for Research 
and Education in Transfusion Medicine.  There is no 
conflict of interest in this study.

Authors’ Contributions
A.R.; Performed the experiments, obtained, analysed 

and interpreted the results, and conceived, designed and 
wrote the draft of the manuscript, and final text. Z.Sh.; 
Conceived and designed the experiments, obtained the 
funding, revised the manuscript for critically important 
intellectual content, and approved the manuscript and 
statistical analysis. F.Y.; Advised the experiments, did the 
technical support, revised, and approved the manuscript, 
and statistical analysis. M.R.D., M.A.J.; Advised the 
experiments and did the technical support. All authors 
read and approved the final manuscript.

References
1.	 Haberberger A, Kirchner B, Riedmaier I, Henschler R, Wichmann 

C, Buhmann R, et al. Changes in the microRNA expression pro-



Cell J, Vol 22, No 4, January-March (Winter) 2021547

Rajabi et al.

file during blood storage. BMJ Open Sport Exerc Med. 2018; 4(1): 
e000354.

2.	 Liu B, Shyr Y, Cai J, Liu Q. Interplay between miRNAs and host 
genes and their role in cancer. Brief Funct Genomics. 2018; 18(4): 
255-266.

3.	 Wojciechowska A, Braniewska A, Kozar-Kamińska K. MicroRNA 
in cardiovascular biology and disease. Adv Clin Exp Med. 2017; 
26(5): 865-874.

4.	 Saliminejad K, Khorram Khorshid HR, Soleymani Fard S, Ghaffari 
SH. An overview of microRNAs: biology, functions, therapeutics, 
and analysis methods. J Cell Physiol. 2019; 234(5): 5451-5465.

5.	 O’Brien J, Hayder H, Zayed Y, Peng C. Overview of microRNA bio-
genesis, mechanisms of actions, and circulation. Front Endocrinol 
(Lausanne). 2018; 9: 402.

6.	 Edelstein LC, Bray PF. MicroRNAs in platelet production and acti-
vation. Blood. 2011; 117(20): 5289-5296.

7.	 Friedman RC, Farh KK, Burge CB, Bartel DP. Most mammalian 
mRNAs are conserved targets of microRNAs. Genome Res. 2009; 
19(1): 92-105.

8.	 Jonas S, Izaurralde E. Towards a molecular understanding of 
microRNA-mediated gene silencing. Nat Rev Genet. 2015; 16(7): 
421-433.

9.	 Hammond SM. An overview of microRNAs. Adv Drug Deliv Rev. 
2015; 87: 3-14.

10.	 Sontheimer EJ, Carthew RW. Silence from within: endogenous 
siRNAs and miRNAs. Cell. 2005; 122(1): 9-12.

11.	 Sunderland N, Skroblin P, Barwari T, Huntley RP, Lu R, Joshi A, et 
al. MicroRNA biomarkers and platelet reactivity: the clot thickens. 
Circ Res. 2017; 120(2): 418-435.

12.	 Provost P. The clinical significance of platelet microparticle-associ-
ated microRNAs. Clin Chem Lab Med. 2017; 55(5): 657-666.

13.	 Yan Y, Zhang J, Zhang Q, Chen Y, Zhu X, Xia R. The role of micro-
RNAs in platelet biology during storage. Transfus Apher Sci. 2016; 
56(2): 147-150.

14.	 Pontes TB, Moreira-Nunes Cde F, Maués JH, Lamarão LM, de 
Lemos JA, Montenegro RC, et al. The miRNA profile of platelets 
stored in a blood bank and its relation to cellular damage from stor-
age. PLoS One. 2015; 10(6): e0129399.

15.	 Yu S, Deng G, Qian D, Xie Z, Sun H, Huang D, et al. Detection 
of apoptosis-associated microRNA in human apheresis platelets 
during storage by quantitative real-time polymerase chain reaction 
analysis. Blood Transfus. 2014; 12: 541-547.

16.	 Kannan M, Mohan KV, Kulkarni S, Atreya C. Membrane array-
based differential profiling of platelets during storage for 52 miR-
NAs associated with apoptosis. Transfusion. 2009; 49(7): 1443-
1450.

17.	 Cimmino A, Calin GA, Fabbri M, Iorio MV, Ferracin M, Shimizu M, 
et al. miR-15 and miR-16 induce apoptosis by targeting BCL2. Proc 
Natl Acad Sci USA. 2005; 102(39): 13944-13949.

18.	 van der Meer PF, Pietersz RN, Reesink HW. Storage of platelets in 
additive solution for up to 12 days with maintenance of good in-vitro 
quality. Transfusion. 2004; 44(8): 1204-1211.

19.	 Leitner GC, List J, Horvath M, Eichelberger B, Panzer S, Jilma-
Stohlawetz P. Additive solutions differentially affect metabolic and 
functional parameters of platelet concentrates. Vox Sang. 2016; 
110(1): 20-26.

20.	 Mokhtar MB, Hashim HB, Joshi SR. Assessment of quality of plate-
lets preserved in plasma and platelet additive solution: A Malaysian 
experience. Asian J Transfus Sci. 2016; 10(1): 84-87.

21.	 Gulliksson H, AuBuchon JP, Cardigan R, van der Meer PF, Murphy 
S, Prowse C, et al. Storage of platelets in additive solutions: a mul-
ticentre study of the in vitro effects of potassium and magnesium. 
Vox Sang. 2003; 85(3): 199-205.

22.	 Cardigan R, Sutherland J, Garwood M, Bashir S, Turner C, Smith 
K, et al. In vitro function of buffy coat-derived platelet concentrates 
stored for 9 days in Composol, PASII or 100% plasma in three dif-
ferent storage bags. Vox Sang. 2008; 94(2): 103-112.

23.	 Tynngård N, Trinks M, Berlin G. In vitro quality of platelets during 
prolonged storage after washing with three platelet additive solu-
tions. Vox Sang. 2012; 102(1): 32-39.

24.	 Livak KJ, Schmittgen TD. Analysis of relative gene expression 
data using real-time quantitative PCR and the 2(-Delta Delta C(T)) 
method. Methods. 2001; 25(4): 402-408.

25.	 Deppermann C. Platelets and vascular integrity. Platelets. 2018; 
29(6): 549-555.

26.	 Best MG, Vancura A, Wurdinger T. Platelet RNA as a circulating 
biomarker trove for cancer diagnostics. J Thromb Haemost. 2017; 
15(7): 1295-1306.

27.	 Sevignani C, Calin GA, Siracusa LD, Croce CM. Mammalian mi-
croRNAs: a small world for fine-tuning gene expression. Mamm 
Genome.2006; 17(3): 189-202.

28.	 Abbas Q, Raza SM, Biyabani AA, Jaffar MA. A review of computa-
tional methods for finding non-coding RNA genes. Genes (Basel). 
2016; 7(12). pii: E113.

29.	 Chen S, Gao G. MicroRNAs recruit eIF4E2 to repress translation of 
target mRNAs. Protein Cell. 2017; 8(10): 750-761.

30.	 Harden JT, Krams SM. Micro-RNAs in transplant tolerance. Curr 
Opin Organ Transplant. 2018; 23(1): 66-72.

31.	 Voglova K, Bezakova J, Herichova I. Micro RNAs: an arguable ap-
praisal in medicine. Endocr Regul. 2016; 50(2): 106-124.

32.	 Maués JHDS, Moreira-Nunes CFA, Pontes TB, Vieira PCM, Mon-
tenegro RC, Lamarão LM, et al. Differential expression profile of 
microRNAs during prolonged storage of platelet concentrates as 
a quality measurement tool in blood banks. OMICS. 2018; 22(10): 
653-664.

33.	 Wang F, Yang L, Sun J, Zheng J, Shi L, Zhang G, et al. Tumor 
suppressors microRNA-302d and microRNA-16 inhibit human glio-
blastoma multiforme by targeting NF-κB and FGF2. Mol Biosyst. 
2017; 13(7): 1345-1354.

34.	 Fu X, He Y, Wang X, Peng D, Chen X, Li X, et al. MicroRNA-16 
promotes ovarian granulosa cell proliferation and suppresses ap-
optosis through targeting PDCD4 in polycystic ovarian syndrome. 
Cell Physiol Biochem. 2018; 48(2): 670-682.

35.	 Tian C, Li Z, Yang Z, Huang Q, Liu J, Hong B. Plasma MicroRNA-16 
is a biomarker for diagnosis, stratification, and prognosis of hypera-
cute cerebral infarction. PLoS One. 2016; 11(11): e0166688.

36.	 Guo X, Connick MC, Vanderhoof J, Ishak MA, Hartley RS. Micro-
RNA-16 modulates HuR regulation of cyclin E1 in breast cancer 
cells. Int J Mol Sci. 2015; 16(4): 7112-7132.

37.	 Talari M, Kapadia B, Kain V, Seshadri S, Prajapati B, Rajput P, 
et al. MicroRNA-16 modulates macrophage polarization leading 
to improved insulin sensitivity in myoblasts. Biochimie. 2015; 119: 
16-26.

38.	 Gulliksson H. Platelet storage media. Vox Sang. 2014; 107(3): 205-
212.

39.	 Berridge MV, Herst PM, Tan AS. Tetrazolium dyes as tools in cell 
biology: new insights into their cellular reduction. Biotechnol Annu 
Rev. 2005; 11: 127-152.

https://www.ncbi.nlm.nih.gov/pubmed/30785618
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kannan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19389023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohan%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=19389023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kulkarni%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19389023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atreya%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19389023
https://www.ncbi.nlm.nih.gov/pubmed/?term=-+Livak+KJ%2C+Schmittgen+TD.+Analysis+of+relative+gene+expression+data+using+real-time+quantitative+PCR+and+the+2-%CE%94%CE%94CT+method.+Methods.+2001%3B25%3A402-408.

	_GoBack
	_Hlk532389136
	_Hlk5537105
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_16
	_GoBack
	OLE_LINK2
	_Hlk12793185
	_GoBack
	OLE_LINK57
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK11
	OLE_LINK12
	OLE_LINK5
	OLE_LINK7
	OLE_LINK6
	OLE_LINK3
	_GoBack

