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Human Peripheral Blood Cells mRNA Levels are Highly Sensitive to
Duration of Ex Vivo Post-Sampling Conditions Prior to RNA Isolation
Eva Bohackova and Pavlina Dankova
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SUMMARY
Background: This study aimed to evaluate an effect of the time period between drawing the peripheral blood and
specimen processing on the stability of mRNA levels of 7 selected genes.
Methods: Blood samples derived from 15 healthy volunteers were always processed at five consecutive time points
0.5, 1.5, 2, 3, and 9 hours; mRNA was quantified by real-time PCR.
Results: Anti-inflammatory genes CCL2 and IL10 showed a significant rise of expression between the 3rd and 9th
hour after blood collection (p ≤ 0.5). Significant decrease of mRNA levels in relation to time lag was observed for
TLR4 and MYC genes (p ≤ 0.5). Interestingly, the initial two hours after drawing the blood revealed a high interindividual variability in cellular response to stress connected with blood drawing and ex vivo post-sampling condition.
Conclusions: These results point out the need for a strict standardization of handling the blood specimen with regards to peripheral blood sample processing time between phlebotomy and RNA isolation.
(Clin. Lab. 2017;63:xx-xx. DOI: 10.7754/Clin.Lab.2017.170606)
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INTRODUCTION
Blood is commonly used for diagnostic testing in clinical studies and as a source of biological material in biomedical research. Messenger RNA (mRNA) serves as a
tool for detection of a real-time activity of cells. However, different modes of blood collection, sample preparation, and type of RNA isolation technique may alter
gene expression and RNA stability and consequently affect resulting mRNA expression profiles. Ex vivo, peripheral blood cells may be affected by different cellular
mechanisms such as metabolic stress due to the lack of
glucose and oxygen during storage of blood after phlebotomy [1]. Several investigations have shown that the
addition of anticoagulant (ethylenediaminetetraacetic
acid, sodium citrate or heparin) to blood specimen affects viability of cells and causes various ex vivo
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changes in cytokine production [2-4]. Further, it has also been suggested that the type of RNA isolation method used may influence gene expression and mRNA profile [5,6]. Contrary to expectations, no differences have
been found in mRNA profiles between peripheral blood
mononuclear cells (PBMC) obtained by Ficoll-Paque
density gradient centrifugation and PBMC obtained
from a BD Vacutainer cell preparation tube that enables
direct separation of PBMC in the primary blood collection tube without need for any other subsequent separation steps [7].
Time ranging from the phlebotomy to RNA isolation
represents another factor that can influence levels of detected mRNA [8]. Delays in RNA extraction from
PBMC after blood collection can activate expression of
some genes with subsequent upregulation of their
mRNA, whereas expression of other genes may be suppressed and their mRNA downregulated. Further, timedependent and gene-specific degradation of already existing mRNA molecules may occur. In order to avoid
this happening, the special system was designed to prevent or mitigate changes of ex vivo mRNA levels due to
stabilization of intracellular RNA [9]. This system allows inhibition of RNases, reduces RNA degradation,
and inhibits or eliminates gene induction [10]. The
drawback of such a system, however, is its inability to
perform immunoseparation of a desired type of the cell
in case one needs to assess the mRNA expression only
from a specific cell type.
Changes in gene expression and RNA degradation in
the time period between phlebotomy and RNA isolation
could be minimized if the RNA is extracted immediately after blood drawing. Nevertheless, the immediate
processing of blood may not always be feasible; this occurs when the blood sample is collected in a remote location from the laboratory [11] or, when buffy coats derived from blood donors registered at transfusion units
serve as a source of biological material for research. Because of testing their blood for infectious disease and
because of plasma separation, it is actually impossible
to obtain buffy coat specimens from transfusion units
for research purposes earlier than 9 hours after phlebotomy. For that reason, using blood from transfusion bags
cannot be recommended for gene expression testing, as
shown previously [4].
Handbooks or protocols recommend performing RNA
extraction within 2 hours after phlebotomy because the
first two hours after blood collection are generally considered to be safe with regards to possible post-sampling changes in mRNA profiles. However, the cellular
processes occurring within the very first two hours after
phlebotomy have not been monitored so far in details.
For these reasons, we designed the experiment consisting of the set of five time intervals for RNA extraction
0.5, 1.5, 2, 3, and 9 hours after phlebotomy and determined the mRNA levels of 7 genes that were selected in
order to represent specific molecular or metabolic processes within a cell.

MATERIALS AND METHODS
Subjects
Fifteen healthy adult individuals were recruited, and peripheral blood was collected into 9 mL Vacuette® Coagulation tubes (3.2% sodium citrate). Each specimen was
aliquoted and stored under sterile conditions at room
temperature (18 - 21°C) for different periods of time.
Volunteers were without inflammatory or infectious illness during the 2 weeks prior to blood drawing and
without suspected or diagnosed autoimmune disease,
genetic disorder or other chronic illness. Informed written consent was obtained from all participants, and the
ethical committee approved the study.
Methods
Total RNA from whole blood was isolated by BiOstic
Blood Total RNA Isolation Kit Sample (MO BIO,
USA) at five different time points 0.5, 1.5, 2, 3, and 9
hours after phlebotomy according to the manufacturer’s
instructions with final elution volume of 50 μL. Seventy-five samples of total RNA were obtained and reverse-transcribed into cDNA by the High-Capacity
cDNA Reverse Transcription Kit (Thermo Fisher Scientific, USA). This cDNA was analyzed by real-time PCR
with human PGK1 as an endogenous control to monitor
mRNA expression of IL10, CCL2, TLR4, TNFα, MYC,
BAX, and BCL2 by using LightCycler® 480 Probes
Master (Roche Applied Science, USA) and TaqMan®
Gene Expression Assays (Life Technologies-Applied
Biosystems, USA) on LightCycler® 480 (Roche Applied Science, USA). Each of the genes was selected to
represent a specific cellular process. Relative mRNA
quantitation was performed using the 2^-dCt method
[12]. Intra-assay variation was assessed using relative
amount of PGK1 and IL10 mRNA in four different runs
at different time points.
Statistical analysis
GraphPad Prism 5.03 software was used for statistical
analysis. To assay for normality, we performed D’Agostino-Pearson normality test, Kolmogorov-Smirnov test,
and the Shapiro-Wilk test. The statistical difference between and among gene expressions across multiple time
points was analyzed by the non-parametric Wilcoxon
signed-rank test or parametric Student's t-test. A value
p ≤ 0.05 was considered statistically significant. Intraassay variation of 0.6205 was determined according to
method by Perini and colleagues [13].
RESULTS
To evaluate how the age of the blood specimen at the
time of RNA isolation affects the expression levels of
selected genes, blood from volunteers was always processed at five different time intervals. Genes with significantly decreased or increased levels of mRNA over
time in a healthy-donor cohort are illustrated in Table 1.
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Table 1. Time-dependent changes in relative mRNA levels of 6 selected genes reflect the effect of different time periods between phlebotomy and processing of the blood specimen until RNA isolation.
Gene
IL10

CCL2

TLR4

TNFα

MYC

BAX

A

Compared different
time points [hours]
9>3

Difference

p-value

Test

1.7 x

0.0009

Wilcoxon test

0.5 > 3

1.9 x

0.0003

Wilcoxon test

9 > 0.5

7.3 x

0.0004

Wilcoxon test

9 > 1.5

9.7 x

0.0004

Wilcoxon test

9>2

10.1 x

0.0001

Wilcoxon test

9>3

14.4 x

< 0.0001

Wilcoxon test

0.5 > 3

1.6 x

< 0.0001

Wilcoxon test

0.5 > 9

3.5 x

< 0.0001

Wilcoxon test

1.5 > 9

3.4 x

< 0.0001

Wilcoxon test

2>9

3x

< 0.0001

Wilcoxon test

3>9

2.2 x

< 0.0001

Wilcoxon test

0.5 > 2

1.6 x

0.0009

Wilcoxon test

0.5 > 3

1.6 x

0.0043

Student t-test

0.5 > 9

2.1 x

0.0006

Wilcoxon test

1.5 > 9

2.7 x

< 0.0001

Wilcoxon test

2>9

1.7 x

< 0.0001

Student t-test

3>9

2.1 x

< 0.0001

Wilcoxon test

1.5 > 9

1.5 x

0.0022

Student t-test

B

Figure 1. Effect of storage of blood samples on A) CCL2 and B) TLR4 mRNA levels.
A) Significant increase of CCL2 mRNA levels after 9 hours of blood storage and B) significant time-dependent gradual decrease of TLR4
mRNA levels expressed by 2^-dCt (AU = arbitrary unit; *** p < 0.001). The upper limit of the box indicates the mean; the upper error bar
indicates standard error of mean. For better graphical representation, 2^-dCt values in CCL2 and TLR4 assays were multiplied by 10^3.
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Figure 2. Specimen age-dependent changes of mRNA levels.
Considerably heterogeneous but statistically insignificant differences in BLC2 mRNA levels at different ages of specimens. Data are presented
as a ratio to the mRNA amount at time 0.5 hour after phlebotomy.

expression, though, may be also responsible for a proinflammatory reaction during storage of blood sample
[19].
A significant increase in CCL2 mRNA level between 3
and 9 hours after phlebotomy (Figure 1A) could be
caused by strong gene expression of CCL2, suggesting
an activation of signaling pathways leading to necrosis
[20]. Lam and colleagues proposed that an increase in
plasma cell-free DNA concentrations after 24-hour storage was probably a result of PBMC necrosis or apoptosis [21].
Time-dependent gradual reduction across all 5 time
points in TLR4 (Figure 1B), across 3 time points (between 0.5 and 2 hours, followed by stable mRNA quantity) in TNFα, and overall decline with minor peaks at
time points 1.5 and 3 hours in MYC mRNA levels
might be explained by gradual selective degradation of
some mRNA or by degradation after translation into the
protein [22].
No significant differences over time were found in
mRNA levels of the anti-apoptotic gene BCL2. Compared to that, mRNA levels of pro-apoptotic BAX
slightly but significantly decreased from 1.5 up to 9
hours after blood collection. By detecting BAX and
BCL2 mRNA, we noticed inter-individual variability in
cellular response during blood storage (Figure 2); this
can be attributed to the highly inter-individual immune
response. Nevertheless, apoptosis-related signaling
pathways other than those including BCL2/BAX may
be employed as well. To clarify whether and how BAX
and BCL2 genes are involved in the apoptotic process
during nine hours of blood storage, larger number of

DISCUSSION
Gene expression of PBMCs may be affected by anticoagulant agents presented in blood collection tubes [14],
time, and temperature conditions applied during blood
storage before RNA isolation [15], and overall specimen handling [16]. These changes are not well described. The presented study focused on the impact of time
lag between the phlebotomy and process of RNA isolation. PBMCs are exposed ex vivo to a variety of extracellular agents, which influence their activation status
and behavior. One may speculate that a change of the
environment after phlebotomy and an exposure of cells
to ex vivo conditions during and after blood collection
are likely to affect gene expression [8] and, the longer
the exposure, the greater effect.
RNA molecules are involved in the process of translation; their transport from the nucleus to the cytoplasm is
crucial for gene expression [17]. During cellular stress,
protein synthesis is severely reduced, mRNA is recruited to stress granules and its translation is inhibited [18].
RNA localized in different cellular compartments (nucleus, cytoplasm or stress granules) indicates different
storylines of the cell; unfortunately, design of our study
does not allow identification of these cellular processes.
We found no statistically significant differences among
the mRNA levels of IL10 in samples processed within
first 3 hours of blood specimen storage at room temperature; further prolongation, however, slightly but significantly increased expression of the IL10 gene in leukocytes. IL10, a key regulator of the immune system, is
linked with anti-inflammatory reaction; its augmented
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samples need to be analyzed.
Messenger RNA levels of selected genes seem to be
very unstable within the first three-hours of blood storage [23]. Cellular stress caused by phlebotomy, sample
handling, storage and temperature conditions may dramatically affect levels of mRNA as these post-phlebotomy changes may lead to gene induction, gene silencing,
cell death and/or enzymatic RNA degradation. All
PBMC specimens intended for RNA extraction need to
be processed at the same time and as soon as possible
after phlebotomy; alternatively, where possible, specialized blood collection tubes that guarantee RNA stabilization within a cell need to be used [11]. It is therefore
of critical importance to understand the amount of variability that can be introduced by using blood specimens
of different age for gene expression analysis. It is crucial to make an effort to minimize this variability.
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