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Abstract

Objectives: Microarray analysis of gene expression profiles of blood leukocytes has many potential clinical and research applications.

Design and methods: We used the PAXgene Blood RNA System to prepare RNA from the whole blood of normal volunteers using two
incubation times followed by gene expression profiling using the Affymetrix HU133A GeneChip.

Conclusions: Longer incubation gave a significantly higher RNA yield and samples that were satisfactory for microarray analysis, with

excellent pairwise correlations between replicates.

© 2004 The Canadian Society of Clinical Chemists. All rights reserved.
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Introduction

Leukocytes from whole blood are routinely used for
research and diagnostics in hematological, metabolic, or
genetic diseases [1]. Profiling of gene expression using
microarrays is a new analytical platform for biomedical
data, especially from accessible tissues such as blood
leukocytes. However, the peculiarities of RNA as a biolog-
ical material, especially degradability, may compromise
traditional blood sample collection and preparation methods
[2]. To begin to understand some technical issues surround-
ing analysis of RNA expression profiles in peripheral blood
leukocytes, we undertook a pilot study to determine RNA
yield and gene expression profiles from whole blood. The
PAXgene Blood RNA Tubes and Blood RNA Kit system
(QIAGEN, Mississauga, ON) was selected because the
protocol allowed for standardized sample collection directly
into vacuum tubes containing lysis buffer and a stabilization
solution, which is a mixture of cationic detergent and salts.
This method was previously shown to yield RNA of suf-
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ficient quantity and quality for reverse transcriptase-based
analysis of one or two genes at a time [3]. Based on that
report, we evaluated the suitability of this method for
preparation of RNA from whole blood and analyzed the
prepared RNA using the expression profiling of the whole
genome on the Affymetrix Inc. (Santa Clara, CA) platform.

Methods
Study subjects

We obtained multiple whole blood samples from healthy
volunteers after informed consent as approved by the
Human Ethics Board, University of Western Ontario. Base-
line blood samples were taken after a 12-h fasting period
and samples were collected on a second day after a 12-
h fasting period for biological replicate comparisons. There
was no change in health, diet, or medication for study
subjects over this time period.

Blood collection and RNA preparation

Blood was collected directly into PAXgene collection
tubes using a 21-gauge butterfly needle and catheter so
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that tubes could be held low and vertical to maintain the
vacuum on top of the stabilization solution. This allowed
the blood to flow directly into the solution with no time
delay. Tubes were inverted 10 times. Each tube drew a
maximum of 2.5 ml of blood, and between four and six
tubes were taken at each time point. Samples were
incubated in collection tubes at room temperature for
either 4 or 24 h, which were the extremes of the time
range specified in the manufacturer’s instructions. Total
RNA was isolated according to the manufacturer’s
instructions. The entire procedure was carried out at
room temperature with the exception of proteinase K
incubation at 50°C for 10 min. RNA was eluted from
the PAXgene column according to the manufacturer’s
instructions. The total RNA yield was determined by
absorbance at 260 nm.

Microarray gene expression profiles

Total RNA (10 ng) was used for labelling and then 15 pg
of labelled cRNA was hybridized to each Human Genome
UI133A array (Affymetrix Inc.) according to the manufac-
turer’s instructions and protocols of the London Regional
Genomics Centre (www.lrgc.ca). The “subject 1, day 17
sample was a pool of the RNA extracted from one subject
after a 4-h incubation, while the “subject 1, day 2” sample
was a pool of the RNA collected on a different day from the
same subject and extracted after a 24-h incubation. In
contrast, samples “subject 2, day 1” and “‘subject 2, day
2> were each a pool of RNA collected on respective days
from a second subject that had each been extracted after a
24-h incubation. Expression profiles were analyzed using
D-Chip perfect match-only model [4] utilizing the outlier
and artefact characterization features. We then used the
filtering algorithms in three different microarray analysis
software programs, namely Affymetrix Microarray Suite
(MAS) version 5.1 Data Mining Tool (DMT) v3.0, Gene-
Spring version 5.0.2 (Silicon Genetics, Redwood City, CA),
and Bullfrog [5]. These filtering algorithms allowed us to
generate lists of genes that showed 1.5-fold differences up
or down between paired samples from the same subject. For
each pairwise comparison, the log transformations of the
signal ratios were correlated against each other.

Results
Quantity and quality of prepared RNA

Eighteen RNA samples were studied with respect to
RNA yield per ml blood collected according to incubation
time in PAXgene tubes at room temperature: either 4 h (NV =
5) or 24 h (N = 13). Mean total RNA yields per tube for the
4- and 24-h incubation were significantly different: respec-
tively, 2.53 + 0.52 and 4.33 £ 0.68 pg/ml blood, P <
0.0001 (Fig. 1A).
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Fig. 1. (A) RNA yield according to incubation period. Individual sample
yields are shown with solid symbols and means are indicated with lateral
lines. Mean total RNA yields per tube for the 4- and 24-h incubation were
significantly different: respectively, 2.53 + 0.52 (N =5) and 4.33 £+ 0.68
(N=13) pg/ml blood, P < 0.0001. (B) Total RNA electropherogram profile
from Agilent Bioanalyzer. A representative profile of total RNA extracted
from a sample that had been incubated for 24 h is shown. Positions of 18S
and 28S rRNA are shown with arrows. The leftmost peak is the marker. No
extraneous peaks are seen in this tracing.

RNA extractions were precipitated to achieve a final
RNA concentration of >20 pg/10 pl. RNA integrity was
confirmed using the Agilent 2100 Bioanalyzer (Agilent,
Palo Alto, CA) individually before and after precipitation
according to the manufacturer’s instructions. When com-
pared with electropherograms of cRNA from other tissues,
cRNA obtained from whole blood showed two peaks
instead of one, including a peak of about 700 base pairs
(data not shown) that has been described previously [1].
Electropherograms of total RNA from all samples had a
uniform profile consistent with adequate RNA quality for
expression analysis, with no extraneous or unexpected
peaks (Fig. 1B).
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Gene expression profiles

RNA extractions from two subjects from two different
days (biological replicates) went on to microarray analysis.
Four hybridizations were performed in total (“subject 1, day
17, “subject 1, day 2, “subject 2, day 1, and “subject 2,
day 2°*). D-Chip analysis of expression profiles showed that
the per-chip outlier values were all below the warning limits
of 5%, indicating no assay-induced artefacts. For replicate
samples from the same subject, pairwise analysis was
performed to characterize the data distribution. Sample
“subject 1, day 1” was compared to sample “subject 1,
day 27, with the former serving as the normalization
sample. Sample “subject 2, day 1 was compared to sample
“subject 2, day 2”°, with the former serving as the normal-
ization sample. For all four samples, the percent of total
22,283 possible gene expression values registered as “pres-
ent” ranged from 48.2 to 51.2, which was comparable to
results reported for other RNA isolation and extraction
protocols [1,2,6].

Using the filtering algorithms in Affymetrix DMT
v3.0, GeneSpring v5.0.2, and Bullfrog [5], we generated
lists of genes that showed 1.5-fold differences up or
down between paired samples. For each pairwise com-
parison, the log transformations of the signal ratios were
plotted, resulting in a normal distribution (mean ratio
0.05 = 0.26), showing that the vast majority of the
changes in gene expression were below the =+ 20 limit.
The very small numbers of up- and downregulated genes
(Table 1) increased our confidence that the samples
represented true biological replicates. These percentages
were even smaller when stricter criteria, such as a 2-fold

Table 1
Percentages of 22,283 transcripts that had greater than 1.5-fold differences
between replicate samples

Sample Microarray analysis software

Affymetrix DMT

GeneSpring Bullfrog

%up %down % up % down % up % down

Subject 1, 0.58 3.03 227 8.52 094 345
day 1 (4 h)
vs. subject 1,
day 2 (24 h)

Subject 2, 0.16 0.20 2.19 276 0.27 0.39
day 1 (24 h)
vs. subject 2,
day 2 (24 h)

Abbreviations: times in brackets indicate individual incubation times for the
biological replicate samples from two subjects, as described in Methods. %
up and % down refer to the proportion of the total 22,283 transcripts that
differed by more than, respectively, 1.5-fold up and down, between the
biological replicates. This limit is commonly used in screening for
significant expression changes between two conditions (e.g., treated and
untreated) in microarray experiments. The percent that did not change by
more than 1.5-fold was therefore 100%—% up or 100%—% down. For
instance, for a value of 0.58% up, 99.42% of transcripts did not vary by
more than 1.5-fold between biological replicates.

changes for pairwise comparisons, were used (data not
shown). GeneSpring analysis tended to identify a higher
percentage of genes with more extreme changes than 1.5-
fold for both pairwise comparisons. In addition, all three
programs indicated a markedly higher percentage of 1.5-
fold downregulated genes for comparisons involving the
sample that had been incubated for only 4 h.

Discussion

We describe a standardized method to extract and
prepare excellent quality total RNA from whole blood
using specific conditions within the PAXgene Blood
RNA Tube and RNA Kit systems platform. This appli-
cation of the PAXgene reagents produced sufficient total
RNA for Affymetrix GeneChip hybridization that resulted
in data sets with acceptable percent present calls for gene
expression profiles. We found that a 24-h incubation of
cells in PAXgene tubes at room temperature produced a
higher RNA yield than previously described using incu-
bation times in PAXgene tubes between 2 and 9 h [2,6].
Furthermore, the 24-h incubation of cells produced a
significantly higher RNA yield—about 50% higher—than
the 4-h incubation. The molecular or biochemical basis
for such increased RNA vyield is not clear, but might be a
topic to explore in future studies. In contrast to the
results from others [6], we did not observe additional
peaks either attributable to DNA or otherwise unaccount-
ed for on the bioanalyzer tracings, which were uniform
for all RNA samples. After labelling, hybridization, and
gene expression profiling, our observed percent “present”
calls (approximately 50%) were within the range seen in
our facility using RNA extracted from a variety of human
tissue sources (range 45—60% based on the first 311
microarray experiments performed in our facility). While
there was a very good pairwise comparison of expression
profiles between replicate samples from the same subject
under fasting conditions on a different day, there ap-
peared to be somewhat fewer 1.5-fold downregulated
calls in comparison between samples that had each been
incubated for 24 h. The significance of this finding is not
known at present and might require verification using a
larger number of study samples and a more systematic
approach.

Therefore, we report an application of a minimally
invasive method that permits analysis of gene expression
profiles from whole blood. For smaller volume samples,
such as those from children, it may be worth considering
the potential benefit associated with the apparent increase
in yield related to using an incubation time at the
extreme end of the recommended range in the PAXgene
Blood RNA Tube and RNA Kit systems protocol. We
conclude that this procedure will be useful for future
research or diagnostic applications that require RNA
expression profiling.
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