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[1] RNA Extraction for Arrays

By LaksaMi V. MADABUSI, GARY J. LATHAM, and
BERNARD F. ANDRUSS

Abstract

DNA microarrays enable insights into global gene expression by
capturing a snapshot of cellular expression levels at the time of sample
collection. Careful RNA handling and extraction are required to preserve
this information properly, ensure sample-to-sample reproducibility, and
limit unwanted technical variation in experimental data. This chapter dis-
cusses important considerations for “‘array-friendly” sample handling and
processing from biosamples such as blood, formalin-fixed, paraffin-
embedded samples, and fresh or flash-frozen tissues and cells. It also
provides guidelines on RNA quality assessments, which can be used to
validate sample preparation and maximize recovery of relevant biological
information.

Introduction

DNA microarrays have enabled biologists to move from the realm of
studying one gene at a time to understanding genome-wide changes in gene
expression. The value of microarray studies has been vetted through nu-
merous studies that have linked abnormal transcript levels with many
different diseases (Archacki and Wang, 2004; Blalock et al., 2004;
Borovecki et al., 2005; Dhanasekaran et al., 2001; Glatt et al., 2005; West
et al., 2001). Because these types of studies will be used increasingly to
create and validate diagnostic and prognostic expression signatures and
to support toxicological and functional studies that underlie the regulatory
filings for new drug submissions, it will become increasingly important to
create standardized and robust methods for sample procurement, sample
processing, and data analysis. The goal of any RNA isolation procedure is
to recover an RNA population that faithfully mirrors the biology of the
sample at the time of collection. Problems associated with the extraction
of biologically representative RNA primarily arise from the susceptibility
of RNA to degradation by ubiquitous and catalytically potent RNases. For
tissues and cells, protection of RNA has traditionally been accomplished
by immediate lysis using high concentrations of detergents and/or chao-
tropic agents and organic solvents (such as TRI reagent). These methods,

METHODS IN ENZYMOLOGY, VOL. 411 0076-6879/06 $35.00
Copyright 2006, Elsevier Inc. All rights reserved. DOI: 10.1016/S0076-6879(06)11001-0



2 DNA MICROARRAYS, PART B [1]

while effective, are complex to use at point of care and suffer from low
sample throughput and poor stabilization of cellular RNA for long periods.
Flash freezing of the sample in liquid nitrogen and subsequent transporta-
tion on dry ice, although effective, are impractical in most clinical settings.
Finally, disease specimens can present biohazard risks to the operator and
constrain sample collection, thus limiting the use of best sample handling
and processing practices and compromising RNA quality.

The practicality and efficacy of RNA stabilization agents such as RNA-
later to preserve the RNA in tissues, cells, and blood are gaining broad
acceptance. Procedures used for collection of samples with RNAlater are
simple and can be carried out in a hospital setting with minimal training.
This reagent is aqueous and nontoxic and allows convenient transportation
of samples at ambient temperature. However, RNA/ater does not remove
the biohazard risks associated with biosamples, and, as a result, all proper
safety precautions should be observed. It is beyond the scope of this
chapter to provide details on the risks associated and preventive measures
to be taken when dealing with samples considered to be a biohazard.
Several regulatory agencies offer guidelines on the safety issues and
precautions that need to be addressed with such samples.

In addition to the handling of biological material, limitations can be
imposed by the large amounts of RNA necessary for microarray experi-
ments. As a result, samples such as tumor biopsies, formalin-fixed, paraffin-
embedded (FFPE) sections, or laser microdissected samples require RNA
amplification to generate adequate amounts of labeled material for micro-
array hybridization. The most popular and best validated approaches for
amplifying RNA are based on the linear RNA amplification method de-
veloped by Eberwine (Van Gelder, 1990). This technique has been widely
accepted for microarray applications and is known to preserve the original
transcript ratios in the sample (Feldman et al., 2002; Polacek et al., 2003). In
terms of RNA quality, parameters such as A260:280 measurements and
Agilent RNA integrity number (RIN) are often used to gauge the quality
of samples and predict their suitability for microarray studies. The mini-
mum A260:280 or RIN number suitable for analysis varies by the array
platform, number of replicates, and the experimental questions to be
answered in the study.

Blood as a Biological Specimen

Blood is a highly desirable biosample for research and clinical studies
for several reasons. First, blood is highly accessible and can be collected
using relatively simple methods. Second, limited infrastructure is required
to draw blood from a large number of patients. Finally, blood circulates
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throughout the entire body and thus is a vast reservoir of host biological
information and an ideal specimen for experiments that aim to understand
human physiology and disease. As a source of RNA, however, blood poses
a number of unique challenges. The ratio of total protein to RNA in blood
is roughly 100-fold greater than the ratio for most solid tissues, complicat-
ing the isolation of pure, high quality RNA. The presence of multiple
cellular components in blood, each at different maturation stages in their
life cycle, can lead to variation between patients. Among these various
cellular components, only white blood cells (WBC) or leukocytes are
nucleated and thus transcriptionally active (Fan and Hegde, 2005). How-
ever, WBC constitute only about 0.1% of the total blood cellular composi-
tion. In contrast, red blood cells (RBC) comprise ~95% of the total cell
count but do not contribute to the blood gene expression program in their
mature form. Immature red blood cells, known as reticulocytes, comprise
only about 1% of the RBC population, yet contain significant levels of
nucleic acids, particularly globin mRNA, that can contribute to the back-
ground noise in a microarray experiment. This noise can be substantial and
can reduce the number of genes that are called present on microarrays.

Collection and Preservation of Blood Samples

Whole blood samples can be collected in the presence of anticoagulants
such as sodium citrate, EDTA, or heparin. However, these chemicals are
not effective RNA preservatives because they do not readily inhibit the
RNases in blood that are the primary threat to RNA intactness and do not
maintain cellular homeostasis in the sample. Indeed, the gene expression
levels of many transcripts in blood stored in EDTA can change by an order of
magnitude or more within a few hours (Rainen et al., 2002). Rapid changes in
gene expression of cytokines and transcription factors have been observed
during storage for 1 to 4 h with interleukin-8 expression increasing 100-fold by
4 h (Tanner et al., 2002). Additional genes such as transcription factors and
pro- and anti-inflammatory genes show large changes in gene expression
within a few hours to 1 day after collection (Pahl and Brune, 2002; Tanner
et al.,2002). The stresses caused by handling and centrifugation can alter gene
expression rapidly (Haskill et al., 1988). It is important to note that the
purity of the RNA as measured by A260/280 is very consistent even after
the extended storage of whole blood at ambient temperature, and often the
intactness of ribosomal RNA bands is also well maintained although the
underlying representation of many genes may have changed dramatically.

Other commonly used methods of blood collection and preservation
include use of commercial products such as PAXgene tubes (PreAnalytiX
GmbH, Switzerland) and the CPT tube (Becton Dickinson, NJ) for
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peripheral blood mononuclear cell (PBMC) collection. A brief summary of
the advantages and impact of such sample collection methods on gene
expression profiling has been reviewed by Fan and Hegde (2005). We find
that use of RNAlater as a preservative in conjunction with an optimized
RNA isolation protocol produces excellent RNA yields and stable and
reproducible expression profiles of human whole blood (Fig. 1). A concom-
itant increase in RNA yield and a more consistent level of percentage
present calls were observed with the use of RNAlater.

Methodologies for Globin Transcript Removal from Whole Blood

The presence of high levels of globin transcripts in RNA isolated from
whole blood can affect the quality of data generated by reducing the
number of present calls, decreasing call concordance, and increasing
the variation in signal between samples. To circumvent the problems
associated with the presence of globin transcripts, protocols have been
described that reduce globin mRNA levels by either depleting these tran-
scripts in purified RNA or fractionating blood cells to reduce the red blood
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FiG. 1. RNAlater provides room temperature stabilization of the global expression profile
in human whole blood. Biological replicates of samples processed with RiboPure-Blood
(Ambion) immediately after blood collection or after 3 days of storage at room temperature.
The global expression level was assessed using Affymetrix human focus arrays with 10 ug
aRNA input without globin reduction. Plots were constructed from signal-normalized data.
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cell population, particularly reticulocytes, which are the primary reservoir
of globin transcripts.

Depletion of Globin Transcripts from Whole Blood

To selectively deplete the globin transcripts from whole blood, com-
mercial protocols were initially developed using enzymatic procedures to
selectively degrade the globin transcripts. One of the first protocols was
suggested by Affymetrix, Inc. This procedure described the hybridization
of complementary DNA oligonucleotides to the various globin transcripts
in blood followed by digestion of the RNA:DNA hybrid with RNase H.
More recently, Affymetrix has launched the GeneChip Blood RNA Con-
centration Kit, which utilizes globin-specific peptide nucleic acid (PNA)
oligomers as blocking molecules to prevent the amplification of these
transcripts during T7 RNA polymerase-based linear amplification. An
alternative strategy provide by Ambion is the GLOBINCclear kit, which
relies on the binding of biotinylated capture oligonucleotides to the RNA
and uses biotin—streptavidin binding to deplete the globin transcript com-
plex from the mixture. This method results in a dramatic reduction of the
globin gene transcripts from whole blood RNA while substantially increas-
ing the percentage present calls on Affymetrix Genechip arrays with
human blood samples (Fig. 2). Thus, globin transcript reduction prevents
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FiG. 2. GLOBINclear processing increases the sensitivity of microarrays. Quadruplicate
GLOBINCclear reactions were performed with pooled total RNA samples from human whole
blood (from healthy donors under an IRB-approved protocol). The processed RNA was then
amplified with Message Amp I1-96 to synthesize biotinylated aRNA for Affymetrix GeneChip
array analysis. Quadruplicate untreated whole blood RNA samples were also amplified in
parallel. Biotinylated aRNA was hybridized to Affymetrix human focus arrays. Present calls
were determined using Affymetrix GCOS software with default settings. GLOBINclear
processing resulted in an increase in genes called present.



