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Abstract

MicroRNAs (miRNAs) are small noncoding RNAs, with a length of 19 to 23 nucleotides, which appear to be involved in the regulation of
gene expression by inhibiting the translation of messenger RNA. Expression profile analysis of miRNAs is necessary to understand their complex
role in the regulation of gene expression during the development and differentiation of cells and in various tissues. We describe here a detection
system for miRNA expression profiles, using a new type of DNA chip and fluorescent labeled cellular RNAs, which allows real-time detection of
hybridization signals at every step of washing and results in highly reproducible miRNA expression profiles. Using the system, we investigated
the expression profiles of miRNA in the mouse central nervous system (CNS), namely the spinal cord, medulla oblongata, pons, cerebellum,
midbrain, diencephalons, and cerebral hemispheres. The results indicated that although the CNS subregions expressed similar miRNA genes, the

expression levels of the miRNAs varied among the subregions. suggesting that the CNS subregions specialized for different functions possess

different expression profiles of miRNAs.
© 2006 Elsevier B.V. All rights reserved.

Keywords: MicroRNA; DNA microarray: Expression profile; Fluorescence; Real-time detection: Central nervous system

1. Introduction

MicroRNAs (miRNAs) are small noncoding RNAs, with a
typical length of 19 to 23 nt, which are processed from longer
transcripts (primary miRNAs), forming stem-loop structures by
digestion with a microprocessor complex containing Drosha
and Pasha in the nucleus and Dicer in the cytoplasm (Lee et al.,
2003; Bartel, 2004; Denli et al., 2004). After Dicer processing,
the resultant miRNA duplexes undergo strand selection, and the
single-stranded mature miRNA elements are incorporated into

Abbreviations: RNA, ribonucleic acid; miRNA, microRNA; DNA,
deoxyribonucleic acid; RISC, RNA-induced silencing complex; CNS, central
nervous system; mRNA, messenger RNA: ¢cDNA, complementary DNA; nt,
nucleotide; PCR, polymerase chain reaction; RT, reverse transcription; AVE(nc),
average intensity; SD(oc), standard deviation; BI, background intensity; a.u.,
arbitrary units; NTC, no template control.

* Corresponding author. Tel.: +81 42 342 2711x5951; fax: +81 42 346 1755.

E-mail address: hohjohh@ncnp.go.jp (H. Hohjoh).

0378-1119/% - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/5.gene.2006.11.018

the RNA-induced silencing complex (RISC) and function as
mediators (Hutvagner and Zamore, 2002). It is thought that
miRNAs play an important role in the regulation of gene
expression, by inhibiting translation of messenger RNAs
{mRNAs), which are partially complementary to the miRNAs,
during development, differentiation and proliferation (Doench
etal., 2003; Krichevsky et al., 2003; Zeng et al., 2003; Liu et al,,
2004; Cheng et al., 2005). In addition, recent studies have
further suggested significant association of miRNA with various
cancers (Calin et al., 2002; Eis et al., 2005; He et al.,, 2005;
Johnson et al., 2005).

Hundreds of miRNA genes have been found in plants and
animals (Lagos-Quintana et al., 2002; Krichevsky et al., 2003;
Bartel, 2004). They appear to be expressed by RNA polymerase
I1 (Lee et al., 2004), and tissue-specific expression of miRNA
has also been detected (Lagos-Quintana et al., 2002; Babak
et al, 2004; Liu et al, 2004). Comprehensive analysis of
miRNA expression is necessary to understand the complex
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regulation of gene expression involving miRNAs and is also
helpful in the characterization of miRNAs. However, although
expression profile analyses of miRNAs using conventional
DNA arrays have been performed (Krichevsky et al., 2003;
Babak et al., 2004; Liu et al., 2004; Miska et al., 2004), the
shortness of miRNA, at ~22 nt, appears to make such analyses
difficult. To address this problem, we used a new type of DNA
chip to make a microarray specific to miRNAs and to establish a
detection system for the expression profiles of miRNAs. The
system allows real-time detection of hybridization signals at
every step of washing and results in highly reproducible
miRNA expression profiles. ’ :
Using this system for detection of miRNAs, we investigated
miRNA expression profiles in the mouse central nervous system
(CNS), which is composed of seven subregions specialized for
different functions. The results suggested differences in
expression of miRNAs among the CNS subregions.

2. Materials and methods
2.1. DNA chip

Synthetic DNA oligonucleotides were installed as probes
onto Genopal® (Mitsubishi Rayon), which is composed of
plastic hollow fibers: oligonucleotide DNA probes are attached
to a gel within the three-dimensional space of each hollow fiber.
MiRNAs targeted for detection in this study are shown in
Supplementary Table S1.

2.2. Preparation of small-sized RNAs and fluorescent labeling

Total RNAs extracted from BALB/c mice frontal cortex,
cerebellum, hippocampus, thalamus, hypothalamus, brainstem,
pons, and spinal cord were purchased from Clontech. In
addition, total RNAs were also isolated from mouse cerebri and
cerebelli (ICR mouse strain). For preparation of cellular
miRNAs, small-sized RNAs containing miRNAs were isolated
from total RNA using the RNeasy MinElute Cleanup kit
(Qiagen) according to the user-developed protocol for purifying
miRNA from cells (Qiagen web site). Small-sized RNAs were
also prepared from various mouse tissues (ICR mouse strain)
using the mirVana™ miRNA Isolation kit (Ambion) according
to the manufacturer’s instructions. The isolated RNAs (~1 ug)
were subjected to direct labeling with the fluorescent analogs of
Cy3 and CyS5 using the ULYSIS Alexa Fluor 546 and 647
nucleic acid labeling kits (Molecular Probes), respectively,
according to the manufacturer’s instructions; in this paper,
‘Cy3’ and ‘Cy5’ represent the Alexa Fluor 546 and 647
fluorescent dyes, respectively. After labeling, the labeled RNAs
were purified from free fluorescent substrates using Micro Bio-
Spin P30 columns (BioRad) according to the manufacturer’s
instructions, and used in hybridization.

2.3. Hybridization, washing and signal detection

Hybrnidization was carried out in 100 pl of hybridization
buffer [6xSSC, 0.2% SDS and 1 ug of heat-denatured labeled

RBrain / Liver

Brain / Heart

Fig. 1. Propertics of the system for detection of miRNAs with a ncw DNA chip.
(a) Merged image of miRNA expression profiles with different tissues. RNA was
extracted from mouse brain, liver and heart, labeled with Cy3 or Cy5 fluorescent
substrates and subjected to hybridization using a new DNA chip. After washing
(dctailed in B), hybridization signals wcre cxamined using a DNA chip image
analyzer with the chip soaking in 2 x SSC. Examined tissues are indicated. On
the merged images, brain signals and liver (upper panel) or heart (lower panel)
signals are represented in green and red, respectively. Arrow a indicates the
tissuc-specific signal of miR-124a; b, miR-125; c, miR-128a: d. miR-128b; c,
miR-9; f, miR-122a; g, miR-1; h, miR-133a; and i, miR-133b. (b) Profiles of
hybridization signals during washing. Hybridization of Cy3-labeled mouse fiver
and brain RNAs to DNA chips was performed and the chips then washed in
2 xSSC containing 0.2% SDS at 40 °C. 42 °C, 45 °C, and 50 °C for 20 min cach.
Hybridization signals were examined at every step of washing: after each step of
washing, the DNA chips were rinsed in 2x SSC at room temperature and then
subjccted to cxamination of hybridization signals whilc wet. After detection of
the signals, further washing was performed. Hybridization signal intensities
were indicated by arbitrary intensity units (a.u.).

RNAs] at 42 °C ovemight using a hybridization chamber
specific for Genopal® chips (Mitsubishi Rayon). After
hybridization, the DNA chips were washed in 2 x SSC contain-
ing 0.2% SDS at 37 °C, 40—42 °C, 45 °C and 50 °C for 15~
20 min each, and hybridization signals were examined at every
step of washing using a DNA chip image analyzer (Mitsubishi
Rayon) according to the manufacturer’s instructions. Before
signal detection, DNA chips were briefly rinsed in 2xSSC at
room temperature, hybridization signals were examined with
the chips soaking in 2xSSC and then further washing was
carried out. A positive signal, namely, the presence of miRNA,
was judged as follows: Based on the signal intensities of
negative control spots, the average intensity {AVE(nc)] and



