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Abstract
After 12 years from its first application, microarray technology has become the reference
technique to monitor gene expression of thousands of genes in the same experiment. In the past
few years an increasing amount of evidence showed the importance of non coding RNA (ncRNA)
in different human diseases. The microRNAs (miRNAs) are one of the groups of ncRNA. They
are small RNA fragments, 19–25 nucleotides long, with a main regulatory function on both
protein coding genes and non-coding RNAs. The application of microarray platforms applied to
miRNA profiling determined their deregulation in virtually all human diseases that have been
studied. We previously developed a custom miRNA microarray platform, and here we describe the
protocol we used to work with it including the oligo design strategy, the microaray printing
protocol, the target-probe hybridization and the signal detection.

1. Protein-coding genes versus non-coding RNA
Although 5% of the human genome evolves under purifying selection, only 2% of this set is
represented by protein coding RNA (i.e. protein coding genes) (1). The remaining 3% is
split into non-genic DNA and non-coding RNA (2, 3). The main differences between protein
coding and non-coding RNA (mRNA and ncRNA respectively) is based on the absence of
any Open Reading Frame (ORF) for ncRNA and on the difficulty to predict the transcript of
ncRNA from its genomic structure (4). The ncRNA family is heterogeneous, based on the
different size of the product (from few nucleotides to thousands) and on its function.
NcRNA can have a generic function such as ribosomal RNA (rRNA) and transfer RNA
(tRNA), both involved in mRNA/protein translation, or small nuclear RNA (snRNA)
involved in splicing, and finally small nucleolar RNA (snoRNA) involved in the
modification of rRNA. The last members of the ncRNA to be discovered are involved in
post-transcriptionally regulating protein expression through small RNA molecules such as
small interference RNA (siRNA) (5) and microRNA (miRNA) (6–8).

2. Different approaches to quantify tiny RNA molecules
The mature miRNAs are very small RNAs, 19–25 nucleotides (nt) long and because of this
small size there are differences in the approaches to quantify miRNAs and mRNAs. For

© 2009 Elsevier Inc. All rights reserved.
*Correspondence to: Carlo M. Croce at Ohio State University, Comprehensive Cancer Center, Wiseman Hall Room 385, 400 12th
avenue, Columbus Ohio, OH 43210, Phone: 614-292-3063, carlo.croce@osumc.edu.
†The authors contribute equally in this work
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Methods. Author manuscript; available in PMC 2012 April 9.

Published in final edited form as:
Methods. 2008 January ; 44(1): 22–30. doi:10.1016/j.ymeth.2007.10.010.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



example small RNAs are less efficiently precipitated in ethanol and for this reason during
the isolation by standard Trizol protocol of the RNA, resuspension in ethanol should be
avoided. On the other hand, in our experience the miRNAs seems to be more stable than
longer RNAs, for example in degraded samples it is still possible to obtain readable miRNA
expression data. Moreover other groups reported a higher stability of miRNAs compared to
mRNA in samples obtained from formalin-fixed paraffin-embedded tissues (9–11).

When the first miRNA was described (6, 7, 12), Northern blotting was used to detect these
small RNAs. The protocol for Northern Blotting was modified to detect such a small RNA
fragments, a hundred-fold less than the average coding RNA, by using high percentage (%)
of urea-acrylamide gels instead of usual agarose gels.

We can classify three main techniques to detect and quantify miRNA in tissue samples.
They are the cloning of miRNA, the PCR- based detection, and finally the hybridization
with selective probes. The cloning of miRNA was the main tool used to identify miRNAs (7,
13, 14). Cloning offers the advantage to discover new miRNAs not predicted from
bioinformatics and to sequence the miRNAs. On the other hand, the quantification ability is
smaller compared to other approaches. The PCR-based technique is able to detect low copy
number with high sensitivity and specificity on both the precursor (15, 16) and the mature
form of miRNAs (17). It is cheap and it can be used extensively for clinical samples with
minute amounts of available RNA. The hybridization techniques comprise Northern
blotting, in situ hybridization (17, 18), bead-based flow-cytometry (19) and microarray (Liu
et al, 2004). Northern Blotting using radioactive probes, is very sensitive, but it is very time-
consuming. Northern blotting is not practical in large clinical studies to detect the expression
of hundreds of miRNAs. Northern blotting also requires large amounts (5 to 25 μg) of total
RNA from each sample. Since the discovery of miRNAs in C. elegans, the number of
miRNA quickly increased and were found in all the eukaryotic species analyzed (12, 20–
22). In August 2007, the number of miRNAs has passed 500
[http://miRNA.sanger.ac.uk/sequences/], and almost a thousand have been predicted in the
human genome. Intronic miRNA precursors that bypass Drosha processing have been
recently described in Drosophila melanogaster (D. melanogaster) (23, 24). These recent
discoveries could also potentially expand the number of miRNAs The increasing number of
miRNAs and the analysis of large cohort of patients require a technique able to process
multiple miRNAs at the same time and use a small amount of RNA obtained from patients.

3. Microarray technology on miRNAs
The microarray technology was developed in 1995 (25). It is based on the ability to perform
multiple hybridizations in parallel using a glass or quartz support where, depending on the
platform used, the probes have been spotted or synthesized by photochemical synthesis,
(26–28). The ability to increase the density of the spots on the array resulted in a higher
number of genes that are able to be analyzed simultaneously (28, 29). Three different
technologies classically exist to detect nucleic acids (DNA or RNA) on an array platform.
The first, commonly used for custom arrays, uses glass slides (poly-lysine coated common
microscope slides) and is based on the spotting of unmodified oligonucleotides over the
slide (30). The second uses glass slides too, and it is also based on the deposition of the
probes on the slide. The distinction is that the 5′ terminus of the probe is cross-linked to the
matrix on the glass. The number of probes present on these slides can be much higher
compared to the former. In the last technology, the probes are photochemically synthesized
directly on the surface which must be made of quartz. In the last case, the number of probes
rises to millions per area the size of a thumbnail (27). Usually, but not always, the first two
are based on the comparison of two samples for each glass (one used as reference) stained
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with different colors. The third uses a single color hybridization where each slide is
hybridized with only one sample.

The short length and the small abundance of miRNAs determine a more difficult design of
the probes and require a higher sensitivity. Being miRNAs 19–25nt long, the design of the
probe is almost exclusively determined by the sequence of the miRNA itself, which
determines a different temperature of annealing for each probe::miRNA interaction.

Since the first time microarray technology was applied to miRNA studies (31, 32), we have
identified at least 18 publications describing different approaches for miRNA quantification
on microarray platforms (Table 1). Most of them use DNA oligo spotting, some of them use
locked nucleic acid (LNA) with the intent of increasing the affinity between the probes and
the miRNAs, and reaching more uniform conditions of hybridization among the different
probes (33). The ideal technique should be able to detect the miRNAs without any kind of
manipulation of the samples, such as enrichment of the low molecular weight species of
RNA, retro-transcription of the miRNA, amplification of the miRNA, and in the meantime it
should be able to discriminate the two predominant forms of miRNAs (mature and precursor
as it occurs with the array initially developed by us). The differences in the expression
between mature and precursor forms can represent a significant feature of miRNA
biogenesis as it has been proven for two examples, the cluster of mir-143-145 and the cluster
of mir-15a-16. In the first example the two miRNAs showed a different expression of the
mature form between colon cancer samples and normal colon samples, while no differences
were found for the precursor forms (34); while in the second case a mutation of the
precursor described in two patients is able to determine a decreased maturation of the
miRNA, with a consequent decrease of the mature form (35).

4. Significance of microRNA profiling
The miRNAs have been related to the regulation of different biological processes. They
have been shown to regulate the Caenorhabditis elegans developmental timing (6, 36), as
well as the embryonic and post embryonic differentiation in rodents (37, 38) and in human
beings (39–41). MiRNAs have been involved in physiological processes, such as insulin
regulation (42, 43), lipid metabolism (44) and synaptic activity, (45).

The first evidence of the involvement of microRNA in a human disease was set in 2002,
when for the first time a deregulation of two miRNAs (mir-15a and mir-16-1) was related to
Chronic Lymphocytic Leukemia (CLL) (46). Many other examples followed after that, and
many types of tumors were analyzed, ranging from lung cancer (47, 48), breast cancer (49),
to colon cancer (34, 50) and nervous tumors such as glioblastoma (51)(for a detailed
reference see (52). The majority of the published papers that reported profiling analysis were
performed using microarray technology. The creation of lists of miRNAs differentially
expressed between tumor and normal tissues or between different tumor types, gives the
chance to identify the miRNAs most probably involved in cancer and to identify new
diagnostic and prognostic markers (35). Since miRNAs are involved in cell differentiation
(53, 54) and in the inflammatory response (55), their deregulation in cancer can be just a
consequence of the phenotypic changes in the tumor cells and in the surrounding normal
tissues due to the cancer development, and consequently the deregulated miRNAs could not
play an active role in the tumor pathogenesis. Consequently, to prove a causative role of a
specific miRNA in a tumor pathology, functional studies are mandatory and they have to
link the miRNA function with cellular process such as proliferation (56), apoptosis (57, 58),
and metastasis/migration (59). A definite proof for the causal link between miRNAs and
cancer is the development of B cell malignant proliferation in a miR-155 transgenic mouse
model (60)
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The leading cause of death in western countries still remains heart diseases (61). Recent data
report that mir-1 is involved in the regulation of the cardiogenesis and cardiac conduction in
rodents (38). A previous study identified the miRNA signature of cardiac hypertrophy in
rodents, and in another study the transgenic mouse model of one of the described
upregulated miRNAs (mir-195) was able to reproduce a phenotype close to the disease (62).
Among the neurologic diseases, Alzheimer’s disease is the most frequent cause of death in
the US (61) and its etiology remains unexplained. The miRNAs are involved in different
brain functions too. One of the first examples of miRNA profiling studies showed a specific
signature made of 44 miRNAs during the rodent brain development (31). At least two
studies correlated the deregulation of miRNAs in the hippocampus of patients affected by
Alzheimer’s disease (63, 64). Among the most frequently involved miRNAs in brain
development and pathology are mir-9, mir-125b (the_orthologous of lin-4 the first miRNA
discovered in C. elegans (6)) and mir-128. Functional studies and mouse models relating
miRNA deregulation and brain diseases are still missing, but the profiling studies showed
the first evidence of the potential involvement of miRNAs on brain pathologies.

The discovery of miRNAs defined a completely new regulatory system. For this reason
these small RNA molecules can help to find some of the hidden etiologic mechanisms for
some diseases. Furthermore the better understanding of the etiology and the pathogenesis of
a disease can create new diagnostic tools and therapeutic targets. Screening the expression
of all miRNAs by cDNA microarray at once, is in our opinion, the first step in the study of
the involvement of miRNAs in one specific pathology. The differential expression between
different groups becomes the main criteria on microarray analysis and it can suggest that
further studies on particular miRNAs that can successfully show a direct involvement in the
etiology and or pathogenesis of that disease. In the meantime the use of microarray
platforms is probably the best way to study the existence of completely new transcribed
genomic elements and to determine their tissue specificity and possible involvement in
different diseases such as cancer (65).

In order to profile miRNA gene expression and to obtain genome wide signatures in diseases
such as cancer, we developed a unique miRNA microarray using a CodeLink platform
(http://www.osuccc.osu.edu/microarray). We will focus on the equipment, supplies, and
protocol that are necessary to develop a microarray platform starting from the oligo design,
through the array fabrication and miRNA target preparation, to the hybridization of the
samples and the signal detection and data analysis (Figure 1).

5. Discussion of the equipment (for list of Instruments, Supplies and
Reagents see Appendix)

The Ohio State University Comprehensive Cancer Center (OSUCCC) miRNA Expression
Bioarrays are transcriptional profiling products designed to monitor the miRNA and other
small non-coding RNA levels of multiple genes. The miRNA Expression Bioarrays utilize
nucleic acid hybridization of a 5′ biotin-labeled complementary cDNA target with DNA
oligonucleotide probes attached to a gel matrix.

The biotin-labeled cDNA targets are prepared by a simple reverse transcription into first
strand cDNA. Total RNA is primed for reverse transcription by a random Octomer
conjugated with two biotins and a 5′ poly (A) tail. This procedure results in an equal copy
number of biotin-cDNA target to the templates of miRNA.
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Storage and Handling Conditions
These procedures involve working with RNA; therefore, care must be taken to avoid any
potential RNase contamination. All solutions must be RNase-free and pipette tips must be
changed before each step. Use commercially prepared nuclease-free H2O (in lieu of H2O
treated with diethylpyrocarbonate) for all nucleic acid steps.

Store the cDNA synthesis kits, except for the hybridization buffer, at −20°C (do not store in
frost-free freezer).

Store the hybridization buffer components as indicated on the tubes or bottles.

The Invitrogen’s Trizol product is recommended for total RNA isolation. No column
procedure should be applied for total RNA isolation or cleaning. miRNA will be lost when a
column is applied to total RNA isolation. Any Trizol contamination in total RNA can kill
the enzyme in the target labeling reaction.

5.1 MiRNA microarray fabrication
5.1.1 Oligo Design: Two 40 mer oligo probes, one for the mature miRNA and the other for
precursor oligo, were designed from the sense strand of both arms of the hairpin structure of
the microRNA precursor sequence collected from the Sanger Database
(http://microrna.sanger.ac.uk/cgi-bin/sequences/browse.pl). The oligo probes were modified
at the 5′ end with Amine-C6 linker and ordered from Integrated DNA technology (IDT)
(Coralville, IA, USA) at 50 or 100 μM stock concentration in H2O.

5.1.2 Oligo Probe library for miRNA array fabrication: The working oligo library should
be in the concentration of 20 μM in 50 mM Sodium Phosphate buffer pH 8.0 with 2 μM of
Sodium-Fluorescein. The oligos were synthesized in a 96 well plate format from the vendor,
and we had to assemble in house four 96 well plates into 384 well microtiter plate format by
Tecan TeMo liquid handler in order to be able to work with the array fabrication system. For
quality control (QC) purpose of chip fabrication, the oligo probes are co-dispensed with
Fluorescein (Sigma F-6377).

5.1.3 MiRNA array fabrication: The Codelink™ activated slides (GE Healthcare, USA,
PN 300011) are loaded onto an Omnigrid 100 slide holder. The 384 well oligo library plates
are loaded sequentially onto a Gene Machine OmniGrid 100 arrayer (Genomic Solution,
Ann Arbor, MI, USA) and the miRNA arrays are printed with a designed printing protocol
(Reference, Omnigrid user manual website).

5.1.4 MiRNA array post-printing processes
5.1.4.1 Quality Control Scanning: The printed array slides were scanned by Axon Scanner
4200 at 488nm excitation length in order to detect fluorescein, and QC image files were
saved.

5.1.4.2 Oligo probe coupling: Under 70% humidity overnight, the dispensed amine-
modified oligo probes on the slides couple with NHS ester group of coated polymer gel
matrix and are covalently immobilized on the surface of Codelink™ activated slides.

5.1.4.3 miRNA array blocking: The NHS ester groups surrounding the spots of oligo probe
dispensed need to be blocked, in a New Brunswick Innova 4080 Shaking incubator, in a
solution of 50°C prewarmed 100mM Bicine (Sigma B-8660) and 100mM Taurine (Sigma
T8691), pH 9.0 at 50°C for 60 mins. Then the blocked slides are rinsed with deionized H2O
and further washed in 50°C pre-warmed 4X SSC/0.1% SDS buffer for 30 mins with 50 rpm
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agitation. The slides were rinsed with H2O and spun dry. The slides were now ready to
hybridize the labeled miRNA cDNA targets and should be stored in a desiccator (Fisher
Catalog# 08-642-23C) until use.

5.2 Sample Preparation
5.2.1 Synthesis of biotin labeled First-Strand cDNA targets
5.2.1.1: Prepare each total RNA sample for manual target preparation:

5 μg Total RNA (optimal concentration should be determined for each source of total
RNA)

2 μ 0.5 ug/μl primer

X μl Nuclease-free H2O to 12 μl final volume

12 μl Total Volume

5 ug total RNA in 10 ul RNAse free H2O.

2 ul oligo primer (5′ biotin-AAA-AAA-AAA-AAA-(T-biotin)-AAA-AAA-AAA-AAA-
NNN-NNN-NN 3′) (0.5ug/ul) (where N stands for random octamer).

5.2.1.2: Incubate 10 minutes in a 70°C water bath then immediately place the tube on ice.

5.2.1.3: Centrifuge for 5 seconds to collect the sample at the bottom of the tube and
immediately place the tube on ice.

5.2.1.4: With the tube remaining on ice, add the following reagents to the 12 μl of total
RNA/control mRNA/primer mix.

4 μl 5X first-strand buffer

2 μl 0.1 M DTT

1 μl 10 mM dNTP mix

1 μl Superscript™ II RNaseH− reverse transcriptase (200 U/μl)

20 μl Final Volume

5.2.1.5: Incubate 90 mins in a 37°C water bath.

5.2.1.6: Centrifuge for 5 seconds to collect the sample at the bottom of the tube.

5.2.1.7: RNA template degradation. After a 90 min incubation for the first strand synthesis,
adding 3.5 ul of 0.5M NaOH/50 mM EDTA into 20 ul reaction mix and incubate at 65°C for
15 min to denature the DNA/RNA hybrids and degrade the RNA template. Then neutralize
the reaction with 5 ul of 1M Tris-HCI, pH 7.6 (Sigma). Each labeled target should be in a
volume of 28.5 ul. The sample preparation is now done and the samples are stored at −80° C
until use.

5.3 miRNA Microarray Hybridization and Data Collection
5.3.1 miRNA Microarray Hybridization
5.3.1.1: Prime all channels of the Tecan HS4800 hybridization stations and load
hybridization chambers to HS 4800.
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5.3.1.2: Load pre-printed miRNA array face-up to the Tecan HS4800 hybridization station.
Close hybridization chambers on HS4800.

5.3.1.3: Run hybridization program for the chip hybridization with labeled cDNA targets:

a. Prime the chip in the hybridization chamber at 23° C with 6X SSPE with 0.05%
Tween 20 for 1 min.

b. Inject 75 ul prehybridization mix of 6X SSPE/2X Dehardt/30% Formamide and
prehybridize the chip at 25° C for 30 mins.

c. Inject the hybridization mix of labeled biotin-cDNA in 6X SSPE/2X Dehardt/30%
Formamide and hybridize at 25° C for 18 hours.

d. Wash in 0.75X TNT buffer at 23° C for 5 min.

e. Wash in 0.75X TNT buffer at 37° C for 10 min.

f. Water rinse on the HS4800 at 23° C for 30 seconds.

g. Unload the chips from the machine for post-hybridization washing.

5.3.2 miRNA Microarray Post-Hybridization
5.3.2.1: Open the hybridization chamber of the HS 4800 and remove the slide chips as
quickly as possible and then place them into a slot of the Bioarray Rack, which was placed
in the large Reagent Reservoir containing 37° C prewarmed 0.75X TNT. Move the slide into
place using the Bioarray Position Tool, tooth-side down. Wash them in 37° C prewarmed
0.75X TNT with agitation in New Brunswick Innova 4080 Shaking incubator at 37° C for
40 mins with 50rpm agitation.

5.3.2.2: Block the chip in TNB blocking buffer (see Appendix) at room temperature for 30
mins.

5.3.2.3: Stain the chips with streptavidAlexa-647 1:500 in TNB buffer at room temperature
for 30 mins.

5.3.2.4: Post-stain wash in 1X TNT at room temperature for 40 mins in total with three
buffer changes.

5.3.2.5: Rinse the chips with distilled water briefly and spin dry them at 1000 rpm for 1 min.

5.3.3 miRNA Microarray Data Collection: Scan the chip by Axon Scanner at a power
setting of Power 100 and PMT 800. The image data may be extracted by GenePix software
and saved as a .gpr file for further data analysis
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6. Appendixes (Solutions, Equipment, and Supplies)

6.1 MiRNA microarray fabrication (refer to points 5.1.1 through 5.1.4 of
Discussion of Equipment)
6.1a Solutions for miRNA array fabrication

6.1.1—100mM Phosphate buffer pH 8.0 (2X): Resuspend 0.69 g of anhydrous monobasic
sodium phosphate (Sigma S-3139) and 25.46 g of dibasic sodium phosphate, heptahydrate
(Sigma S-9390) in 900 ml of distilled H2O and adjust the solution pH to 8.0 by adding
100ul of 10N NaOH. Add more distilled H2O to 1000 ml volume and filter the solution by
0.22 micron filter unit. The 100 mM (2X) phosphate buffer is stored at 4°C until use.

6.1.2—2uM Fluorescein solution: First prepare a 200 μM solution by dissolving 18.845 mg
of Fluorescein (Sigma F-6377) in 250 ml of H2O into as 200 uM solution first. Dilute 5 ml
of 200 uM solution into 495 ml of H2O (2 uM Fluorescein solution).

6.1.3—100 mM Bicine and Taurine array blocking solution: Dissolve 48.9 g of Bicine
(Sigma B-8660) and 37.5 g of Taurine (Sigma T-8691) in 2400 ml of H2O. Adjust the pH to
9.0 by adding ~40 ml of 10N NaOH. Add more H2O to a volume of 3000 ml.

6.1.4—4.04X SSC/0.1% SDS array washing solution: Make 4.04X SSC from 20X SSC
solution (Sigma S-6639) by dilution first. Mix together 2970 ml of 4.04X SSC and 30 ml of
10% SDS.

6.1b Equipment and Materials
• Omnigrid 100 Arrayer: Genomic Solution, Inc. 4355 Varsity Dr. Suite E, Ann

Arbor MI 48108

• Tecan TeMo liquid handler: Tecan TEMO liquid handler, TECAN US Inc.
Research Trangle Park, NC27709

• Axon Scanner 4200: Molecular Device Corp.1311 Orleans Dr. Sunnyvale CA
94089-1136.

• CodeLink Activated Slides: GE Healthcare (Amersham-300011), Piscataway, NJ

• 20X SSC Sigma S6639-1L
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• 5M Sodium Chloride, Sigma S5150-1L

• Bicine, Sigma B8660-1KG

• Taurine, Sigma T8691-100G

• Fluorescein, Sigma F-6377

• Anhydrous monobasic sodium phosphate, Sigma S-3139

• Dibasic sodium phosphate, heptahydrate, Sigma S-9390

6.2 Sample Preparation (refer to point 5.2 of Discussion of Equipment)
6.2.a Reagents

• 0.5 pmol/μl 3′ NNNNNNNN- (dA) 12 T (biotin) (dA) 12-Biotin 5′ Oligonucleotide
primer

• 5X First-strand buffer

• 0.1 M Dithiothreitol (DTT)

• 10 mM dNTP mix

• Superscript™ II RNaseH− reverse transcriptase (200 U/μl) (Invitrogen 18064-014)

• 10mM dNTP mix (Invitrogen 18427-013)

6.2.b Equipment and Materials Supplied by User
• Pipette tips, sterile, RNase-free, and aerosol-resistant

• Microcentrifuge tubes, sterile, RNase-free, 1.7 ml

• Micropipettes (10, 20, 200, 1000 μl)

• Nanodrop UV spectrophotometer

• Microcentrifuge, room temperature and 4°C

• Water bath (settings 70°C, 65°C, 37°C)

• Sterile, Nuclease-Free conical tubes (15 and 50 ml)

• Speed-Vac Concentrator

• Vortex

• Pipet Aid and disposable pipets

6.3 miRNA Microarray Hybridization and Data Collection (refer to point 5.3
of Discussion of Equipment)
6.3.1 miRNA Microarray Hybridization

6.3.1a Required Reagents/Kits Supplied by User
• 0.5% NEN Blocking Reagent (Perkin Elmer No. FP1020)

• Molecular Probes Streptavidin-Alexa Fluor® 647 conjugate (staining solution is a
1:500 dilution in TNB; see Appendix 1) (Molecular Probes No. S-21374)

• Nuclease-free H2O (Ambion No. 9915G)

• 1 X PBS; pH 7.4 (Invitrogen/LTI No. 10010-023)
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• 1M Tris-HCl, pH 7.6 (Sigma No. T-2788)

• 5M NaCl (Sigma No. S-5150)

• Tween®-20 (Sigma No. P-7949)

• Formamide (Sigma)

• 50X Denhardt Solution (Sigma)

6.3.1b Other Equipment and Materials Supplied by User
• Tecan HS 4800 Hybridization Station

• Axon GenePix 4000B scanner

• Computer configured for Axon 4000B Scanner

• New Brunswick Innova™ 4080 shaking incubator

• Sigma/Qiagen Centrifuge (4°–15°C) (Qiagen No. 81010)

• Centrifuge Plate Rotor-2x96 (Qiagen No.81031)

• Pipette tips, sterile, RNase-free, and aerosol-resistant

• Microcentrifuge tubes, sterile, RNase-free, 1.7 ml

• Micropipettes

• Powder-free gloves

• Microcentrifuge

• Microtiter plate lid, Black (Corning, # 3935)

• Bioarray Processors (GE, Healthcare)

• Bioarray Rack (GE No. 600010)

• Small Reagent Reservoir (GE No. 600011)

• Large Reagent Reservoir (GE No. 600013)

• Bioarray Removal Tool (GE No. 600015)

• Bioarray Position Tool (GE No. 600016)

6.3.2 miRNA Microarray Post-Hybridization
6.3.2a Stock Solutions for Post-hybridization array processing
TNT Buffer (20 L)

0.1 M Tris-HCl, pH 7.6

0.15 M NaCl

0.05% Tween-20

Rinse a 25 L Carboy out with 150 ml of isopropanol.

Rinse the Carboy twice with 3 L of deionized H2O and completely drain the carboy.

Add 2 L 1 M Tris-HCl.

Add 600 ml 5 M NaCl.

Add 10 ml Tween-20.

Liu et al. Page 12

Methods. Author manuscript; available in PMC 2012 April 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Add 17.39 L deionized H2O.

Mix well by swirling.

Filter TNT through a 0.2 micron filter

This solution can be stored up to 2 weeks at room temperature.

0.75 X TNT Buffer
Add 25 ml of deionized water to 75 ml of TNT buffer (from above) per 100 ml of
Buffer required.

TNB Buffer (0.5 L)
0.1 M Tris-HCl, pH 7.6

0.15 M NaCl

0.5% NEN Blocking Reagent (Perkin Elmer cat# FP1020)

Add 435 ml nuclease-free H2O.

Add 50 ml of 1 M Tris-HCl, pH 7.6.

Add 15 ml of 5 M NaCl.

Slowly add 2.5 g of NEN Blocking reagent in 0.5 g increments until all 2.5 g of
blocking reagent are dissolved, while warming in a water bath at 60°C

Filter TNB Buffer through a 0.88 micron filter.

Aliquot the TNB buffer to 50 ml tubes and store at −20°C.

This solution can be stored for up to 12 weeks at −20°C. Thaw immediately before use.

6.3.3 miRNA Microarray Data Collection
Ideally, the same raw data should be analyzed by two distinct bioinformatics using two
independent methods of analyses. For a detailed description, see reference Calin GA &
Croce CM, Investigation of MicroRNA Alterations in Leukemias and Lymphomas. Methods
Enzymol. 2007;427:191–213.

7. Safety Precautions
Standard laboratory safety procedures should be followed when using this product. Safety
glasses, a lab coat, and appropriate gloves should be worn at all times when in the
laboratory. Additional care should be taken when using Qiagen Buffer RLT, which contains
chaotropic salts.
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Figure 1. Principles of microarray technology used for microRNAs profiling
A) The microarray based miRNA profiling is presented as described in the majority of
profiling studies on primary tumors, initially developed by Liu et al (Liu et al., 2004). Target
labeling, hybridization, staining and signal detection are the four main technical steps
(presented on the right side). The different replicates of the spots on the glass slide
(presented as different types of gray grids) represent different oligonucleotide sequences
corresponding to sequences from the precursor miRNA or active miRNA molecule. The
main advantage of the microarray based miRNA profiling is the high standardization of the
procedure (allowing the processing of tens of samples in parallel), making it relatively easy
to be performed. Several technical aspects regarding this technology can be found elsewhere
(Liu et al., 2007). Reproduced after Calin GA & Croce CM, Investigation of MicroRNA
Alterations in Leukemias and Lymphomas. Methods Enzymol. 2007;427:191–213.
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