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analysis, and more recently RNA expression analysis using microarray tech-
nology(4-8). Gene expression profiling may be performed using spotted cDNA
microarrays(4,5) or Affymetrix high-densityoligonucleotideGeneChif®
microarrays(6-8), each presenting distinct challenges in sample preparation
and data interpretation for microdissected cellular specimens. In this chapter,
we will review optimized methods for tissue preparation, RNA isolation, and
biotinylated cRNA target synthesis for hybridization to GeneChip microarrays.
Using examples from an ongoing study involving microdissected cell popula-
tions obtained from human breast tumor tissue, guidelines for data interpreta-
tion and technical troubleshooting will be provided.

2. Materials

Cryostat.

Finest/Premium Superfrost slides (Fisher cat. no. 12-544-7).

Disposable cytology slide mailers (Fisher cat. no. 23-034804 ).

100% Ethanol.

Mayeres hematoxylin (Sigma cat. no. MHS-16).

Automation buffer (Biomeda cat. no. M30).

Alcoholic eosin (Sigma cat. no. HT110-1-128).

Mixed xylenes (Sigma cat. no. X2377).

0.5-mL and 1.5-mL nuclease-free microcentrifuge tubes.

RNA isolation reagents, e.g., Micro RNA Isolation system (Stratagene cat. no.
200344) or Picopure RNA isolation system (Arcturus cat. no.KIT0202), or indi-
vidual reagents including:

€ Denaturation buffer (M guanidine isothiocyanate/20Mhsodium citrate/
0.5% sarcosyl).

€ 14.4M 2-Mercaptoethanol.

€ 2M Sodium acetate, pH 4.0.

€ 24:1 chloroform:isoamyl alcohol.

€ Acid phenol, pH 5.3...5.7.

€ Isopropanol.

€ 2 mg/mL glycogen solution (Ambion cat. no. 9510).

11. Nuclease-free (non-DEPC-treated) water (Ambion cat. no. 9930).

12. Bioanalyzer 2100 and RNA 6000 Nano LabChip (Agilent).

13. Programmable thermal cycler or regulated heat block.

14. Linear amplification reagents, e.g., Riboamp OA system (Arcturus cat. no.
KIT0206), or MessageAmp system (Ambion cat. no. 1750), or individual
enzymes and reagents including:

€ HPLC-purified T7%, oligonucleotide 5-GGCCAGTGAATTGTAATACG-
ACTCACTATAGGGAGGCGGT(24)-3.

€ Superscript Il reverse transcriptase (Invitrogen cat. no. 18064-014).

€ 10 mM dNTP solution (Invitrogen cat. no. 18427-013).

SCoLoNoTR~LNE
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€ 100 ¥ DTT.

€ 5X second-strand buffer (Invitrogen cat. no. 10812-014).

€ DNA ligase (Invitrogen cat. no. 18052-019).

€ E. Coli DNA polymerase (Invitrogen cat. no. 18010-025).

€ RNase H (Invitrogen cat. no. 18021-014).

€ T4 DNA polymerase (Invitrogen cat. no. 18005-025).

€ Linear acrylamide (Ambion cat. no. 9520).

€ Random hexamers (Invitrogen cat. no. 48190-011).

€ Megascript T7 reagent system (Ambion cat. no. 1334).

€ RNeasy mini clean-up kit (Qiagen cat. no. 74104).
15. BioArray HighYield biotin transcript labeling system (Affymetrix cat. no. 900182).
16. Affymetrix GeneChip microarray system and GeneChip microarrays.

3. Methods

The following methods describe (1) tissue preparation and staining to opti-
mize RNA retrieval; (2) total RNA extraction, purification, and analysis; (3)
preparation of labeled cRNA targets for Affymetrix GeneChip microarray
analysis; and; (4) interpretation and quality assessment of microarray data.

3.1. Tissue Preparation and Staining

The isolation of high-quality RNA is critical to the success of all expression
profiling experiments. When properly prepared, frozen tissue yields the high-
est quality RNA, although suitable RNA also may be obtained from tissues
properly fixed in ethanol and embedded in low melting point par@jinlhe
protocol in this chapter will focus only on fresh-frozen tissue. Because RNA is
extremely labile in the context of fresh frozen tissue, careful attention to tissue
processing and staining is paramount to the successful isolation of intact RNA.
Tissue microdissection is performed using the PixCell Il Laser Capture Micro-
dissection instrument (Arcturus) and tissue preparation protocols described
below have been optimized for this film transfer system. Use of other micro-
dissection instruments may require alternate tissue preparation methods.

1. Tissues should be properly prepared and frozenNote 1). Mount the frozen
tissue block on the cryostat and cut rough sections until a parallel face is achieved.
The rough cuts of tissue may be saved and used to isolate total RNA as a positive
control for proper tissue collection and preservatiea Note 2).

2. Cut a 6...8m section and transfer it immediately to the center of a chilled,
untreated glass slidBnmediately place the mounted tissue section in a cytology
slide mailer containing 70% ethanol at 43€e(Note 3. The slide should be main-
tained in 70% ethanol for at least 1 min prior to staining or stosag@&pte 4).

3. After cutting a sufficient number of slides for microdissection, cut one additional
slide. This slide should be stained with conventional hematoxylin and eosin and
cover-slipped so that it may be used as a reference sroadmapZ for dissection.
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Table 1
Frozen Tissue Section Staining Protocol
for LCM and RNA Retrieval

Solution Time/exposure
70% ethanol no. 1 60 s
Deionized water 5 dips
Mayeres hematoxylin 10 dips
Deionized water 10 dips
1X automation buffer 10 dips
Deionized water 10 dips
70% ethanol no. 2 60 s
95% ethanol no. 1 60 s
Eosin-Y 15s
95% ethanol no. 2 10 dips
95% ethanol no. 3 10 dips
100% ethanol no. 1 10 dips
100% ethanol no. 2 60 s
100% ethanol no. 3 60 s
Xylene no. 1 10 dips
Xylene no. 2 3 min
Xylene no. 3 3 min

4. Staining solutions may be made in disposable cytology slide mailers, which allow
convenient and small amounts of staining solutions (~30 mL) to be utilized for
staining two to four slides at one time. Change the staining solutions frequently,
as they become depleted. Proper selection of staining reagents is also critical to
the isolation of high-quality RNA from microdissected tissue sectioas (

Note 5). Preparation and use of staining reagents should be conducted under
a fumehood. In particular, xylene is a volatile liver toxin. Depending on labora-
tory space constraints, it may be useful to establish a portable staining hood near
either the cryostat and/or LCM instrumeiné).

5. Sequentially dip slides in the solutions as notefiaible 1. The slide should be
dipped in and out of the solution to allow solutions to completely cover the tissue
section. Do not allow the slide to dry between solutions. After staining, allow
slides to air-dry under a fume hood for 5 min before dissectiegNote 4.

3.2. RNA Isolation and Analysis

RNA purification may be performed using a number of commercially avail-
able reagent systemw¢ Note 6. The RNA purification described in this chap-
ter uses an organic extraction method with commercial reagents (Stratagene
MicroRNA isolation system) followed by assessment via microcapillary gel
electrophoresis.
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3.2.1. RNA Isolation

1.

15.
16.
17.
18.
19.

20.

Prepare lysis buffer by adding 42 of 14.4 M 2-mercaptoethanol (supplied

with kit) to 1 mL of denaturation solution (supplied with kit;» guanidine
isothiocyanate/20 M sodium citrate/0.5% sarcosyl). Mix well.

Tissue microdissection is performed using the PixCell Il LCM instrument (Arc-
turus) and CapSure’ LCM transfer films. When all target cells within the trans-
fer film area have been captured, remove the cap and place it on a 0.5-mL
microcentrifuge tube containing 1QQ of lysis buffer. Invert the tube so that the
lysis buffer covers the cap and incubate at room temperature for at least 10 min to
allow tissue digestion off the cap.

. While tissue captured on the first transfer film is being lysed, place a new film

over an additional area of the section or on a new slide. Repeat laser capture of
the desired cell populations.

Briefly spin the first cap and tube to collect the lysis buffer and lysed tissue.
Remove the first cap and replace it with a new cap of dissected tissue. In this
manner, multiple dissections of the same target cell population may be pooled
into a single volume of lysis buffer.

. After dissecting all areas of interest, scrape the remaining tissue from the slide

into a tube containing 100L of lysis buffer to serve as a positive control for
RNA isolation gee Note 2).

Transfer the tissue lysate from the 0.5-mL tube to a 1.5-mL tube. Autldo®
nuclease-free watesde Note 7) and 10pL of 2 M sodium acetate (pH 4.0).
Vortex briefly.

Add 100puL of water-saturated acid phenol and vortex briefly.

Add 20pL of chloroform:isoamyl alcohol (24:1) and vortex vigorously for 1 min.
Place on wet ice for 15 min.

Centrifuge at 12,0@0for 5 min at room temperature to separate the aqueous and
organic phasesde Note 7).

. Transfer the upper aqueous layer (~fiDPpto a new 1.5-mL tube.

. Add 2pL of glycogen (2Qug) as a carrier and mix well.

. Add 100uL of cold isopropanol and mix well.

. Place in a ...20°C freezer for at least 30 min. Samples may be stored indefinitely

in isopropanol.

Centrifuge at 16,000...20,9@0r 30 min at 4°C to precipitate RNA.

Carefully wash RNA pellet with 4Q@ of chilled 70% ethanol.

Centrifuge at 16,000...20,900r 5 min at 4°C.

Remove as much supernatant as possible without disturbing the pellet.

Allow the pellet to air-dry for 5...10 min. Be certain that no ethanol is remaining
in the tube (although a small amount of water may be present). Do not allow the
pellet to overdry as the precipitated RNA pellet may become difficult to resus-
pend in water.

Resuspend the RNA pellet in 1D of nuclease-free water. Do not resuspend the
pellet in DEPC-treated water, Tris-EDTA, or RNA stabilization buffers, as these
may inhibit downstream enzymatic reactions. Store the RNA at ...80°C.
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21. Note that treatment with DNase is not necessary for subsequent GeneChip
microarray analysis and, in fact, may result in significant degradation or total
loss of RNA.

3.2.2. Assessment of Total RNA Quality

Generation of high-quality gene expression microarray data is dependent on
high-quality input RNA. Therefore, whenever possible, RNA isolated from
microdissected tissue should be directly assessed by UV spectroscopy and/or
electrophoresis. In this chapter, we demonstrate qualitative RNA analysis using
the Agilent 2100 Bioanalyzer system with RNA Nano Chip microcapillary gel
electrophoresis. However, a number of alternative assessments of RNA quality
are availablesge Note §.

1. Mix 1L of isolated RNA (at least 10 ng) andull of nuclease-free water. Heat
the sample and load (1L onto the RNA 6000 Nano Chip as directed by the
manufacturer.

2. Table 2summarizes representative yields of RNA obtained from LCM. Depend-
ing on the tissue and cell type dissected, 1000 laser pulses witjira B&@am
should yield 20...60 ng of total RNA. Estimation of RNA yield by electrophoresis
and ribosomal band intensities may be as much as twofold discrepant with calcu-
lated yields based on other methods (Note 8.

3. Figure 1 demonstrates representative Nano Chip traces from isolated RNA. Ide-
ally, the intensity ratio of 28S to 18S ribosomal RNA bands should be 2.0. This is
seldom the case. Ribosomal 28S:18S band ratios may be as low as 1.0, and RNA
may still yield satisfactory microarray datBaple 2). Of greater importance is
the presence or absence of a low molecular weight esmearZ below the 18S band.
The presence of such a smear suggests severe RNA degradation. Also, the com-
plete absence of a 28S ribosomal bakid).(1C,D) is indicative of degraded
RNA that will not perform well for microarray analysis.

4. If too few cells have been captured to analyze the microdissected RNA directly,
RNA isolated from the remaining dissected tissue sectiaiNote 2 should be
assessed as described abddig.(1E,P).

5. While this method is a convenient and sensitive approach to quantify and qualita-
tively assess RNA, it can not provide data regarding RNA purity. If a sufficient
quantity of RNA has been isolated, a UV spectrophotometer (e.g., NanoDrop
ND-1000 spectrometer, NanoDrop Technologies) may be used to measure the
absorbance ratio at 260 nm vs 280 nm. When suspended in nuclease-free water,
RNA samples with a 260/280 ratio of less than 1.6 are likely contaminated with
trace organics or protein, even if their electrophoresis profile appears acceptable.
This is particularly problematic when RNA is isolated by organic extraction rather
than spin-column-based-protocols. Trace organics or protein contaminants can
inhibit downstream enzyme reactions. Therefore, if measured 260/280 ratios are
significantly lower than 1.6, RNA should be reprecipitated with ammonium
acetate and ethanol.
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Table 2

Representative Yield and Quality of Cellular RNA Isolated From LCM,
Resulting Yield of Biotin-Labeled cRNA Synthesized From 20 ng of Each Total
Cellular RNA, and Corresponding Quality of Genechip® Microarray Data
Derived From Each cRNA Hybridization

#Shots  RNAyield (ng)  28S/18S  cRNA yieldi) SF %P

1097 45 1 20 5.9 27
1100 40 0.2 18 5.7 23
1428 55 1.2 20 3.3 36
1500 110 0.8 24 2.3 36
1552 120 1 23 2.3 36
1700 30 0.7 18 12.5 14
1700 70 0.9 18 2.4 31
2357 40 0.8 18 2.8 38
2454 74 0.3 18 13.3 15
2500 130 1.3 18 2.2 33
2750 140 1 30 3.3 34
2800 190 1.2 20 7.0 27
3000 180 11 40 2.7 31
3100 130 1.2 40 1.3 38
3245 190 1.6 18 3.1 35
3245 190 1.6 18 21.5 19
3300 100 1.3 40 1.6 39
3400 110 0.9 24 2.4 34
3467 40 1.2 40 7.2 17
3700 150 15 40 2.1 33
4212 100 0.9 18 6.9 29
4323 130 0.9 21 6.9 24
5425 220 1 30 4.3 30

RNA samples irbold are also presented kig. 1. The number of 3@ laser shots performed

for each dissection is indicated; 28S/18S, ratio of ribosomal RNA band intensities determined by
Agilent RNA 6000 Nano Chip; SF, scale factor calculated by Affymetrix Microarray Analysis
Suite (MAS) 5.0 software setting target intensity scaling at 150; %P, percentage of transcripts
called detected (P) by the MAS5.0 software. All targets were hybridized to Affymetrix U95A
human GeneChip microarrays, representing approx 12,600 gene transcripts.

3.3. Preparation of Labeled Targets for GeneChip Microarray Analysis

Starting with 10...100 ng of total RNs&4 Note 9, transcript amplification
and biotinylated cRNA target preparation involves two successive rounds of
cDNA synthesis and in vitro transcription. This is in contrast to a single round
of cDNA synthesis and in vitro transcription that is routinely utilized for pre-
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10. Wash the pellet thoroughly with 70% ethanol. Spin at 1@,8805 min. Care-
fully pour off the 70% ethanol without displacing the pellet, although a pellet
may not always be visible. Wash the pellet again, spin, and pour off the second
wash. Carefully aspirate any remaining ethanol with a pipet, again being careful
not to displace any visible pellet.

11. Allow the cDNA pellet to dry and dissolve it iru8 of nuclease free watesde
Note 12.

3.3.2. In Vitro Transcription and Purification (Round 1)

1. To synthesize complementary RNA (cRNA) from the double stranded cDNA
template, the Ambion Megascript in vitro transcription kit (T7 enzyme) is
utilized. Following the recommended reaction conditions, add reaction compo-
nents as follows:

8uL cDNA from step 1labove.

2uL 10X reaction buffer.

2uL ATP solution.

2uL CTP solution.

2uL GTP solution.

2uL UTP solution.

2uL T7 enzyme Mix.

Add the reaction components to the 1.5-mL tube containing the cDNA from

step 1labove. Mix thoroughly and then transfer the entire reaction to a 0.5-mL

tube. Incubate at 37°C for 6 h. Gently mix the reaction by hand every hour and
centrifuge briefly to collect reaction tube condensate. After in vitro transcription,

the reaction may be frozen at ...70°C until purification.

2. cRNA is purified using Qiagenes RNeasy or Arcturuse PicoPure RNA purification
columns. For Qiagen RNeasy columns, the manufactureres recommended proto-
col is utilized. The cRNA is then eluted twice, withid0of nuclease-free water.

3. Add 1pL of 20 pg/uL glycogen, 0.5 vol (4QuL) of 7.5M ammonium acetate,

and 2.5 vol (20QuL) of 100% ethanol to the eluted 0 of cRNA. Mix thor-

oughly and spin immediately.

Centrifuge at 16,0@0for 30 min.

. Wash the pellet, which may not be visible, thoroughly with 70% etha#aol (

Note 17).

6. Allow the cRNA pellet to dry and resuspend ingl1of nuclease-free wateséde
Note 12.

7. Depending on the initial amount of starting materiajiL1of the synthesized
cRNA may be quantified by UV absorbanger(Note 8 or qualitatively assessed
by microcapillary gel electrophoresis¢ Fig. 2).

3.3.3. cDNA Synthesis and Purification (Round 2)

1. Add the following components in a 0.5-mL reaction tube:
€ 11pL cRNA in nuclease-free water.
€ 1pL 1 pg/ L random hexamers.
Mix the reagents, incubate at 70°C for 10 min, spin briefly, and place on ice.

ah dh dh b dh dh dh

o
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Fig. 2. Electrophoresis analysis of amplified cRNA. One microliter of cRNA was
analyzed on an RNA 6000 Nano Chip after one round (Lanes 2a,b) and two rounds
(Lanes 3a,b) of amplification. The cRNA was synthesized starting with 10 ng of total
RNA. For comparison, fiL of cRNA synthesized from 1fag of total RNA and one
round of amplification (the standard Affymetrix target synthesis protocol) is also dis-
played (Lanes 1a,b). Note that starting with 10 ng of RNA, no cRNA is detectable
after a single round of amplification. The size distribution of final amplified product is
similar using standard target synthesis (1a,b) and the protocol in this chapter (3a,b).
Alternative methods for generating cRN#{ ref. 13) will result in shorter amplified
target.

2. Add the following components to the reaction:
€ 4pL 5X Superscript Il reaction buffer.
€ 2uL 0.1 M DTT.
€ 1pL 10 mM dNTP mix.
Mix reagents and incubate at 42°C for 2 min. Then gad Superscript Il reverse
transcriptase (100 WL). Incubate the final2QiL reaction at 42°C for 1 h.

3. Briefly spin reactions and place on ice.

4. Add 1pL (2 U/uL) RNase H to the reaction and incubate for 20 min at 37°C.
Terminate the reaction by heating it to 95°C for 5 min, followed by a brief spin
and incubation on ice.

5. To prime second-strand synthesis addL1(100 uM) T7T,, oligonucleotide
primer to the reaction and heat at 70°C for 10 min. Briefly spin the reaction and
hold on ice.

6. Add the following second strand synthesis reaction reagents:

€ 91uL Nuclease-free water.
€ 30uL 5X second-strand reaction buffer.
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€ 3uL 10 mM dNTP.

€ 4uL 10 U/ L E. coli DNA polymerase.

Incubate the 15@Qd reaction at 16°C for 2 h.

Add 2uL (10 U/pL) T4 DNA polymerase and incubate for 10 min at 16°C.

8. Add 10pL 0.5M EDTA to terminate the reaction. The double-stranded cDNA
may be stored at ...20°C until purification.

9. The cDNA is purified exactly as describedSnobheading 3.3.1.steps 7...11
except that purified cDNA should be resuspended iuRaf nuclease-free
water in preparation for biotin-abeled in vitro transcription.

~

3.3.4. Biotin-Labeled In Vitro Transcription and Purification (Round 2)

1. The Enzo BioArray’ HighYield’ in vitro transcription kit is used to generate
biotin-labeled cRNA for hybridization to Affymetrix GeneChip microarrays. The
recommended protocol is utilized by mixing the following reaction components:
€ 22uL cDNA template.

€ 4pL 10X HY reaction buffer.

€ 4uL 10X Biotin label ribonucleotides.

€ 4pL 10X DTT.

€ 4pL 10X RNase inhibitor mix.

€ 2uL 20X T7 RNA polymerase.

Add the reaction components to the 1.5-mL tube containing the cDNA from

step 9above. Mix thoroughly and then transfer the entire reaction to a 0.5-mL

tube. The reaction is carried out for 6 h at 37°C, mixing the reaction components

every hour and spinning briefly to collect the reaction condensate.

After 6 h, the reaction may be frozen at ...70°C until purification.

3. The biotin labeled cRNA is purified using Qiagenes RNeasy or Arcturuse
PicoPure RNA purification columns. For Qiagen RNeasy columns, the manu-
factureres recommended protocol is utilized. The cRNA is eluted withl_4df
nuclease-free water and the eluate is passed over the column a second time to
increase the yield.

4. Quantify 1uL of the purified, labeled cRNA by UV absorbancee(Note 8).
Table 2 provides representative data of CRNA yields, starting with 20 ng of total
RNA from microdissected human breast epithelium. Using this protocol, approx
20ug of biotin-labeled cRNA should be generated for every 10 ng of input RNA.
This corresponds to approx 40,000-fold amplification. Significantly lower yields
than this suggest amplification failuree Note 13. The cRNA may also be
qualitatively assessed by gel electrophoresis Fig. 2). The amplified cRNA
should have a similar molecular weight distribution compared to the standard
Affymetrix cRNA synthesis protocol starting withuiy of RNA. A very low- or
very high-molecular-weight cRNA distribution suggests anomalous amplifica-
tion and will generally result in poor hybridization signal if applied to the
microarray.

5. Fragment 2Qug of the labeled cRNA using the standard protocol supplied by
Affymetrix.

N
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3.4. Target Hybridization and Data Quality Assessment

In this final section, we describe the critical parameters used in assessing the
technical success and data quality of GeneChip microarray data generated from
microdissected tissue specimens.

1. 15ug of fragmented, biotin-labeled cRNA is prepared in a @D0wbridization
cocktail following the standard Affymetrix GeneChip protocol.

2. Forinitial experiments, the cocktail should be hybridized to a test array to assess
the target quality before hybridization to larger, whole-genome arrays. Once the
investigator is comfortable with the relationship between cRNA yield and data
quality, hybridization to a test array may be omitted.

3. Following standard hybridization and washing of the test array, the array image
should be processed using Affymetrix Microarray Analysis Suite 5.0 (MAS5.0).
The following parameters may then be assessed:

a. GAPDH 3/ GAPDH 5' probe set signal ratios: Traditionally, the ratio of sig-
nal intensities from control probe pair sets directed to the 3' and 5' ends of the
glyceraldehyde phosphate dehydrogenase (GAPDH) transcript (human,
mouse, or rat) is a measure of full-length reverse transcription and in vitro
transcription. Using the standard Affymetrix protocol andy=of total RNA,
the signal ratio of the 3":5' probe sets is usually 1...3:1. The additional round of
amplification utilized in this protocol will often result in 3':5' GAPDH probe
set signal ratios as high as 5...10:1. A modest increase in the GAPDH ratio is
not an indicator of failed target synthesis. The 3'.5' signal ratio of actin con-
trol probe pair sets (e.g., AFFX-HSACO07) may be even higher (20:1), even
from targets that yield good hybridization data.

b. Detection p-values: Depending on the species origin of the tissue (human,
mouse, rat), the detectignvalues for several other endogenous transcripts
represented on the Test3 GeneChip microarray should be examined. The
detectiorp-values for abundant shousekeepingZ transcripts such as GAPDH
and actin should be much less than 0.05. Less abundant transcripts such as
human and murine transferrin receptors, mouse pyruvate carboxylase, human
STATL, and rat hexokinase should also have signifigart@.05) detection
calls. Detection of only ribosomal RNAs suggests target synthesis failure.
Detection of only high abundant transcripts (e.g., actin and/or GAPDH) sug-
gests suboptimal target synthesis.

4. If the quality of the test array hybridization is deemed acceptable, the hybridiza-
tion cocktail should be hybridized to the genome array of the appropriate species.
After hybridization and washing using standard protocols, analyze the microarray
images with MAS5.0 software and examine the following parameters to assess
the technical success of the experiment:

a. Percentage of genes scored. Depending on the tissue of origin and the
microarray utilized, the percentage of genes scored detected (P) may range
from 25 to 40% {ee Table 2). This is slightly lower than that obtained using
five micrograms of starting RNA and the standard Affymetrix synthesis pro-
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tocol. Arrays with fewer than 25% of genes scored P are usually the result of
poor target synthesisde Note 13, although valid data have been obtained
even when as few as 5% of all transcripts are scored as detected. The most
reliable (accurate) results will be obtained when microarrays with similar %P
scores are compared.

b. Scaling factor: The scaling factor for each microarray will depend on the tar-
get intensity value chosen in the Microarray Analysis Suite software. Gener-
ally, the scaling factor is inversely related to the percentage of genes scored P.
Scaling factors for amplified targets may be three to five times higher than
targets made using the standard synthesis protaeol &ble 2). When com-
paring microarray data, it is more important that the scaling factors for all
arrays be comparable.

C. Replicate data: When independent dissections of the same cell population are
performed, RNA independently purified, and cRNA targets independently
prepared, only 4...5% of all transcripts represented on the array demonstrate
greater than a twofold change in signal intendtig(3C). When the same
RNA is amplified in duplicate, less than 1% of represented transcripts dem-
onstrate a greater than twofold chang#.(13; Fig. 3B). To produce lowest
variability between samples, all target amplifications for a given experiment
should be performed in parallel and data from unamplified and amplified
samples should not be directly compareu)( 3D).

4. Notes

1. Proper preservation of the tissue specimen to be dissected is the most critical
factor in obtaining high-quality RNA for amplification. Modest delays associ-
ated with obtaining and freezing human tissue specimens does not qualitatively
affect the isolation of total cellular RNA0). However, if the tissue is already
frozen, avoid thawing the tissue during the embedding process. Tissue can also
be processed by precipitating fixatives such as ethanol, methanol/acetic acid, and
acetone followed by paraffin wax embedditid,15). Although these strategies
preserve the histology, RNA degradation is significantly greater when compared
to snap-frozen material0).

2. Positive controls can be generated throughout the procedure. First, cut one single
frozen tissue section and immediately lyse the tissue in the appropriate RNA
extraction buffer. RNA isolated from this specimen will serve as a positive con-
trol for tissue preservation and RNA isolation techniques. Second, after complet-
ing tissue dissection, scrape the remainder of the stained tissue off the slide and
into 100puL of RNA extraction buffer. RNA isolated from this specimen will
serve as a positive control for tissue staining, dehydration, and RNA stability
during the time of dissection.

3. Mounting of sections to slides is critical for efficient LCM transfer. The section
must be placed completely flat on the slide without folds or wrinkles. The slide
must then be immediately immersed in 70% ethanol fixative. Delays in placing
the slide in the fixative (e.g., when trying to mount more than one section per
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slide) will result in air-drying, which both adversely affects histological detail
and prevents efficient transfer from the slide to the LCM transfer film.

4. Slides may be stored in 70% ethanol for several hours at 4°C without affecting
histology, tissue transfer, or RNA quality. For optimal results, however, cutting,
staining, and dissecting should be performed all within a single day. After stain-
ing and dehydration, it is critical that slides remain dry. Rehydration in ambient
laboratory humidity will reactivate tissue RNases and prevent efficient transfer
of tissue from the slide to the transfer film. If more than a single slide is stained at
one time, each slide should be held in a vacuum desiccator until ready for dissec-
tion. Do not store stained, desiccated slides in a vacuum desiccator for more than
4...6 h, as significant RNA degradatiersitu will begin to occur. Although
storage of frozen section slides at ...80°C is common practice in some laborato-
ries, prolonged storage may result in desiccation or ice crystal formation, which
destroys histological detail and impedes tissue transfer from the slide to the
LCM film.

5. RNA recovery is very sensitive to the histological stains ¢&&d Traditional
Harrise hematoxylin and bluing reagent causes severe chemical degradation of
RNA. This protocol uses Mayeres formulation of hematoxylin and an alternative
developing reagent that results in much better preservation of cellulay RINA
although the histological detail achieved is not as good. Staining with methyl
green, eosin-Y, toluidine blue, and Nissl stdi6) have also yielded high-quality
RNA from microdissected tissues.

6. To avoid the use of organic extraction, several espin-columnZ-based microRNA
isolation kits are commercially available. The Arcturus PicoPure RNA isolation

Fig. 3. ppposite page) Scatter plots demonstrating GeneChip microarray data
reproducibility. Each point on the plot corresponds to one of approx 12,600 transcripts
represented on the Affymetrix U95A microarray. Expression level of each transcript
is plotted on a logarithmic scale. Dark points represent transcripts scored as «detectedZ
(P) on one or both microarrays; gray points represent transcripts scored as enot
detectedZ (A) in both samples. Diagonal lines represent the limits of twofold change in
expression between the two samp(#3.Expression values from two duplicate cRNA
target preparations, starting with 1§ of total RNA and using a single round of tran-
script amplification (standard Affymetrix protocolB) Expression values from two
duplicate cRNA target preparations, starting with 10 ng of the same total RNA as in
(A) and using two rounds of amplification as described in this chg@eExpression
values from the same target population of nonmalignant breast epithelial cells, iso-
lated from two independent microdissections of serial tissue sections. RNAs from each
LCM sample were independently isolated and 20 ng of each RNA was used in two
rounds of amplification as described in this chapte); Expression values of target
generated from 1Qg of RNA and the standard Affymetrix protocetgxis) vs target
generated from 10 ng of the same RNA and two rounds of amplification as described
in this chaptery-axis).
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be initially utilized with all experimental samples for target amplification and
GeneChip test array analysis. Successful amplification of the control RNA,
but only a few or none of the experimental RNAs suggests problems with
RNA isolation. Qualitatively reassess the RNA by any of the methods
discussed irBubheading 3.2.2If sufficient RNA is not available, assess
the RNA isolated from the remainiriggsue section after performing LCM
(see Note 2.

b. Neither control nor experimental samples work: The most common reagent
failure resulting in failed target syntheses of control and experimental samples
is the T7T, oligonucleotide primer. Any degradation of the promoter primer
can destroy the T7 RNA polymerase site and result in cDNA templates with
nonfunctional transcription promoters. The primer should be HPLC- or gel-
purified to ensure that only full-length primer is used. Fresh primer should be
utilized and primer stocks should be aliquoted to avoid repeated freeze-thaw
cycles. The second most common source of systematic error is carryover of
ammonium acetate salts from precipitation into subsequent enzyme reactions.
Be certain to centrifuge samples at room temperature and perform thorough
washings with 70% ethanol prior to drying the nucleic acid pellets. Con-
versely, because pelleted nucleic acid is often invisible, extra care should be
exercised to avoid washing away pellets.

C. RNA from LCM tissue is degraded or undetectable: RNA isolated from tissue
remaining after LCM should be evaluated as a positive control. If the quality
of this RNA is acceptable, this suggests that an insufficient amount of tissue
was dissected or that RNA was lost or degraded during the isolation process.

d. RNA from control tissue section is degraded: If RNA isolated from tissue
remaining after LCM is degraded, consider that the tissue was not properly
preserved, the staining procedure was not performed correctly, or RNA isola-
tion was not performed correctly. Cut a single fresh-frozen section from the
tissue block and place it immediately into lysis buffer. If the resulting RNA is
also degraded, this suggests a problem with tissue preservation or RNA isola-
tion procedure. Consider using freshly isolated tissue or performing a control
RNA isolation using tissue culture cells. If RNA from the tissue block is of
high quality, but post-LCM tissue RNA is degraded, the staining protocol
should be reevaluated. Make certain that compatible stains are used. Do not
allow slides to stand more than 1...3 h after staining and dehydration.
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