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Introduction 
It is now possible to obtain clinically useful 
gene expression profiles of formalin-fixed 

and paraffin-embedded (FFPE) tumor tis-
sues using a range of microarray platforms, 
including custom-made two-color spot-
ted arrays and commercial platforms from 
Illumina (San Diego, CA, USA) (1,2), 

Affymetrix (Santa Clara, CA, USA) (3,4), 
and Agilent Technologies (Santa Clara, 
CA, USA) (5). FFPE is the worldwide stan-
dard tissue preservation method; however, 
the fixation process—as well as time in 
storage—compromises RNA extraction 
potential and quality and its consequent 
utility for molecular biology applications 
such as microarray gene expression profil-
ing (6,7).

The development of FFPE microarray 
protocols, therefore, represents a long-
awaited opportunity to access vast FFPE 
archives with well-annotated clinical data 
for the molecular study of human cancers, 
especially rare tumors where a lack of fresh-
frozen tissue has prevented microarray 
studies using standard protocols.

While the success of recently developed 
FFPE protocols has been met with enthu-
siasm from the scientific community, 
several limitations need to be overcome 
in order for  this approach to reach its full 
potential. To maximally exploit existing 
FFPE supplies, protocols must be suitable 
for routinely processed archival FFPE 
tissues, where widely varying processing and 
storage conditions can significantly affect 
RNA degradation and chemical modifi-
cation rates (8,9) and, in turn, priming for 
cDNA synthesis and array performance. 
The custom-developed Arcturus Paradise 
system (Molecular Devices, Sunnyvale, 
CA, USA) for FFPE and Agilent 3′-based 
custom arrays, for example, was useful for 
interrogating FFPE tissues prepared under 
optimal conditions [even after several years 
in storage (5)], but unsuccessful in up to 
76% of routinely processed samples (10). 
One reason may be the use of relatively 
long 60-mer target probes, as experience 
with RT-PCR suggests that shorter 
probe sets are better at detecting exten-
sively degraded RNAs typical of routinely 
processed FFPE (11). It is therefore likely 
that shorter microarray probes such as the 
25-mer lengths employed in Affymetrix 
GeneChips will prove to be better for 
degraded RNAs (7). Furthermore, most 
custom arrays for FFPE templates have 
historically featured a preferential 3′-biased 
probe set design to accommodate degraded 
RNA and the standard use of oligo(dT) 
priming methods. However, even with 
short probe sets, the rationale for using 
oligo(dT)-only approaches has recently 
been questioned (3) since (i) this method 
will not label non-polyA–tailed fragments 
and (ii) adenine residues have higher rates 
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Microarray gene expression profiling of formalin-fixed paraffin-embedded 
(FFPE) tissues is a new and evolving technique. This report compares tran-
script detection rates on Affymetrix U133 Plus 2.0 and Human Exon 1.0 
ST GeneChips across several RNA extraction and target labeling protocols, 
using routinely collected archival FFPE samples. All RNA extraction proto-
cols tested (Ambion-Optimum, Ambion-RecoverAll, and Qiagen-RNeasy 
FFPE) provided extracts suitable for microarray hybridization. Compared 
with Affymetrix One-Cycle labeled extracts, NuGEN system protocols utiliz-
ing oligo(dT) and random hexamer primers, and cDNA target preparations 
instead of cRNA, achieved percent present rates up to 55% on Plus 2.0 arrays. 
Based on two paired-sample analyses, at 90% specificity this equalled an aver-
age 30 percentage-point increase (from 50% to 80%) in FFPE transcript sen-
sitivity relative to fresh frozen tissues, which we have assumed to have 100% 
sensitivity and specificity. The high content of Exon arrays, with multiple 
probe sets per exon, improved FFPE sensitivity to 92% at 96% specificity, cor-
responding to an absolute increase of ~600 genes over Plus 2.0 arrays. While 
larger series are needed to confirm high correspondence between fresh-frozen 
and FFPE expression patterns, these data suggest that both Plus 2.0 and Exon 
arrays are suitable platforms for FFPE microarray expression analyses.
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of formalin modification than other bases 
(12). Indeed, gene detection from FFPE has 
been found to be significantly better when 
random hexamer priming is used (13,14).

In this study, we examined routinely 
processed archival FFPE and the impact 

of different RNA extraction and labeling 
protocols on final microarray data—using 
Affymetrix HG U133 Plus 2.0, X3P, and 
Exon 1.0 ST GeneChips—in order to 
identify optimal methods for interrogating 
archival fixed tissues.

Materials and methods
Sections of soft tissue sarcoma (STS) 
(including six leiomyosarcomas, three 
liposarcomas, three synovial sarcomas, 
and one unspecified pleomorphic spindle 
tumor) were cut from 1–8 year-old 
routine diagnostic FFPE tissue blocks 
and processed for RNA extraction as 
previously described (3). The number of 
tissue sections required depended on the 
labeling protocol and tissue cellularity; 
generally 10–12 sections each containing 
up to 1 cm2 tissue were required to yield 
sufficient RNA for One-Cycle non-ampli-
fication reactions, while 2–3 sections  
were needed for labeling reactions incor-
porating an amplification step. In two 
sarcoma cases, paired unfixed (fresh-
frozen) tissues were taken from the same 
biopsy sent for routine FFPE processing, 
processed as previously described (3) and 
used as gold standards for measurement of 
FFPE array performance (sensitivity and 
specificity of gene detection).

We previously extracted RNA from 
STS using an in-house modification of 
the Optimum FFPE RNA Isolation Kit 
(Ambion Diagnostics, Austin, TX, USA) 
(3), which is no longer on the market. In 
this study, we re-extracted RNA from the 
same samples using the RNeasy FFPE Kit 
(Qiagen, Hilden, Germany), having previ-
ously obtained more consistent extract 
results with the latter kit than the Recov-
erAll Total Nucleic Acid Isolation Kit for 
FFPE (Ambion Diagnostics) (testing was 
carried out on cervical carcinoma sections; 
data not shown). RNA extracts were 
DNase-treated and technical replicates 
were labeled using Affymetrix protocols 
(One-Cycle, Two-Cycle, and Whole 
Transcript for Exon arrays) and NuGEN 
WT-Ovation systems (Pico, FFPE v2) for 
Plus 2.0 arrays and FFPE v2 for Exon arrays 
coupled with NuGEN FL-Ovation cDNA 
Biotin Module V2 (San Carlos, CA, USA). 
Samples were in turn hybridized to three 
Affymetrix microarray platforms for 
performance comparison: Human Genome 
U133 Plus 2.0, X3P, and Human Exon 1.0 
ST (all from Affymetrix). Manufacturer’s 
instructions were followed throughout 
and full details of extraction, labeling and 
hybridization protocols, and raw array data 
(.cel files) are available at http://bioinfor-
matics.picr.man.ac.uk/vice.

Total RNA yield and purity was 
estimated by UV spectroscopy (Nanodrop 
ND-1000 Spectrophotometer; Nanodrop 
Technologies, Wilmington, DE, USA) and 
RNA quality was assessed on an Agilent 
2100 Bioanalyzer.

Normalization and analysis of Plus 
2.0 .cel files were performed using the 
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Figure 1. Improvements in transcript detection according to RNA extraction method, labeling protocol 
and microarray type. (A) Comparison of percentage present rates on Plus 2.0 arrays for two RNA 
extraction protocols (both NuGEN FFPE–labeled). In-house modified Ambion Optimum results were 
superior to Qiagen RNeasy (45 ± 9.4% versus 39 ± 10.4%, P = 0.01). (B) Comparison of percentage 
present rates on Plus 2.0 arrays for two target labeling protocols (both using modified-Optimum–
extracted RNAs). NuGEN WT-Ovation FFPE labeling and amplification was superior to Affymetrix 
One-Cycle labeling (43 ± 8.8% versus 24 ± 5.7%, P = 0.00). (C) Comparison of percentage pres-
ent rates on Exon arrays for two target labeling protocols. NuGEN FFPE Exon (Qiagen RNeasy 
extracts) was superior to Affymetrix WT Exon (modified–Optimum extracts) (39 ± 3.5% versus 
25 ± 11.9%, P = 0.01). (D-F) Venn diagrams showing gene-level detection from paired formalin-
fixed paraffin-embedded (FFPE) and fresh-frozen tissue samples (numbers shown are the average 
from two paired-sample comparisons; P = present, A = absent). A 30% improvement in sensitivity 
[sensitivity = true positive ÷ (true positive + false negative)] is effected by using a combination of ran-
dom and oligo(dT) primers to label modified-Optimum extracts, thus an average 81% of transcripts 
detectable in fresh-frozen tissues  are also detected in FFPE. Average sensitivity and specificity for 
the same samples extracted with Qiagen RNeasy were 75% and 92%, respectively (data not shown). 
Exon array interrogation effects an average improvement in sensitivity to 92.5% in Qiagen RNeasy 
extracts labeled using the NuGEN FFPE Exon protocol (the same experiment was not performed on 
modified-Optimum extracts). Specificity [specificity = true negative ÷ (true negative + false positive) 
is satisfactory with all approaches; the false positive rate is only 5% with Exon arrays.
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simpleaffy package in BioConductor 
(15), and mapping of probe sets was based 
on Affymetrix annotation downloaded 
from NetAffx (16). Exon array normal-
ization and Detection Above Background 
(DABG) P-value calculations were carried 
out using Affymetrix Power Tools. XMap 
and Exonmap running Ensembl version 
47_36i were used for annotation and 
mapping of exon probe sets, respectively 
(17–19).

Results and discussion
The purpose of this study was to compare 
a range of commercially available RNA 
extraction, labeling and Affymetrix 
microarray platforms to identify optimal 
combinations for gene expression profiling 
of routinely prepared archival FFPE 
tissues.

The performance of RNeasy FFPE and 
RecoverAll kits was similar; yields of 2–23 μg 
were obtained from two 8-μm sections 
of cervical carcinoma with 260/280  nm 
absorption ratios of 1.8–2.0. We compared 
12 RNeasy FFPE STS extracts with paired 

extracts from the same samples prepared 
using an in-house modified Optimum FFPE 
protocol, where tissues were incubated for 
longer periods in higher concentrations of 
proteinase K and at higher temperatures. 
Average RNA integrity numbers were low 
regardless of extraction method (Optimum, 
2.4 ± 0.42; RNeasy, 2.3 ± 0.13; P = 0.39). 

UV absorbance ratios were also similar 
for both methods: 260/280 Optimum 
2.0 ± 0.05, RNeasy 1.9 ± 0.09; 260/230 
Optimum 1.6 ± 0.57, RNeasy 2.0 ± 0.25) 
(see  Supplementary Materials for  QC 
results and Agilent Bioanalyzer plots, and 
refer to our online protocols for FFPE 
preparation for RNA extraction and the 

Table 1. Comparison of Percent Present Results According to RNA Extraction, Array Type and Labeling Protocol

RNA extraction (sample) TRIzol (fresh-frozen) Ambion Optimum (FFPE) Qiagen RNeasy (FFPE)

Array Plus 2.0 Exon Plus 2.0 X-3P Exon Plus 2.0 Exon

Labeling protocol
One-
Cycle

NuGEN 
FFPE

Affy WT 
Exon

NuGEN 
FFPE Exon

One-
Cycle

Two- 
Cycle

NuGEN 
Pico

NuGEN 
FFPE

One-
Cycle

Affy WT 
Exon

NuGEN
FFPE

NuGEN 
FFPE Exon

Sample  
(name in MIAME VICEa)            

KL1 (RD3)    22.2 24  32.5  11.0 33.3 34.3

KL2 (FL4)    22.1 13.2  42.3 24.3  37.9 22.1

KL4 (FL9)    27.1 30.6  52.2   40.3 40.7

KL5 (RD+L11)    27.3  32.9      

KL9 (RD21)    27.6 35.5 37.9   19.7 42.6 37.9

KL14 (p29)    20.9  29.4 37.3     

KL16 (FL33)    32.3 33.8 39.2 50.6 35.9  32.8 42.2 40.9

KL20 (p24b)    22.9  38.2 37.1     

KL33 (RD52)    15.2  30.8      

KL37 (FL42)    17.6     27.5 27.8  

KL38 (p44c)    12  15.3 32.9   19

KL35b (RD56)    27.3   50.9  36.9 44.4 43.8

KL39b (RD56F) 48.9 57 36.3 59.8       

KL36c (RD58)    27.5  37.2 54.9   52.1 46.9

KL40c (RD58F) 53.5 65.8 65.1

Numbers shown are percentage present rates: for Exon arrays these are computed as percentage of probe sets with DABG < 0.01 out of 1,411,406 probe sets represented per  
array; One-Cycle = Affymetrix One-Cycle Target Labeling Assay; Two-Cycle = Affymetrix Two-Cycle Target Labeling Assay; NuGEN Pico = WT-Ovation Pico RNA Am-
plification System; NuGEN FFPE = WT-Ovation FFPE RNA Amplification System V2; NuGEN FFPE Exon = WT-Ovation FFPE RNA Amplification System V2 with the 
WT-Ovation Exon Module; Affy WT Exon = Affymetrix Whole Transcript Sense Target Labeling Protocol for Exon arrays.
ahttp://bioinformatics.picr.man.ac.uk/vice
bPaired FFPE and fresh-frozen tissue samples for case 56
cPaired FFPE and fresh-frozen tissue samples for case 58
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Figure 2. Lack of 3′ bias in oligo dT labeling of fragmented RNA. The ratio of number of probe sets 
called present for NuGEN random primed (NuGEN FFPE) protocol divided by those called present 
for the Affymetrix oligo(dT) primed (One-Cycle) protocol. The ratio shows no significant change with 
increasing distance from the 3′ end of transcripts.
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modified Optimum protocol). Interestingly, 
despite these similarities, the modified-
Optimum extracts outperformed the new 
RNeasy extracts (Figure 1A) for percentage 
present (PP) on Plus 2.0 arrays, presumably 
because the former employed mechanical 
disruption as well as enzymatic digestion, 
which may be helpful for hard-to-lyse tissues 
such as soft tissue sarcoma. This observation 
attests to the value of in-house optimization 
and, since the Optimum Kit is no longer 
on the market, presents a benchmarked 
opportunity for RNeasy FFPE Kit optimi-
zation.

As expected, the NuGEN WT-Ovation 
amplification and labeling systems (Pico 
and FFPE) with their combined oligo(dT) 
and random hexamer priming strategy gave 
significantly better results than Affymetrix 
One-Cycle labeling; the average increase 

in PP rates on Plus 2.0 was 20 percentage 
points (range 10–27%) for modified-
Optimum extracted samples labeled using 
NuGEN FFPE (Figure 1B). The NuGEN 
FFPE protocol gave slightly better PP rates 
than the Pico system and much higher 
rates than those obtained with Affymetrix 
Two-Cycle amplification (Table 1). 
Microarray hybridization (specificity) is 
increased with NuGEN systems through 
the use of amplified single-stranded cDNA 
(sscDNA) (20), which, in our experience, 
reduces background staining by minimizing 
variation in mismatch signal. The net effect 
of NuGEN FFPE labeling is a much greater 
reduction in mismatch probe signal inten-
sities compared with Affymetrix 3′-driven 
reactions. Interestingly, we have found 
that Affymetrix One-Cycle labeling 
produces present calls that are not as 

restricted to the 3′ region 
as expected and, as a result, 
NuGEN labeled samples had a 
constant proportional increase 
in probe sets called present on 
Plus 2.0 arrays regardless of 
the distance from the 3′ end 
of the transcript to the end of 
probe selection region/bases 
(Figure 2). One explanation is 
that oligo(dT) primers anneal 
to adenine-rich areas within 
the transcript as well as the 
poly(A)-tailed region itself. 
This may also explain why the 
increase in detection rates from 
extreme 3′-biased arrays such 
as Affymetrix X3P is relatively 
small in comparison to Plus 2.0 
arrays when using One-Cycle 
labeling; the average benefit 
of the X3P array in two FFPE 
samples tested in this study was 
only 3–5% (Table 1).

Relative to Plus 2.0 expression 
profiles of paired ‘gold-standard’ 
fresh-frozen tissues (KL39 

and KL40 are the fresh-frozen pairs for 
KL35 and KL36, respectively), where we 
have assumed 100% sensitivity and speci-
ficity of gene detection, the sensitivity 
from FFPE using NuGEN FFPE labeling 
(all other experimental conditions being 
equal) increased significantly from 50% on 
average using the One-Cycle protocol in our 
previous study (3) to 80% on average for the 
same samples (KL35:48 to 80%, KL36:51 
to 81%) (Figure 1, D and E). A slight fall 
in specificity (from 96% to 92% and 95% 
to 88% for KL35 and 36, respectively) may 
be due to an inherent increase in variability 
associated with target amplification. These 
results compare favorably with recent 
published data: sensitivity and specificity 
results of 71% and 96%, respectively, were 
obtained in a similar comparative analysis 
by Almac Diagnostics using the NuGEN 
FFPE system and Affymetrix-based Disease 
Specific Microarrays (DSAs), which are 
deliberately enriched with 3′ biased probe 
sets for degraded RNA/FFPE application 
(14). The 9–10% higher FFPE sensitivity 
achieved with our approach suggests that 
3′ probe set bias may no longer be necessary 
for FFPE templates when random primers 
are included in the reactions.

In order to test whether inter-gene 
expression relationships are faithfully 
preserved in FFPE, we compared fold 
changes generated between fresh-frozen 
tissue cases with those between paired 
FFPE, using transcripts present in both 
cases and differentially regulated with a 
fold change greater than log2. Agreement 
for the direction of fold change was seen in 
89% of differentially regulated genes. As a 
comparison, we carried out a similar exper-
iment using data from cell lines (MCF7 and 
MCF10A) and found agreement in 83% of 
genes. Next, we compared scatter plots of 
signal intensity between fresh-frozen tissue 
and paired FFPE, applying an algorithm 
(21) to correct for differences introduced 
by different extraction protocols (in this 

Figure 3. Increased transcript detection with Exon arrays. Mapping was performed using the Affymetrix annotation of the probe sets. After removing 
duplications and ambiguous mapping, a total of 36576 Plus 2.0 probe sets were used. (A) These probe sets mapped to 5383 genes for which no 
probe sets were called present in any of the four replicates (two replicates each of KL9 and KL16). On Exon 1.0 arrays, there are a total of 66,828 
exonic probe sets targeting this gene list, 11,072 of which are detected on all six arrays. (B) 3943 genes have at least 1 probe set present (shown 
as black dots). (C) 609 have at least 5 probe sets called present (shown as black dots). Gray dots in B and C identify genes for which no probe sets 
were called present in any of the four Plus 2.0 replicates.
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case, TRIzol for fresh-frozen tissue and 
modified-Optimum for FFPE). This 
confirmed high data correlation, with R2 
values of 0.86 and 0.87 for KL36:KL40 
and KL35:KL40 pairings (by comparison, 
R2 = 0.67 for data generated for the same 
RNA extracted from one FFPE sample, 
KL36, using different methods, RNeasy 
and modified-Optimum). Comparably 
high correlations were obtained in another 
study similar to ours reported recently by 
Lassmann and colleagues (mean R2 = 
0.899) (4). Technical replicate data in our 
study (KL9 and KL16 Plus 2.0 triplicates) 
also confirmed excellent reproducibility 
of data (see Supplementary Materials for 
technical replicate plots).

Having gained experience with 3′ 
expression arrays, we sought to explore 
Exon arrays for expression profiling of 
archival material as these arrays differ 
markedly from other expression arrays in 
having multiple independent probe sets 
for every known and predicted exon in 
the genome (instead of a general one-one 

mapping between probe set and gene). We 
postulated that this design feature may 
prove advantageous for FFPE samples 
where degradation between samples is not 
consistent. In a small number of samples 
tested, the NuGEN WT-Ovation FFPE 
coupled with the WT-Ovation Exon 
Module and FL-Ovation cDNA Biotin 
Module produced higher gene detection 
rates than the WT Sense Target Labeling 
Protocol recommended by Affymetrix for 
Exon arrays (Figure 1C). The latter includes 
an rRNA depletion step based on hybrid-
ization with a small number of oligonucle-
otide probes; the efficiency of this removal 
will be significantly affected by the degree 
of degradation in different samples. As a 
result, we used the NuGEN FFPE protocol 
to label all samples for Exon arrays (fresh-
frozen and FFPE). The paired samples 
allowed us to calculate specificity and sensi-
tivity for FFPE Exon arrays, as we had done 
previously for the same RNA extracts on 
Plus 2.0. Given the large increase in content, 
it was possible that these arrays would not 

perform as well as 3′ expression arrays. 
At probe set/exon level, the sensitivity of 
FFPE Exon arrays was lower than the 80% 
obtained with Plus 2.0—66% (KL35) and 
70% (KL36)— which is not unexpected 
since there are only four probes per probe 
set and their design may be constrained by 
the short length of most exons. However, 
at gene level, sensitivity improved dramati-
cally to 93% for each sample (Figure 1F). 
Specificity was high at both exon and gene 
levels: for KL35 and KL36, respectively, 
exon level was 92% and 94% and gene 
level was 94% and 96%, suggesting, as 
before, that false-positive rates are low and 
therefore that detected genes are reliable. 
As with Plus 2.0 data, technical replicate 
data confirmed excellent reproducibility 
for Exon arrays; Pearson correlations for 
the three possible KL9 Exon array pairings 
gave R2 values of 0.84, 0.82 and 0.82, and 
for KL16, 0.79, 0.78 and 0.77.

An Exon array probe set was considered 
present if the DABG score was <0.01. On 
Plus 2.0 arrays, KL9 had 18,427 probe sets 
called present on both technical replicates, 
which mapped to 7,936 genes (KL16 had 
18,948 and 8027 respectively). When the 
same samples were analyzed on Exon arrays, 
a total of 407,039 probe sets were detected, 
representing an increase to 20,303 genes 
(KL16: 388,526 and 20,242, respectively). 
The intersection between the gene lists was 
7515 for KL9 and 7561 for KL16, equating 
to almost 95% of genes detected on Plus 
2.0 arrays. In some cases Exon-detected 
transcripts were simply not present on the 
Plus 2.0 array. In order to enumerate the 
absolute increase in gene detection on Exon 
arrays compared with Plus 2.0, we created a 
list of 5383 genes which had no probe sets 
called present on any of the four Plus 2.0 
technical replicates, and mapped this list 
back to exon probe sets (Figure 3A). As 
shown in Figure 3B, 3943 of these genes had 
at least one probe set detected on the Exon 
array. By setting confidence limits to genes 
detected by at least 5 probe sets, Exon arrays 
detected an additional 609 genes compared 
with Plus 2.0 (Figure 2C). Examining the 
full content of the Exon arrays, we also 
found 110,568 ‘intergenic’ probe sets 
detected on all Exon arrays representing 
many ESTs and Genscan predictions; 1566 
of these show differential expression [fold 
change (FC)>2 and P < 0.01].

While the main objective of this study 
was to optimize the technical performance 
of Affymetrix arrays for FFPE substrates, 
we were interested in obtaining prelim-
inary data on the biological relevance of 
developed protocols, fully recognizing that 
examining biological end points in a small 
and histologically heterogeneous series of 
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sarcoma samples may lead to flawed results. 
A PubMed search of the literature identified 
several papers reporting gene signatures 
of diagnostic and prognostic relevance in 
soft tissue sarcoma, but only our recent 
paper (3) used the Affymetrix platform. 
In one of the largest studies, Francis and 
colleagues reported a ~500-gene diagnostic 
signature for leiomyosarcoma (LMS) using 
27K spotted cDNA two-color arrays (22). 
Since six of the 13 cases in our study were 
LMS, we chose to test the diagnostic 
capacity of Francis’s diagnostic genes in 
discriminating LMS from other subtypes 
in our series. Mapping was done using gene 
symbols (since their probe set ID and probe 
set sequence data are not publicly available) 
and included all probe sets reliably detected 
on our 13 samples. The 70-gene signature 
derived from this exercise clustered together 
4 of the 6 LMS cases using an unsupervised 
approach (see Supplementary Material  for 
dendrogram). Taking into account the 
cross-mapping difficulties of comparing 
data from different platforms, this result 
supports the biological validity of FFPE 
data, but larger studies specifically designed 
to address biological questions are needed 
to validate this observation.

In the last few years, expression 
profiling of archival material has moved 
from what was widely regarded as an 
unrealistic goal to a reality. This study 
builds on previous published work aimed 
at optimizing techniques for microarray 
analysis of archival FFPE. Our results 
suggest that several products are available 
for extracting microarray-suitable RNA 
from archival samples and that a 3′ bias 
in array design may no longer be required 
for future FFPE applications if a combi-
nation of oligo(dT) and random hexamers 
is used. The latter strategy also significantly 
improves transcript detection compared 
with oligo(dT) priming alone. The poor 
quality of FFPE RNA leads to spurious 
high background signals in some probes, 
but this effect is significantly lessened using 
a hybridization protocol in which cDNA 
is used in place of cRNA. Together with 
the redundant design of Affymetrix arrays 
(the Plus 2.0 array has 11 pairs of probes per 
probe set) this approach generated reliable 
data from most archival samples tested in 
this study. We conclude that both Plus 2.0 
and Exon arrays work well with routinely-
prepared archival samples, producing highly 
sensitive and specific transcript detection. 
Exon arrays give higher detection rates and 
provide additional unique information. 
These encouraging results reflect significant 
progress in the search for an effective tool 
for microarray gene expression profiling of 
archival fixed tissues.
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