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Abstract

The use of archival formalin-fixed paraffin-embedded (FFPE) material to analyse gene expression is limited by
the low quality of extracted RNA. In this paper, we utilised an RNA based assay to quantify expression of luminal
and basal markers, together with ERBB2 probes, in FFPE archival tissue from 2009 to 2010, all of which had clinical
and therapeutic information of more than 5 years. Receptor status of the patients was characterised using the
QuantiGene® Plex assay with 100% concordance to immunohistochemical (IHC) and fluorescence in situ
hybridisation (FISH) results. A panel of molecular markers known to classify luminal and basal tumours were used
and correlated with receptor status of the tumours. As expected, the triple negative breast cancer (TNBC) samples
were classified as basal and oestrogen receptor (ER) positive cases as luminal. In summary, the QuantiGene® Plex
technology provides a platform to quantitate novel panels of biomarkers on archival material. Moreover, multiplex
analysis allows the use of minimal amounts of material providing an opportunity to utilise laser micro-dissected
material. FFPE tissue samples are an invaluable resource for retrospective studies to interrogate current novel
biomarkers, particularly to generate disease free survival and overall survival graphs to measure predictive value
using well annotated retrospective samples with full clinical and pharmacological outcomes.
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Introduction
Investigations using RNA from archival formalin-fixed paraffin-

embedded (FFPE) material is challenging due to the extent of
degradation in these samples [1] and also due to the processing
variables during and following cut-up of the surgical samples.
Formalin cross-links nucleic acids and proteins to preserve tissue
integrity, resulting in poor quality of RNA [2]. Despite improvements
in quantitative PCR (qPCR) technology [3,4], the poor quality of RNA
extracted from FFPE material hinders the potential of gene expression
studies in this invaluable resource available in pathology archives.

The branched-chain DNA (bDNA) assay QuantiGene® technology
provides a platform to perform expression studies from minimal
amount of archival FFPE material without amplification of target
sequences [5], overcoming the limiting factor of expression studies
using degraded RNA. This assay replaces enzymatic amplification of
target RNA with hybridization of specific probes followed by
amplification of the reporter signal, through DNA molecule scaffold
formation on bound probe-target sequences. The capture and
detection probes provide increased specificity during hybridization
and the short recognition sequences are designed to capture short
fragments of target RNA [6]. In addition, the use of tissue
homogenates directly into the assay, overcomes the low yield of RNA
following RNA extraction and purification. The bDNA assay provides

the possibility to multiplex the quantification of a panel of targets [6],
generating datasets within one run. Analyses using mathematical
algorithms, derive the best combination of genes to normalize the
target expression values and enhance the power of prediction.

Breast cancer classification is today supported by molecular markers
categorising patients into four molecular classes, namely luminal A,
luminal B, the human epidermal growth factor receptor 2 (HER2)-
enriched and the basal types. Luminal A subtype is positive for
oestrogen receptor (ER) and/or progesterone receptor (PgR)
expression with low expression of Ki-67, while luminal B, apart from
having an ER/PgR positive expression, includes also HER2 positive
and negative subgroups associated with high Ki-67 expression. The
HER2-enriched are well defined, with an exclusive high expression of
HER2 receptor, due to the ERBB2 gene amplification, combined with
low or absent ER and PgR. The basal type are in general negative for
the latter 3 receptors, the triple negative breast cancer (TNBC) subtype
[7,8]. The transcriptome analysis resulting in the definition of the
luminal subtypes, along with the basal epithelial-like subgroup
provided evidence of the prognostic value based on 8-year overall
survival data [9]. Validation of the prognostic value of the subgroups
was provided using 599 microarrays giving evidence that the
molecular subtypes significantly predict the overall survival and
disease free survival [10]. In this study we assessed the use of the
bDNA QuantiGene® technology to classify breast cancer patients into
well established molecular groups using previously defined
biomarkers. The luminal and basal subgroups were correlated with
receptor status and clinical outcomes to generate disease free survival
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curves. The use of well annotated archival FFPE material will provide
the means to reduce the time-lag between discovery of novel
biomarkers and validation of prognostic or predictive value, due to the
readily available clinical and pharmacological information.

Materials and Methods
Tissue homogenates from archival breast cancer FFPE sections (6

µm) were prepared according to the procedure as described in the
QuantiGene Sample Processing Kit for FFPE Tissues (Affymetrix Inc.,
Santa Clara, CA). Excess paraffin from the slides were removed by
soaking the slides in xylene for 5 minutes followed by soaking in 70%
ethanol for 5 minutes. The slides were air dried and the tissue from the
slides were removed using a clean razor blade and placed into 1.5 mL
tube. 300 µL of homogenizing solution supplemented with 2 µL of
proteinase K (50 ug/ µL) were added to the tubes. The tubes were
vortexed for 30 seconds and incubated at 65°C for 4 hours. The tissue
homogenate was separated from the debris by brief centrifugation, and
then transferred to a new tube.

Gene expression analysis was performed using a QuantiGene 10
Plex assay (Affymetrix Inc, Santa Clara, CA). The 12 genes measured
in this study included EN1, FOXC1, GABRP, CA12, AGR2, TTF3,
GATA3 ESR1 SCNN1A, ERBB2 and the housekeeping genes PPIB and
HPRT. Tissue homogenates were transferred to a 96 well hybridization
plate containing QuantiGene Plex probe and Luminex beads sets. Each
bead type was coated with a different single-strand DNAcapture probe
(CP). Several other components of the QuantiGene Probe set are also
comprised of single-strand DNA oligonucleotides including the
capture extenders (CEs), label extenders (LEs), and blocking probes
(BPs). Parts of CE oligonucleotides are complementary to the target
mRNA (covering ~500 bases). The QuantiGene Plex Assay was
performed according to the manufacturer’s manual with all of the
reagents and consumables supplied by the manufacturer. (Quantigene
Plex 2.0 Assay, Affymetrix Inc, Santa Clara, CA). For each well of the
96 well hybridization plate, 40 µL of tissue homogenate were
transferred to the plate where each well already contained 60 µL of
working bead mix (33.3 µL of lysis mixture, 18.5 µL of nuclease free
water, 0.2 µL of proteinase K solution, 2 µL of blocking reagent, 5 µL of
probe set, 1 µL of magnetic Luminex beads; customised QuantiGene
Plex Set Panel). Hybridization was performed overnight for 18 hours at
54°C, with shaking at 600 rpm. The hybridization mixtures were then
transferred to a 96-well flat bottom plate. An Affymetrix handheld
magnetic bead washer (Affymetrix P/N QP0702) was used to wash the
beads, thus removing all unbound materials. 100 µL of preamplifier
reagent was added to each assay well. The magnetic separation plate
was sealed with adhesive backed foil and incubated for 1 hour at 50°C
and 600 rpm. The unbound preamplifier reagent was removed, and
beads were washed three times with 100 ml of wash buffer using the
handheld magnetic washer. This was followed by similar incubation
and washing steps with 100 µL of Amplifier reagent, followed by 100
µL of Label Probe reagent, and finally followed by 100 µL SAPE
working reagent. Signals from the beads were measured with a
Luminex 200 (Luminex Corp., Austin, TX), after re-suspending the
beads in 130 µL of SAPE wash buffer, using dd gate settings of 5,000–
25,000. Per target, 50–100 beads were measured in a sample volume of
100 µL.

Results

Branched-chain DNA technology provides consistent
quantitation of gene expression

To evaluate the inter-run variability of the bDNA assay using the
customised probe set, the analysis was done using RNA derived from
cell lines. In addition to the 12 capture probes used in this study, we
measured RNA expression of an additional 10 genes that were
previously quantified using qPCR. Inter-run regression analysis using
the 22-plex assay provide evidence that the gene expression results
using the customised probe sets are performing well between runs with
an r2 >0.99 (Figure 1A). In addition, correlation (r2) of normalised
expression data using the bDNA assay and qPCR, on the previously
quantified genes, was >0.86 (data not shown). We then evaluated the
possibility to use haematoxylin and eosin (H&E) staining to
microdissect tumour sites with higher precision. Using serial sections
of the same sample and the same coordinates from the H&E stained
slide we compared stained versus unstained tissue. Regression analysis
show a high correlation of gene expression using the 22-plex assay with
an r2 >0.98 (Figure 1B).

Figure 1: Gene expression (Mean Fluorescence Intensity) using cell
line derived RNA and Formalin Fixed Paraffin Embedded (FFPE)
derived RNA. A. Inter-run correlation of gene expression using
purified RNA derived from a breast cancer cell line MDA-MB-453.
B. Samples were microdissected and the same sample was analysed
following H&E staining (y-axis) or unstained (x-axis). The relative
expression levels did not differ and hence the assay can be used on
stained microdissected FFPE sample lysates.

ERBB2 expression correlates with that of other well
established/benchmark techniques
The receptor status of tumours was used as an internal control of the

expression runs. The results obtained using the bDNA QuantiGene®
Plex assay were correlated with known ERBB2 status using
immunohistochemical (IHC) and fluorescence in situ hybridisation
(FISH) results (defined as a signal ratio of ERBB2 probe to CEP17
control probe). The expression data correlates with both IHC (data not
shown; n=37) and FISH (Figure 2A; n=11) results using Spearman’s
rho non-parametric correlation and Pearson’s parameteric correlation,
respectively. In addition, oestrogen receptor (ESR1) expression
correlates strongly with IHC results (Spearman's rho: 0.878 p-value
<0.000); (Figure 2B).
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Basal markers are exclusively upregulated in TNBC patients
The expression values of 6 luminal markers, 3 basal markers and

ERBB2 were normalised against a set of reference genes.

Figure 2: Comparison between normalized QuantiGene® Plex assay
expression values and diagnostic results. ERBB2 and ESR1
expression using FFPE-derived RNA lysates by QuantiGene® Plex
assay correlates with FISH [A] and IHC scores [B] respectively [B].

The luminal marker ESR1 (oestrogen receptor; yellow), as expected
show a significantly higher expression in the ER/PgR positive group
only (Figure 3A).

Figure 3: Expression data (z-score) of luminal and basal markers in
the various subtypes of breast cancer. [A]: Distribution of the
expression level of luminal markers CA12 (blue), AGR2 (green),
TTF3 (gold), GATA3 (purple), ESR1 (yellow) and SCNN1A (red) in
ER/PgR positive, HER2-enriched and TNBC patients. [B]:
Distribution of expression level of basal markers EN1 (blue),
FOXC1 (green) and GABRP (gold) in the various subtypes of breast
cancer using the same patient samples. [* denotes expression levels
beyond normal distribution of a data set].

Similarly all luminal markers investigated in this panel were
expressed relatively higher in the ER/PgR patients as compared to the
TNBC patients, while 4/6 were moderately higher in the HER-2
enriched subtype. Of interest, there are some patients that have
expression of some markers that are beyond the normal distribution of
a specific expression dataset. One of these patients was shown to have
heterogeneous tumour sites (data not shown). The basal markers EN1
(blue), FOXC1 (green) and GABRP (gold) are exclusively upregulated
in the TNBC patients, known to be generally of a basal-type (Figure
3B). Moreover, the mean expression value of ERBB2 is significantly
higher only in the HER2-enriched subgroup (Figure 4).

Figure 4: Mean expression data showing distribution of luminal,
basal and ERBB2 markers in the various subtypes of breast cancer.
Parametric comparison of mean expression of luminal (green) and
basal (blue) in ER/PgR positive (n=16), HER2-enriched and TNBC
(n=14) patients. The normalized expression value of ERBB2 (gold)
in the various subtypes of breast cancer in the same patient samples
is also shown. The average expression of basal and luminal markers
is exclusively overexpressed in TNBC and significantly
overexpressed in ER/PgR cases respectively (independent sample t-
test p-value <0.003).

Expression values of the 10-genes, molecularly classify breast
cancer patients

As shown above, the luminal and basal markers matched the
expected receptor status. Principal component analysis
(PCA),generated well defined luminal (green), basal (blue) and ERBB2
(red) groups from QuantiGene® Plex assay-derived normalised
expression values of the 10 classifier genes (Figure 5). Based on this
classification, correlation of clinical outcome data show that the basal
subgroup have a worse prognosis (Figure 6). Hence, using the
Quantigene® Plex assay to measure expression data of 10 classifier
genes, provides well defined patient subtypes using archival material.
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Figure 5: Principal component analysis (PCA) showing luminal,
basal and ERBB2 subgroups. Normalised expression values of the 10
classifier genes generated by the QuantiGene® Plex assay predict the
various breast cancer subgroups. The blue subgroup represent
patients with high expression of basal markers; the green subgroup
represent patients with high expression of luminal markers and the
red subgroup represent a high ERBB2 expression.

Figure 6: Disease free survival across luminal and basal subgroups.
Disease free survival data of a subset of patients diagnosed in 2009
(n=42) were used to derive a 5-year disease survival Kaplan Meier
curve following subgrouping using the biomarker panel.

Discussion
Various attempts to modify protocols aiming to extract RNA and

amplify target sequences in FFPE-derived samples provided proof of
principle modifications [11], but require laborious validation protocols
to ensure minimal bias due to PCR efficiency in between samples.
Criteria to select FFPE-derived RNA with sufficient quality for gene
expression studies show that less than 25% of the extracted RNA could
be used for microarray analysis [12].

Previous studies show that matched frozen and FFPE-derived RNA
provide material to successfully perform qPCR assays [13,14]. RNA
yield in FFPE material is too low to perform multiple gene analysis and
require RNA amplification protocols [15]. Such protocols yield gene
expression profiles with high sensitivity and reproducibility, but still
require validation assays and an extensive workload, which is
unsuitable for clinical applications. The outcome of these studies
provide evidence for reproducibility and sensitivity of detection based
on statistical driven algorithms to compare RNA from different
origins. Ideally the outcome should be measured against known and
well validated gene panels that are known to be differentially expressed
between patient groups and derive prognostic information.
Comparison of the bDNA assay and qPCR showed a significantly
higher coefficient of reliability for the bDNA assay (93-100%) and a 10-
fold increase in sensitivity using the bDNA assay [16].

In this study we utilise the QuantiGene® Plex assay to measure the
expression of 10 genes simultaneously using micro-dissected material
from a set of serial sections used also for IHC and histological analysis.
Hence, the RNA studies were done of the same material used for
diagnosis. In addition, micro-dissection was performed using H&E
stained sections ensuring the isolation of a specific tumour site and
matched normal tissue from the same section. Tumours with multi-
loci were also micro-dissected in different tubes, if present. The 12-plex
assay measures well validated luminal and basal classifier genes, the
ERBB2 gene and 2 reference genes, providing statistical evidence of the
expected receptor status. In addition there was full concordance
between ERBB2 QuantiGene® Plex expression and the respective FISH
results (Figure 2). The readily available clinical outcome data provided
the means to generate disease free survival plots immediately (Figure
6). Novel biomarkers can be used in such an assay to generate
prognostic value using retrospective studies. Of interest, using the
tissue homogenate allows re-running of the same sample for 6
additional times in the case of whole FFPE sections or 2 additional
times when using micro-dissected material. Hence, novel biomarkers
can be assessed together with receptor status and other gene classifiers
using the same tissue homogenate.

Our study highlights that the bDNA QuantiGene® Plex assay
provides the platform to combine histopathology and biomarker
analysis at the clinical diagnostic laboratory, providing a robust tool to
significantly improve patient management in the clinic. In addition,
molecular classification into therapeutic groups shall provide a better
understanding of actionable pharmacogenetic biomarkers [17], and
potentially targeting new proteins for better treatment [18]. The proper
use of biomarkers and the utilization of archival material, with readily
available clinical outcome data, provides proper implementation of
personalised medicine [19].
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