Abstract

Non-small-cell lung cancer (NSCLC) causes more deaths than
any other type of cancer worldwide. The recurrence rate among
patients with early-stage NSCLC is about 40% within 5 years
even after receiving combined surgical and chemo therapies.
The current tumor progression classification system Is not an
adequate measurement for treatment prognosis. Here we
developed a multiplexed, quantitative biomarker assay method
to validate the association between a 16-gene expression
signature and the risk of overall or relapse-free survival. A
multiplex of 16 NSCLC biomarkers, previously identified from a
microarray study, and a reference gene was developed and
evaluated. This multiplex was used to analyze 77 surgically
resected, formalin-fixed, paraffin-embedded (FFPE) samples of
NSCLC containing major histology types of adenocarcinoma
(62%) and squamous-cell carcinoma (26%). Using as little as 5
ng of total RNA extracted from FFPE slices, we quantified the
expression level of each gene with a linear correlation
coefficient > 0.99. Risk scores were calculated based on the
expression levels of the 16 genes. Patients with a low-risk, 16-
gene signature had longer survival time than those with a high-
risk, 16-gene signature (p=0.001, log-rank test). In addition,
patients with high-risk, 16-gene signature had shorter relapse-
free survival time than those with a low-risk, 16-gene signature
(p=0.006, log-rank test). As a measure of the multiplex assay as
an independent prognostic indicator, the hazard ratios (adjusted
by age, gender, stage, and histology) were calculated as 2.2
(95% Cl= 1.31-3.66, p=0.003) and 1.8 (95% CI=1.11-2.92,
p=0.0183) for overall survival and relapse-free survival,
respectively.
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Introduction

Gene-expression profiling by means of microarray and real-time
PCR analysis has showed potential for classifying tumors and
formulating a prognosis for patients with various types of cancer,
Including lung cancer. However, the use of microarray Iin practice
IS limited by complicated methods and the lack of reproducibility.
On the other hand, the one-gene-at-a-time approach of real-time
PCR Is labor intensive and time consuming. XP-PCR Is
multiplexed quantitative method for analysis of gene expression
that offers high sensitivity and excellent reproducibility. In the
current study, we examined gene expression in 77 surgical
specimens of NSCLC, using the XP-PCR method to identify a
16-gene signature that is correlated with the survival data.

Materials and Methods

Patients and Tissue Specimens. Computer-generated identification
numbers were assigned to FFPE specimens of lung-cancer tissue from 77
randomly selected patients who underwent surgical resection of NSCLC at
the Taichung Veterans General Hospital and didn’t receive adjuvant
chemotherapy between December 1999 and December 2003. Of these 77
specimens, 48 were adenocarcinomas, 20 were squamous-cell carcinomas,
and 9 were other types of cancer (Table 1). The study was approved by the
Institutional review board of the hospital. Written informed consent was
obtained from all patients.

Total RNA extraction from FFPE samples. RNA from FFPE samples was
purified using FormaPure™ and the RNA only extraction protocol per the
manufacturer recommendations (Agencourt® Bioscience, Beverly, MA). The
deparafinization and proteinase K lysis steps were performed manually in
1.2 mL tubes by using 70°C for deparafinization and 55°C for proteinase K
lysis, using a water bath incubator. After lysis, 200 pL of lysate was
transferred to a 96 well plate, and then extracted using a Biomek® NXP
SPAN 8 Automation Workstation* (Beckman Coulter®, Fullerton) with the
FormaPure isolation method vs.3.01-3.3. RNA was then eluted from the
magnetic beads using 80 uL nuclease free H,O, 70 pL were transferred for
further analysis. The quantification of total RNA isolated was determined by
Nanodrop 260nm absorbance measurement.

Genes and Primer design. The 16 functional genes and a reference gene
were selected from previous reported microarray resultsl. Primers were
designed using the eXpress Design module of the GenomeLab™ GeXP
Genetic Analysis System**. The gene-specific amplicon sizes used for this
multiplex ranged from 63 nt to 95 nt, Gene names, accession numbers and
the respective PCR product size are listed in Table 2.

Multiplexed quantitative gene expression analysis. The multiplexed
reverse transcription and PCR amplification, which incorporates a universal
priming strategy (XP-PCR), were conducted using the GeXP Start Kit**
(Beckman Coulter) in accordance with the manufacturer’s instruction.
Specificity and identification of each gene peak is based on the differential
migration rate of each gene fragment. Quantitation is based on the signal
level of each peak relative to the standard curve with the Quant Tool**
software (Beckman Coulter). The linear correlation coefficient (R?) of each
gene was shown in Table 2.

Statistical Analysis. Risk scores were calculated for 16 genes. A patient’s
risk score was calculated as the sum of the levels of expression of each
gene. Patients were classified as having a high-risk gene signature or a low-
risk gene signature, with the 50th percentile (median) of the risk score as the
threshold value (median, 4.9; range, 1.3 to 21.9). The median risk score was
chosen as the threshold value to reflect the fact that almost half of patients
with early stage NSCLC relapse within 5 years after potentially curative
surgery and also in order to eliminate the effect of extreme values in the
training cohort by ensuring that there were equal numbers of patients in the
high-risk and low-risk groups. The risk scores and the threshold value
derived from the training cohort were not re-estimated but were applied
directly to the testing cohort.
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representative linearity result shows the R? = 0.9983.

Conclusions
» Gene expression analysis from the XP-PCR results demonstrate a high degree of linearity for the quantitation of gene
expression for each gene of interest.
» The 16-gene signhature of non-small cell lung cancer panel correlates well with the overall survival data and the relapse-
free survival data.
» Together, Agencourt FormaPure isolation and GeXP multiplex XP-PCR amplification were able to profile a 16-gene
sighature from 5ng of partially degraded FFPE samples.
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