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ABSTRACT
The discovery of pivotal genetic alterations and the understanding of 
their potential  role in cancer is leading to remarkable successes in 
cancer research. Molecular methods such as DNA sequencing and 
conventional genotyping of tumor biopsies have advanced research in 
this field, but are limited in sensitivity due to stromal contamination and 
by genetic heterogeneity in cancer. We have recently developed highly 
sensitive TaqMan® Mutation Detection Assays using our competitive 
allele specific TaqMan® PCR (castPCR) technology for detecting 
cancer-associated sequence variations in research samples. castPCR 
technology not only maintains the wide dynamic range, high sensitivity 
and reproducibility of TaqMan® assays but also greatly improves the  
specificity.  This new technology is capable of detecting one mutant 
allele molecule in 10,000,000 wild-type molecules.  We report here 
sensitive and accurate detection of cancer-associated KRAS mutations 
within formalin-fixed paraffin-embedded (FFPE) heterogeneous cancer 
research specimens.  Eight FFPE model cell lines were initially used to 
validate the assays (NCI-H2009:p.G12A; SW1463:p.G12C; PANC-
1:p.G12D; PSN-1: p.G12R; A549:p.G12S; SW480:p.G12V; DLD-
1:p.G13D; Jurkat: Wild-type). Mutant FFPE cell line DNAs were titrated 
in the FFPE wild type cell line DNAs from 100% to 0.1%. Mutations 
were easily identified at the level of 0.1% with high reproducibility.  
Twenty-one anonymous tumor tissues and 12 normal tissues from 
FFPE specimens were also examined.  No mutations were found in 
normal tissues.  The results obtained by castPCR from 21 tumor
tissues were concordant to those previously reported by three different 
methods (TaqMan® PCR, TaqMan® with PNA probes, and 
Sequencing).  Our results demonstrate that castPCR, as a new rare 
mutation detection technology, has greater sensitivity, specificity and 
can thereby facilitate accurate mutation detection of heterogeneous 
cancer research specimens. 

INTRODUCTION

Mutation analysis has become important to cancer researchers. 
Currently there is no standard method to detect key mutations such as 
KRAS, EGFR and BRAF in research samples, and each laboratory 
needs to validate mutation testing and perform its own quality control. 
The technology has to be compatible with research samples with low 
concentration and poor quality DNA  (formalin-fixed, paraffin-
embedded tissues). We developed a new KRAS mutation screening 
method using castPCR technology. The aim of this study was to 
evaluate its performance as a sensitive and accurate tool for mutation 
detection in cancer research samples.

MATERIALS AND METHODS

castPCR was performed in 20-μL reactions comprising  DNA template, 
1X genotyping master mix (Life Technologies) and 1X of TaqMan®

mutation detection assay (containing modified allele-specific forward 
primer, locus-specific TaqMan® probe, locus-specific reverse primer, 
and allele-specific MGB blocker) . qPCR was run on an AB Vii A TM 7 or 
AB 7900HT in 96-well or 384-well plates with the following conditions: 
95°C for 10min; 5 cycles: 92ºC for 15s and 58ºC for 1min; 45 cycles: 
92ºC for 15s and 60ºC for 1min. All the samples were run in triplicates. 

RESULTS 

1.  Schematic of castPCR Technology

LST: Locus specific TaqMan® probe
ASB1: Allele 1 specific blocker:
ASB2: Allele 2 specific blocker:
LSP: Locus specific PCR primer
ASP1: Allele 1 specific primer 
ASP2: Allele 2 specific primer 

12 DNAs extracted from normal FFPE tissues were examined by TaqMan®

mutation detection assays for KRAS mutation status. No positive samples 
were found in those 12 non-tumor tissues. 21 DNAs extracted from tumor 
FFPE tissues were tested for the 7 mutations of KRAS.  KRAS mutation 
status of these samples were validated  by 3 different  methods (TaqMan®

PCR, TaqMan® PCR + PNA and Sequencing). The results obtained by 
castPCR for those tumor samples were concordant to those previously 
reported results. 

5.  Normal and Tumor FFPE Tissue Testing

G12A G12C G12D G12R G12S G12V G13D WT
TaqMan®

Mutation 
Detection
Assays

2 1 4 0 0 4 8 2

n = 21TaqMan®

PCR 2 1 4 0 0 4 8 2

TaqMan®

PCR + PNA 2 1 4 0 0 4 8 2

Sequencing 2 1 4 0 0 4 8 2
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2.  Assay Specificity: Conventional allele-specific PCR (AS-PCR) (A) vs.                 
competitive allele-specific TaqMan® PCR (castPCR) (B) based on Cq difference 
between matched and mismatched targets. 

SNP: hCV11711720

Ave. ΔCq (Cq_mm – Cq_pm) = 4.1 Ave. ΔCq (Cq_mm – Cq_pm) = 21.1 

4. FFPE Cell Line Testing

DNAs extracted from FFPE mutant cell lines  and wild-type cell line were 
used to validated the assays. Mutated DNAs were diluted in wild type DNA 
from 100% to 0.1%.

Cell Line NCI-
H2009 SW1463 PANC-1 PSN-1 A549 SW480 DLD-1 Jurkat

Kras 
mutation p.G12A p.G12C p.G12D p.G12R p.G12S p.G12V p.G13D Wild-type

In cell lines, KRAS mutations 
were identified without ambiguity 
down to 0.1% dilution.

KRAS-G12A cell line gDNA was 
diluted into wt cell line gDNA

3.  Assay Sensitivity and Selectivity: Each reaction had 107 wild-type 
synthetic templates and limiting dilution of mutant synthetic templates as indicated 
(from 107 to 0). TaqMan® mutation detection assays demonstrate single mutant copy 
sensitivity, wild dynamic range (7 logs) and high selectivity, capable of detecting as 
little as 1 mutant allele molecule in 10,000,000 wild-type molecules.

BRAF V600E Assay
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CONCLUSIONS

• TaqMan® mutation detection assays demonstrated higher specificity 
and sensitivity /selectivity for mutation detection, capable of detecting 
one single mutant copy in the background of 107 copies of wild-type 
molecules. 

• castPCR technology provides a robust and accurate method for 
determining mutation status in heterogeneous cancer samples. 

• castPCR technology has potential applications in rare cell detection, 
circulating tumor cells and cell free DNA/RNA in blood. 
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