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Abstract. The KRAS mutation test is recommended that it may determine 
which patients with advanced colorectal or lung cancer are eligible for anti-
EGFR targeted therapies. Traditional molecular techniques such as polymerase 
chain reaction (PCR) combined direct sequencing are limited by the difficulty 
of obtaining patients’ cancer tissues for analysis. Finding an alternative method 
to detect KRAS gene mutation is important. This study aims to estimate the effi-
ciency of Activating KRAS Detection Chip using a weighted enzymatic chip ar-
ray (WEnCA) platform, which was successfully established in our previous 
study, in detecting activated KRAS mutations from the peripheral blood of can-
cer patients. The paired tumor tissue and peripheral blood specimens were col-
lected from 377 patients with colorectal or non-small cell lung cancer. DNA 
were extracted from tissue samples and applied to detect KRAS mutation using 
direct sequencing. RNA were extracted from peripheral blood samples and ap-
plied to detect the activated KRAS mutation using WEnCA. Results showed 122 
tumor specimens with KRAS mutation, of which 112 were positive through 
WEnCA. The sensitivity, specificity and accuracy of WEnCA analysis for de-
tecting activated KRAS mutation in peripheral blood were 91.8%, 94.5% and 
93.6%, respectively. This study demonstrated that WEnCA is a sensitive, easier 
interpretation, and a convenient technique for detecting the circulating KRAS 
mutant from the peripheral blood of cancer patients. 
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1 Introduction 

KRAS oncogene was one of the earliest discoveries of genetic altera-
tions in colorectal and lung cancer. In recent years, KRAS mutations 
had been reported that are highly specific predictors of response  to an-
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ti-EGFR antibodies in metastatic colorectal cancer (mCRC) or to EGFR 
TKIs monotherapy in advanced non-small-cell lung cancer (NSCLC) 
[1-5]. Up to now, most using techniques for KRAS mutation detection 
like polymerase chain reaction (PCR) combining direct sequencing, 
fluorescent in situ hybridization (FISH) or real-time PCR are insensi-
tive and time-consuming; moreover, the difficulty in cancer tissue spec-
imen collection causes the limitation for these methods. Thus, an easier 
and more accurate method is quite important. 

Recent studies have suggested that detecting the molecular mark-
ers of circulating tumor cells (CTCs) in peripheral blood of cancer pa-
tients has great potential for cancer diagnosis, prognosis and follow-up 
assessments [6]. Besides, combination of multiple biomarkers can im-
prove the diagnosis in patients [7, 8]. In previous studies, we success-
fully constructed the Activating KRAS Detection Chip for detecting 
KRAS activation from peripheral blood, and demonstrated a weighted 
enzymatic chip array (WEnCA) platform to make the chip results more 
sensitive, accurate, and easier to read [9]. The target genes on the Acti-
vating KRAS Detection Chip are given different weighted scores based 
on the performance of each gene after KRAS activation. In this study, 
we further investigate the correlation between Activating KRAS Detec-
tion Chip with WEnCA platform and standard sequencing method for 
the detection of activated KRAS oncogene in peripheral blood and tu-
mor tissues of cancer patients respectively. 
 

2 Materials & Methods 

2.1 Sample collection 

Tumor tissues and corresponding peripheral blood samples of 377 ran-
domized NSCLC and CRC patients were collected from Fooyin Uni-
versity Hospital and Kaohsiung Medical University Hospital. Sample 
obtainment and usage were approved by the Institutional Review 
Boards of the two hospitals. 

2.2 DNA extraction and direct sequencing of KRAS gene 

Genomic DNA was isolated from frozen cancerous tissues using pro-
teinase-K (Stratagene, La Jolla, CA) digestion and phenol/chloroform 
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extraction procedure [10]. PCR analysis was performed to identify 
KRAS gene mutations in tumor tissues using designed sequences of 
oligonucleotide primers for KRAS exons 1 and 2 (Table 1). The PCR 
products were purified by a QIAEX II gel extraction kit (Qiagen Inc., 
Valencia, CA) and then applied to direct sequencing using an automatic 
sequencer (Model 4200; LI-COR Inc., Lincoln, NE). 

2.3 Total RNA isolation and first-strand cDNA synthesis 

Total RNA was isolated from collected peripheral blood specimens 
using QIAamp RNA Blood Mini Kit (Qiagen Inc., Valencia, CA).  First 
strand cDNA was synthesized from total RNA using a reverse-
transcription (RT)-PCR kit (Promega Corp., Madison, WI). The reac-
tion mixtures were incubated at 42°C for 2 h, heated to 95°C for 5 min, 
and then stored at -80°C until analysis. 

2.4 Weighted enzymatic chip array (WEnCA) 

The design and preparation of Activating KRAS Detection Chip was 
based on our previous study [11]. OMP3 (Oligonucleotide Modeling 
Platform, DNA Software, Ann Arbor, MN) was used to design the 
probe sequences for target genes (Table 2). The newly synthesized oli-
gonucleotide fragments were dissolved in deionized water and then 
applied to a Biojet Plus 3000 nanoliter dispensing system (BioDot Inc., 
Irvine, CA), which blotted the 22 target genes, 1 tuberculosis gene, and 
1 housekeeping gene (β-actin) on a Nytran SuperCharge nylon mem-
brane (Schleicher and Schuell) in triplicate (Figure 1A). Dimethyl sul-
foxide (DMSO) was also dispensed onto the membrane as a blank con-
trol. The membrane was completely prepared after cross-linking proce-
dure. The expressions level of each gene spot measured on Activating 
KRAS Detection Chip were quantitated, and then normalized with ref-
erence gene (β-actin) density. When the normalized spot density was 2 
or more, it is defined as the overexpressed gene spot. Each overex-
pressed gene was then multiplied by weighted value ranging from 1 to 
4 according to its performance after KRAS activation. The chip was 
defined as positive result while the total score is 20 or more (Figure 

1B). 
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2.5 Preparation of digoxigenin-labeled cDNA targets and hybridization  

First-strand cDNA targets were applied to biotin labeling, and the bio-
tin-labeled probes then hybridized with the Activating KRAS Detection 
Chip. The hybridized chip followed washing, blocking and color devel-
opment procedures using a GeneCling® Enzymatic Gene Chip Detec-
tion Kit ((MedicoGene Biotechnology Corp., Los Angel, CA). The hy-
bridized chips were then scanned using an Epson Perfection 1670 flat-
bed scanner (SElKO EPSON Corp., Nagano-ken, Japan). Subsequent 
quantification analysis of each spot’s intensity was carried out using 
AlphaEase FC software (Alpha Innotech Corp., San Leandro, CA). The 
interpretation of gene density and chip result are mentioned previously. 

2.6 Statistical analysis 

All data were analyzed using the Statistical Package for the Social Sci-
ences Version 12.0 software (SPSS Inc., Chicago, IL). The correlation 
between the WEnCA and direct sequencing for the detection of KRAS 
oncogene in peripheral blood and tumor tissues was compared using 
the chi-square test. A P-value < 0.05 was considered statistically signif-
icant. 

3 Results 

We collected 377 peripheral blood samples and paired tumor tissue of 
NSCLC patients and CRC patients to evaluate clinical KRAS activation 
using Activating KRAS Detection Chip with WEnCA platform. Among 
122 tissue samples with mutant KRAS through direct sequencing, acti-
vating KRAS were detected in 112 blood samples through WEnCA 
analysis (as positive KRAS chip result). On the other 255 tissues with 
wild-type KRAS, 241 blood samples were observed as negative KRAS 

chip result. The sensitivity, specificity, and accuracy of WEnCA analy-
sis for detecting activated KRAS mutation in peripheral blood were 
91.8%, 94.5% and 93.6%, respectively. The results demonstrated a sig-
nificantly high correlation between Activating KRAS Detection Chip 
and standard direct sequencing method for the detection of activated 
KRAS mutation in peripheral blood and tumor tissues (P< 0.05) (Table 

3). 
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4 Discussion 

As single marker detection tests such as PCR combined direct sequenc-
ing are limited by the obtaining of tumor tissue suitable for molecular 
analysis, an alternative method for detecting KRAS gene mutation is 
needed. Since the Activating KRAS Detection Chip detects the expres-
sion of multiple KRAS downstream genes, it could show the entire situ-
ation of activated KRAS rather than detecting the status from single 
marker which may be undetectable because of the detection limitation. 
Besides, KRAS gene had been reported that having many mutation sites, 
including codon 12, 13, 15, 18, 31, but not all mutations can activate 
KRAS. In our earlier reports [9, 12], we found that blood samples with 
KRAS mutations in codon 31 showed negative results in chip assay. 
The reason may be that the mutation site of this codon cannot activate 
KRAS, and it also can explain the discordance of KRAS status between 
tumor and blood samples. To sum up, Activating KRAS Detection Chip 
with WEnCA platform can reflect the realer status of KRAS activation 
than PCR combined direct sequencing which detects mutations on cer-
tain codons. 

Moreover, previous study reported the KRAS mutation in tumor 
may be undetected in the bloodstream and suggested that it may be 
caused due to the low DNA concentration other than the heterogeneity 
of primary cancer and metastatic lesions [13]. Our WEnCA platform 
which displays the overall status of KRAS activation could also over-
come the heterogeneity issue. The results of this study demonstrated 
that detecting KRAS mutation in blood samples through WEnCA 
achieved higher sensitivity, specificity and accuracy than the direct se-
quencing for tumor tissues samples. This high-throughput assay is also 
an alternative diagnostic platform for patients who have the difficulty 
of obtaining tumor samples when compared with direct sequencing. It 
is suggested that detecting activated KRAS mutation in peripheral blood 
through WEnCA analysis is potential to serve as an assessment tool for 
cancer patients. 
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Fig. 1. Schematic and Chip images of Activating KRAS Detection Chip by weighted enzymatic 

chip array (WEnCA) method 

(A) A triplicated set of 22 mRNA markers for KRAS gene mutation was blotted on 
nylon membrane. β-actin and TB gene serving as positive and negative controls. (B) 
Positive result showed detectable activating KRAS mutation in peripheral blood, and 
the cutoff value was more than 20. On the contrary, negative result meant undetecta-
ble KRAS mutation in blood sample. 
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