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Detection of K-ras gene mutations in feces by magnetic nanoprobe
in patients with pancreatic cancer: A preliminary study
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Abstract. The present study aimed to investigate the feasi-
bility and effectiveness of detecting K-ras mutation by using
magnetic nanoparticles in fecal samples of patients with
pancreatic cancer at different stages. The novel methodology
of K-ras mutation detection was compared to the existing
methodology of cancer antigen (CA)19-9 examination. Patients
with pancreatic cancer (n=88), pancreatic benign diseases who
displayed chronic pancreatitis (n=35), pancreatic mucinous cyst
neoplasms (n=10) and pancreatic serous cyst (n=9) admitted
to the Department of Surgery, Jiaxing Second Hospital were
enrolled in the present study. Fecal samples were collected
from all patients, DNA was extracted and magnetic nanoprobe
was then used to detect K-ras mutation. The results obtained
using the novel magnetic nanoprobe detection technique
showed a K-ras mutation rate of 81.8% (72/88) in the patients
with pancreatic cancer and 18.5% (10/54) in patients with
pancreatic benign diseases. In patients with pancreatic cancer,
the K-ras mutation rate was comparable in stages I + IIA and
IIB + III + IV (78.9 vs. 84.0%; P>0.05). The sensitivity and
specificity of K-ras mutation for detection of pancreatic cancer
was 81.8 and 81.5%, respectively. Sixty-eight pancreatic cancer
patients had >37 U/ml CA99 with a sensitivity and specificity
for pancreatic cancer detection of 77.3 and 77.8%, which was not
significantly lower than detection by the fecal K-ras mutations
(P>0.05). Combinational detection of fecal K-ras mutations
and serum CA19-9 significantly increased the sensitivity
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regarding pancreatic cancer detection to 97.7% (P<0.05), while
the specificity was not enhanced (80.9%; P>0.05) compared
with fecal K-ras mutations or CA19-9 alone. The findings
showed that the magnetic nanoprobe is able to detect fecal
K-ras mutations in different stages of pancreatic cancer, with
comparable sensitivity and specificity to CA19-9 examination
for differentiating pancreatic cancer. Furthermore, combined
detection of CA19-9 and K-ras mutations has enhanced sensi-
tivity compared with CA19-9 alone.

Introduction

Pancreatic cancer is one of the most malignant types of gastro-
intestinal tract tumor with a 5-year survival rate of <5% (1).
In recent years, the incidence of pancreatic cancer has been
increasing. Early detection of pancreatic cancer is difficult
due to its nonspecific clinical manifestations and therefore,
a large proportion of patients are diagnosed at the advanced
stage beyond the time window for radical surgery (2). Cancer
antigen (CA)19-9 is the main tumor biomarker for diagnosing
pancreatic cancer with a reported sensitivity of 65% and a
specificity of 78-94% (3.4). Considering that CA19-9 cannot be
used as an early detection marker for pancreatic cancer and is
also detected in benign pancreatobiliary diseases, particularly
chronic pancreatitis (5), its specificity and effectiveness may
not be satisfactory. Thus, there is a requirement for developing
novel methodologies to detect pancreatic cancer at different
stages and make earlier diagnoses, which will ultimately lead
to a better prognosis for patients.

With the development of modern molecular biological
techniques, numerous novel and efficient detection methods
have been developed, including those for the detection of
tumor-associated genetic mutations, which is also a current
focus of research on pancreatic cancer. The K-ras gene is
closely associated with the development and progression of
pancreatic cancer. K-ras mutation is an important and early
event in tumorigenesis (6-8). K-ras is able to bind guanine
nucleotides within a growth factor signal transduction
pathway, while pathological mutations of K-ras lead to
cell proliferation (9). The detection of K-ras mutations in
biopsy specimens, pancreatic juice, bile and blood has been
previously reported (10,11). Genetic mutations detected
in biopsy specimens and pancreatic juice may be a reliable
method for diagnosing pancreatic cancer; however, it is
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Table I. Fecal K-ras mutations in pancreatic cancer, pancreatic benign diseases and healthy control group.

Group Cases (n) Cases carrying K-ras mutations, n (%) %2 P-value
Pancreatic cancer 88 72 (81.8)

Pancreatic benign diseases 54 10 (18.5) 54.954 <0.001*
Healthy control 31 0 (0) 5.043 0.025°

“P<0.05 vs. pancreatic cancer group.

challenging to obtain adequate samples (12). Conversely, K-ras
detection in blood has a relatively low sensitivity of 66-71%
and requires combination with other examinations to increase
the diagnostic rate (13-15). Recent studies have demonstrated
that it is possible to extract and sequence fecal DNA (16,17).
However, K-ras mutation has not been investigated in
pancreatic cancer by magnetic nanoprobe. The present study
introduced a nanoparticle trace capture probe, which is
widely applied in detecting trace genetic variants (18,19), to
detect K-ras mutations in the feces of patients with pancreatic
cancer at different stages and further explored the sensitivity
and specificity of the novel K-ras mutation detection method
and the existing CA19-9 examination method as well as their
combination regarding pancreatic cancer diagnosis.

Patients and methods

Patients. Patients with pancreatic diseases admitted to the
Department of Surgery, Jiaxing Second Hospital (Jiaxing,
China) from January 2013 to August 2015 were enrolled in the
present study, including patients with diagnoses of pancreatic
cancer (n=88), chronic pancreatitis (n=35), pancreatic muci-
nous cyst (n=10) and pancreatic serous cyst (n=9). Thirty one
healthy individuals were also included as controls. Pancreatic
tissue was obtained from patients after surgical resection at
the Department of Surgery, Jiaxing Second Hospital. Tissue
samples were obtained at the time of resection, during
analysis of frozen sections or both, in accordance with the
in-house protocol. Clinicopathological [i.e., clinical manifes-
tation, tumor location, CA19-9, carcino-embryonic antigen
(CEA)] and demographic data (i.e., age, sex, histology and
tumor stage) were collected and analyzed. Informed consent
was obtained from all the patients and the present study
was approved by the Ethics Committee of Jiaxing Second
Hospital.

DNA extraction from fecal specimens. Fecal samples were
stored at -80°C. DNA was extracted by phenol-chloroform
extraction from 200 mg feces and purified using a Qiagen
purification kit (Qiagen, Hilden, Germany). DNA concentra-
tions were measured using a ND-1000 NanoDrop (Thermo
Fisher Scientific, Inc., Waltham, MA, USA).

Establishment of nanoparticle trace capture probe system.
A solution of 1 M NaOH (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) and 0.1 M salicylic acid (SA,
Sigma-Aldrich; Merck KGaA) with volume at 100 pl each was
added to a sterilized three-necked flask to increase the pH of the

Figure 1. Morphology of magnetic nanoparticles by electron microscopy.

whole reaction solution to ~11.0 under vigorous stirring in an
argon gas atmosphere, followed by the addition of an aqueous
solution comprising a mixture of Fe(III) and Fe(II) oxide salts
(Fe,O5 and Fe;0,; Merck KGaA) with a molar ratio of 2X
Fe(III)/1X Fe(I1)/4X SA until a black suspension was obtained.
After refluxing at 90°C for 4 h, a dark-brown suspension was
formed. The morphology of the magnetic nanoparticles was
observed by transmission electron microscopy (Fig. 1).

Detection of K-ras using magnetic nanoparticles. A capture
probe for K-ras (10 M, Foxgene Co., Ltd., Wuxi, China) was
conjugated with 1 xM magnetic nanoparticles by 1-ethyl-3-(-3-di-
methylaminopropyl) carbodiimide hydrochloride chemistry
(Sigma-Aldrich; Merck KGaA) and purified by a magnetic
field, followed by redispersion in Tris-EDTA buffer (20). PCR
detection of K-Ras mutation system contained the final concen-
trations of each upstream and downstream primer, blocker
(Shanghai Sangon, Shanghai, China) and capture probe as 0.9,
0.9, 0.9 and 0.20 mmol/l, respectively. The assay was set up as
follows: A total of 20 ng DNA was used and the reaction was
performed in a final volume of 20 ml. Detection sensitivity and
specificity of K-ras (G12V or G13D) were estimated by using
serial dilutions of the corresponding mutant SW480 cell line
DNA (Type Culture Collection of the Chinese Academy of
Sciences, Shanghai, China) mixed with wild-type DNA (5, 1,
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Table II. Fecal K-ras mutation and serum CA19-9 in the diagnosis of pancreatic cancer.
Parameter Sensitivity (%) x2 P-value  Specificity (%) %2 P-value YI PPV (%) NPV (%)
Serum CA19-9 77.3 - - 77.8 - - 0.551 85.0 67.7
Fecal K-ras 81.8 0.28 0.597 81.5 0.06 0.806 0.633 87.8 73.3
K-ras+CA19-9 97.7 16.06  <0.001 80.9 0.68 0.513 0.786 86.1 944

P-values refer to comparison with serum CA19-9. YI, Youden's index; PPI, positive predictive value; NPV, negative predictive value; CA,

cancer antigen.

Table III. Association of the presence of fecal K-ras mutations
with certain biomarkers for pancreatic cancer.

Fecal K-ras
point mutations

Variable Yes No P-value
Sex 0.367
Male 34 (73.9) 12 (26.1)
Female 36 (81.8) 8(18.2)
Age (years) 67.00£10.63 69.25+11.33 0451
Clinical manifestations 0.152
Yes 40 (76.9) 12 (23.1)
No 32 (88.9) 4 (11.1)
Location 0.396
Pancreatic head 46 (79.3) 12 (20.7)
and neck
Pancreatic body 26 (86.7) 4(13.3)
and tail
Tumor diameter (cm) 4.08+1.22 3.50+0.73 0.07
Differentiation 0.152
Well 40 (76.9) 12 (23.1)
Poor 32 (88.9) 4 (11.1)
CA19-9 level (U/N) 0.454
>37 54 (79.4) 14 (20.6)
<37 18 (90.0) 2 (10.0)
CEA level (U/) 0.517
>5 24 (85.7) 4 (14.3)
<5 48 (80.0) 12 (20.0)
TNM stage 0.543
I+11A 30 (78.9) 8(21.1)
[IB+II+IV 42 (84.0) 8 (16)

Values are expressed as the mean + standard deviation or n and
percentages. CA, cancer antigen; CEA, carcinoembryonic antigen;
TNM, tumor-nodes-metastasis.

0.5 and 0.1% mutant DNA solutions were prepared). The data
were collected and analyzed using ABI 7500 fast System SDS
software v1.4.1 (Applied Biosystems; Thermo Fisher Scientific,
Inc.). PCR data were analyzed with a manual threshold of
0.1 and baseline from 5 to 15 to obtain cycle threshold (Cq)

values for FAM and VIC channels. The assay was considered
valid when the B-actin CT value was <20, the specific mutant
gene CT was 21-37 (w3 copies) and all No Template Controls
had an undetectable CT. PCR aliquots were also analyzed
by 0.8% agorose gel electrophoresis. Relative quantification
was performed using the comparative threshold cycle (244%9)
method (21). The gRT-PCR reaction was performed at 50°C for
2 min and 95°C for 30 sec, followed by 40 cycles of denaturation
at 95°C for 5 sec and annealing at 60°C for 45 sec. All reactions
were performed in triplicate. The probe, primers and blockers
used were as follows: Kras capture probe, 5'-CTCTATTGT
TGGATCATATTCGTCCACAAAATGATTCTGAATTA-3"
G12V forward primer, 5~ ACTTGTGGTAGTTGGACCT-3
G12V reverse primer, 5"TAACTTGAAACCCAAGGTAC-3}
blocker, CCTACGCCACCAGCT (with 4 pentabases); G13D
forward primer, 5'-GTTCTAATATAGTCACATTTTCATTAT
TTTTATTATAAAGC-3"; G13D reverse primer, 5'-GTCAAG
GCACTCTTGCCTAGG-3"; blocker, CTTGCCTACGCCACC
A (with 4 pentabases); (3-actin forward, CTCCATCCTGGC
CTCGCTGT B-actin reverse primer, GCTGTCACCTTCACC
GTTCC.

Statistical analysis. All statistical analyses were performed
using SPSS 19.0 software (International Business Machines,
Corp., Armonk, NY, USA). Continuous and categorical data
are shown as the mean =+ standard deviation or the percentage,
which were compared by Student's t-test and the % test, respec-
tively. The correlation of K-ras and CA19-9 was analyzed by
the * test and the specificity, sensitivity, Youden's index (YT),
positive predictive value (PPV) and negative predictive value
(NPV) were also calculated. P<0.05 was considered to indicate
a statistically significant difference.

Results

K-ras mutation detection in fecal DNA by nanoparticle capture
probe has predictive value for pancreatic cancer. DNA was
successfully extracted and validated from all fecal samples.
G12V and G13D mutations in the K-ras gene were detected using
the magnetic s. The CT value was determined and ranged from
41.71 to 62.61 in patients carrying G12V and/or G13D muta-
tions. Of the 88 patients with pancreatic cancer, K-ras mutations
were found in 72 (81.8%), including G12V (n=64) and G13D
(n=8) (Table I). The mutation rate in samples from patients with
pancreatic benign diseases was 18.5% (10/54), including G12V
(n=8) and G13D (n=2). Among the 10 cases with K-ras muta-
tions in the benign group, 7 cases were of chronic pancreatitis, 2
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had a pancreatic mucinous cyst neoplasm and 1 had a pancreatic
serous cyst. Among them, K-ras mutations were also detected
in 9 cases. No mutations were detected in the healthy controls.
Taken together, the K-ras mutation rate in pancreatic cancer was
significantly higher than in that in pancreatic non-malignant
diseases (P<0.05; Table I).

Detection of K-ras mutations in fecal DNA has high sensitivity
and specificity for pancreatic cancer. The sensitivity and
specificity of K-ras mutations in fecal samples for detection of
pancreatic cancer was 81.8 and 81.5%, respectively (Table II).
Sixty-eight pancreatic cancer patients had >37 U/ml CA19-9 and
the sensitivity and specificity were 77.3 and 77.8%, respectively,
which were not significantly different from those of the K-ras
mutations (P>0.05; Table II). Combined detection using fecal
K-ras mutations and CA19-9 had a sensitivity and specificity of
97.7 and 80.9%, respectively, indicating that this combination
significantly increased the sensitivity of detection of pancreatic
cancer to >95% (P<0.05). The specificity was not enhanced
compared with that of detection by K-ras mutations or CA19-9
alone (P>0.05; Table II).

K-ras mutations were not significantly correlated with
any of the clinical features assessed, including age, sex,
clinical manifestations, tumor size, CA19-9 and CEA level, and
tumor-nodes-metastasis stage of pancreatic cancer (Table III).
The K-ras mutation rate was comparable in patients with I+ITA
and IIB + IIT + IV pancreatic cancer (78.9 vs. 84.0%; P>0.05).

Discussion

Pancreatic cancer has a low early detection and survival rate,
and radical resection is the only treatment available with cura-
tive potential. Radical surgery for a pancreatic cancer sized
<2 cm has been reported to increase the 5-year survival rate
to 19-52.9% (22,23). The early diagnosis of pancreatic cancer
remains challenging and it is vital that more sensitive and
specific methods are developed to detect pancreatic cancer.
The present study investigated the feasibility and efficacy
of magnetic nanoprobes to detect K-ras mutations in fecal
samples from patients with pancreatic cancer at various stages.
Magnetic nanoparticles were used to extract DNA from the
fecal samples and the probe was able to specifically capture
the point mutation. The results indicated that this detection
was sensitive, reliable, repeatable and cheap.

The novel K-ras mutation detection method used in the
present study had greater sensitivity and specificity than the
previous CA19-9 method. The mutation rate of the K-ras gene in
pancreatic cancer was 81.8%, which is higher than that reported
by previous studies (24,25). Fecal DNA from pancreatic cancer
patients had a higher mutation rate than that of patients with
pancreatic benign diseases and healthy controls (P<0.05). The
nanoparticle capture probe is intended to detect trace DNA
content, which means that smaller clinical samples are required.
The present study also found that the K-ras mutation rate in
fecal DNA from patients with early pancreatic cancer (n=19)
was comparable with that in samples from advanced pancreatic
cancer patients (n=25; 78.9 vs. 84.0%; P>0.05). These results
supported that K-ras mutations participate in the initiation of
pancreatic cancer, which is consistent with previous findings. For
instance, Wilentz et al (26) reported that 75-100% of pancreatic
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cancer patients had a mutation in K-ras codon 12, suggesting
that K-ras detection may be used as an early detection marker for
pancreatic cancer. In addition, K-ras mutation increased the risk
of pancreatic cancer in patients with chronic pancreatitis (27),
while K-ras mutations were also observed in certain benign
pancreatic diseases (28). In the patient cohort of the present
study, a certain percentage of cases with pancreatic benign
diseases had fecal K-ras mutations. Whether K-ras mutations
are an independent risk factor for pancreatic cancer should be
assessed in future studies.

CA19-9 >37 U/ml is widely acknowledged as an important
serum biomarker for pancreatic cancer (29), but its sensitivity
and specificity are only 70-80%. In the present study, the
diagnostic value of K-ras mutations in fecal samples and
serum CA19-9 levels were compared. The sensitivity and
specificity of K-ras mutations for pancreatic cancer detection
were higher than those of CA19-9 (sensitivity, 81.8 vs. 77.3%;
specificity, 81.5 vs. 77.8%), but the differences were not
statistically different. Of note, the use of the two diagnostic
markers K-ras and CA19-9 in combination had a significantly
increased sensitivity (97.7%; P<0.05), and therefore represents
a promising early detection method for pancreatic cancer.
Although fecal K-ras mutation detection is of particular
translational significance, its false-negative rate, which may
result from the degradation of DNA, high content of bilirubin
and limited detached tumor cells in feces, should not be
neglected. These issues may be prevented by modifying the
fecal DNA extraction method and multi-genetic multi-locus
detection.

In summary, the novel magnetic nanoprobe system used
in the present study was able to detect K-ras mutations in
fecal samples of patients with pancreatic cancer with higher
prevalence than that in samples from patients with benign
pancreatic diseases and healthy controls. Based on these
results, fecal K-ras mutation detection may be recommended
for screening high-risk populations, and its combination with
CA19-9 may improve the early detection rate in pancreatic
cancer. The method has the advantage of being non-invasive.
The present study might serve as a pilot analysis of the clinical
significance of fecal K-ras mutation detection in pancreatic
cancer, and its diagnostic potential still requires to be compre-
hensively validated in larger cohorts prior to being introduced
into clinical practice. In conclusion, detecting K-ras mutation
in fecal matter by novel magnetic nanoprobe may be used as a
potential tumor marker for diagnosing patients with pancreatic
carcinoma in the future.
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