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There are multiple potential uses for cfDNA in cancer diagnosis and prognosis. For
example, cfDNA can be used to detect somatic alterations when biopsies are not
available. It may also represent a valuable source of tumor DNA when the exact
position of a suspected primary lesion is not clearly defined. Aside from these
clinical applications, cfDNA may also represent a very important source of
biomarkers in population-based studies.The fact that cfDNA can be obtained
without invasive or painful procedures makes it particularly (8). We aimed to
detected if there is any mutations in KRAS as genetic marker could be find in
plasma samples from Iraqi patients as early diagnosis and compared the results
with match tumor.
Material and methods: Plasma samples for this study were collected in addition

tumor tissue was collected via biopsy from 18 patients at early diagnosis of
colorectal cancer. DNA was extracted from frozen tumor tissue and cfDNA was
extracted from the plasma samples. KRAS mutations were detected by High
Resolution Melting (HRM).
Results: There is (33%) of patients with KRAS mutation in codon 12, KRAS
mutation in sequencing analysis was successful only in (7%) of the plasma-
extracted cfDNA sample which didn't mutate in the matched tumor.
Conclusion: We found it is unlikely that circulating mutant DNA measurements be
used to reliably monitor tumor diagnostic and monitoring potential of detecting of
KRAS oncogene in plasma from Iraqi patients as early diagnosis based on the fact
that we were unable to detect such DNA in plasma and match tumor tissue.
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INTRODUCTION
Tumour derived mutant DNA has been detected in various
body fluids. Mutations in various genes, including KRAS2,
p53, and CD44 among others, have been detected in stool
samples of patients with CRC(1,2,3). The presence of
abnormally high levels of free circulating DNA (cfDNA)
in the plasma/serum of cancer patients was demonstrated
in 1977 (4) .The importance of cfDNA was recognized in
1994 as a result of the detection of mutated RAS gene
fragments in the blood of cancer patients (5,6). Mutations
in cfDNA have been characterized in a large variety of
cancer types and sites, including, for example, colorectal,
pancreas, lung, bladder, head , neck and liver cancers.
Various types of DNA alterations have been reported in
cfDNA, including point mutations, DNA

hypermethylations, microsatellite instabilities (MI) and
losses of heterozygosity (LOH). In many instances, these
alterations were identical to the ones found in the primary
tumor tissue of the patient, supporting the tumoral origin
of altered cfDNA. Occurrence of alterations in cfDNA, as
well as increase in the overall level of cfDNA, is not
restricted to any particular tumor site, type or grade (7).
There are multiple potential uses for cfDNA in cancer
diagnosis and prognosis. For example, cfDNA can be used
to detect somatic alterations when biopsies are not
available. It may also represent a valuable source of tumor
DNA when the exact position of a suspected primary
lesion is not clearly defined. Moreover, it may provide a
useful way to detect early relapse during post treatment
follow-up of patients with defined mutations in the
primary lesion. Aside from these clinical applications,
cfDNA may also represent a very important source of
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biomarkers in population-based studies. The fact that
cfDNA can be obtained without invasive or painful
procedures makes it particularly (8)
Mutant KRAS2 has been detected in DNA extracted from
pancreatic fluid in patients with pancreatic carcinoma,
from urine specimens in patients with bladder cancer, and
from the sputa of patients with lung cancer. Tumour
derived circulating mutant DNA is also detectable in the
plasma or serum of cancer patients, as indeed is tumour
derived RNA. Circulating wild-type DNA is detectable at
low levels in normal healthy controls (9).
Recent study provide evidence that detection of KRAS
mutational status in CTCs, by gene expression array, has
potential for clinical application in selecting metastatic
colorectal cancer patients most likely to benefit from
cetuximab therapy (10). KRAS analysis in plasma is a
viable alternative to tissue analysis. Quantitative levels of
cfDNA and pmKRAS are strongly correlated and hold
promise of clinical application (11). We aimed to detected
if there is any mutations in KRAS as genetic marker could
be find in plasma samples from Iraqi patients as  early
diagnosis  and compared the results with match tumor.

MATERIAL AND METHODS
Patients

Plasma  samples for this study  were collected in addition
tumor tissue was collected via biopsy from 18 patients at
early diagnosis of colorectal cancer who underwent to the
Gastroenterology and Hepatology Diseases Center, and
Teaching Laboratories In Baghdad, between November,
2011 and May, 2012. The 6 male and 12 female with a
median age  of 54 years (range, 25–72 years). patients
were classified as 4 patients with well differentiated tumor,
14 patients with moderately differentiated tumor according
to the Modified Dukes classification of (12) Astler and
Coller (1954), as diagnosed by colonoscopy , biopsy and
confirmed by histopatholgist examination. Patients treated
with radiotherapy or chemotherapy were excluded. Blood
samples(5ml) were collected from each Patient  in EDTA
tube after fasting and the Plasma was separated by
centrifugation at 3,000 x g for 2.5 minutes at room
temperature then Plasma was transferred to a clean tube.
The plasma and tissue samples   were stored at -20 °C until
use for the studies.
All patients were informed about the aims of this study
which includes studies for publication of this report or any
accompanied images and, before the samples was
collected, gave a written informed consent. The research
was approved by council of Institute of Genetic
Engineering and Biotechnology for Post Graduate Studies.
University of Baghdad.

DNA extraction and KRAS mutation analysis

DNA was extracted from frozen tumour tissue  using the
QIAamp DNA Mini and Blood Mini kit according to the
manufacturer’s instructions. cfDNA was extracted from
the plasma samples according to the (13) with
modification . The frozen tumour tissues were collected
and processed at the laboratory of the National Center for
Early Detection of  Cancer (Baghdad) while the Plasma
cfDNA were extracted  at the Laboratory of  Molecular
Oncology at Guy 's Hospital (London).  The coding

sequence and splice junctions of exons 2 and 3 in KRAS
gene where all pathogenetic mutations occur (14) includes
the most common mutation sites (codons 12 and 13) using
the following primer pairs (forward,
5´TTATAAGGCCTGCTGAAAATGACTGAA and
reverse 5´TCATGAAAATGGTCAGAGAAACC. KRAS
mutations were detected by High Resolution Melting
(HRM). Briefly, HRM was performed on (4 µl of isolated
genomic DNA ,PCR buffer 2 µl , MgCl2 (26mm) 1.28 µl,
dNTPs 0.35 µl enzyme 0.25 µl,water 10.5 µl, dye 1 µl and
primer mix 0.62 µl) using HRM-ABI in a 9700 Thermal
cycler (Applied Biosystems, Foster City, CA, USA); all
HRM amplified products were cleanup using
ChargeSwich® PCR Clean-UP Kit. Then directly
sequenced. The sequence was analyzed using the ABI
3730 (Applied Biosystems).

Statistical Analysis

The Statistical Analysis System- SAS (2004) was used to
effect of difference factors in study parameters(15).

RESULTS AND DISCUSSION
Detected of KRAS mutation in circulating free DNA
Frozen tumour extracted DNA

We aimed to detected if there is any mutations in genetic
marker could be find in plasma samples from patients as
early diagnosis  and compared the results with match
tumour. Plasma samples  for KRAS mutation analysis were
available from 18 patients with their match tumor tissue in
early CRC . Three of plasma extracted DNA were failed to
amplify by HRM. Overall, 15 (100%) of the plasma DNA
and  frozen tissue samples a were  analyzed successfully
for KRAS1213 by HRM figure (1) .

Select the  amplified products of mutations samples and
purified ,after that we confirmed these mutations by
sequencing analysis. Of the seven mutations in codons12
and 13 of KRAS that detect (G12A, G12R, G12D, G12C,
G12S, G12V, and G13D; NCBI reference sequence: NM-
004985), there is (33%) of patients 5(15) with KRAS
mutation in codon 12,  the results were included   4(26%)
transition, GAT(G12D) and 1(7%) transversion,
CGT(G12R) in codon 12 table(1),figure (2). These

Figure (1) HRM melting profile result of the KRAS
gene codon  1213 isolated from colorectal  tissue.

The figure shows the results of Gene Scanning
analyses of wild type samples (blue line) and

mutant (Red  line).
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mutations appear in 11(15)73% ,3(15) 20% and 1(15)7%
in moderately differentiated  ,well differentiated and tumor
villous  respectively  table (1), while other mutation cannot
be detected. There is not mutation in codon 13. The
percent of the wild type was 10(15)75% with age rate
(47.5 years).Regards to the age the mutations were high
significant  (P<0.01). In 31% in age over  50 years.

Comparison depend on the gender 3(5) 60% also high
significant(P<0.01) of K RAS mutation were in the male
against2(5) 20% in female, while according to the site it
were 3(7) 43% and  2(7) 40% in right and rectum
respectively as in table (2) showing low and high
significant increase of (P<0.05, P<0.01) respectively of
KRAS mutation for codon 12, while no KRAS mutation in
left site of colon.

Utility of cfDNA for KRAS mutation analysis

Matched plasma were available from 15 patients with
analyzed  biopsy tumour samples. We found 7(15)  47%
rate of mutation which detected by HRM but failed to

detect these mutation except only one 1(15) 7% of
mutation in sequencing analysis, as showed in table (1).
The detection of point mutations in genes, such as TP53
and KRAS in cfDNA requires the use of more sensitive
approaches than for the analysis of DNA extracted from
tumor tissues. In most cases, direct sequencing has proven
to be not sensitive enough, as this method does not allow
the reliable detection of  less than 25% mutant signal in a
background of wild-type DNA (16).

Plasma-extracted cfDNA versus tumor-extracted DNA

KRAS mutation in sequencing analysis was successful only
in 1/15 (7%) of the plasma-extracted cfDNA sample
number  8cfDNA which didn't mutate  in the matched
tumor when tested in HRM and , it  was transition
mutation GGT>GAT(G>D) table(1).That may due to
many reason, first is the mutant DNA represents only a
small fraction of total cfDNA(17),second may due to
sampling of blood (18).The third reason, it has been
scientifically proven that tumours represent a mixture of
different cancer cell clones (which account for the
genomic and epigenomic heterogeneity of tumours) and
other normal cell types, such as haematopoietic and
stromal cells. Thus, during tumour progression and
turnover both tumour-derived and wild-type (normal)
cfDNA can be released into the blood. As such, the
proportion of cfNA that originates from tumour cells
varies owing to the state and size of the tumour.
The amount of cfNA is also influenced by clearance,
degradation and other physiological filtering events of the
blood and lymphatic circulation. Nucleic acids are cleared
from the blood by the liver and kidney and they have a
variable half-life in the circulation ranging from 15
minutes to several hours(19). In addition to the mutant
DNA fragments present in the circulation of cancer
patients are degraded compared with the circulating DNA
derived from non neoplastic cells. (20).The results of
studies in th this  field of contradictory, Diehl et al.,(2005)
reported it is unlikely that circulating mutant DNA could
be used to detect premalignant tumors, based on the fact
that they were unable to detect such DNA even in very
large adenomas. While other study published that KRAS
analysis in plasma is a viable alternative to tissue analysis.
Quantitative levels of cfDNA and primary metastasis
KRAS are strongly correlated and hold promise of clinical
application (21). The cfDNA appears to be a viable tool
for the monitoring of the clinical progression of CRC in
patients with cfDNA positivity prior to surgery(22,23).
Previous study  have confirmed that cfDNA can be used
for the detection of KRAS mutations in CRC(24).
Perkins et al., (2012) published that multiplex sequencing
assay can be utilized to detect somatic mutations from
plasma in advanced cancer patients, when safe repeat
tumour biopsy is not feasible and genomic analysis of
archival tumour is deemed insufficient(25).
O r results showed that only one sample (17cf) was have
compatible results for HRM assay in tissue and match
plasma and this mutation was confirmed in sequencing
assay in tissue but did not in match plasma, this may
explain by that, the tumour occurs frequently at a specific
genomic site.

(A)

(B)
Figure (2) Sequence analyses of KRAS gene in DNA

isolated from colorectal tissues, the representative
sequence analysis is shown for some mutation. (A):

Gly12Asp (B): Gly12Val. analysis is shown
GGT>GATand GGT>CGT mutation.
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A major drawback of cfDNA assays is the low frequency
of some of the mutations that occur in tumors. In general,
wild-type sequences often interfere with cfDNA mutation
assays. This is due to the low level of cfDNA mutations
and the dilution effect of DNA fragments and wild-type
DNA in circulation(26).

CONCLUSION
We found it is unlikely that circulating mutant DNA
measurements be used to reliably monitor tumor
diagnostic and monitoring potential of detecting of KRAS
oncogene in plasma from Iraqi patients as  early diagnosis
based on the fact that we were unable to detect such DNA
in plasma and match tumor tissue , the pathophysiological
function and clinical implication of their presence warrant
further investigation.
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