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Abstract

Searching for new cancer biomarkers, circu-
lating cell-free DNA (cfDNA) has become an
appealing target of interest as an elevated level
of cfDNA has been detected in the circulation
of cancer patients in comparison with healthy
controls. Since cfDNA can be isolated from the
circulation and other body fluids of patients
without harming their physical condition,
cfDNA is becoming a promising candidate as a
novel non-invasive biomarker for cancer. The
challenge in the diagnostic analysis of cfDNA
is its very low presence in human
plasma/serum and its partially strong fragmen-
tation. Here we evaluated a modified
phenol/chloroform extraction method for the
isolation of cfDNA and compared it with publi-
shed standard methods for cfDNA isolation.

Protocol

Searching for new cancer biomarkers, cir-
culating cell-free DNA (cfDNA) has become
an appealing target of interest as an elevated
level of cfDNA has been detected in the circu-
lation of cancer patients in comparison with
healthy controls. Since cfDNA can be isolated
from the circulation and other body fluids of
patients without harming their physical con-
dition, cfDNA is becoming a promising candi-
date as a novel non-invasive biomarker for
cancer.1-3

The challenge in the diagnostic analysis of
cfDNA is its very low presence in human plas-
ma and its partially strong fragmentation.2

Here we evaluated a modified phenol/chlo-
roform extraction method for the isolation of
cfDNA in human plasma and compared it
with published standard methods for cfDNA
isolation.4 Although cfDNA was about 5-fold
higher in serum samples compared to plasma
(data not shown.5 We only show cfDNA levels
determined from plasma samples which
allows a better comparison with previously
published protocols.6-8 Therefore, plasma
samples from healthy individuals (n=10) and
patients with colon carcinoma (n=15) and
breast cancer (n=15) were analyzed in paral-
lel using our modified phenol/chloroform
method in comparison to the Maxwell® 16 LEV
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Figure 1. Control gene PCR for the assessment of amplifiability and integrity of DNA
samples. Five control genes exons and the five primer sets for obtaining PCR products of
100, 200, 300, 400, and 600 bp9.100bp ladder marker, samples from cancer patients 1-4;
healthy controls 5, 6 and no template control, primer used as described in van Dongen et
al. 2003.

Table 1. Results obtained by real-time PCR quantification of cfDNA, using hTERT obtained from 1 mL of plasma, respectively (mean
± std. error).

Methods Healthy individuals Patients with carcinoma P value
pg/µL pg/µL

Maxwell® 16 LEV DNA Purification Kit 0.89±0.33 nd 0.0001
QIAamp® DNA Mini and Blood Mini kit 1.22±0.80 nd (13-309*) 0.0001
NucleoSpin® Plasma XS8 1.87±0.99 nd (10-423*) 0.0001
Modified Phenol-chloroform extraction 86.91±13.04 755.4±199.6
Phenol-chloroform extraction by Schmidt et al.6 23.78±3.91 190.3±52.14 0.008

(healthy)
0.035 (carcinoma)

P-values indicate significance of results in comparison to the modified phenol-chloroform extraction. (nd: not determined). *Data according to publications; Silva et al. 2002, Stemmer et al. 2003, Xie et al. 2004, Lui
et al. 2001, Lecomte et al. 2002, Gal et al. 2004, Gautschi et al. 2004, Di et al. 2003, Ito et al. 2003.
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DNA Purification Kit (Promega), QIAamp®

DNA Mini and Blood Mini kit (Qiagen),
NucleoSpin® Plasma XS (Macherey-Nagel)8

and a published Phenol-chloroform extraction
method.6

The samples were processed to obtain plas-
ma within an hour after the withdrawal of
blood from donors. The plasma was obtained by
two centrifugations of whole blood EDTA-tubes

at 1500 g at 4 C° for 10 min and at 3000g at 4°C
for 10min, and was then preserved at -80°C. To
1 mL of plasma, 100 µL of a solution containing
250 mmol/L EDTA and 750 mmol/L NaCl, 100 µL
of 100 g/L sodium dodecyl sulfate and 20 µL of
proteinase K (final concentration 20 mg/mL)
was added. The samples were incubated for 2
hours at 56°C, and the proteins were precipi-
tated with 200 µL of saturated 6M NaCl solu-

tion (final concentration, 0.86 mol/L).The
cfDNA was extracted with a 1:1 phenol-chloro-
form mixture at room-temperature. After incu-
bation time of 5 min at room temperature the
solution was centrifuged for 15 min at 14,000
g. The cleared supernatant was transferred
into a new tube and the DNA was precipitated
by adding the same volume of absolute ethanol
and incubating overnight at -20°C. The DNA
was first centrifuged for 15 min at 14,000 g,
then washed with 70% ethanol and dissolved
in 50 µL water. We used 5 µL of template DNA
for quantification, and each sample was ana-
lyzed in duplicate. The DNA was quantified by
a real-time PCR analysis using the sequence of
hTERT, the human telomerase reverse tran-
scriptase.7 The amplicon size of the hTERT sin-
gle copy gene was 98 bp. As shown in Table 1,
our modified cfDNA extraction method was
superior to all tested kit-based standard extrac-
tion methods and led also to a DNA yield which
was about four times higher compared to the
recently published method by Schmidt et al.,6

which is similar to our presented protocol.
However, Schmidt et al describe the isolation
of cfDNA within 2 working days, whereupon
we decided to set up a protocol aiming at com-
pleting cfDNA purification within only one
working day. To achieve this, we performed a
single DNA precipitation, whereas Schmidt et
al performed two consecutive rounds of precip-
itations. As DNA gets lost with every round of
precipitation, omitting the second precipita-
tion step may at least in part explain the high-
er amount of cfDNA gained by our protocol. In
addition, the slightly different salt concentra-
tion used for cfDNA precipitation may also
account for the higher efficiency of our
method.

Regarding the fragment-length of the isolat-
ed cell free DNA we were able to detect frag-
ments from 100 pb up to 600 bp via PCR,9 iso-
lated with all methods but noticed a higher
fragmentation of cfDNA in patients compared
to healthy controls (Figure 1 and Table 2).10

However, the presence of sequences shorter
than 98 bp as early marker for the attendance
of tumors was not examinated in this study
(Moulière et al. personal communication).

Regarding the clinical aspects we were able
to detect tumor-specific mutations (KRAS
codon 12-13 and BRAF V600E point muta-
tions)11-14 and we found significantly increased
levels of cell-free DNA in patients compared to
controls, which is in line with former pub-
lished data (Figures 2 and 3).3,15-20 In summary,
we were able to show a simple and robust
method for extraction, isolation and analysis of
cfDNA, suitable for a routine clinical-oncology
laboratory. In addition, this method was suit-
able for further PCR-based characterization
sequencing applications.

Protocol

Table 2. Control gene PCR for the assessment of amplifiability and integrity of DNA
samples. Five control genes exons and the five primer sets for obtaining PCR products of
100, 200, 300, 400, and 600 bp9. PCR positive number of patients in comparison to total
number of samples for controls and patients set in parentheses.

PCR product PCR positive 
control samples PCR positive patient samples

100 bp 10 (10) 27 (30)
200 bp 10 (10) 26 (30)
300 bp 10 (10) 24 (30)
400 bp 10 (10) 23 (30)
600 bp 10 (10) 21 (30)

Figure 2. A) Comparison of cfDNA
levels obtained from plasma from
colon-CA patients (n=15), breast-CA
patients (n=15) and healthy controls
(n=10), P-values indicate signifi-
cance of results. B) Results obtained
by sequencing the K-ras gene in
cfDNA. The same mutation (red
arrow) as in the primary tumour was
found in the cfDNA. (K-Ras codon
12) of patient with colorectal cancer;
PCR and sequencing performed as
described in Karapetis et al. 2008.19
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Protocol

Figure 3. Results obtained by real-time PCR of B-Raf V600E point mutation in cfDNA of
patient with breast cancer (same mutation in primary tumour). Melting curve analysis of
a B-Raf V600E-mutated patient (green graph) with hybridization probe, PCR and detec-
tion method performed as described in Nikiforova et al 2003.20
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