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Abstract

This application note describes
the isolation of DNA from human
whole blood samples and detec-
tion of the dihydropyrimidine
dehydrogenase gene (DPYD) exon
14 skipping mutation using the
InviMag Blood Mini Kit/ KFmL
(Invitek) and the Thermo Scientific
KingFisher mL magnetic par-

ticle processor (Thermo Fisher
Scientific) combined with a PCR
analysis. In this experiment up to
15 samples were processed on the
KingFisher mL in an automated
operation. The results show that
the extracted genomic DNA can
be used for mutation screening of
the DPYD gene prior to 5-fluoro-
uracil (5-FU) treatment in cancer
patients.

Introduction

In accordance with the discovery
of pharmacogenetic polymor-
phisms and a better understanding
of interindividual variability in
drug metabolism, new molecular
techniques allow prediction of
individual metabolic capacity.
Particularly with regard to thera-
peutic purposes, these methods

require extremely high efficiency
and sensitivity for isolation and
detection of nucleic acids in a
large number of samples.

The human dihydropyrimidine
dehydrogenase gene (DPYP)
encodes the dihydropyrimi-

dine dehydrogenase (DPD, E.C.
1.3.1.2) which is the initial and
rate-limiting enzyme in the three-
step metabolic pathway leading to
the catabolism of the pyrimidine
bases uracil and thymine. This is
the only metabolic pathway in
the biosynthesis of B-alanine in
mammals [1]. DPD is also the key
enzyme that degrades the struc-
turally related pyrimidine anti-
metabolite 5-fluorouracil (5-FU),
a common anti-cancer drug used
in the treatment of colon, breast,
head, neck, and ovary tumors [2].
Less than 10% of administered
5-FU undergoes renal excretion,
whereas > 80% is cleared by
catabolic degradation by DPD

to fluorinated B-alanine [3]. The
deficiency in DPD enzyme activity
is correlated with a delay in the
clearance of 5-FU from the plas-
ma. Accordingly, toxic side effects
(for example, diarrhea, stomati-
tis, mucositis, myelosuppression,
and neurotoxicity) of 5-FU have
been linked to low levels of DPD
enzyme activity in human blood
cells [3].

The most common mutation
associated with DPD deficiency is
a point mutation within the GT
5’-splicing consensus sequence of
exon 14 (Gto A),IVS14 + 1 G

> A, DPYD*2A [4]. This muta-
tion results in the skipping of the

entire exon 14 and causes a dele-
tion of 55 amino acid residues in
the primary sequence of the DPD
protein, resulting in a lack of func-
tional DPD expression [3]. Even
heterozygosity for this mutation
can result in a large decrease in
DPD activity and an increase in
toxicity to 5-FU [S].

The pharmacogenetic syndrome of
DPD deficiency has been detected
in 3 = 5% of the population

[6]. Therefore, screening for the
DPYD*2A mutation is routinely
done prior to 5-FU treatment in
cancer patients. 5-FU administra-
tion can often be safely continued
with an individual dose adjust-
ment.

For these routine screening pur-
poses, semiautomatic purifica-
tion of blood samples with a
KingFisher mL, from Thermo
Fisher Scientific, in combination
with the InviMag Blood DNA
Mini Kit/ KFmL, from Invitek,
were implemented in 2004.
Compared to using fully automat-
ic machines, this system provides
a cost-effective step towards the
standardization of labor-intensive
nucleic acid purification.

Material and Methods
DNA purification from human whole
blood

Genomic DNA is purified from
human whole blood samples in
25 minutes using the commercial
InviMag Blood DNA Mini Kit/
KFmL. The samples are obtained
from cancer patients who should
be treated with 5-FU. The quality
of the incoming samples differs



widely (differences in health of
the donor, age, sample storage and
transportation).

After mixing 150 pl EDTA blood!
with 200 pl Lysis Buffer A and 20
pl Proteinase K, the samples are
incubated covered while continu-
ously shaking at 900 rpm for 10
min at 56°C to support proteinase
activity for lysis and protein diges-
tion. During lysis an appropri-

ate number of Thermo Scientific
KingFisher mL tube strips needed
for the samples (one tube strip

per sample) are placed into the
tube strip tray. The tube strips B
to E are filled with buffers sup-
plied with the kit according to
Table 1. After lysis the samples are
transferred into KingFisher mL
tube strips (Tube A) and 400 pl of
Binding Buffer B6 and 20 pl MAP
Solution A are added and mixed
with each lysate to adjust the bind-
ing conditions.

After filling the tube strips, the
tray is placed into the instrument
and the tip combs are inserted into
the slots. The front lid is closed
and the samples processed using
the “InviMAG_Blood_KFmL”
purification protocol. Under

these conditions genomic DNA is
bound to the magnetic particles
quantitatively. During the process,
the beads are transferred through
Wash Buffer I and Wash Buffer

II to remove all impurities, such
as proteins, nucleases, and PCR
inhibitors. After removal of etha-
nol from the beads, the genomic
DNA is eluated in Elution Buffer

Table 1 : Pipetting instructions for the InviMag
Blood DNA Mini Kit/ KFmL

Tube | Content Sample/
Reagent volume

Lysed sample 370 pl

A MAP Solution A 3 20 yl
Binding Buffer B6 400 pl

B Wash Buffer | 800 pl

C Wash Buffer Il 800 pl

D Wash Buffer Il 800 pl

E Elution Buffer D 4 100 pl

3 1tis important to mix the bottle with MAP Solution A care-
fully by vigorously shaking or vortexing before use.
4 For elution 100 - 200 pl Elution Buffer D can be used.

Part of Thermo Fisher Scientific

D. After the program is complet-
ed, the tube strip tray is removed
from the instrument and the elu-
ates are stored for further use.

Detection of DPYD exon 14 skipping
mutation by PCR

Routinely a 2 pl aliquot of each
eluate (1/50) is used for the detec-
tion of the DPYD exon 14 skip-
ping mutation. The PCR method
is developed in-house, based on
the sequence entry for chromo-
some 1p22 gi:88942921. Primers
for a PCR fragment of 190 bp
were designed. This PCR allows
allelic discrimination by means of
melting curves.

Results

For detection of the DPYD exon
14 skipping mutation, the shown
extraction method (InviMag
Blood DNA Mini Kit/ KFmL) can
realize highly efficient purification

of genomic DNA from human
whole blood. DNA was isolated
on the KingFisher mL from 150
pl EDTA blood from a cancer
patient who should be treated
with the anti-cancer drug 5-FU.
Figure 1A shows the amplifica-
tion of the DPYD exon 14 — PCR
product. The red line shows

the amplification product from
the patient DNA, the green line
shows the amplification product
from a control DNA of a hetero-
zygote sample. After the detec-
tion (Figure 1A), the LightCycler
measures a melting curve of the
amplified product. Figure 1B
shows the first derivation of the
melting curve. If the first deriva-
tion of the melting curve shows
two maxima, a heterozygote
DPYD mutation is detected. The
patient sample (red line) does
not show a mutation and the
patient can be treated with a 5-
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Figure 1: DNA was isolated from 150 pl EDTA blood on the KingFisher mL using the InviMag
Blood DNA Mini Kit/ KFmL. 2 pl of the eluated DNA (1/50) was used in a qualitative PCR on a
LightCycler (Figure 1A). Figure 1B shows the first derivation of the melting curve of the amplified

product.
Red line: patient sample
Green line: heterozygote control
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FU standard dose. In the results,
a detailed example of a typical
DPYD exon 14 skipping muta-
tion analysis is shown.

This analysis is performed rou-
tinely using the described assay in
the clinical laboratory.

Conclusion

New molecular techniques allow
a prediction of individual meta-
bolic capacity. These techniques
require extremely high efficiency
and sensitivity for isolation and
detection of nucleic acids. The
procedure described above fulfils
the required criteria with respect
to the mutation screening for the
DPYD gene prior to 5-FU treat-
ment in cancer patients.

The InviMag Blood DNA Mini
Kit/ KFmL provides rapid

and economical purification

of genomic DNA from blood
samples. In combination with the
KingFisher mL it has also been
successfully used in this laborato-
ry for other diagnostic screenings
from blood samples, for example,
translocation in chromosome
8,14 or the detection of B-cell
tumor disease.

Part of Thermo Fisher Scientific

References

1 Wei X et al. Molecular basis of the
human dibydropyrimidine debydrogenase
deficiency and S-fluorouracil toxicity. |
Clin Invest. 1996 Aug 1;98(3):610-5.

2 Jézéquel P et al. Common DPYD
Mutation Associated with 5-Fluorouracil
Toxicity Detected by PCR-mediated Site-
directed Mutagenesis. Clin Chem. 2000
Feb;46(2):309-10.

3 Raida M et al. Prevalence of a com-

mon point mutation in the dibydropyrimi-

dine dehydrogenase (DPD) gene within

the 5’-splice donor site of intron 14 in

patients with severe S-fluorouracil (5-FU)-

related toxicity compared with controls.
Clin Cancer Res. 2001 Sep;7(9):2832-9.

4 Saif MW et al. DPYD *2A muta-
tion: the most common mutation asso-
ciated with DPD deficiency. Cancer
Chemother Pharmacol. 2006 Dec 13;
[Epub abead of print]

S5 wvan Kuilenburg AB et al. Severe 5-
fluorouracil toxicity caused by reduced
dibydropyrimidine debydrogenase activ-
ity due to heterozygosity for a G-->A
point mutation. | Inberit Metab Dis.
1998 Jun;21(3):280-4.

6 Ezzeldin HH et al. Methylation

of the DPYD promoter: an alternative
mechanism for dibydropyrimidine dehy-
drogenase deficiency in cancer patients.
Clin Cancer Res. 2005 Dec 15;11(24 Pt
1):8699-705

% Invitek

Gesellschaft fiir Biotechnik & Biodesign mbH

www.invitek.de

Invitek GmbH, Robert-Réssle Str. 10,
13125 Berlin, Germany
+49 9489 2907

SCIENTIFIC

North America:
USA/Canada

+1 866 984 3766
Europe: Austria

+43 1 801 40 0,
Belgium

+32 2 482 30 30,
Finland

+358 9 329 100,
France

+33 2 2803 2000,
Germany national toll
free 08001-536 376,
Germany international
+49 6184 90 6940,
Italy +39 02 95059 1,
Netherlands

+31 76 571 4440,
Russia/CIS

+7 095 225 11 15,
Spain/Portugal

+34 93 223 3154,
Switzerland

+41 44 454 12 12,
UK/Ireland

+44 870 609 9203
Asia: China

+86 21 6865 4588 or
+86 10 5850 3588,
India

+91 22 5542 9494,
Japan

+81 45 453 9220,
Other Asian countries
+852 2885 4613
Countries not listed:
+49 6184 90 6940 or
+33 2 2803 2000




