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RESUMO

Introducdo: Uma grande parte das pesquisas realizadas em todo o mundo depende das amostras armaze-
nadas, que em sua maioria, serdo submetidas ao processo de extracdo do material genético para analises em
biologia molecular. Essas sdo fontes extremamente valiosa para muitos estudos. Estes incluem a pesquisa
de mutacdes em genes criticos para o cancer, bem como a deteccdo de patégenos. Objetivo: O objetivo
desse estudo foi avaliar o impacto de diferentes métodos de extracio de DNA de tecido parafinado, conge-
lado e amostras de sangue. Resultado: Nos comparamos 13 métodos diferentes para a extracdo de DNA.
Todas 63 amostras (20 tecidos parafinados, 23 tecidos congelados frozen e 20 amostras de sangue) foram
obtidas de mulheres que realizavam tratamento de cancer de mama no Hospital de Cancer de Barretos. A
pureza e rendimento do DNA extraido foi avaliado pelo NanoDrop® Spectophotometer. O fragmento de
DNA amplificavel foi avaliado por amplificagdo por PCR do gene APC e todas as extragdes utilizadas in-
dependentemente da amostra foram consideradas adequadas para a amplificagdo de fragmentos de até 311
pb. Conclusao: Foi verificado que o QIAamp DNA FFPE Tissue kit apresentou melhor qualidade para as
amostras de FFPE ¢ também 6timo rendimento. Em relagdo as amostras de tecido fresco, foi visto 6timos
valores de pureza e rendimento para o QIAamp DNA Mini and Blood Mini Kit. As amostras de buffy coat
apresentaram melhores resultados com o QIAamp DNA Mini Blood and Mini Kit. Nos concluimos que o
método de extracao desempenha um papel importante em relagdo ao desempenho em aplicagdes moleculares.

Palavras-chave: extragio de DNA, Buffy coat, FFPE, tecido congelado.
ABSTRACT

Introduction: A large portion of researches conducted worldwide depend on stored samples that will most
often be subjected to the process of extracting genetic material for molecular biology analysis. These samples
archived are an extremely valuable source for retrospective genetic studies. These include mutation screening
in cancer-critical genes as well as pathogen detection. Aim: The aimed of this study were to evaluate diffe-
rent methods of DNA extraction in frozen tissue, FFPE and blood. Results: We compared 13 different DNA
extraction methods. All 63 samples (20 FFPE tissues, 23 frozen tissues and 20 blood) were obtained from
women undergoing breast cancer treatment at Barretos Cancer Hospital. The purity and yield of the extracted
DNA were evaluated by NanoDrop® Spectophotometer. All extractions independently sample used were
found suitable for amplification of fragments up 311 bp amplification was marginally successful. Conclusion:
QIAamp DNA FFPE Tissue kit was found to have better quality for FFPE samples and also excellent yield.
For frozen tissue samples, excellent purity and yield values were seen for QIAamp DNA Mini and Blood Mini
Kit. Buffy coat samples showed better results with QIAamp DNA Mini Blood and Mini Kit. We conclude that
the extraction method plays an important role regarding performance in molecular applications.

Keywords: DNA extraction, Buffy coat, FFPE, frozen tissue.
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INTRODUCTION

Human cancer research is generally con-
ducted on a large scale to find molecular aberra-
tions at various levels, such as hybridization, DNA
sequencing, transcriptomics and proteomics analy-
ses'. The initial condition to development mole-
cular analysis is quality control of acid nucleic.
However, several factors including extraction and
storage methods, type of sample as well as type of
the extracted nucleic acid (DNA or RNA) have a
direct impact on the success of the purification®.

Sample storage routinely done biobanks with
research purposes. Even even though extracted DNA
is recognized for remaining stables under long sto-
rages at low temperatures, some studies have shown
that DNA isolated from different samples can have
issues concerning quality and integrity**. The initial
step start research projects in molecular biology is
the quality of biological material, and there are dif-
ferent types of methods that can be used to nucleic
acids isolation including DNA2 and the extraction
of biological material may affect posterior efficacy®.

Currently, efficient methods for DNA extrac-
tion have been used and reported in the literature®®:
Technology advancement has become possible to
extract DNA and RNA several commercial kits, it
is necessary to know which method should be used
for certain samples types. Dietrich et al., 2013 de-
monstrate that  Formalin-fixed, Paraffin-embed-
ded (FFPE) tissue is the most widely used for mo-
lecular testing’. However, the extraction of nucleic
acid from FFPE may be a hindrance to some expe-
riments performed later, because most these sam-
ples have high levels of degradation and represents
a poor substrate for molecular biology methods!'*!.

Several studies’® have compared different
methods for genomic DNA extraction, through both
manual and automated techniques. Nevertheless, the
integrity of DNA extracted by each method has not
been evaluated, which mostly been based on small
sample sizes. Additionally, some methods used for
DNA isolation may act as inhibitors for others te-
chnique, such as PCR real time and this factor may
influence a reliable search result>*!?, It became neces-
sary to investigate witch methods may offer best yield
and quality for the extracted biological material. The
aimed of this study were to evaluate different methods

of DNA extraction in frozen tissue, FFPE and blood.
MATERIAL AND METHODS
Study population and sample preparation

This study included a total of 63 samples (20
FFPE tissues, 23 frozen tissues and 20 blood) from
breast cancer patients were provided from the Bar-
retos Cancer Hospital between 2011 and 2012. The
samples had been irreversibly anonymized and no
clinical or patient-related information was available.
Breast FFPE and frozen tissues samples were obtai-
ned from patients undergoing mastectomy. Five sec-
tions with 10 ym per sample per kit were cut from
each patient block on a standard microtome (Rei-
chert- Jung Hn40; Leica Instruments, Wetzlar, Ger-
many) from FFPE samples, placed into individual
1.5-mL microcentrifuge tubes (Eppendorf, Hambur-
go, Germany) and stored at 4 °C until using. Fro-
zen tissue slides was prepare using a cryostat (CM
3050; Leica Instruments, Wetzlar, Germany) for tu-
mor percentage verification. The cuts were perfor-
med with minimum weights of 20mg and maximum
of 30mg. Venous blood samples collected in two
collection tubes (4ml) with ethylenediamine tetraa-
cetic acid (EDTA) from patients undergoing treat-
ment at Barretos Cancer Hospital. Buffy coat fraction
were isolated, processed and stored for -80 °© C. We
do not evaluate the storage time of these materials.

DNA extraction

We compared 13 different methods for ex-
tracting DNA, in which 3 from FFPE tissue, 6 from
frozen tissue and 4 from buffy coat. For FFPE sam-
ples we used five section per sample and we extracted
DNA whole tumor area each block. All samples were
submitted to all analyzed methods. Three methods
were developed at QIAamp DNA FFPE Tissue (Qia-
gen, Hilden, Germany), PureLink Genomic DNA Kit
(Thermo Fisher Scientific, Waltham, MA, USA) and
Illustra Nucleon Genomic DNA Extraction Kit (GE,
Healthcare Life Sciences, Little Chalfont, United
Kingdon). For frozen tissue sample we used five di-
fferent methods for DNA extracting, DNeasy Blood
& Tissue Kit (Qiagen, Hilden, Germany), QIAamp
DNA Mini and Blood Mini Kit (Qiagen, Hilden, Ger-
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many), PureLink Genomic DNA Kit,Illustra Tissue
and Cells genomicPrep Mini Flow Kit (Thermo Fisher
Scientific, Waltham, MA, USA), AllPrep DNA/RNA
Mini Kit, Illustra Triple Prep Kit (GE, Healthcare
Life Sciences, Little Chalfont, United Kingdom) and
AllPrep DNA/RNA Micro Kit (Qiagen, Hilden, Ger-
many). For buffy coat DNA extraction were used four
methods, QIAamp DNA Mini Blood and Mini Kit
(Qiagen, Hilden, Germany), PureLink Genomic DNA
Mini Kit (Thermo Fisher Scientific, Waltham, MA,
USA), Illustra Blood GenomicPrep Mini Spin Kit
(GE, Healthcare Life Sciences, Little Chalfont, Uni-
ted Kingdom) e DNeasy Blood & Tissue Kit (Qiagen,
Hilden, Germany). For all DNA extraction methods,
we followed the manufacturer’s instructions. The
purity of total DNA was evaluated by NanoDrop®
Spectophotometer v3.7 (Thermo Fisher Scientific,
Waltham, MA, USA).

Conventional PCR

We evaluated the presence of amplification
inhibitors (compounds that impair the efficiency of
the PCR reaction). This presence was assessed by
amplifying the APC gene, amplifying 206 base pairs
(bp) of exon 8 for samples extracted from FFPE, and
847 base pairs of exon 15B of samples extracted from
frozen tissue and buffy coat. The amplification of ge-
nomic DNA for the APC promoter region was perfor-
med with the following primers: forward 5’-TTTTG-
TTTGTTGGGGATTG-3’ and reverse 5’-CTCCAA-
CACCTACCCCATTT-3". PCR conditions consisted
of an initial heating at 95°C for 15 minutes followed
by 40 cycles at 95°C for 30 seconds, 60°C for 20 se-
conds and 72°C for 30 seconds. Subsequently, these
PCR products were evaluated in a 2% agarose elec-
trophoresis gel.

Statistical analysis

Friedman test were used to compared quali-
ty of DNA extraction methods. Wilcoxon test was
performed to find out the difference between each
of the kits when compared. P-values of <0.05 were
considered statistically significant. All analyses were
performed with SPSS for Windows, v.21.0 (IBM Cor-
poration).

Ethics statement

This study was approved by the Research
Ethics Committee of the Barretos Cancer Hospital
under Protocol No. 131/2008. Each research partici-
pant provided written informed consent for the pu-
blication of any data. All information that could be
used to identify the study participants was kept con-
fidential and encrypted in a secure database to ensure
full confidentiality of clinical information, laboratory
findings and the anonymity of each participant.

RESULTS

QIAamp DNA FFPE Tissue kits, PureLink
Genomic DNA Kit and Illustra Nucleon Genomic
DNA Extraction Kit that were used for DNA extrac-
tion from FFPE showed statistically significant diffe-
rences (Table 1 and Figure 1A). The QIAamp DNA
FFPE Tissue kit showed better quality over A260/280
absorbance, with an average of 2.1 and A260/230 ab-
sorbance with an average of 1.8. However, the Illus-
tra Nucleon Genomic DNA Extraction Kit has shown
a concentration that can be observed an average of
216 ng /ul. When compared A260/280 absorbance,
we observed a significant differencel between Illus-
tra Nucleon Genomic DNA Extraction Kit and the
QIAamp DNA FFPE Tissue kits. For the A260/280
absorbance we verified PureLink Genomic DNA and
QIAamp DNA FFPE Tissue Kits were statistically
different with better quality scores compared to Pu-
relink Genomic DNA.

All methods used for DNA extraction from
frozen tissue were significantly different for all para-
meters analyzed (Table 2 and Figure 1B).

QIAamp DNA Mini Blood and Mini Kit, Pu-
reLink Genomic DNA Mini Kit, Il1lustra Blood Geno-
micPrep Mini Spin Kit and DNeasy Blood & Tissue
Kit that were used for DNA extraction from buffy
coat showed statistically significant differences for
A260/230 and the concentration (ng /ul) (table 3 and
figure 1c). The QIAmmp DNA Mini Blood Kit and
Mini Kit demonstrated better quality for A260/280
(mean= 1.9, SD= 0.3) and A280/230 (mean= 1.8,
SD= 0.2), well as the better concentration yield
(mean= 274 ng/ul, SD=205). However, we observed
the comparison between Illustra Blood GenomicPrep
Mini Spin and QlAamp Mini Blood and Mini Kit kits
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Table 1. Comparative analysis between the different method used for DNA extraction from FFPE.

QlAamp DNA FFPE PureLink Genomic Illustra Necleon Ge- p value
Tissue DNA Kit nomic DNA Extra-
tion Kit
A260/280 2.1 2.3 1.8 0.003*
(SD=0.1) (SD=1.3)° (SD=0.3)°
A260/230 1.7 1.1 1.4 <0.001*
(SD=0.3)° (SD=0.5) (SD= 0.6)°

Different letters (a and b) indicate statistical significance between the groups. *P< 0.05. The analysis was performed

Table 2. Comparative analysis between the different method used for DNA extraction from frozen tissue.

QIAamp DNA  PureLink  Illustra Tissue All Prep DNA/ Hlustra All Prep p value
Mini and Genomic  and Cells geno- RNA Mini Kit Triple Prep DNA/RNA
Blood Mini Kit DNA Kit micPrep Kit Micro Kit

A260/280 2.1 1.9 1.9 1.9 2.1 2.0 <0.001*
(SD=0.1) (SD=0.1)° (SD=0.1)° (SD=0.1)° (SD=0.1) (SD=0.1)

A260/230 1.9 2.2 2.8 1.3 1.7 1.0 <0.001*
(SD=0.4)* (SD=0.1)* (SD=0.4)* (SD=0.7)¢ (SD=10.6)" (SD=0.5)*

Different letters (a, b, ¢ and d) indicate statistical significance between the groups. *P< 0.05. The analysis was perfor-
med with the mean values.

“Conc.= concentration”; “sd= standard deviation”.

Table 3. Comparative analysis between the different method used for DNA extraction from buffy coat.

QIAamp DNA PureLink Geno- Illustra Blood Geno- DNeasy Blood & p value
Mini Blood mic DNA Mini  micPrep Mini Spin Tissues Kit
and Mini Kit Kit Kit
A260/280 1.9 1.8 1.8 1.9 0,08
(SD=10.3) (SD=10.3) (SD=10.1) (SD=0.1)
A260/230 1.8 1.2 1.3 1.7 <0,001*
(SD=0.2) (SD=0.4)° (SD=0.5)° (SD=0.4)*

Different letters (a, b and c) indicate statistical significance between the groups. *P< 0.05. The analysis was performed
with the mean values.

“Conc.= concentration”; “sd= standard deviation”.
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did not showed significant statistical differences for
A260/280, A260/230 absorbance and yields in terms
of concentration (ng/ul). We identify a significant di-
fference when comparing the A260/230 absorbance,
concentration between PureLink Genomic DNA Mini
Kit and QlAamp DNA Mini Blood and mini Kit. This
same result was found in the analysis between Pure-
Link Genomic DNA Mini Kit and DNeasy Blood &
Tissue Kit. Comparison between Illustra Blood Geno-
micPrep Mini Spin Kit and PureLink Genomic DNA
Mini Kit we observed statistical difference only for
concentration(ng/ul). We found that the desired am-
plification occurred for all DNA extracts regardless
of DNA extraction procedure performed. Considering
the PCR efficiency of each run, it was considered the-
re are not PCR inhibitors in the DNA extracts regar-
dless of the method used.

We performed a comparison between 11 DNA
extraction kits. We estimated time to perform the pro-
cedure and the cost per sample of each kit (Table 4).
Thus, we observe that the fastest method for extrac-
ting DNA from FFPE was QlAamp DNA FFPE Tis-
sue. However, this was the most expensive kit com-
pared to the others used, and the PureLink Genomic
DNA being the most less expensive. Considering time
analysis for DNA extraction from tissue, we observed
that QIAamp DNA Mini and Blood Mini Kit, Pure-
Link Genomic DNA, AllPrep DNA / RNA Micro Kit,
and AllPrep DNA/RNA Mini Kit were the fastest kits.
PureLink Genomic DNA and Illustra Tissue and Ce-
lIs GenomicPrep Mini Flow Kit were the lowest cost
kits, on the other hand, it was seen that AllPrep DNA/
RNA Micro Kit and AllPrep DNA / RNA Mini Kit
were the most expensive, priced approximately five
times. larger than the cheapest kit for frozen tissue
DNA extraction. The fastest kit for extracting DNA
from blood was the PureLink Genomic DNA Mini
Kit and Illustra Blood GenomicPrep Mini Spin Kit,
which were also the least expensive.

DISCUSSION

DNA extraction is the first step to develop mo-
lecular analysis from human samples and contributes
to research in several fields such as treatment, diagno-
sis and prognosis of various diseases, including can-
cer. Given this, DNA extraction performed by Kkits is
a very effective tool because they are often less toxic,

have good quality, are faster, practical and reproduci-
ble. Different methods of DNA extraction from FFPE,
buffy coat and frozen tissue samples have been repor-
ted in the literature demonstrating the low potential of
FFPE extracted samples due to the high degradation
rate of the genetic material that is conserved, as well
as the PCR inhibitors that are present in all samples
analyzed in this study’. For this reason, commercial
kits can reduce the amount of PCR inhibitors of both
the sample and the extraction method itself" as they
use a relatively smaller amount of phenol-chloro-
form, which is already a huge advance in technology.
We also need to know if the other characteristics such
as yields (concentration) and qualities (A260/230 and
A260/280 ratios) that are necessary for the realization
of good molecular techniques are also present in these
commercial Kits.

Given these factors, we observed that the
samples extracted from FFPE the QlAamp DNA
FFPE Tissue kit showed A260/280, A260/230 ratios
and good concentration when compared to the other
analyzed kits more desirable compared to other kits.
AllPrep DNA / RNA Micro Kit and Illustra Triple
Prep Kit which showed good results on A260/280 ra-
tios, but no good results were found in the other varia-
bles analyzed. The QlAamp DNA Mini Blood Kit and
Mini Kit showed better results for samples extracted
from blood, showing better ratios, concentrations
when compared to the other kits used. For frozen
tissue DNA extraction kits, we can also observe that
QIAamp DNA Mini and Blood Mini Kit presented a
good A260/230 ratio, however no good results were
observed in the other variables.

Given these results we can see that the DNA
extraction kits manufactured by Qiagen (Hilden, Ger-
many) showed more satisfactory results as demons-
trated by Clausen et al. (2007)'*, who evaluated DNA
extraction by two distinct kits both from Qiagen (Hil-
den, Germany) and demonstrated good efficiency and
quality. A study compared eleven methods for the
extraction of genomic DNA from blood samples in
which they found that the methods used by commer-
cial kits and other in-house showed better results'.
Huijsmans et al. 2010 found that molecular techni-
ques for the extraction of paraffin DNA are important
for the preparation of subsequent reactions, so it is
necessary that this technique be performed better to
reduce the obstacles to the methods that will be per-
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Figure 1. Bar graphs representing the DNA concentration between the different methods used for DNA extraction. (a)
methods used for DNA extraction from FFPE tissue; (b) methods used for DNA extraction from frozen tissue; (c) me-

thods used for buffy coat DNA extraction. *P <0.05.

formed later'®. Some kits for FFPE extraction, and of
the four methods tested, QIAamp DNA-blood-mini-
-kit extraction and EasyMAG NucliSens extraction
showed better performance for SNP detection in real
time PCR.

[lustra Triple Prep Kit and AllPrep DNA /
RNA Micro Kit were tested in the work of Mathie-
son and Thomas (2013) and had poorer yields than
Puregene Kit, and this may have been due to the fact
that extractions were performed?. Simultaneous DNA
and RNA in the same material, on the other hand, it
was observed in this study that the kits tested in the
mentioned work presented satisfactory yields. Howe-
ver, they were not the best when compared with the
other kits used by the same samples. Another problem
with the Illustra Triple Prep and AllPrep kits is that
the RNA solution is centrifuged through a ligation co-
lumn from previous DNA solutions, because of this

there is a risk that RNA can bind to the DNA column
and therefore the experiment becomes lost2. Therefo-
re, greater care should be taken in conducting this ex-
periment, as a lack of professional attention can lead
to irreversible damage in the search for a good result.

The quality checking of the extracted DNA
samples was performed by amplifying the APC gene
and after performing the PCR product run on an elec-
trophoresis gel. Thus, it can be seen that this gene re-
mained intact in all extracted samples. For all kits, this
result was similar to that found by Russ et al. (2016)
who obtained a reproducible PCR product from DNA
extraction by Kitl2.
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Table 4. Cost-per-sample evaluation and estimated duration of DNA extraction from FFPE, frozen tissue and
buffy coat.

Estimated process duration (24 Cost per sample (€)
samples)
FFPE
[lustra Nucleon Genomic DNA 2 days 5.48
Extraction Kit
PureLink Genomic DNA Kit 2 days 2.64
QIAamp DNA FFPE Tissue 3.5 hour 7.42
Frozen tissue
AllPrep DNA/RNA Micro Kit 35 minutes 14.68
AllPrep DNA/RNA Mini Kit 35 minutes 10.40
DNeasy Blood & Tissue Kit 1 hour 5.30
[lustra Tissue and Cells Genomi- 3 hour 3.18
cPrep Mini Flow Kit
[lustra Triple Prep Kit 2 hour 9.38
PureLink Genomic DNA Kit 2 days 2.64
QIAamp DNA Mini Blood and 40 minutes 5.58
Mini Kit
Buffy coat
DNeasy Blood & Tissue Kit 40 minutes 5.30
[lustra Blood GenomicPrep Mini 30 minutes 2.13
Spin Kit
PureLink Genomic DNA Mini Kit 30 minutes 2.64
QIAamp DNA Mini Blood and 40 minutes 5.58
Mini Kit
CONCLUSION ABBREVIATIONS

We conclude that FFPE Tissue kit was fou-
nd to have better quality for FFPE samples and also
excellent yield. For frozen tissue samples, excellent
purity and yield values were seen for QIAamp DNA
Mini and Blood Mini Kit. Buffy coat samples showed
better results with QIAamp DNA Mini Blood and
Mini Kit. All extractions independently sample used
were found suitable for amplification of fragments
up 206bp amplification was marginally successful.
Thus, the method used for DNA isolation those sam-
ples should improve next steps in molecular biology
research.

DNA - Deoxyribonucleic acid

PCR - polymerase chain reaction quantitative
real time

FFPE — Formalin-fixed, Paraffin-embedded bp —
base pair
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