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ABSTRACT DNA extraction from archived formalin-fixed paraffin-embedded (FFPE) tissues represent a great
source of information. However, till date, it shows some challenges due to its fragmentation and degradation by
formalin. The aim of this study was to assess 3 extraction methods used with 651 FFPE namely QlAamp® DNA
FFPE Tissue Qiagen Kit (80%), MagaZorb® DNA Mini-Prep Kit Promega (17.8%) and phenol-chloroform
classical extraction (2.2%). Extract concentration mean was 240.05 ng/pl (7-1985 ng/ul) and DNA purity (A260/
A280) mean was 1.98 (1.2 - 4). The classical phenol-chloroform method had the most successful DNA concentration
(P < 0.001) but had the worst DNA purity ratio while the Promega and Qiagen kits DNA purity ratio were within
the norms (P < 0.001). This assessment showed that even with commercial kits, we should always adjust some
parameters to have good DNA extracts which is the first step towards a successful molecular analysis.

INTRODUCTION

Currently, molecular pathology iswidely used
especially with the emergence of personalized
medicine. Thereby, during the course of clinico-
pathological diagnosis, millionsof formalin-fixed
paraffin-embedded (FFPE) tissues are collected
and archivedin different hospitals. These FFPE
tissue banks represent a source of information,
which can disclose genetic events involved in
different clinical conditions. However, only high-
quality nucleic acid can be used for downstream
molecular application. Thereby many commer-
cial kitsfor diagnostic molecular pathology test-
ing are becoming available. Still there are some
challenges with the DNA extraction due to its
fragmentation and degradation into small frag-
ments and cross-linking with protein in FFPE
samples(Lindemaneta. 2013; Kresseet d. 2018).
Thus, thereisaneed for quality assessment and
evaluation in every laboratory that uses DNA
extracted from FFPE in molecular analysis.
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Objectives

In this retrospective study, the researchers
assessed the quality of 651 DNA extracts from
FFPE tissues stocked intheresearchers' archive
department since 1990 and used in pyrosequenc-
ing assays during the period 2015-2017. Three
methods of sampling were used aswell asthree
methods of DNA extraction.

MATERIAL AND METHODS
Tumor Specimensand Tissue Processing

The researchers' cohort was composed of
FFPE tissuestaken made from colorectal tumors
in 298 cases (45.8%), gallbladder tumorsin 127
cases (19.5%), thyroid tumors in 116 cases
(17.8%), pancreatic tumorsin 89 cases (13.7%)
and ampullary tumorsin 21 cases (3.2%). Meth-
odsof sampling for the DNA extraction from 651
FFPE wereasfollows: filmsfor FFPE of surgical
specimensin 271 cases (41.6%), filmsfor FFPE
of biopsy specimensin 48 cases (7.4%) and films
from recipient blocks after macrodissection in
332 cases (51%). Macrodissection and produc-
tion of recipient blockswasexplainedin our pre-
viousstudy (2). DNA extraction was performed
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by QlAamp® DNA FFPE Tissue Qiagenin 521
cases (80%), by MagaZorb® DNA Mini-Prep
Kit Promegain 116 cases (17.8%) and by classi-
cal extraction using phenol-chloroformin 14 cas-
es (2.2%). From each bloc, 20 sections of 3 um
thick were obtained to be used in the extraction.

Extraction Using Ql Aamp®
DNA FFPE TissueQiagen

Genomic DNA extraction was performed ac-
cording to QlAamp® DNA FFPE TissueKit from
Qiagen, GmbH, Hilden, Germany manufacturer’s
handbook with prolongation in the lysis time.
Briefly, sectionsof 3um were deparaffinized us-
ing xylene and resuspended in an appropriate
amount of tissue lysis buffer and proteinase K,
thenincubated at 56°C for 24h. Theentirelysate
was transferred to the QIlAamp Minelute col-
umn. During centrifugation, the DNA binds to
the membrane and contaminants flow through.
Next, residual contaminantswereeliminated with
wash steps. After elution buffer addition, afull-
speed centrifugation was performed to collect a
pure and concentrated DNA.

Extraction UsngMagaZorb®
DNA Mini-Prep Kit Promega

Genomic DNA extraction was performed ac-
cordingtoKit (MagaZorb® DNA Mini-Prep Kit,
Promega, Madison, Wisconsin, USA) manufac-
turer’s handbook with prolongation in the lysis
time. Briefly, sectionsof 3 umwere deparaffinized
using xylene and resuspended in an appropriate
amount of tissue lysis buffer and proteinase K,
then incubated at 56 °C for 24h. Steps of DNA
binding rel eased from MagaZorb® paramagnet-
ic beads, double wash and elution were subse-
quently performed.

Phenol-chlorofor m Classical DNA Extraction

Deparaffinization of FFPE sampleswas per-
formed by xylene (1 ml of xylene, vortex and cen-
trifugation at high speed for 3 min; supernatant
discarded). DNA was extracted using the stan-
dard phenol-chloroform method. Briefly, 4 steps
were performed as follows: Lysis: addition of
300il digestion solution (50 mM Tris-HL (pH:
7),10mM EDTA, 0.5% SDS and 50 mM NaCl)
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and 20il of proteinase K (300ig/ml); then vortex
solution was maintained at 65 °C for 48to 72 h
(FFPE; until complete lysis). Proteinase K was
inactivated at 90 °C for an hour.

DNA Binding: addition of 300il phenol-chlo-
roform solution (24i phenol-chloroform (1:1) and
1il of the isoamyl alcohol); tubes were stirred
gently for an hour. A 14000 rpm/30 min centrifu-
gation was performed to facilitate aqueous phase
transfer into anew sterile tube.

DNA Precipitation: addition of 1/10v sodi-
um acetate (3M, pH: 5.2) and 2 percent cold ab-
solute ethanol. Tubeswereplaced at -20 °C over-
night. A 14000rpm/30 min centrifugation was
performed to separate the pellet. An amount of
100 il of nuclease free-water was added to di-
lutethe pellet.

Extraction Quality Assessment

After each extraction, whatever the method,
quality control extraction was performed using a
nanodrop (IMPLEN, Thermo Fisher Scientific).

Satistical Analysis

All data were analysed by SPSS 20.0 soft-
ware (Chicago, IL, USA). Pvauelessthan 0.05
was considered statistically significant.

RESULTS

The mean of DNA extract was 240.05 ng/pl
(7-1985 ng/ul) and themedian was 125 ng/pul. For
the DNA purity (A260/A280), themean was 1.98
(1.2 - 4) and the median was 1.2. As shown in
Tables1 and 2, interms of DNA extract concen-
tration, the classical phenol-chloroform method
wasthe most successful, followed by the Qiagen
kit and the PromegaKit (P< 0.001). However, the
classical phenol-chloroform method had the
worst DNA purity ratio while the Promega and
Qiagen kits DNA purity ratio were within the
norms (P< 0.001).

Regarding the influence of the sampling
method DNA purity, all means were within the
norms (1.95, 2.02 and 2.00) (P=0.021) whileit
strongly influenced on DNA extract concentra-
tion. In fact, films from recipient blocks after
macrodissection seem to givethe most valuable
concentration followed by films of FFPE from
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Table 1: Influence of DNA extraction method on DNA extract quality and quantity

Influence of DNA extraction DNA extract P DNA purity P
method on DNA extract quality concentration (ng/ul) (A260/A280)
DNA extraction method Kit Qiagen (521) 243.47 (+298.95) < 0.001 2,02 (+0.22) < 0.001
Phenol-chloroform (14) 731.71 (+431.66) 1.44 (+0.04)
Kit Promega (116) 165.35 (+166.51) 1.88 (+0.33)
Table 2: Influence of sampling method on DNA extract quality and quantity
Influence of sampling DNA extract concentration P DNA purity P
method on DNA extract (ng/pul) (A260/A280)
Sampling method Films of FFPE from 271.00 (+368.28) < 0.001 1.95 (x0.22) 0.021
surgical specimens (271)
Films of FFPE from 202.05 (+173.82) 2.02 (+0.13)
biopsy specimens (48)
Films from recipient 332.00 (+140.88) 2.00 (+0.29)

blocks after
macrodissection (332)

surgical specimensand filmsof FFPE from biop-
sy specimens (P< 0.001).

DISCUSSION

In the great majority of pathology depart-
ments in the world, specimens are FFPE. Al-
though nucleic acids of FFPE samples are de-
graded into small fragments, itisessential for us
to extract high-quality nucleic acids with opti-
mum concentration and suitable purity (Linde-
man et a. 2013; Kresseet a. 2018).

Since DNA molecules of FFPE samples
crosslink with each other and DNA is also
crosslinking with RNA and protein cross-link-
ing must be broken to release the DNA for sub-
sequent purification. If possible, the modifica-
tion caused by chemical crosslinking should
also bereversed, asthe chemically modified DNA
cannot be recovered in the purification process,
anditisalso apoor substratein other enzymatic
or PCRanaysis(Lindeman et a. 2013; Kresse et
al. 2018).

As expected, in the researchers quality as-
sessment the classical phenol-chloroform tech-
nigue was the most successful interms of DNA
concentration but this method has 2 essential
drawbacks: itslow DNA purity anditslongtime
comparing with the 2 other kits.

For the 2 kits used in this study, they had a
comparable DNA purity and concentration. But,
even after prolongation of the lysis time to 24
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hours, they were not still productive like the
phenol-chloroform technique. In one study, au-
thorsfound that boiling FFPE tissue sectionsin
0.1 M akaline solutionisasimple and more ef-
fective heat-induced retrieval protocol for DNA
extraction. They also found that combination
with some detergents may further significantly
improve the efficiency of the heat-induced re-
trieval technique (Shi et al. 2004).

Intheresearchers routine practice, they pro-
long the lysis time to have more concentrated
DNA extracts. The same measurewasrecommend-
ed after aquality assessment in 13 European |ab-
oratories (Bonin et a. 2010) as modifications of
the proteinase-K digestion time led to better re-
sults, even when commercial kitswere applied.

It was proved that specimens with poor tu-
mor cellularity may lead to fal se-negativeresults
inmolecular testing (Dudley et d. 2015). In addi-
tion to making the proper histologic diagnosis,
the pathologist isresponsible for requesting the
necessary molecular testing, selecting appropri-
ate tissue blocks and designating areas with an
adequate amount of tumor cellsfor microdissec-
tion or macrodissection (Lindeman et al. 2013).
In the researchers’ laboratory, they performed
macrodissection in most cases. |n the other cas-
es, theresearchers selected therichest blocksin
neoplastic tissue. In this assessment, the DNA
extraction from recipient blocks after macrodis-
section was the most successful technique in
termsof DNA extract concentration.
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In the guideline from the College of Ameri-
can Pathologists, the International Association
for the Study of Lung Cancer, and the Associa-
tion for Molecular Pathology, thefresh or frozen
specimens are recommended asthey are optimal
for analysisof long DNA segments (>1000 bp).
However, this seems unnecessary for the re-
searchers' |aboratory testing because the py-
rosequencing requires small DNA segments
(<200 bp) (www.giagen.com). One drawback to
testing fresh or frozen tissues is the need for
correlative histologic examination, which may
require cutting and staining frozen sections,
flanking the portion of the specimen submitted to
testing. In contrast, the use of FFPE material for
DNA extraction alows a more convenient and
accurate assessment of tumor content (Lindeman
eta. 2013).

DNA extraction from FFPE tissuesisthen a
robust procedurethat relieson differential solu-
bility to extract DNA. Extracted DNA quality and
quantity and the success of subsequent DNA
amplification does not only depend onthe DNA
extraction method but also on a number of pa-
rameters before, during and after extraction.
These include, but are not limited to the type
and amount of tissue, the type of fixative, the
duration of fixation, the age of the paraffin block
and on the storage conditions, as well ason the
length of the desired DNA segment to be ampli-
fied. Removal of paraffin from the tissueisthe
most critical step towards a successful extrac-
tion for undissolved paraffin leads to poor sam-
plequality andinhibits PCR amplification (Pikor
eta. 2011).

However, one study that systematically ex-
amined the quality/quantity of genomic DNA,
total RNA, and total protein in the FFPE blocks
of malignant tumors of lung, thyroid, and sali-
vary glands that had been stored over several
years, showed that there was no significant dif-
ference between macromol ecul es extracted from
blocksstored over 11-12 years, 5-7 years, or 1—
2 years in comparison with the current year
blocks (Kokkat et al. 2013).

CONCLUSON

Molecular pathology requires appropriate
selection of neoplastic tissues, use of assays
with high sensitivity and regular quality assess-
ment. Thefirst step towards asuccessful molec-
ular analysisisa DNA extract with a good bal-
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ance of quantity and quality. This assessment
study showed that even with commercial kits,
we should always adjust some parameters to
have good DNA extracts. Asamatter of fact, the
researchers recommend the use of Phenol-chlo-
roform classical extractionin laboratory on arou-
tine practice asit isthe Gold-standard.
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