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Abstract

Aim: Discussing a protocol involving xylene-ethanol deparaffinization on slides followed by a
kit-based extraction that allows for the extraction of high quality DNA from FFPE tissues.

Methods: DNA was extracted from the FFPE tissues of 16 randomly selected blocks. Methods
involving deparaffinization on slides or tubes, enzyme digestion overnight or for 72 hours and
isolation using phenol chloroform method or a silica-based commercial kit were compared in
terms of yields, concentrations and the amplifiability.

Results: The highest yield of DNA was produced from the samples that were deparaffinized on
slides, digested for 72 hours and isolated with a commercial kit. Samples isolated with the phe-
nol-chloroform method produced DNA of lower purity than the samples that were purified with
kit. The samples isolated with the commercial kit resulted in better PCR amplification.

Conclusion: Silica-based commercial kits and deparaffinized on slides should be considered for DNA

extraction from FFPE.
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Introduction

Formalin (HCHO)-fixed paraffin-embedded
(FFPE) tissues have been globally used in pathology
studies for decades. FFPE tissues are not only suitable
for years of storage but also represent the largest
available source of biological materials. The increas-
ing interest in genetic disorders and the genetic bases
of diseases has increased the value of FFPE tissues for
molecular studies.

Many specific approaches to extracting DNA
from FFPE tissues for use in molecular analyses, such
as Polymerase Chain Reaction (PCR), real-time quan-
titative PCR, Single Nucleotide Pleomorphism (SNP)
analyses and whole genome sequencing, have been
reported. However, DNA extraction from FFPE tis-

sues remains challenging. Many studies have sought
to optimize the extraction of DNA from FFPE tissues.
Mineral oil has been used for deparaffinization [1],
high-temperature 0.1 M NaOH has been shown to
increase the efficiency of DNA extraction [2], attempts
to create fully automated methods of isolating DNA
from FFPE tissues have been made [3], and a variety
of commercial kits [4] and conventional phenol chlo-
roform isolation [5] have been utilized for DNA ex-
traction.

Future molecular studies are highly dependent
on the quality and quantity of nucleic acid extracted
from FFPE tissues. Extraction is a multistep process,
and a large number of parameters are involved. The
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most important steps are the pre-extraction steps,
which include the choice of fixative, the time of fixa-
tion, preservation before fixation, the period of stor-
age, etc. The most amplifiable DNAs extracted from
FFPE tissues are those that are fixed in 10% buff-
ered-neutral formalin (the most commonly used fixa-
tive) or acetone [6]. Because the histological detail of
acetone-fixed tissues is low, acetone fixation is not
preferred for routine pathologic examinations [6]. In
contrast, formalin fixation induces cross-linkages
between DNAs and protein that produce serious
problems for molecular studies that require amplifi-
cation-quality nucleic acid [7].

A large number of formalin-fixed specimens are
still being collected in the archives of pathology la-
boratories across the world. These specimens are not
limited to human specimens; rather the genetic in-
formation of pathogens that play key roles in genet-
ically related diseases is protected perfectly in paraffin
blocks. Therefore, optimizations of the methods of
extracting high-quality of DNA are critical.

In the present study, we report the results of a
comparison of different methods of DNA extraction
from FFPE specimens. The goal of this study was to
discuss a protocol involving xylene-ethanol deparaf-
finization on slides followed by a kit-based extraction
that allows for the extraction of high quality nucleic
acid from FFPE tissues and high rates of amplifica-
tion.

Material and Methods

Tissue Selection and Processing

DNA was extracted from the FFPE tissues of 16
randomly chosen archival dental follicle tissue blocks
in the Gazi University Faculty of Dentistry, Depart-
ment of Oral Pathology. None of the blocks were
older than two years. All tissues had been fixed in
10% buffered neutral formalin (i.e., a solution with a
minimum of 37% formaldehyde that was free from
acid, Merck KGaA, Darmstadt, Germany), processed
(Vacuum Automatic Tissue Processor, Sakura Fine-
technical, Tokyo, Japan) and embedded manually
(Paraplast® Highmelt Paraffin, Leica Microsystems
GmbH, Wetzlar, Germany). Because, cell counts per
sections would influence the expected yield, hyper-
cellular dental follicles which have distinct odonto-
genic epithelial rests were chosen.

The tissue-processing protocol consisted of 12
steps that occurred over 6 hours in conditions of con-
tinuous agitation, pressure, and vacuum.

Seven serial sections of 8-10-micrometer thick-
ness per each sample were taken using a standard
microtome (Leica SM2000 R Sliding Micro-
tome,Wetzlar, Germany) with disposable DNA-RNA

free blades. Half of the sections from each block were
deparaffinized on glass (n=16), the other half were
collected directly to sterile 1.5 ml microcentrifuge
tubes (n=16).

Deparaffinization and digestion

The sections were deparaffinized on glass by two
changes of xylene and washed with descending con-
centrations of ethanol after incubation at 56 Ce for 45
minutes. Tissues were dried at room temperature af-
ter washing in distilled water. Without letting the
tissues over-dry, each section scraped into a 1.5 ml
microcentrifuge tube with a sterile scalpel.

The sections in tubes were deparaffinized with
two pre-warmed xylene washes followed by 95%,
75%, and 50% ethanol rinses as previously described
[5, 8]. Briefly, the tissue pellets were dried at 37 °C.

All pellets were digested with 20 ul proteinase K
(20 mg/ml proteinase K, Roche Diagnostics GmbH,
Mannheim, Germany) and 180 pl digestion buffer (10
mM Tris-HCl, pH 8.0.100 mM EDTA, pH 8.0.50 mM
Nadl, and 0.5% SDS).

To examine the effects of incubation time in the
proteinase K (prt K) digestion buffer, two durations
were tested (overnight and 72 hours). All samples
were incubated at 55°C in a heating block, and sam-
ples were agitated every 3 hours during the day. Pro-
teinase K was inactivated the next day or after 72
hours by incubation at 95°C for 1 hour.

DNA Isolation

DNA isolation was performed either with a
commercially available kit (QlAamp DNA FFPE Tis-
sue Kit, Qiagen, Duesseldorf, Germany) or with the
phenol-chloroform method.

For phenol-chloroform (PC) extraction, equal
volume of phenol (Merck KGaA, Darmstadt, Germa-
ny) was added and vortexed. After spinning for 3
minutes at 14000 rpm, the aqueous layer was trans-
ferred to a new tube. An equal volume of phe-
nol-chloroform-isoamyl alcohol (25:25:1) (AppliChem,
Inc. in New Haven, CT, U.S.A.) was added, and the
product was vortexed and then spun for 5 minutes at
14000 rpm in a microcentrifuge. The aqueous layer
was transferred to a new tube. The estimated volume
of the aqueous layer that was collected for DNA pre-
cipitation was 550 pl, and 0.1 volume of 3 M sodium
acetate and 1 volume of isopropanol were added. Af-
ter thorough mixing, the tube was placed in a freezer
for 30 minutes. The tube was then spun a maximum
speed for 10 minutes at 4°C in a microcentrifuge. The
supernatant was discarded, and the pellet was
washed with 1 ml 70% cold ethanol and spun at
maximum speed for 10 minutes at 4°C. The superna-
tant was discarded carefully, and the pellet dried, but
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care was taken to avoid over-drying. The pellet was
then re-suspended with biological grade of 50 pl
dH:O.

The manufacturer's instructions were followed
for DNA isolation with the QlAamp DNA FFPE Tis-
sue Kit. The final elution volume of dH,O was 50 pl.

DNA Quantification

The following tests were performed on all ex-
tracts:

e quantification of the concentration and purity of
the DNA using a  spectrophotometer
(Nanodrop-8000, Thermo Fisher Scientific, USA);

¢ measurement of the DNA yield with a Quant-iT

PicoGreen dsDNA BR assay (Invitrogen, Paisley,

UK); and

e conventional PCR amplification of the 152, 258,
and 564 bp human B-actin genomic DNA frag-
ments (Alpha DNA, Montreal, Quebec).

For NanoDrop spectrophotometers, the appro-
priate A260:A280 ratio for assessing the purity of
DNA is ~1.80. For the PicoGreen assays, a standard
curve was used to determine the amounts of DNA.

B-actin fragments were amplified by PCR using
the set of primers shown in table 1. The final volume
used in the PCR system was 50 pl, and this volume
contained 5 pl extracted DNA, 1u Taqg DNA poly-
merase (Hopegen Biotechnology, Taiwan), 10 uM of
each primer, 2.5 pM dNTP mix, and dH>O. PCR was
performed in a PCR sprint cycling system (Thermo
Hybaid, Franklin, MA, U.S.) thermal cycler.

We examined the following groups of sections:

Az1: Deparaffinized in Tubes + Digested ON +
Using Commercial Kit (n=4)

Bi: Deparaffinized in Tubes + Digested ON +
Using Phenol-chloroform (n=4)

C1: Deparaffinized in Tubes + Digested 72 hours
+ Using Commercial Kit (n=4)

D1: Deparaffinized in Tubes + Digested 72 hours
+ Using Phenol-chloroform (n=4)

As: Deparaffinized on Slide + Digested ON +
Using Commercial Kit (n=4)

By Deparaffinized on Slide + Digested ON +
Using Phenol-chloroform (n=4)

Ca: Deparaffinized on Slide + Digested 72 hours
+ Using Commercial Kit (n=4)

Ds: Deparaffinized on Slide + Digested 72 hours

Table I: B-actin PCR primer sequences.

+ Using Phenol-chloroform (n=4)

The University of Gazi Institutional Review
Board approved the use of archival paraffin blocks for
this study (09.06.2009-21/53).

Statistical analysis

All data are presented as the means and stand-
ard deviations (SDs) and are shown in table 2.
Three-way analyses of variance were used to assess
the statistical significance of group differences, and
the Statistical Package for the Social Sciences (SPSS
version16.0.1) software package for Windows was
used to perform these tests. P values below 0.05 were
accepted as significant.

Results

We compared the DNA quantities (ng and ng/p)
and qualities (purity and amplifiability) that resulted
from different methods of extraction from FFPE tis-
sues of four cases per pairs.

Assessment of the quantities of extracted
DNA

The results of the present study revealed that the
DNA yields from FFPE tissues varied depending on
the extraction method (Table 2). Group C; produced
the greatest yield and highest concentration.

The results of the 3-way analyses of variance of
yields and concentrations are given in table 3.

Considering, only one of the three parameters
(i.e., deparaffinization, digestion time, and isolation);
the samples that were deparaffinized on slides pro-
duced greater DNA yields than did the samples that
were deparaffinized in tubes (p=0.011) regardless of
the digestion duration and isolation method. How-
ever, the concentrations of nucleic acids produced
from the samples that were deparaffinized in tubes
were significantly higher than those of the samples
that were deparaffinized on slides (p=0.007).

It appears that digestion with prt K for duration
longer than overnight improved the efficiency of
DNA extraction from FFPE tissues when the com-
mercial kit was used regardless of whether tubes or
slides were used. Moreover, when PC extraction was
used, overnight digestion produced greater amounts
and higher concentrations of DNA regardless of
which deparaffinization method (p=0.018, p=0.019).

Primer Forward Reverse
[-actin 564 bp CTGGGACGACATGGAGAAA AAGGAAGGCTGGAAGAGTGC
[-actin 258 bp AGAAGGCTGGGGCTCATTTG AGGGGCCATCCACAGTCTTC

-actin152 bp TGGGTTTCTGATAGGCACTGACT

AACAGCATCAGGAGTGGACAGAT
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Table 2: Yields and purities of DNA extracted from FFPE tissues
according to eight protocols.

Extraction Yield (ng) Concentration A60/280
Method (ng/ul)
Mean SD Mean SD Range

Aq 1285.75 360.76 137.69  37.56 1.76-2.04
B 207.00 114.86 29.97 10.75 1.83-2.03
Ci 1178.25 13592 273.05 17544 1.06-2.01
D1 152.75 12112 24.32 19.96 1.86-2.31
A> 115.25 359.73 259.22 8224 1.42-1.97
B> 366.75 255.56 73.73 20.23 1.67-2.05
C 5088.25 282414 576.69  249.24 1.94-2.08
D> 217.00 60.54  28.55 4.32 1.89-2.00

SD: Standard deviation

Ax: Deparaffinized in Tubes+Digested ON+Using Commercial Kit

Bi: Deparaffinized in Tubes+Digested ON+ Using Phenol-chloroform

C1: Deparaffinized in Tubes+Digested 72 hours+Using Commercial Kit

D1: Deparaffinized in Tubes+Digested 72 hours+ Using Phenol-chloroform
Ao: Deparaffinized on Slide + Digested ON+Using Commercial Kit

Ba: Deparaffinized on Slide + Digested ON+ Using Phenol-chloroform

Ca2: Deparaffinized on Slide +Digested 72 hours+ Using Commercial Kit
D2: Deparaffinized on Slide +Digested 72 hours+ Using Phenol-chloroform.

Table 3: The results of the 3-way analyses of variance of yields
and concentrations.

Yield (ng)  Concentration

(ng/ul)
One-effect
Deparaffinization 0.011* 0.007*
Digestion time 0.018* 0.019*
Isolation <0.001* <0.001*
2 ways interaction
Deparaffinization-Digestion time 0.011* 0.381
Deparaffinization- Isolation 0.023* 0.027*
Digestion time- Isolation 0.010* 0.004*
3 ways interaction
Deparaffinization-Digestion time- ~ 0.008* 0.178
Isolation
* p<0.05

Use of the commercial kit resulted in signifi-
cantly greater DNA yields and higher concentrations
than the PC method in all conditions (p<0.001).

Regarding the interactions effects between
methods, significant better results, both in terms of
yield and concentration, were produced by the sam-
ples treated with the commercial kit and 72 hours prt
K digestion (p=0.010 and p=0.004, respectively) com-
pared to the samples that were digested overnight
and isolated with the PC method. Furthermore, the
samples that were deparaffinized on slides and iso-
lated with the commercial kit produced significantly
greater amounts and higher concentrations of DNA
(p=0.023 and p=0.027, respectively). Similarly, depar-
affinization on slides with 72 hours of digestion re-
sulted in a greater amount of DNA (p=0.011) but did
not increase the concentration.

The greatest yield and highest concentration of

DNA was produced by the samples that were depar-
affinized on slides, digested for 72 hours with Prt K
and isolated with the commercial kit (p=0.008 and
p=0.007, for yields and concentrations, respective-
ly).The samples that were deparaffinized in tubes,
digested ON and extracted with the phe-
nol-chloroform method produced the lowest DNA
yield, and the samples that were deparaffinized in
tubes, digested for 72 hours and isolated using the
phenol-chloroform method produced the lowest
concentration.

Assessment of the quality of the extracted
DNA

The purity of the extracted DNA was assessed as
the ratio of the absorbance at 260 nm and 280 nm
(A260/280). Aze0/280 ratios between 1.8 and 2.0 indicate
nearly protein-free DNA.

All samples isolated with phenol-chloroform
method were of lower purity than those that were
purified with the commercial kit (p=0.036).

The different deparaffinization methods also af-
fected the amplifiability of the extracted DNA. Based
on PCR amplification performance, the samples that
were isolated with the commercial kit produced better
results. PCR amplification of the 152 bp f-globin gene
fragment produced positive results in all samples.
However, 75% and 50% of all samples were positive
for the amplification of the 258 bp and 564 bpf-globin
gene fragments, respectively. The amplification rate
for the 564-bp f-globin gene fragment among the
samples that were isolated with the commercial kit
was 80% (n:12), whereas only 4 samples (25%) of PC
isolation group were positive for 564-bp p-globin
gene.

The samples in which the 564 bp beta-globin was
amplified were from groups A; and Cz. Although the
rates of the positive detection of gene fragments did
not vary significantly across groups, the best results
were obtained from groups A, Ci, and Co.

Discussion

Since 1984, several human tissue banks have
been available to researchers in the field of molecular
biology in the USA [9-11]. The goal of these procure-
ment organizations is primarily to provide tissues to
researchers seeking to screen for genetically based
diseases and the genetic bases of diseases. Neverthe-
less, multiple factors affect the molecular profiles of
cells. These factors that affect these profiles in FFPE
tissues include pre-fixation time, the properties of the
fixatives, the conditions of the fixative, and the
post-fixative storage parameters. The main goal is to
preserve nucleic acids in diagnostic specimens for the
identification of specific diagnostic and prognostic
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molecular targets [12].

In biomedical science, the human tissues that
researchers receive are nearly always tissues that re-
main after routine diagnostic procedures. Worldwide,
the most commonly used fixative agent for these tis-
sues is formalin (HCHO). Formalin is an agent that
forms crosslinks between the lysine groups of amino
acids. Despite formalin’s effect on nucleic acids, it is
still the principal fixative of the practice of pathology
[13].

The goal of current study was to clarify the op-
timal method of DNA extraction from FFPE tissues by
comparing different deparaffinization procedures, Prt
K digestion durations, and isolation methods.

In this study, we focused on different steps of the
DNA extraction procedure. Our results indicated that
the deparaffinization procedure had the largest effect
(p=0.011). Efficient deparaffinization also aids in the
removal of residues that may affect amplification. Lin
et al reported the use of mineral oil to remove wax
from FFPE samples [1]. Automated systems use heat
and magnetization [3]. But still the most common
pretreatment technique is xylene (a strong solvent)
and ethanol washing [8]. It is well-known that for-
maldehyde does not completely degrade nucleic acid
but does, however, produce cross-linkages. Several
authors have shown that heating FFPE samples im-
proves the efficiency of DNA extraction [2, 14]. The
cross-linking of proteins to nucleic acids is thought to
be heat-reversible [15, 16]. We used a temperature of
56°C in a standard incubator for deparaffinization
with the aim of melting paraffin onto the slides prior
to xylene treatment. Shi et al showed that the use of
high-pH solutions, such as 0.1 M NaOH or KOH,
while heating the samples to approximately 100°C
plays a critical role in this process [2, 14].

On the other hand, deparaffinization on slides
also allows for the macrodissection of desired por-
tions of the tissue. Furthermore, this method is much
easier, more efficient and less time consuming com-
pared to dewaxing in 1.5 or 2 ml tubes. Therefore, we
suggest deparaffinization on slides with xylene and
ethanol treatment after warming the tissues to a tem-
perature that does not harm nucleic acids.

It is well-known that ethanol-based fixatives or
acetone produce less DNA damage than formalde-
hyde [13, 17]. Although the histological detail result-
ing from the use of these fixatives is poor, in two
studies, Greer et al showed that 95% ethanol and ac-
etone produce superior amplification results than 10%
formaldehyde with both short- and long-term fixa-
tions. Because 10% formalin remains the most widely
used fixative, further studies focusing on minimizing
the chemical reactions between nucleic acids and
formaldehyde will be more appreciated. Several

studies have indicated that low temperatures (4°C),
neutrally buffered formaldehyde, the fixing of small
volumes of tissues, and short fixation times (3 to 6
hours) decrease the extent of DNA harm [12, 18-21].

The enzymatic digestion step is undoubtedly one
of the most important steps in the DNA extraction
procedure. Nevertheless, an accepted, universally
used protocol does not exist. We agree that the en-
zyme volume-cell number ratio is critical. Prt K is an
enzyme that is widely used for protein digestion. Di-
gestion periods can be prolonged for up to 5 days
until the tissues are fully dissolved. The current study
found statistically significant evidence that longer
digestion periods produce greater amounts and
higher concentrations of DNA (p=0.018, p=0.019, re-
spectively). One-hour and overnight digestions have
been used in several previous studies [4, 7, 22], but
experienced laboratories acknowledge the fact that
prolonged protein digestion times dramatically in-
crease DNA yields [5, 23-25]. Diaz-Cano and Brady
reported that (-globin amplification of samples di-
gested for 5 days produces sharper bands [25]. The
hypothesis underlying the extension of enzymatic
digestion is that the cross-links are reversed by heat
and that this reversal can be enhanced either by in-
creasing the incubation temperature or the incubation
time [14, 16, 23, 26]. Because high temperatures induce
the degradation of DNA itself, prolongation of the
duration would seem to be the more beneficial ap-
proach.

Phenol-chloroform (PC) extraction is a lig-
uid-liquid extraction that has been used for in the
isolation of DNA, RNA, and proteins, particularly for
blood samples. The use of PC isolation, with minor
modifications, for FFPE tissues has been recom-
mended by several studies [5, 25]. In the current
study, we used a previously described PC isolation
protocol [5]. We found that reduced DNA concentra-
tions were obtained from the PC groups (p<0.001)
compared to the groups that were cleaned with the
commercial kit. Although no statistically significant
differences in PCR amplification were found between
the PC protocol and the commercial kit, the samples
from which 564 bp beta-globin was amplified were
from the Az and C; groups. Various PCR amplification
rates have been reported in the literature. Similar to
the results of the current study, Gillio-Tos et al re-
ported increased amplification rates of short ampli-
cons [27]. Santos et al performed DNA extraction from
FFPE tissue using an automatic nucleic acid isolation
system and reported a 60% amplification rate of a
1182 base pair fragment [7], whereas, in our study, the
amplification rate for the 564-bp p-globin gene frag-
ment among the samples that were isolated with the
commercial kit was 80% (n:12). The widespread use of
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silica-based membrane commercial kits has reduced
their price in recent years, these kits are easy to use,
and they require fewer biohazardous ingredients
compared to organic extraction methods.

To the best of our knowledge, only one study has
reported on the use of a combined PC and silica-based
spin column extraction method; however, minimiza-
tion of the manipulation required across the entire
process has been suggested to improve PCR efficien-
cy. Shi et al combined deparaffinization and digestion
using high-pH buffers and heat [2, 14]; however, the
resulting PCR products were smaller than 350bp, and
the purity of the DNA was questionable. The suc-
cessful amplification of DNA from FFPE tissues via
different extraction methods has been demonstrated
in several reports [7, 28, 29].

Conclusion

The results of our study indicated that the most
important steps were deparaffinization and isolation.
Paraffin remnants reduce the quality and quantity of
the samples. It is unlikely that formalin will be re-
placed with another fixative because current mor-
phological diagnoses depend on FFPE and hematox-
ylin-eosin-stained samples. Although non-formalin-
based molecular fixatives and novel processing tech-
niques can produce high quality nucleic acid, the
main goal of all researchers in this field, us included,
is to find a user-friendly, cost effective, less hazard-
ous, simple method of extracting DNA from archival
FFPE tissues. Silica-based commercial kits and auto-
mated systems should be considered for DNA extrac-
tion from FFPE samples in the place of traditional
organic methods.
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