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Introduction

The Molecular biology techniques mainly those based 
on gene amplification are increasingly used in the field 

of research and in diagnosis (Mies, 1994). They often deal 
with blood, biological fluids and fresh or frozen tissues. 
The development of DNA extraction methods from for-
malin-fixed paraffin-embedded tissues (FFPET) enabled 
the use of such samples as possible alternative to fresh or 
frozen tissues (Salvador and Stephen, 1997). These samples 
provide many advantages namely a long preservation of 
tissue and an easy storage (Scicchitano et al., 2006; Rivero 
et al., 2006). Furthermore, Biopsies in paraffin blocks allow 

obtaining genetic material useful in many fields such as 
genomic and epidemiological studies. In addition, in cer-
tain clinical situations the paraffin embedded tissues are 
very useful for molecular diagnostic confirmation of cer-
tain diseases, identification of infectious agents such as vi-
ruses and parasites, genetic characterization of hereditary 
disease for a deceased subject or confirmation of malignan-
cy, as well as cancer research for either retrospective and 
prospective studies (Mies, 1994). However, the quality and 
quantity of the DNA extracted from FFPET pose several 
problems because such DNA is often scare, degraded and 
can contain substances that inhibit the molecular proce-
dure (Coura et al., 2006). In fact, several factors can neg-
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atively affect the DNA extraction from FFPET. We can 
cite the type of fixative, fixation duration, block age and 
persistence of paraffin residues in the DNA extract.

So that the importance of this genomic DNA source ap-
plicable in different fields explains the development of ex-
traction and purification techniques which aims to opti-
mize the quality and quantity of DNA extracted from this 
type of sample. 

The objective of this study is to compare the results ob-
tained by the combinations of two deparaffinization tech-
niques with three extraction methods in order to choose 
the best one for routine activities.

Materials and Methods

Ten recent biopsies from different human tissues (uterus, 
prostate, endometrium, polyp, cutaneous biopsy) and three 
cerebral biopsies retained as infected by Entamoeba histolyt-
ica (anatomic-pathological diagnosis) have been used. They 
have been fixed in a solution of 10% formalin before being 
embedded in paraffin. For each sample, we used a section 
of ten microns to test the different extraction methods. 
These samples were provided by the Anatomic-pathology 
departments of the Pasteur Institute of Tunis and “la Rab-
ta” hospital in the frame of the routine diagnosis activity.

Deparaffinization Methods
Two methods, based on xylene and temperature, were tested.

Chemical method: It was performed as describe by Goelz 
et al. (1985). Two xylene washes were done (1ml of xylene 
for 10 min at 56°C). The pellet was then washed in de-
creasing concentrations of alcohol (100%, 95%, 70%) to re-
move residual xylene. The samples were finally resuspended 
in water for molecular biology.

Thermal method: The samples were incubated with tissue 
lysis buffer (ATL) and proteinase K in a heating block at 
65°C overnight. The tubes were centrifuged at high speed 
14000 rpm for 5 min in refrigerated centrifuge (+4°C). The 
supernatant was then collected to be used. 

DNA Extraction Methods
Three commonly used methods namely phenol-chloro-
form, QIAamp DNA Mini Kit (Qiagen) and the salt-
ing-out method were applied.

The phenol-chloroform method: The samples were incu-
bated in digestion buffer (50 mM Tris-HCl, pH 8.0; 10 
mM EDTA, pH 8.0; and 50 mM NaCl) containing 10% 
SDS and Proteinase K (10 mg/ml) at 65°C overnight. Af-
ter digestion, saturated phenol was added and micro tubes 
were gently shaken by hand and centrifuged for 10 min at 

4000 rpm. The upper phase was transferred to a new tube 
and mixed with phenol-chloroform-isoamylalcohol (1/24). 

Commercial kit extraction: The extraction procedure was 
performed according to the manufacturer’s instructions 
(QIAamp DNA Mini Kit, Qiagen; Germany). After di-
gestion with ATL buffer, the samples were incubated with 
AL buffer and Proteinase K (10mg/ml) at 70°C for 2-3 
hours, and then mixed with 100% ethanol. The solution 
was transferred into a spin column, centrifuged for 1 min 
at 8000 rpm and washed with AW1 and AW2 buffers. 
DNA was eluted with AE buffer and stored at -20°C.

The salting-out method: The samples were incubated 
in digestion buffer (1 mM Tris–HCl, pH 8.0; 0.5 mM 
EDTA; and 0.5% Tween 20) and 20 mg/ml of proteinase 
K overnight at 56°C. The precipitation step was realized 
using 2M ammonium acetate and isopropanol. The pellet 
was washed with 70% ethanol and the extracted DNA was 
stored in TE buffer (1 mM Tris–HCl; 0.5 mM EDTA, pH 
8.0) at -20°C (Funabashi et al., 2012). 

Evaluation of the Extracted DNA
Amount and purity of DNA: The amount and puri-
ty of the extracted DNA were evaluated by spectropho-
tometer NanoDrop (Thermo Scientific NanoDrop 2000, 
USA). The DNA concentration (ng/µl) and the ratio of 
optical density OD260nm and OD280nm (R 260/280) 
were measured. DNA is considered pure when the ratio 
260/280 is around 1.8.

PCR amplification of the IL6 human gene: The quality 
of the obtained DNA was also evaluated by PCR ampli-
fication using primers targeting a 105 bp fragment of IL6 
human gene. IL6 is a human gene present in a single copy. 
In addition, the amplicon size used (105pb) is adequate for 
amplifying more copies view that we often cannot amplify 
DNA extracted from FFPET using long fragments. The 
primers used in our study were those described by Pereyra 
et al. (2012).

PCR reaction was carried out in a total volume of 25µl 
containing 1,5U Taq polymerase (AmpliTaq Gold; Ap-
plied Biosystems, USA), 1X PCR buffer, 25mM of MgCl2, 
200µM of dNTPs, 20pmol of each primers (IL6 For-
ward5’-GCCTCAATGACGACCTAAGC-3’ and IL6 
Reverse 5’-GGGGCTGATTGGAAACCTTA-3’) and 
1µl of extracted DNA. The cycling conditions were as fol-
lows: initial denaturation at 94°C for 5 minutes, followed 
by 35 cycles of denaturation at 94°C for 30 seconds, an-
nealing at 62°C for 30 seconds, extension at 72°C for 30 
seconds and a final extension step at 72°C for 5 minutes. 
The amplicons were electrophoresed using 2% agarose gel 
stained with red safe and visualized under ultraviolet light.
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Table 1: Amounts and purities of DNAs extracted and time consuming of each method
Combinations DNA Amount 

(Mean±SD) (ng/µl)
DNA Purity 
(260/280)

Time 
consuming 

A: xylene/phenol-chloroform 324,14 ± 46,22 1,68 ± 0,09 3-4days 
B: temperature/phenol-chloroform 226,84  ± 36,05 1,75 ± 0,11 3-4days 
C: xylene/QIAamp DNA Mini Kit 322,24 ± 79,56 1,90 ± 0,01 2days
D: temperature/QIAamp DNA Mini Kit 296,43 ± 48,08 1,85 ± 0,04 2days
E: xylene/salting-out 55,93 ± 14,41 1,23 ± 0,10 2days
F: temperature/salting-out 231,37 ± 48,96 1,61 ± 0,10 2days
Friedman Test P=0,001 P<0,001

SD: Standard deviations

To verify the efficiency of the selected combination, we ex-
tracted DNA from three brain biopsies embedded in par-
affin for which histological diagnosis revealed the presence 
of E. histolytica the agent of amoebiasis. The obtained ex-
tracts were amplified using the PCR method described by 
Gonin and Trudel (2003) which allows the differentiation 
of E. histolytica and E. dispar using ED1 and EH1 primers 
targeting a 135bp fragment of rDNA with the same re-
verse EHD2.

Statistical Analysis
Data obtained were submitted to variance analysis using 
SPSS version 20. The comparison between the different 
combinations was performed using the Friedman test. 
The methods were compared pairwise using ANOVA test. 
Differences were considered statistically significant when 
P-value ≤ 0.05.

Results

All methods provided a good amount of DNA exclud-
ing xylene/salting-out combination (Table 1). The highest 
amounts of DNA were obtained using phenol-chloroform 
and commercial kit methods either with xylene or temper-
ature (Table 1).

Figure 1: Agarose gel electrophoresis of IL6 human gene 
PCR of extracted DNA from the same sample using various 
combinations: Lane 1: molecular weight (50 bp); Lane 2: 
positive control; Lane 3 to 7: positive samples; Lane 8: negative 
sample; Lane 9: negative control

The DNA purity was statistically different between the 
six combinations (p<0,001) (Table 1). The commercial kit 
showed the highest purities (1,85 and 1,90) either with tem-
perature and xylene respectively while the xylene/salting-out 
method provided statistically the least impurities when 
compared with other methods (p<0.05). The difference be-
tween the other methods, taken in pairs, was not significant.

Table 2: Results of PCR amplification of IL6 human gene
Combination A B C D E F
Sample 1 + + + + - +
Sample 2 + - + + - -
Sample 3 + + + + + +
Sample 4 + - + - + +
Sample 5 - - - - - -
Sample 6 - - - - - -
Sample 7 - - - + - -
Sample 8 + + + + + -
Sample 9 - - - - - -
Sample 10 - - - + - -
Percentage (%) 50 30 50 60 30 30

+ : positive amplification; - : negative amplification ; A: xylene/
phenol-chloroform; B: temperature/phenol-chloroform; C: 
xylene/QIAamp DNA Mini Kit; D: temperature/QIAamp DNA 
Mini Kit; E: xylene/salting-out; F: temperature/salting-out

The xylene/phenol-chloroform, xylene/kit and temperature/
kit combinations showed the highest percentage of positive 
PCR amplification of the IL6 human gene (Table 2). As 
an example, the PCR amplicons of sample No. 1 obtained 
with the six combinations are shown in Figure 1. The phe-
nol-chloroform method revealed the most time consuming 
(3 to 4 days) (Table 1). It was also laborious to perform.
According to the results, the combination of temperature/
Qiagen kit is considered as the best in terms of provid-
ing DNA with good quantity and quality. It was selected 
and used to extract DNA from the three brain FFPET 
corresponding to confirmed cases of cerebral amoebiasis. 
PCR amplification showed that two out of the three tested 
samples revealed the awaited amplicon specific to E. histol-
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ytica. The absence of gene amplification for the third sam-
ple could be due to either degraded quality or insufficient 
amount of specific DNA.

Discussion 

The formalin fixed embedded tissues constitute a source 
of genetic material widely used in many fields of research 
and in the diagnosis of many diseases (Dedhia et al., 2007). 
They are adapted to many retrospective studies thanks to 
the huge available collections of such biological materi-
al that is easier to conserve compared to fresh or frozen 
tissues (Weiss et al., 2011). However, the extracted DNA 
from FFPET is often degraded with poor quality name-
ly because of the fixing process and the long duration of 
storage (Greer et al., 1991). The relevance of the dewaxing 
and extracting DNA methods used is crucial and was con-
sequently largely discussed (Rivero et al., 2006; Funabashi 
et al., 2012; Weiss et al., 2011; Farrugia et al., 2010; Cao 
et al., 2003; Shi et al., 2002; Chan et al., 2001; Howe et 
al., 1997; Coombs et al., 1999). The current study aimed 
to optimize a simple, reliable, cost effective and efficient 
extraction method.

The results did not show any statistical difference between 
the two tested dewaxing techniques (xylene and temper-
ature). Many authors stress the importance of this step 
by influencing the extraction efficiency (Piniewska et al., 
2012; Santos et al., 2009) as well as in reducing potential 
PCR inhibitors (Stanta and Schneider, 1991). On the oth-
er hand, some authors argue that this treatment is unneces-
sary and do not improve the amount of DNA extracted and 
the success of the PCR amplification (Gilbert et al., 2007).

All tested combinations provided good amounts of DNA 
excluding xylene/salting-out combination which was sig-
nificantly less efficient (p=0.001). The commercial kit 
(Qiagen) was associated to highest DNA purity (p<0.001).

The best success rates concerning PCR amplification of 
the IL6 human gene were obtained with the xylene/phe-
nol-chloroform, xylene/kit and temperature/kit combina-
tions (Table 2). 

Although, efficient amount and purity of DNA were ob-
tained from temperature/phenol-chloroform and temper-
ature/salting-out combinations, only 30% of correspond-
ing PCR results revealed positive. The degradation of 
DNA dosed using Nano Drop and the presence of PCR 
inhibitors may explain such situation. The temperature/
Qiagen kit combination revealed the most efficient with 
good DNA yield and high purity. Moreover, this com-
bination is easier to perform, faster, simple and does not 
use toxic substances. Similar conclusion was also reported 
by Funabashi et al. (2012). The positive amplifications of 

two out of the three tested cerebral amoebiasis FFPET 
submitted to temperature/Qiagen kit DNA extraction 
method highlight the efficiency of such combination also 
in microbiological DNA extraction. The commercial kits 
and particularly the QIAamp DNA Mini Kit (Qiagen) are 
widely used to extract DNA from FFPET (Funabashi et 
al., 2012; Dedhia et al., 2007; Farrugia et al., 2010). Car-
turan and his collaborators found, following a comparison 
of different commercial kits, that the Qiagen kit is efficient 
and adequate for FFPET (Carturan et al., 2008). However, 
the high cost of the kits is a limiting factor for their use in 
research and makes them dedicated to diagnosis purpose. 
The traditional phenol-chloroform extraction method was 
also effective while being cheaper. However, this method is 
laborious, time consuming (3 - 4 days), toxic and provides 
DNA contaminated with proteins. The simple, fast and 
non-toxic salting-out method was not retained because 
it provides DNA with lower degree of yield and purity 
(Table 1). However and unlike our findings, some authors 
have described this method as effective (Rivero et al., 2006; 
Howe et al., 1997; Liu and Zhang, 2011; Mirmomeni et 
al., 2010). The result obtained using this combination may 
be due to the persistence of the salt in the solution contain-
ing DNA and the degradation of the DNA.

Conclusion 

Formalin fixed paraffin-embedded tissue represent an im-
portant source of DNA. The development of efficient pro-
tocol for extracting DNA from such sample is crucial. The 
combination temperature/commercial kit showed good 
results in preserving DNA quality and quantities.
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