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Abstract: The tissue sample may have important genetic information in diagnostic, prognostic and counselling issues. Formalin-Fixed-Paraffin-Embedded 
(FFPE) is a routine method for preserving tissues. However, DNA isolated from FFPE tissue is often difficult to be amplified in PCR due to fragmentation and 
DNA-protein crosslinks. This study aimed to optimize the DNA isolation method from FFPE tissue and compare the performance of four different PCR ready-to-
use kits. Genomic DNA was isolated from FFPE tissue colon of Short-segment Hirschsprung (S-HSCR) patients and prostate cancer tissue using Quick-DNA™ 
FFPE Kit (Zymo Research) with and without pre-heating treatment in KOH/NOH solution. Primers for Androgen Receptor (AR) gene and four different PCR kits: 
MyTaq HS Red Mix 2X (BioLine), FastStart Taq DNA Polymerase (Roche), KAPA2G fast PCR Kit 2X (KAPA Biosystem) and KOD FX Neo (Toyobo) were 
used for amplification. DNA electrophoresis was performed to compare the PCR results. BioLine and Toyobo kits gave better PCR results than those of Roche 
and KAPA Biosystem. Increasing amount of Taq polymerase and dNTPs of Roche kit by two-fold could increase the quality of PCR results. Toyobo could amplify 
DNA up to 417 bp, however, none of these PCR kits could amplify DNA above 450 bp. Pre-heated treatment of FFPE tissue in NaOH/KOH did not improve the 
DNA quality and PCR results. Toyobo PCR ready-to-use kit gave the best result among the other three PCR kits used in this study in amplifying DNA isolated from 
FFPE tissue. Designing the primers producing amplicon not more than 450 bp is suggested.
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Introduction

The tissue sample may have important genetic infor-
mation in diagnostic, prognostic and counselling issues. 
Formalin-fixation has great importance in clinical his-
tology and widely used to preserve tissue especially 
cancer tissue for routine histopathological diagnostics. 
Furthermore, DNA extracted from Formalin-Fixed-Pa-
raffin-Embedded (FFPE) is crucial for retrospective cli-
nical research (1). However, DNA FFPEs most of the 
time, are difficult to be amplified by Polymerase Chain 
Reaction (PCR) method (2,3). Many DNA extraction 
protocols in several types of sample from fresh or FFPE 
tissues, cells or whole blood have been studied. Howe-
ver according to our knowledge there is no commer-
cially available PCR kit yet which specifically use DNA 
extracted from the FFPE tissue (4,5).  Formalin-fixation 
leads to the formation of DNA-protein crosslinks, which 
increase the sensitivity of DNA to mechanical stress 
and decrease the accessibility to the enzymes (6-8). 
Formalin also could be oxidized to formic acid which, 
under stronger acidic conditions, purines are liberated 

resulting in degraded or fragmented DNA (7). Dura-
tion of fixation, type of fixative agent, the composition 
of fixative agent (formalin concentration, pH, and salt 
concentration), tissue type and temperature also contri-
bute to DNA degradation (9-11). Those factors contri-
bute to the poor performance of DNA-FFPE PCR. To 
overcome the cross-linkages that unfortunately occurs 
in formalin-fixed tissues, the previous study has shown 
a simple heating method based in alkali solution on the 
antigen retrieval principle commonly used in an attempt 
to apply Immunohistochemistry (IHC) staining to archi-
val paraffin sections (8,12). It was reported that these 
similar cross-linkages might have some analogies in the 
retrieval of nucleic acids from protein such as in IHC 
(8). In this study, the nucleic acids retrieval using al-
kali solution (NaOH or KOH 0.05M and 0.1M) in high 
temperature (pre-heating) DNA isolation method was 
performed as in an attempt to overcome PCR inhibition 
caused by crosslinking and compared the results with 
the non-heating method. Furthermore, four different 
PCR commercial kits were used to compare which com-
mercially available PCR kit work best on DNA isolated 



39

DNA-FFPE isolation methods and performances of PCR kits.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 13

Almira Zada et al.

from FFPE tissue.

Materials and Methods

Tissues 
Formalin-fixed paraffin embedded (FFPE) tissue 

block from colon of S-HSCR and prostate cancer pa-
tients were used in this study. Seventeen FFPE tissue 
blocks from Prostate Cancer  patients and 16 FFPE tis-
sue blocks from S-HSCR patients were obtained from 
Department of Pathology Anatomy, Faculty of Medi-
cine, Universitas Padjadjaran, Bandung, West Java, In-
donesia, during a period from 2014 to 2017. 

Design of study 
This study was an experimental study using DNA 

isolated from FFPE tissue for sample and DNA isolated 
from leucocyte for positive control. Ethical approval 
was obtained from the Faculty of Medicine Universitas 
Padjadjaran Ethical Committee in using preserved bio-
logical samples. 

Genomic DNA isolation from leucocytes 
Genomic DNA was extracted from three-millilitre 

peripheral blood using Genomic DNA isolation kit 
(Roche Life Sciences) and the MagNA Pure LightCy-
cler32 instrument (Roche Life Sciences) according to 
the manufacturer’s protocol. The DNA was eluted with 
50 μl of 1x TE Buffer. The DNA concentration was 
measured using NanoDrop™ 1000 (Thermo Scientific). 

Genomic DNA isolation from Formalin-Fixed Paraf-
fin-Embedded (FFPE) tissue 

Genomic DNA from FFPE isolated using DNA™ 
FFPE Kit (Zymo Research) according to the manufac-
turer’s protocol with and without pre-heated treatment 
prior to DNA isolation. Pre-heating treatment was per-
formed by incubating 5-10 slices of 10nm thick sections 
of FFPE Tissue for 30 minutes in NaOH or KOH buffer 
solution with different concentration (0,05 M or 0,1 M) 
and heated at 80°C, 100°C or 120°C using a water bath, 
heat block and autoclave respectively to achieve the de-
sired temperature. DNA concentration was measured 
using NanoDrop™ 1000 (Thermo Scientific).

 
DNA restoration treatment 

Fifty microliters of pre-PCR DNA restoration treat-
ment solution (125 μl Tween-20 (100%), 75 μl Tris HCl 
1M, 75 μl MgCl2 25 mM, 25 μl dNTPs 10mM, 1000 μl 
Mili Q) was mixed with 10 μl of FFPE DNA isolated 
from colon tissue in PCR microtube. This mixture was 
incubated at 55° C for 1 hour, placed on the ice block 
and 1 unit of  Taq DNA Polymerase was added. DNA 
polymerization performed at 72° C for 20 minutes and 
samples can be stored at -20°C for further PCR reaction. 
Just before PCR amplification, the denaturation step 
was performed by incubating 10 μl of the restored solu-
tion at 95° C for 5 minutes and then immediately chilled 
on ice. PCR amplification then performed as described. 

Polymerase Chain Reaction (PCR) using DNA FFPE 
colon tissue 

Touch-down PCR was conducted with the annealing 
temperature at 68°C to 58°C in a total volume of 25 

μl containing 3 μl of DNA FFPE colon tissue for PCR 
template ranging from 25 ng to 290 ng in concentration, 
1 μl (10 μM) of each primer to amplify exons regions 
of Androgen Receptor (AR) gene (Table S1) and Mili Q 
water with various commercial PCR Kit that has been 
used for comparison (Table S2): MyTaq HS Red Mix 
2X (BioLine, London, UK), FastStart Taq DNA Poly-
merase, dNTPack (Roche, Basel, Switzerland), KA-
PA2G fast PCR Kit 2X (KAPA Biosystem, Wilming-
ton, Massachusetts, USA), and KOD FX Neo (Toyobo, 
Osaka, Japan). Cycling conditions used were a Touch-
Down PCR program with primer annealing temperature 
(Tm) started from 68°C and lowered by 1°C at every 
cycle for 10 cycles to 59°C then continued at 58°C for 
20 cycles. (Table S3)

Results

PCR - using FFPE DNA isolated without pre-heating 
treatment 
PCR optimization was performed using 4 different 
commercial kit: MyTaq HS Red Mix 2x (BioLine, 
London, UK), KAPA 2G Fast PCR Kit (KAPA Biosystem, 
Wilmington, Massachusetts, USA), FastStart Taq DNA 
Polymerase, dNTPack (Roche, Basel, Switzerland) 
and KOD FX Neo (Toyobo, Osaka, Japan). PCR 
optimization result using primer to amplify exon 8 of 
AR gene (320 bp) with various commercial PCR kit as 
mentioned above without pre-heating treatment upon 
the high concentration FFPE DNA samples (≥ 100 ng/
μl) revealed that BioLine and Toyobo kit held similar 
best result followed by Roche and KAPA kit (Figure 1A 
and B). FFPE DNA samples with low concentration (< 
100 ng/μl) with or without DNA restoration treatment 
could not be amplified with either of the kits used for 
this study. Polymerase Chain Reaction using Roche 
PCR kit with doubled amount of dNTPs and Taq 
Polymerase from standard protocol revealed better 
amplification product in low concentration (<100 ng/
μl) FFPE DNA (Figure 2). Polymerase Chain Reaction 
result has revealed as that BioLine and Toyobo PCR kit 
gave the best result for FFPE DNA amplification for ≥ 
100 ng/μl in concentration with the PCR product size 
around 320 bp. Further optimization was performed 
using Toyobo PCR kit with a various exon of AR gene 
primer as followed: exon 5 (285 bp), exon 8 (320 bp), 
exon 7 (417 bp), exon 2 (458 bp), exon 1B (579 bp) and 
exon 1A (629 bp). This optimization revealed that the 
size of the DNA region can only be amplified up to 417 
bp which was seen in exon 7 of AR gene primer used 

Figure 1. PCR using primer for exon 8 of AR gene and various 
concentration of FFPE DNA. A) Bioline (2: ≥ 100 ng/μl; 3: < 100 
ng/μl; 4: pre-PCR restoration DNA treatment) and Roche (7: ≥ 100 
ng/μl; 8: < 100 ng/μl) B) KAPA Biosystem (2: ≥ 100 ng/μl; 3: < 
100 ng/μl) and Toyobo (6: ≥ 100 ng/μl; 7: < 100 ng/μl). Leucocyte 
DNA was used for positive control (well 1 and 6 in gel A and well 
1 and 5 in gel B). The negative control was shown in well 5 and 9 
in gel A and well 4 and 8 in gel B. M: DNA ladder/marker.
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with exon 8 of AR gene primer (320 bp) was used for 
amplification. The DNA used for this amplification 
was an FFPE DNA which undergoes pre-heating 
DNA isolation treatment with NaOH or KOH 0,05M 
buffer based on DNA concentration measurement that 
had shown better DNA concentration results than the 
other buffer used in this study. The amplification result 
revealed that none of the pre-heating treatment of FFPE 
DNA with different buffer gave satisfying results on 
PCR optimization (Figure 4).

Discussion

DNA isolation method used in this study was a mod-
ification from that described in the previous study by 
Shi SR, et al, 2004. Combination of high temperature 
and alkaline pH solution in extracting DNA from FFPE 
tissue may denature and hydrolyze proteins leads to 
rupture of the cell membrane and nuclear membrane, as 
well as breakage of DNA-protein crosslink due to for-
malin fixation (8,12). However, this method had a dif-
ferent outcome in this study. Possible reasons could be 
that the preparation of FFPE tissue was different in term 
of the concentration of formaldehyde buffer used, the 
duration of fixation time and also the age of FFPE tissue 
block used in this study. The older the FFPE tissue block 
might introduce more damage to DNA as the oxidation 
of paraffin resulted in formic acid which leads to DNA 
fragmentation. Also, in this study, commercial DNA ex-
traction kit was used instead of the conventional pro-
tocol using Phenol-Chloroform Isoamyl-Alcohol (PCI) 
DNA purification that had been used in the previous 
study. Previous studies showed that DNA from FFPE 
tissues is severely fragmented. This condition leads to 
insufficient “good quality DNA” for DNA amplification 
using PCR especially for large amplicons (13,14). The 
unstable amplification also due to an inhibitory effect 
of DNA FFPE itself. Fragmentation process generated 
short DNA debris that might act directly as DNA poly-
merase inhibitor (1). In certain condition, increasing the 
amount of nucleotides concentration (dNTPs) or the 
Taq Polymerase enzyme concentration could overcome 

(Figure 3). Similar experiments were performed using 
the other three kits, but the maximum PCR products 
could be amplified were only 320 bp (Figures were not 
shown). 

PCR Optimization - Pre-Heating FFPE DNA 
isolation treatment 
PCR optimization was performed using MyTaq HS 
Red Mix 2x (BioLine, London, UK) commercial kit 

Figure 2. PCR using primer for exon 8 of AR gene with a low 
concentration of FFPE DNA (< 100 ng/μl) using Roche PCR kit. 
(1), DNA concentration 100 ng/μl with standard protocol of dNTPs 
and Taq Polymerase amount (2), DNA concentration < 100 ng/μl 
with standard protocol of dNTPs and Taq Polymerase amount (3), 
DNA concentration < 100 ng/μl with doubled amount of Taq Poly-
merase (4), DNA concentration < 100 ng/μl with doubled amount 
of dNTPs and (5), DNA concentration < 100 ng/μl with doubled 
amount of dNTPs and Taq Polymerase. M: DNA ladder/marker. 
(6) Negative control.

Figure 3. PCR performed using DNA from leucocyte, FFPE DNA 
high concentration (≥ 100 ng/μl) and low concentration respecti-
vely for exon 5 (well: 2-3), exon 8 (well:5-6), exon 7 (well:8-9), 
exon 2 (well:11-12), exon 1B (well:14-15) and exon 1A (well:17-
18). Positive control using DNA leukocyte in well 1,4,7,10,13,16. 
Negative control of each respective exon as mentioned above 
(well:19-24). M: DNA ladder/marker. Toyobo kit gave the best 
results for DNA isolated from FFPE as it can be amplified DNA 
region up to 417 bp in size well: 8).

Figure 4. PCR performed using FFPE DNA with pre-heating 
DNA isolation treatment in the various buffer. Well 2-5 PCR using 
pre-heating DNA isolation treatment with NaOH 0,05 M buffer at 
80OC (2 and 3), 100 OC, and 120 OC. Well, 6-8 have preheated 
DNA isolation treatment with KOH 0,05 M buffer at 80 OC, 100 
OC, and 120OC respectively. Well, 9 is pre-heated DNA isola-
tion treatment with deparaffinization solution (Zymo Research) at 
80OC. Well 1: DNA isolated from leucocyte as a positive control. 
Well 10: negative control. M: DNA ladder/marker.
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the PCR inhibition. The doubled concentration of both 
dNTPs and polymerase (using Roche kit) proved to in-
crease PCR robustness in this study. 

Furthermore, to get a better PCR results we tried 
to restore the low concentration and the quality DNA 
FFPE using the restoration treatment as mentioned in 
the method section in order to modify the damaged site 
allowing subsequent copying of template. However, this 
step did not improve the quality of DNA and resulted 
in good PCR product as we expected. The pH and the 
composition of the restoration buffer might not provide 
an optimum condition for Taq polymerase to amplified 
DNA and filling the gap on the damage sites. Further 
study needs to be done to get the optimum pH and buffer 
composition to restore the damage on DNA FFPE. 

Toyobo kit (15) and Bioline kit (16) gave the sat-
isfactory result on amplifying high concentration DNA 
FFPE compared to the Kapa Biosystem kit (17) dan 
Roche kit(18). Toyobo (KOD FX Neo) kit contains 
DNA polymerase isolated from the hyperthermophilic 
Archaeon Thermococcus kodakaraensis KOD1. This kit 
also contains elongation enhancers which allow greater 
efficiency of elongation capability up to 40 kb human 
genomic DNA. Bioline (My Taq HS Red Mix) enabling 
amplification of very low amount DNA due to its My-
Taq HS DNA Polymerase and a novel buffer system. 
The author suggested that the DNA polymerase and the 
enhancers contained in both kits were sufficient to am-
plify high concentration DNA FFPE. Among four PCR 
kits used in this study, Toyobo performed the best as it 
could amplify DNA FFPE up to 417 bp in size. 

The authors conclude that doubled the concentration 
of PCR reagents (Taq polymerase and dNTPs) in gene-
ral could enhance the quality of PCR product. In this 
study, it has been shown that Toyobo gave the best PCR 
results on DNA isolated from FFPE tissue compared to 
the other three kits, as it can amplify DNA region up to 
417 bp. In addition, designing primers which produce 
amplicon not more than 450 bp in size is suggested.
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