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Abstract: Archival Formalin-Fixed Paraffin-Embedded (FFPE) tissues are 

a readily available source of DNA for retrospective studies including 

genetic predisposition. FFPE tissues present significant challenges for 

extraction of pure genomic DNA in adequate amounts due to the harsh 

fixation conditions and long-term storage associated with samples. The aim 

of the study is to propose a simple, in-expensive, viable protocol for the 

extraction of DNA from FFPE tissues and to optimize the same for the 

detection of 3’UTR miRNA binding site polymorphism in ADAMTS1 gene 

in colorectal cancer tissues and normal colonic mucosa archival tissues 

using Sanger sequencing and TaqMan SNP genotyping assay. Five 

different DNA extraction methods were compared and analyzed. NanoDrop 
quantification demonstrated that out of the various methods tested, highest 

quantity and pure DNA was obtained from Modified non heating 

extraction. When we further applied this method for colorectal cancer tissues 

and normal colonic mucosa archival tissues the NanoDrop readout indicated 

that the DNA was intact and pure. Intra samples comparison over a time period 

of 6 months revealed that the DNA was intact. The samples isolated with 

Modified non heating extraction were found suitable for downstream processes 

such as Sanger sequencing and TaqMan SNP genotyping assay. This cost 

effective and non-arduous protocol can successfully extract even minute 

quantities of DNA from FFPE tissues and facilitate the downstream molecular 

analysis of a large number of archival specimens for retrospective studies. 

 
Keywords: FFPE Tissues, Sanger Sequencing, Colorectal Cancer, 

Modified Non Heating Extraction, TaqMan SNP Genotyping Assay 
 

Introduction  

Worldwide FFPE tissues are archived in hospitals 
and tissue banks to serve as an important source of 
knowledge on genetic and pathological events involved 
in various aspects of clinical conditions (Blow, 2007). In 
the last decade there have been exceptional 
advancements in the field of molecular pathology, 
providing avenues to deduce molecular mechanisms; 
screen and evaluate biomarkers pertaining to a variety of 
diseases. Today these samples present both an incredible 

opportunity and an immense challenge to researchers. 
FFPE tissues have been extensively annotated and well 
preserved, allowing an in depth study of the 

development of disease such as Mycobacterium 
tuberculosis and tumor progression. Formalin fixation 
and paraffin embedding have been the clinical gold 
standard for preserving these precious samples 
(Lehmann and Kreipe, 2001; Gnanapragasam, 2010). 
FFPE tissues have numerous advantages compared to 
fresh or frozen tissues; they can be effortlessly handled 
and are inexpensive long-term storage materials which 

are valuable in various aspects (Ludyga et al., 2012). 
They are stable at ambient temperature, can be easily 
stored and do not require specialized amenities. FFPE 
tissue samples can be used for retrospective studies; 
these sections exhibit various histological features of 
cancer, including precancerous lesions and facilitate 
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evaluation of the genetic events correlated to the 
observed histological changes (Einaga et al., 2017). 

Of late FFPE tissue specimens have shown 

compatibility with diverse analytical tools, such as 

isotope labeling, affinity enrichment and Laser Capture 

Micro dissection (LCM), increasing the viability of 

utilizing these tissues as a substitute to frozen tissues for 

retrospective and prospective protein biomarker 

discovery (Xiao et al., 2010; Toews et al., 2008; 
Azimzadeh et al., 2010; Wisniewski et al., 2011). In 

contrast, frozen tissues require specialized facilities for 

storage, which makes handling outside the research 

setting challenging, predominantly due to the possibility 

of rapid decaying. Despite the fact that FFPE tissue is 

often considered as one of the best choices for clinical 

molecular applications, isolation of DNA from FFPE 

tissues is a tedious task. Different protocols have been 

followed to extract DNA from FFPE tissues for molecular 

analysis. It is well known that PCR is very difficult to 

perform with DNA extracted from fixed tissues and fixation 
intervals are the main reason for decreased PCR yields and 

incapability to amplify longer DNA targets (Quach et al., 

2004). It has been previously reported that only up to 300 

bp of DNA was amplifiable from FFPE postmortem tissues 

and more often amplicon size up to 100 bp had given 

consistent PCR results (Bonin et al., 2003). Many studies 

have been done to optimize the extraction of DNA from 

FFPE tissues. Among the existing protocols, use of mineral 

oil for deparaffinization (Lin et al., 2009) and the use of 

high-temperatures with 0.1 M NaOH have shown to 

increase the efficiency of DNA extraction by manual 
methods (Pikor et al., 2011; Shi et al., 2004). Besides, a 

variety of commercial kits (Huijsmans et al., 2010) and 

have likewise been utilized for DNA extraction. 

FFPE tissues have been used for downstream 

molecular analysis, such as real-time quantitative PCR, 

Next generation sequencing, Whole genome sequencing, 

Sanger sequencing and TaqMan SNP genotyping assay. 

Amongst these, TaqMan SNP genotyping assay is an ideal 

option for the analysis of cancer markers which can be 

performed on small copy targets and on degraded DNA due 

to its increased sensitivity and specificity for the DNA 

extracted from FFPE tissues. Sanger sequencing has been 

considered the gold standard for identifying single 

nucleotide polymorphisms in FFPE tissues for a long time 

because of its low false-positive rate and high specificity. 

A Disintegrin And Metalloproteinase (ADAM) 

represents a protein family possessing both 

metalloproteinase and disintegrin domains. ADAMTS-1 

is a member of the ADAM protein family which is 

involved in proteolytic modification of cell-surface 

proteins and extracellular matrices (Shindo et al., 2000). 

The unique structure of ADAMTS-1, characterized by 

the presence of thrombospondin type I motifs and is 

shared by other newly identified proteins in mammals 

and in C. elegans, which comprise the ADAMTS 

subfamily that may perform well-conserved biological 

functions. ADAMTS-1 was originally identified by 

differential display analysis as a gene highly expressed in 

the murine colon 26 cachexigenic tumors (Kuno et al., 
1997). In vivo expression of the gene induced in the kidney 

and heart of mice treated with lipopolysaccharide, 

suggested a potential role of ADAMTS-1 in the 

inflammatory reactions (Kuno et al., 1997). 

This study aims to (1) develop an efficient method 

for DNA isolation to obtain optimum DNA 

concentration and purity from FFPE tissues. (2) To 

optimize a protocol for the detection of 3’UTR miRNA 

binding site polymorphism in ADAMTS1 gene in 

colorectal cancer tissues normal colonic mucosa archival 

tissues using Sanger sequencing and TaqMan SNP 
genotyping assay. Different isolation methods that were 

compared include Modified non heating extraction, Spin 

column extraction, Non heating extraction, Salting-out 

method and Phenol chloroform extraction. 

Materials and Methods 

Tissue Selection and Processing  

Formalin-fixed paraffin-embedded colon cancer and 

normal colonic mucosa tissues (non cancerous tissues) 

were obtained from the pathology archives of Sri 

Ramachandra Medical College & Research Institute after 

due Institutional Ethical clearance (REF:IEC-

NI/15/APR/46/26). A total of 50 FFPE tissues were 

utilized for the study. The tissues fixed in 10 % buffered 

formalin at ambient conditions were embedded and used. 

Twenty micron sections were cut utilizing a standard 

microtome (Shi et al., 2002) and the slices were taken 

into a sterile 1.5 mL micro centrifuge tube directly.  

Deparaffinization and Tissue Digestion 

The tissues were heated at 55-58°C for five min. 

Subsequently the sections were deparaffinized with 100% 

xylene twice and incubated at 56°C for five min, vortexed 

for 2 min and centrifuged at 13,000 rpm for ten min at 

ambient conditions. This was followed by subjecting it to 

100%, 75% and 50% ethanol washes and centrifugation at 

13,000 rpm (Pikor et al., 2011; Goelz et al., 1985). The 

tissue pellets were dried free of ethanol at 37°C. 

DNA Isolation 

DNA was extracted from FFPE tissues using 

Modified non heating extraction, Spin column 

extraction, Non heating extraction, Salting-out method 
and phenol chloroform extraction. A brief outline of the 

DNA extraction protocols is shown in Table 1. A 

pictorial representation of the various methods involved 

in the study is shown in Fig. 1. 



Sai Sushmitha Kontham et al. / American Journal of Biochemistry and Biotechnology 2020, 16 (1): 148.161 

DOI: 10.3844/ajbbsp.2020.148.161 

 

150 

Modified  non
heat ing extraction

Non 
extra ction

heati ng 

Phenol chlor oformextractionS alt ing -out method

Spin c olumn e xtr action

 
 

Fig. 1: Overview of the various extraction methods using FFPE tissues 

 
Table 1: Outline of the DNA extraction protocols 

 Modified non Spin column Non heating Salting-out Phenol chloroform 

Extraction method heating extraction extraction extraction method method 

Column based No Yes No No No 

Trimming excess paraffin Yes No No No No 

Deparaffinization Ethanol and Ethanol and Ethanol and Ethanol and Ethanol and 

 xylene xylene xylene xylene xylene 

Tissue Digestion Digestion buffer ATL buffer Lysis buffer Lysis buffer Digestion buffer 

 Proteinase K Proteinase K Proteinase K Proteinase K Proteinase K 

Digestion conditions 56°C over night 56°C 1 h 52°C over night 55°C over night 55°C over night 

Extraction PCI GB buffer PCI PCI PCI 

Precipitation Sodium acetate - Sodium acetate Absolute 

 and ethanol          and isopropanol alcohol Isopropanol 

Elution buffer TE Buffer ATE buffer Distilled water 70% ethanol 70% ethanol 

Final elution volume 40 µL 100 µL 50 µL 30 µL TE buffer 40 µL MilliQ water 

Special conditions Pre heat elution buffer - - - - 

 at 95°C for 10 min, 

 heat the samples at 

 65°C after eluting in 

 TE buffer 

TE, Tris EDTA, PCI, Phenol chloroform isoamyl alcohol 

 

Modified Non Heating Extraction  

Excess paraffin from the tissues was trimmed and 

the tissues were deparaffinized as mentioned above 

and PBS was added in two changes after which 500 

µL of lysis buffer (proteinase K 20 mg/ml 50 µL, 1 M 

Tris-HCl solution 10 µL, 0.5 M EDTA 2 µL, 10% 

SDS 100 µL and distilled water 838 µL) was added 

and incubated at 56°C overnight until all tissue 

fragments were dissolved completely. Extraction and 

purification were performed by adding 500 µL of 

25:24:1 phenol: Chloroform: Isoamyl alcohol to the 

dewaxed tissue, followed by vortexing (cyclo mixer) 

and centrifugation at RT, 12,000 g for 10 min. The 

AT  GC  TT C GG  C AA GA 
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upper aqueous supernatant was transferred to a new 

micro centrifuge tube and one volume of chloroform 

was added, vortexed and was centrifuged at 12,000 g 

for 10 min. The upper aqueous supernatant was 

transferred into a new micro centrifuge tube, 0.1 

volume of 3 M sodium acetate was added, vortexed 

after which one volume of ethanol was added and 

incubated at-20°C overnight. The precipitated DNA 

was centrifuged at 12,000 g at 4°C for 10 min. The 

supernatant was discarded and the precipitate was 

washed twice with 75% ethanol (Shi et al., 2004). The 

pellet was dried free of ethanol and was dissolved in 

40 µL of preheated (heated at 95°C for 10 min) TE 

buffer. And the eluted DNA was again heated at 65°C 

for five min. 

Spin Column Extraction 

The commercial spin column DNA extraction was 

performed according to the manufacturer’s 

instructions. The tissues were deparaffinized with 

xylene, followed by two washes with 100% ethanol to 

remove remaining xylene. After deparaffinization, 

tissues were digested at 56°C with 180 µL of ATL 

buffer and 20 µL proteinase K. The completely 

digested tissues were incubated at 90°C for 1 h. 

Subsequent to digestion, 200 µL of AL buffer was 

added, followed by ethanol precipitation. The solution 

was transferred into a new spin column and washed 

with wash buffers AW1 and AW2 provided in the kit. 

The DNA was eluted in 40 µL ATE buffer. 

Non Heating Extraction Method 

Tissues were deparaffinized as mentioned above 

and PBS was added in two changes after which 500 

µL of lysis buffer (proteinase K 20 mg/ml, 50 µL, 1 M 

Tris-HCl solution 10 µL, 0.5 M EDTA 2 µL, 10% 

SDS 100 µL and distilled water 838 µL) was added 

and incubated at 52°C overnight until all tissue 

fragments were dissolved completely. Extraction and 

purification was performed by adding 500 µL of 

25:24:1 phenol: Chloroform: Isopropanol alcohol to 

the dewaxed tissue, followed by vortexing (cyclo 

mixer) and centrifugation at 12,000 g for 10 min. The 

upper aqueous supernatant was transferred to a new 

micro centrifuge tube after which one volume of 

chloroform was added, vortexed and was centrifuged 

at 12,000 g for 10 min. The upper aqueous 

supernatant was transferred into a new micro 

centrifuge tube, 0.1 volume of 3 M sodium acetate 

was added vortexed after which one volume of 

isopropanol was added and incubated at – 20°C 

overnight. The precipitated DNA was centrifuged at 

12,000 g at 4°C for 10 min. The supernatant was 

discarded and the precipitate was washed twice with 

75% ethanol (Shi et al., 2004). The pellet was dried 

free of ethanol and was dissolved in 50 µL double 

distilled water. 

Salting-Out Method 

Tissues were deparaffinized as mentioned above. 
One mL of lysis buffer solution was added along with 

50 µL of 10% SDS and inverted for 10 min. To this 

mixture, 6 M NaCl was added and incubated 

overnight. This was followed by centrifugation at 

3000 rpm for 20 min. Supernatant was collected; to 

this double the volume of chilled 100% ethanol was 

added. The DNA was transferred into a new micro 

centrifuge tube and centrifuged at 12,000 rpm for 10 

min at ambient conditions (Miller et al., 1988). 

Supernatant was disposed and 1 mL of 70% ethanol 

was added and centrifuged at 12,000 rpm at 4°C. The 

pellet was dried free of ethanol, after which 30 µL of 
TE buffer was added to dissolve the pellet. 

Phenol Chloroform Extraction 

After deparaffinization as described above the 

pellet was dried at 37°C. Dried tissue was dissolved in 

300 μL of digestion buffer containing 50 mM Tris, 5 

mM EDTA, pH 8 and 10 μg/ml proteinase K. 

Subsequent to overnight incubation at 56°C, the 

digested tissue was centrifuged with phenol 

chloroform. The upper aqueous layer was taken and 

the DNA was precipitated overnight with sodium 

acetate and ethanol. Centrifugation was done for 30 

min at 4°C, the pellet formed was washed with 1 mL 

of 70% ethanol and was air dried at ambient 

conditions (Dedhia et al., 2007). Later the DNA was 

eluted in 40 μL of miliQ water. 

Quality Assessment of DNA 

After the completion of DNA isolation, 3 µL DNA 

was subjected to 0.8% agarose gel electrophoresis to 

check the presence of intact DNA. Comparison of the 

quality of FFPE tissue DNA isolated using five 

different isolation methods is shown in Fig. 2A. The 

yield was compared between five Different isolation 

methods by using NanoDropTM 1000 

spectrophotometer. This was measured according to 

the standard protocol recommended by the 

manufacturer. Further FFPE tissues from the year 

2011-2017 was subjected to Modified non heating 

extraction and checked for purity and stability of the 

DNA. Also NanoDrop quantification was done in 3 

months and 6 months interval to follow up the DNA 

stability. The quantified DNA was subjected to Sanger 

sequencing and TaqMan SNP genotyping assay. 
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Fig. 2: An Agarose gel electrophoresis of DNA isolated from FFPE tissues using five different methods. Lane 1: Modified 

non heating extraction method, Lane 2: Spin column extraction, Lane 3: Non heating extraction method, Lane 4: 
Salting-out method, Lane 5 

 

 

 
Fig. 3: Agarose gel electrophoresis of PCR product obtained 

from FFPE tissue DNA extracted by different methods. 
Lane 1: Modified non heating extraction method, Lane 
2: Spin column extraction, Lane 3: Non heating 

extraction method, Lane: Salting -out metho 

 

PCR Amplification 

DNA extracted from five different extraction 

methods was used for performing PCR. PCR 

amplification was observed from the DNA isolated 

from Modified non heating extraction (Fig. 3). 

Further, this DNA was used for Sanger sequencing. 2 
µL of 50 ng DNA template was added to PCR master 

mix containing 5 U Taq polymerase, 2 mM dNTPs, 5 

pmol forward and reverse primer (Table 2), 10X 

buffer and double distilled water. The PCR reaction 

was carried out with a 4 min initial denaturation at 

94°C, denaturation for 30 sec at 94°C, annealing for 

30 sec at 56.4°C, extension for 30 sec at 72°C and 

final extension for 30 sec at 72°C for 35 cycles, 

followed by storage at 4°C. 10 µL of PCR products 

were resolved on a 2% agarose gel. 

PCR Optimization 

FFPE tissue DNA extracted from colon cancer 

tissue and normal colonic mucosa using Modified non 

heating extraction method was utilized for PCR 

optimization. ADAMTS1 gene was amplified using 

forward and reverse primer (Table 2). Annealing 

temperature, primer concentration and template 

quantity were standardized. Annealing temperatures 

tried were 54.6°C, 54.8°C, 55.4°C, 56.4°C, 58.0°C, 

59.1°C and 59.7°C. Two different primer 

concentrations of 10 pmol, 5 pmol were tried, 

avoiding primer dimer formation was considered as a 

primary factor during optimization of primer 

concentration. Template concentrations of 100 ng, 50 

ng, 250 ng and undiluted DNA were used. The 

reaction volume was 20 μL, which consisted of master 

mix, template DNA, forward and reverse primer. No 

template control was also included for the reaction. 

1          2         3         4          5         6 

100 bp 

149 bp 

1             2           3            4            5 1                  2 

A B 

DNA DNA 
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Table 2: Primer details 

Name of the gene                          Tm Product size Sequence (5'-3') 

ADAMTS1–Forward primer        56.4°C 218 bp GTATCATGGGGGTTGGGAA 
ADAMTS1–Reverse primer      56.4°C 218 bp CGTTGCTGAGCCTTTCTCTC 

Tm, primer melting Temperature, bp, base pair 
 

Sanger Sequencing 

The amplified products were subjected to Sanger 

sequencing using Big Dye Terminator V.3.1. (Applied 

Biosystems, Foster City, CA) in ABI Prism™ 3730 

Genetic Analyzer (Applied Biosystems, Foster City, 

CA). Sequences were evaluated with SeqScape analysis 

software V2.5. 

Allelic Discrimination by TaqMan SNP 

Genotyping Assay 

The allelic discrimination by TaqMan SNP 

genotyping assay was carried out in Fast 7900 HT Real 

Time PCR machine using DNA extracted from Modified 
non heating extraction. PCR was performed in a 5 μL 

reaction mixture containing 1 μL of 50 ng DNA, 2.5 μL 

TaqMan Genotyping Master mix, 0.1 μL TaqMan SNP 

genotyping assay Mix and 1.4 μL of water. The PCR 

conditions used were: Stage I: 50°C for 2 min Stage II: 

95°C for 10 min Stage III: 95°C for 15 sec and 60°C for 1 

min for forty cycles. Genotype identification was 

performed using Sequence Detection Software 2.0 (SDS).  

Optimization of Allelic Discrimination by TaqMan 

SNP Genotyping Assay 

TaqMan SNP genotyping assay was performed on DNA 
isolated from colon cancer FFPE tissues and normal colonic 
mucosa samples using the Modified non heating extraction. 
The concentration of DNA and quantity of master mix was 

standardized. Template concentrations of 50 ng, undiluted 
DNA, 2.5 µL, 2.75 µL and 3.0 µL of master mix were 
used for standardization. The reaction volume was 5μL, 
which consisted of Taqman Genotyping Master Mix, 
TaqMan SNP genotyping assay Mix, water and template 
DNA. No template control was also included. 

Statistical Analysis 

The statistical analysis was performed using SPSS 

software version 20.0. Student’s t-test was done to 

compare the difference between concentrations of DNA 

obtained from five different extraction methods. P values 

below 0.05 were acknowledged as significant. 

Results  

FFPE Tissue DNA Extraction 

Four diverse DNA extraction protocols along with 

one modified DNA extraction protocol were carried out 

in parallel to assess the yield and quality of DNA 

isolated from FFPE tissue samples. Maximum yield was 

observed in the range of 500-2500 μg which was 
obtained with Modified non heating extraction and 

minimum yield was seen in the range of 7 μg-20 μg 

which was obtained by Spin column extraction method 

as shown in Table 3. The maximum purity of DNA 

obtained at OD 260/280 was 1.9 which was observed in 

Modified non heating extraction. The quantity of DNA 

obtained using Modified non heating extraction protocol 

was good enough for optimization of Sanger sequencing 

and TaqMan SNP genotyping assay. Among the five 

different methods, significant results in terms of 

concentration, were obtained from the samples treated 
with the Modified non heating extraction (p = 0.0002) 

compared to the samples that were isolated with the Spin 

column extraction. Furthermore, the samples isolated 

with Modified non heating treatment produced 

remarkably significantly pure DNA compared to Salting-

out and Phenol chloroform method (Table 3). 

Student’s t-test was performed to compare the DNA 

concentrations between the five different isolation 

methods, where Spin column extraction method was 

considered as the reference method. The results were 

significant where p value was less than 0.05. Further 

FFPE tissues from the year 2011-2017 was subjected to 
Modified non heating extraction and checked for purity 

and stability of the DNA. Also, NanoDrop quantification 

was done in 3 months and 6 months intervals to follow 

up the DNA stability most importantly; year-wise 

comparison of the NanoDrop reading also suggested that 

this method results in good quality and quantity of DNA. 

FFPE tissues collected from 2011 archive yielded 1091 

ng of DNA and the highest of 2480 ng was obtained 

from FFPE tissues belonging to 2017 archive (Table 4 

and Fig. 4). When intra sample NanoDrop comparison 

was done after three months and six months respectively, 
the DNA had minimal degradation and was intact to 

perform downstream molecular applications (Table 4 

and Fig. 5). The NanoDrop reading for the colorectal 

cancer tissues and normal colonic mucosa tissues (non 

cancerous tissues) indicate that good quantity of intact 

DNA can be isolated by using Modified non heating 

extraction method (Table 4). However the quantity of 

DNA obtained from normal colonic mucosa tissues was 

lesser compared to colorectal cancer tissues. The primary 

reason for this was the size of the biopsy. But it was 

observed that the DNA obtained from normal colonic 

mucosa was stable, pure and was suitable for performing 
Sanger sequencing and TaqMan SNP genotyping assay. 
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Table 3: Quantity and quality of DNA extracted from formalin fixed paraffin embedded tissues 

Extraction method Mean ± SD (Concentration ng/µL) P value A260/280 

Modified non heating extraction 1619.51±1012.97 0.0002 1.8-1.9 
Spin column extraction 101.5±69.39                              (reference) 1.8-1.9 
Non heating extraction 1078.16±704.69             0.0004 1.8-1.9 
Salting-out method 38.53±28.55                   0.0161 1.4-1.7 
Phenol chloroform method 152.1±158.99 0.3687 1.4-1.9 

Bold values are significant, SD, Standard deviation; Student’s t-test was done to compare the DNA concentrations between the five 
different isolation methods. The results are considered significant where P value was less than 0.05 

 
Table 4: Comparison of DNA quality and quantity post 3 and 6 months of DNA isolation among samples from different time period 

Sample No Tissue Thickness Year A260/280 Initial values ng/µL values after 3 months ng/µL values after 6 months ng/µL 

CA-18/17 60 micron 2017 1.9 2480 2440 2400 

CON-15/17 60 micron 2017 1.9 220 210 195 

CA-37/17 60 micron 2017 1.8 974 960 945 

CA-12/16 60 micron 2016 1.9 2376 2356 2340 

CON-41/16 60 micron 2016 1.9 352 340 332 

CA-58/16 60 micron 2016 1.9 1663 1640 1630 

CA-33/15 60 micron 2015 1.9 1312 1280 1240 

CON-64/15 60 micron 2015 1.9 253 240 225 

CA-25/15 60 micron 2015 1.8 2340 2320 2300 

CA-17/14 60 micron 2014 1.8 1604 1580 1560 

CON-60/14 60 micron 2014 1.8 476 460 440 

CA-30/14 60 micron 2014 1.9 1841 1820 1800 

CA-48/13 60 micron 2013 1.8 1091 1050 1000 

CON-33/13 60 micron 2013 1.9 374 360 345 

CA-77/13 60 micron 2013 1.8 1897 1870 1855 

CA-11/12 60 micron 2012 1.8 1755 1740 1700 

CON-16/12 60 micron 2012 1.8 481 465 440 

CA-30/12 60 micron 2012 1.9 1841 1820 1800 

CA-19/11 60 micron 2011 1.8 1091 1050 1000 

CON-35/11 60 micron 2011 1.8 351 333 315 

CA-84/11 60 micron 2011 1.8 2688 2650 2632 

ng, nanogram, CA, Colorectal cancer tissues, CON, Normal colonic mucosa tissues  

 

 

 
Fig. 4: Agarose gel electrophoresis of DNA isolated from 

FFPE tissues using Modified non heating extraction. 
Lane 1: 2011, Lane 2: 2012, Lane 3: 2013, Lane 4: 
2014, Lane 5: 2015, Lane 6: 2016, Lane 7: 2017 

 
 
Fig. 5: Agarose gel electrophoresis of FFPE tissue DNA to 

compare stability of DNA after 6 months of isolation and 
storage. Lane 1: 2011, Lane 2: 2012, Lane 3: 2013, Lane 4: 
2014, Lane 5: 2015, Lane 6: 2016, Lane 7: 2017 

 

PCR Amplification and Optimization  

Among the five different DNA extraction protocols, 

DNA extracted through Modified non heating extraction 

1          2         3         4          5          6          7 
DNA 

1          2         3         4          5          6          7 

DNA 
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method showed proper PCR amplification compared to 

other four methods (Fig. 3). PCR results indicated a 

prominent band in the range of 218 bp (Fig. 6). In case 

of ADAMTS1 gene amplification, commendable results 

were acquired at an annealing temperature of 56.4°C. 
Primer concentration of 5 pmol was used for better 

results and primer dimmers were not observed. PCR 

amplification was visible only with 50 ng of DNA. 

While 100 ng, 250 ng and undiluted DNA samples failed 

to demonstrate any amplification. 

Allelic Discrimination by TaqMan SNP 

Genotyping Assay  

Template concentration of 50 ng and 2.5 μL master 

mix showed good genotyping results. Automatic 

calling was performed to analyze the results obtained 

from the Sequence detection systems software. The 

results of the allelic discrimination assay data were 
plotted as Allele 1 (VIC™ dye) versus Allele 2 

(FAM™ dye). 

 

 

 
Fig. 6: Agarose gel electrophoresis of PCR products obtained from ADAMTS1 gene amplification using FFPE tissue DNA isolated 

from Modified non heating extraction (218 bp). Lane 1-6:  Genomic DNA isolated from representative colorectal cancer 
tissues. Lane 7 

 

 
 
Fig. 7: Electropherogram showing Sanger Sequencing of ADAMTS1 gene. The arrow indicates the location of the Single nucleotide 

polymorphism 

1            2          3         4           5          6         7          8          9        10       11        12      13 

500 bp 

218 bp 
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Discussion 

Currently, FFPE tissues are progressively used for 

molecular analyses both in clinical and research 

laboratories. The expulsion of the paraffin wax encasing 

the thin layer of tissue and isolation of adequate intact 

DNA are major impediments to work with these 

samples. Lately, the methods and protocols for the 

isolation of DNA from FFPE tissues have been 

considerably improved (Regan et al., 2012; Okello et al., 

2010; Huijsmans et al., 2010). In this study, we illustrate 

a dynamic protocol for the isolation of DNA from FFPE 
tissue samples. Our study demonstrated that amongst the 

five DNA extraction protocols assessed, Modified non 

heating extraction protocol was found to be the most 

reliable method for the clinical diagnosis in terms of 

quantity, quality (Table 3; Fig. 2A) and cost 

effectiveness. On the other hand, Phenol chloroform 

extraction was found to be quite laborious, involving a 

large number of steps, prone to cross contamination and 

has had environmental effects. Salting-out method was 

likewise prone to salt contamination which might result 

in PCR inhibition. In the case of Spin column extraction, 

the yield of DNA obtained was exceptionally low and 
comparatively very expensive. Non heating extraction 

method has shown effective results but it was found that 

Modified non heating extraction resulted in better quality 

and quantity of DNA which can be preserved for a 

longer time without rapid degradation (Fig. 2B). 

The changes implemented for Modified non heating 

extraction include (a) Over night digestion using 

proteinase K at 56°C. Proteinase K gets activated at 

56°C, an interesting characteristic of proteinase K is that 

it retains its activity in the presence of Sodium Dodecyl 

Sulphate (SDS). In turn increasing the temperature of the 

reaction from 37°C to 50°-60°C and thereby increases its 

activity by several folds. Another striking feature of 

proteinase K is its ability to digest native proteins at 

56°C, thereby inactivating enzymes such as DNase and 

RNase without recourse to a denaturation process. (b) 

Elution of FFPE tissue DNA using TE buffer, where TE 

is derived from its components Tris and EDTA, a 

molecule that chelates cations like Mg2+ and solubilizes 

DNA or RNA. The pH of TE buffer is slightly basic 

which allows DNA to dissolve faster and EDTA helps to 

protect it from degradation. (c) Preheating TE buffer at 

95°C is done to eliminate DNase contamination, heating 

at higher temperatures allows better hydration of DNA 

hence allowing a better absorption of DNA. (d) Heating 

the eluted DNA at 65°C for five min removes the ethanol 

traces and helps to dissolve the pellet quickly, thereby 

increases DNA yield. 

Earlier studies on DNA extraction protocols have 

revealed that heating tissues at high temperature may 

lead to the extraction of good quality DNA (Frank et al., 

1996; Faulkner and Leigh, 1998). Other studies have 

reported that higher temperature heating under an 

alkaline condition provided the most acceptable results 

(Shi et al., 2002). Sam et al. (2012) reported that Qiagen 

EZ1 DNA Tissue Kit requires less hands-on-time to 
yield adequate DNA concentration and quality and is 

also found to be a proficient method for purifying DNA 

from FFPE tissues. However, this method in all aspects 

seems to be quite expensive (Sam et al., 2012). In spite 

of the fact that there are some evidences that the simple 

heating method can yield adequate quantity of DNA and 

also be utilized for detection of genomic changes in 

DNA extracted from FFPE tissue sections, this approach 

has not been widely applied. One possible reason may be 

that the quantity of DNA extracted from FFPE tissue by 

heating alone is lower than that extracted by an enzyme-
based protocol (Sam et al., 2012). 

The enzymatic digestion step is without doubt a 

standout amongst most imperative steps in the Modified 

non heating extraction procedure. The enzyme volume 

plays a critical role in tissue digestion. One h and 

overnight digestions have been utilized in various 

studies earlier (Huijsmans et al., 2010; Santos et al., 

2009; Oh et al., 2013) and researchers have also 

repeatedly acknowledge the fact that prolonged protein 

digestion time enhances DNA yield (Pikor et al., 2011; 

Isola et al., 1994; Wood et al., 2010). Among the two 

modifications in our Modified non heating extraction, 

overnight incubation of tissue fragment at 56°C is one of 

the key factors in increasing the DNA yield. Proteinase 

K is a member of the subtilisin family; the enzyme is a 

long polypeptide protein which is comprised of 278 

amino acids. This enzyme acts on proteins by cleaving 

the peptide bonds adjacent to the carboxyl group of 

hydrophobic amino acid residues (aliphatic and 

aromatic). The optimal temperature for proteinase K is 

known to be between 50- 60°C and the specific activity of 

proteinase K is enhanced by increasing the temperature 

from 52°C to 56°C (Snow et al., 2014). This will unfold the 

proteins, exposing the hydrophobic amino acid residues that 

would be normally encrypted inside the hydrophobic core 

of the protein making it easier for enzyme action. 

Moreover, at higher temperatures most nucleases that 

would degrade DNA are denatured thus making the 

increase in temperature favorable for efficient DNA 

precipitation. The same was evident in our study 
Further, the assumption underlying the extension of 

enzymatic (proteinase K) digestion is that the 

persistent protein-DNA cross-links are reversed by heat 

and that this reversal can be improved either by 

increasing the incubation temperature or time 

(Huijsmans et al., 2010; Shi et al., 2002; Isola et al., 

1994; Einaga et al., 2017). Removal of the protein-DNA 

cross-links by maximizing the protease digestion, will 
ultimately lead to precipitation of relatively intact DNA. 

https://en.wikipedia.org/wiki/Tris
https://en.wikipedia.org/wiki/EDTA
https://en.wikipedia.org/wiki/Chelation
https://en.wikipedia.org/wiki/Magnesium_in_biological_systems
https://www.sciencedirect.com/topics/medicine-and-dentistry/deoxyribonucleoprotein
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Hence, in Modified non heating extraction we have used 

56°C as the incubation temperature and overnight 

incubation time, which facilitates proper digestion of the 

tissues. Kumar et al. (2016) have reported that 

quantification of DNA influences the PCR results obtained 
from FFPE tissue DNA. They have demonstrated that 

considerable differences exist between DNA quantification 

protocols that might cause researchers to 

under/overestimate the quantity of DNA in their samples. 

It has also been reported that the issue of 

quantification of DNA from human diagnostic 

specimens, either fresh-frozen or FFPE, is also not 

adequately addressed in the literature (Kumar et al., 

2016). We noticed that the age and origin of the FFPE 

tissue sample influenced the DNA isolation efficiency 

(Fig. 4 and 5). However, our NanoDrop results suggest 
that the DNA yield from 7-year-old FFPE tissue material 

was equally good in comparison to a two-year-old block 

(Table 4). In fact the DNA showed long term stability 

and was found to be intact for the next 6 months (Table 

4). Besides, the tissue samples vary with regard to tissue 

compositions that include inflammatory cells and 

parenchymal cells. These cells bring about differences in 

cell density and therefore different DNA quantities are 

observed in a given tissue surface area. Our study 

revealed that Spin column extraction, Salting-out method 

and Phenol chloroform method brought about low 

quality and yield of DNA which wasn’t useful for 
downstream molecular studies, whereas Modified non 

heating extraction method lead to successful 

amplification of the ADAMTS1 gene with an amplicon 

size of 218 base pairs (Fig. 6). Numerous studies have 

reported that fragmented DNA is obtained due to 

fixation and embedding processes, only allowing PCR 

analysis on short target gene sequences (Liu et al., 1993; 

Pavelić et al., 1996; Bonin et al., 2005; Shi et al., 2002). 

In our study PCR amplification was visible only 

with 50 ng of DNA isolated by using Modified Non 

heating extraction method and not with 100 ng and 250 

ng, it was observed that the input of higher 

concentrations of DNA can lead to inhibition of PCR 

amplification. The primary reason being the fragmented 

nature of the DNA, which not only influences the target 

sequence but also randomly generates short DNA 

debris. This debris might act directly as an inhibitor of 

the DNA polymerase. The DNA debris might bind to 

the polymerase and decrease its activity resulting in a 

decreased PCR reaction speed (Dietrich et al., 2013). 

However, the other four methods generated low quality 

of DNA and showed no PCR amplification (Fig. 3), due 

to the DNA being impure and extremely fragmented. 

Gall et al. (1993) and Sato et al. (2001) have 

suggested that avoiding one or more of the following 

steps such as centrifugation, dewaxing, digestion with 
proteinase K, purification may improve PCR efficiency, 

(Gall et al., 1993; Sato et al., 2001; Coates et al., 1991; 

Shi et al., 2002) but due to this DNA purity may be 

reduced. Our results were obtained with modifications in 

conventional extraction procedures, by combining: A. 

Pre heating of tissue at 56°C; b. Deparaffinization with 
xylene; c. Digestion over night with concentrated 

proteinase K (20 mg/mL); d. Purification by phenol 

chloroform extraction and e. increase in the number of 

PCR amplification cycles up to 35. The most critical step 

affecting DNA integrity is the fixation process. 

Specifically, the degree of damage in DNA may depend 

on the kind of fixative used and the extent of fixation. 

However, formaldehyde, a principal active component of 

formalin causes degradation of the nucleic acids under 

extremely acidic environment which negatively 

influences the downstream applications (Blow, 2007; 
Gilbert et al., 2007; Turashvili et al., 2012). It decreases 

the efficiency of PCR due to the presence of chemical 

cross-linking between RNA, DNA and protein. In 

addition, monomethylol groups are also added to 

nucleotide base pairs (Specht et al., 2001; Kokkat et al., 

2013). These processes increase the vulnerability of 

nucleotide sequences to shear, fragment and degrade. 

The age of the fixed tissue, the dimensions and 

conditions of storage, have been implicated as factors 

that can influence the process of cross linking and 

molecular degradation (Cukier et al., 2009). 

In our study we have shown that DNA extracted from 

Modified non heating extraction can be used for 

downstream molecular analysis like Sanger sequencing 

and TaqMan SNP genotyping assay. We were able to 

successfully genotype 3’UTR miRNA binding site 

polymorphism in ADAMTS1 gene. The genotyping 

results suggested that the most of the samples genotyped 

showed homozygous normal condition (C/C) (Fig. 7). 

For genotyping we utilized FFPE tissue DNA isolated 

from colorectal cancer tissues and normal colonic 

mucosa tissues. Even though the normal colonic mucosa 

archival tissue is a smaller biopsy compared to colorectal 

cancer archival tissue we were able to isolate good 

quality and quantity of DNA. Snow et al. (2014) have 

reported that extraction of DNA from cellular tumors 

with a solid growth pattern and less contaminating non-

neoplastic tissue is comparatively easy. In contrast to 

small biopsies which usually contain minute nests of 

tumor cells surrounded by non-tumor tissue creating a 

challenge in obtaining adequate quantity of DNA 

material (Snow et al., 2014). Therefore our newly 

modified DNA extraction method enables us to acquire 

adequate quantity of DNA from diminutive foci of the 

tumor and can be utilized for both cancer tissues as 

well as non neoplastic tissues. 
It was observed that our study showed concordance 

to Betge et al. (2015) who has tried to compare 
sequencing in fresh and frozen tissue samples and have 
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reported that convincing results were obtained with 

FFPE tissues (Betge et al., 2015). Past studies have 

reported that NGS (Gall et al., 1993), Genome-wide 

massively parallel sequencing (Schweiger et al., 2009), 

Whole genome (Van Allen et al., 2014) and Whole 
exome sequencing (Astolfi et al., 2015; Bonfiglio et al., 

2016) have been performed on FFPE tissues. But all 

these methods are very expensive compared to Sanger 

sequencing and TaqMan SNP genotyping assay. One 

reason behind the slightly higher amplification rate for 

TaqMan SNP genotyping assay could be that this 

technique combines both amplification and 

hybridization with specific fluorescent probes, 

therefore making it more sensitive than amplification 

alone at an affordable price, which may be time 

consuming. In summary, the Modified non heating 
extraction results in greater yield, optimum DNA 

concentration and quality and it is found to be an 

efficient method for extracting DNA from FFPE 

tissues. This is a critical factor for consideration 

where DNA isolation is a routine in clinical 

laboratories for various genetic analyses, as molecular 

techniques are moving rapidly from bench to bed use 

in diagnostic pathology. 

Conclusion 

Modified non heating extraction is a cost effective 

and non-laborious protocol which can successfully 

extract DNA from FFPE tissues and facilitate the 

downstream molecular analysis of a large number of 

archival tissues in retrospective studies. Among the five 

methods tested for its effectiveness, Modified non 

heating extraction showed efficient DNA extraction for 

TaqMan SNP genotyping assay and Sanger sequencing 

used for SNP detection. 
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