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A large number of archival paraffin-embedded tissue banks have been established during diagnostic surgical 
pathology, forming a precious resource of tissues for retrospective molecular studies of cancer and a variety of 
other diseases. Extraction of DNA from formalin-fixed paraffin-embedded tissue samples was previously 
accomplished. However, this procedure is labor intensive, time-consuming and expensive. This study 
demonstrated the successful use and optimization of a rapid, reliable and effective protocol for DNA 
amplification directly from paraffin-embedded tissue eliminating the deparaffinization and DNA isolation 
steps. In the course of this study effectiveness of a commercially available, ready-to-use PCR master mix kit 
was also tested. Once the presented protocol for DNA amplification is applied correctly, large quantities of 
paraffin-embedded material stored in our pathology departments will be available for molecular diagnostics 
and research. 
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Introduction 

Recently there has been a growing interest in using 
polymerase chain reaction (PCR) to investigate the 
molecular changes in stepwise progression of various 
diseases including cancer.1–5 A large number of 
formalin-fixed paraffin-embedded tissues have been 
established during the course of diagnostic surgical 
pathology. They are the easiest to store, transport and a 
valuable archive for molecular pathology studies. The 
use of paraffin-embedded tissues has some limitations 
in molecular pathology. The fixation of tissue samples 
in formaldehyde leads to extensive cross-linking of all 
tissue components and therefore the nucleic acids 
isolated from these specimens are highly fragmented.6–

9 The level of fragmentation depends on the tissue type 
and the condition of fixation. In general, the average 
fragment size of a PCR amplicon is 300–400 bases 
from formalin-fixed paraffin-embedded biopsy 

tissues.6 Extraction of DNA from formalin-fixed 
paraffin-embedded tissue samples was accomplished 
as early as 1985.10,11 However, these procedures are 
labor intensive, time-consuming and expensive.12–14 
Regular DNA amplification protocols using paraffin-
embedded tissues start with microtome sectioning and 
a series of deparaffinization steps, followed by DNA 
isolation and purification and finally amplification of 
target DNA by PCR.12,15 It usually takes 1-3 days to 
complete and is quite challenging to work through, 
especially with large patient numbers. The first 
problem can be cross-contamination between paraffin-
embedded tissue samples. Using a fresh microtome 
blade for each and every paraffin block and minimal 
pipetting steps in DNA isolation may decrease this 
possibility. On the other hand, loss of precious 
material during these long and tedious procedures is 
more important and may not be replaceable.  
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The aim of this study is to use and optimize a 
rapid, reliable and effective protocol for DNA 
amplification directly from paraffin-embedded tissue 
eliminating the deparaffinization and DNA isolation 
steps. In the course of this study we also tested the 
effectiveness of a commercially available, ready-to-use 
PCR master mix kit. 

Materials and Methods 

Paraffin-embedded Tissue Samples 

Nineteen archival formaldehyde-fixed and paraffin-
embedded tissues previously used for histopathological 
diagnosis, were obtained from the Department of 
Pathology, Pamukkale University School of Medicine. 
(10 different cancer tissue samples embedded in 
paraffin in the year 2003 and 9 different leiomyoma 
samples embedded in paraffin between the years of 
1996-2004). Diagnostic details of the biopsies were 
summarized in Table 1. 

1-3 mm2, small tissue samples were cut from 
paraffin-embedded tissue blocks by hand dissection. In 
order to eliminate cross-contamination a new-sterile 
scalpel blade is used for each paraffin block and small 
tissue samples were placed directly into the 500 ml 
PCR tubes. 20ml of 1% Triton X-100 (v:v in ddH2O, 
Laboratory Grade, Sigma Chemical) was added to the 
tubes and then samples were incubated at 95°C for 20 
min in Hybaid PCR Sprint Temperature Cycling 
System. 

Primers and PCR conditions 

Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), an autosomal locus, forward (5’-
CCCCACACACATGCACTTACC-3’) and reverse 
(5’-CCTAGTCCCAGGGCTTTGATT-3’) primers 
(16) were used to amplify a 97 base pair (bp) DNA 
fragment by PCR.  

The incubation with 1% Triton X-100 was 
followed by rapid vortexing, then samples were chilled 
and finally the ready-to-use PCR reaction mixture 
(Qiagen, Hilden, Germany) was added directly to the 
tubes. All PCR amplifications were performed in a 
final volume of 50 ml containing 1-3 mm2 tissue 
sample, 20ml 1% Triton X-100, 20 pmol of each 
primer (GAPDH forward, and GAPDH reverse), and 

25 ml of HotStarTaq Master Mix (containing 2.5 units 
HotStarTaq DNA polymerase, 1x PCR Buffer with 1.5 
mM MgCl2, and 200 mM of each dNTP; Qiagen, 
Hilden, Germany). 
 
Table 1.  Outline of paraffin–embedded tissue samples 

used in this study. 

Case 

Number 

Year 

(embedded 

in paraffin) 

Pathological Diagnosis 

1 2003 
Squamous cell carcinoma of 

cervix 

2 2003 Endometrial adenocarcinoma 

3 2003 
Squamous cell carcinoma of 

larynx 

4 2003 
Squamous cell carcinoma of 

skin 

5 2003 
Invasive ductal carcinoma of 

breast 

6 2003 
Undifferentiated large cell 

carcinoma of lung 

7 2003 Adenocarcinoma of prostate 

8 2003 
Papillary serous 

cystadenocarcinoma of ovary 

9 2003 
Moderately differentiated 

adenocarcinoma of gallbladder 

10 2003 Adenocarcinoma of rectum 

11 1996 Leiomyoma 

12 1997 Leiomyoma 

13 1998 Leiomyoma 

14 1999 Leiomyoma 

15 2000 Leiomyoma 

16 2001 Leiomyoma 

17 2002 Leiomyoma 

18 2003 Leiomyoma 

19 2004 Leiomyoma 

 
Thermal cycling was carried out using the 

following conditions in Hybaid PCR Sprint 
Temperature Cycling System: initial activation of 
HotStarTaq DNA polymerase at 95°C for 15 min, 
followed by 40-50 cycles of denaturation at 94°C for 1 
min, annealing at 57°C for 1 min, and extension at 
72°C for 1 min, with final extension at 72°C for 10 
min. The PCR products were analyzed by 1 % agarose 
gel electrophoresis and visualized by exposure to 
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ultraviolet light after ethidium bromide staining using 
VilberLourmat, Biocapture Image Analysis Software.  

All samples were tested three times. Human 
genomic DNA isolated from serum using the QIAamp 
Blood and Body Fluid DNA isolation kit (Qiagen, 
Hilden, Germany) was used in positive control 
reactions. PCR without DNA or paraffin-embedded 
tissue was used as negative control.  

Results 

Target GAPDH DNA fragment was successfully 
amplified with the presented technique. Figure 1A 
illustrates one of the three experiments showing 
formation of strong 97 bp GAPDH gene products 
using several different paraffin-embedded human 
cancer tissue types including cervix, endometrium, 
larynx, skin, breast, lung, prostate, ovary, gallbladder 
and rectum. Only 10ml aliquots of the PCR products 
were analyzed on a 1% agarose gel, and results showed 
strong target DNA amplification signals with no non-
specific DNA fragments. When Triton X-100 
incubation is omitted from the protocol, no DNA 
amplification was achieved using the same set of 
paraffin-embedded tissue samples (Figure 1B).  

Since DNA is known to degrade in time, the 
ability to amplify DNA from different ages of paraffin-
embedded tissues was also examined. Figure 1C 
demonstrates one of the three experiments using 
different ages of paraffin-embedded leiomyoma 
samples. Ninety seven bp GAPDH DNA fragment was 
successfully amplified from all 9 paraffin-embedded 
leiomyoma tissue samples collected from 1996 to 
2004. 

Discussion 

During diagnostic practice, a large number of archival 
paraffin-embedded tissue banks have been established 
forming an important resource of tissues for 
retrospective molecular studies of cancer and various 
other diseases.1–5 Paraffin, a colorless/white wax, is 
produced from petroleum oil and soluble in xylene, 
benzene, and chloroform, but not in water, ethanol, or 
acetone. It is widely used in surgical pathology 
departments, because it preserves the tissue 
morphology and also paraffin-embedded tissue blocks 

are the easiest to store and transport. DNA 
amplification success from paraffin-embedded tissues 
depends on numerous factors including the type of the 
fixative used, fixation time, storage time, designed 
primer of choice, and especially PCR conditions.13 It is 
known for some time that nucleic acids, DNA and 
RNA, extracted from formalin-fixed paraffin-
embedded tissue blocks are of lower quality than those 
recovered from fresh/fresh frozen tissues.17 There are 
known organic chemicals used as fixatives that allow 
superior preservation of DNA, RNA and protein in 
paraffin-embedded tissue for molecular studies.9 
However, formalin is used routinely as fixative in 
almost all pathology laboratories worldwide. Thus, for 
a large-scale retrospective molecular study it is 
essential to use an effective DNA extraction method 
utilizing formalin-fixed paraffin-embedded tissues.15 
Formalin fixation can create cross-links between 
nucleic acids and proteins, DNA adducts with histones, 
and base modifications in addition to activity of 
various other factors during storage.6–9 Extended 
fixation intervals are associated with decreased PCR 
yields and a progressive inability to amplify longer 
templates. A number of studies have reported the 
successful amplification of the DNA sequences up to 1 
kbp long, but it is generally agreed that the fragments 
below 300 bp appear to be the most appropriate for 
routine, highly reproducible PCR analysis of paraffin-
embedded tissues.6 Formalin-induced DNA de-
gradation has been studied at different fixation times 
(3, 7, 16 and 32 days) and shown that the longer the 
formalin fixation time, the shorter are the amplifiable 
alleles.18 On the other hand, with the help of enhancing 
new molecular techniques and technology it is 
becoming more and more desirable to identify rapid 
and cost effective protocols for molecular analyses.1–

5,8,19,20,21 Samples studied with the PCR technique do 
not require intact chromosomal or viral DNA. A 
certain amount of damage can be tolerated if the target 
sequence and also TaqDNA polymerase activity are 
not disturbed.9 It is also essential that the studied target 
DNA sequences are not fragmented because of rough 
extraction methods.14 
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Figure 1.  97 bp fragment of the GAPDH gene amplified from (A) 10 different paraffin-
embedded human cancer tissue types, (B) the same set of tissue human cancer tissue 
samples without Triton X-100 incubation and (C) different ages of paraffin-embedded 
leiomyoma samples. M, Molecular weight marker. Negative controls (PCR omitting DNA).  
Positive controls (PCR using human genomic DNA isolated from serum). See text and 
Table 1 for details. 
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DNA amplification by PCR directly from 
paraffin-embedded tissue has many advantages. This 
procedure eliminates the long and tedious overnight 
steps including deparaffinization, DNA extraction, and 
DNA purification. It is a less time consuming and 
more efficient protocol, which reduces the risk of 
cross-contamination by limiting the number of steps 
required.  

In our study the targeted GAPDH gene product 
has successfully been amplified using this protocol 
with high amplification efficiency from 10 different 
paraffin-embedded human cancer tissue types (Figure 
1A) and from 9 different aged paraffin-embedded 
leiomyoma tissue samples (Figure 1C). These results 
clearly show that even 1-3 mm2

 small tissue samples 
were sufficient to amplify the 97 bp fragment of 
GAPDH gene. Triton X-100 is a nonionic detergent 
frequently used in biochemical applications to 
solubilize proteins. Incubation of the samples with 1% 
Triton X-100 solution was clearly enough to lyse the 
cells in our experiments. When Triton X-100 
incubation was omitted from the protocol, no DNA 
amplification was achieved using the same set of 
human cancer tissue samples (Figure 1B). Although 
Triton X-100 has been suggested for direct PCR from 
paraffin-embedded tissue before, no applications for 
the use of ready-to-use PCR mixtures have been 
reported yet.22 This is especially important for the 
surgical pathology departments because with the use of 
these commercially available kits, there is no need to 
have a sophisticated, high technology molecular 
pathology laboratory. Clinical application of molecular 
biology methods and examination of large quantities of 
materials can be achievable with reasonable resources. 
Amplification of DNA from fixed, paraffin-embedded 
tissues using this protocol may have many applications 
including detection of loss of heterozygosity23, 
microsatellite instability,24 gene-specific mutations25–27 
and early diagnostic identification of infective agents, 
such as Human Papilloma Virus28,29, Human 
Cytomegalovirus30, Helicobacter pylori31 and Epstein-
Barr Virus32,33. Once the presented protocol for DNA 
amplification is applied correctly, large quantities of 
paraffin-embedded material stored in our pathology 
departments will be available for molecular 
diagnostics and research. 

Acknowledgements 
Authors thank to Dr. Mehmet Öztürk, Bilkent 
University Department of Molecular Biology and 
Genetics, for providing Triton X-100 used in this 
study. This work is supported in part by Pamukkale 
University, Scientific Research Grants Fund (to N.L. 
Satiroglu-Tufan). 

References 
1. Kim SH, Godfrey T, Jensen RH. Whole genome amplification 

and molecular genetic analysis of DNA from paraffin-embedded 
prostate adenocarcinoma tumor tissue. J Urol 1999;162(4):1512-
8. 

2. Cui X, Feiner H, Li H. Multiplex loss of heterozygosity analysis 
by using single or very few cells. J Mol Diagn 2002;4(3):172-7. 

3. Ward R, Hawkins N, O'Grady R, Sheehan C, O'Connor T, Impey 
H, Roberts N, Fuery C, Todd A. Restriction endonuclease-
mediated selective polymerase chain reaction: a novel assay for 
the detection of K-ras mutations in clinical samples. Am J Pathol 
1998;153(2):373-9. 

4. Trojan J, Raedle J, Herrmann G, Brieger A, Zeuzem S. Detection 
of microsatellite instability from archival, hematoxylin-eosin-
stained colorectal cancer specimen. Arch Pathol Lab Med 
2002;126(2):202-4. 

5. Dillon D, Zheng K, Costa J. Rapid, efficient genotyping of 
clinical tumor samples by laser-capture 
microdissection/PCR/SSCP. Exp Mol Pathol 2001;70(3):195-
200.  

6. Bonin S, Petrera F, Niccolini B, Stanta G. PCR analysis in 
archival postmortem tissues. Mol Pathol 2003;56(3):184-6.  

7. Kösel S, Grasbon-Frodl EM, Arima K, Chimelli L, Hahn M, 
Hashizume Y, Hulette C, Ikeda K, Jacobsen PF, Jones M, 
Kobayashi M, Love S, Mizutani T, Rosemberg S, Sasaki A, 
Smith TW, Takahashi H, Vortmeyer AO, Graeber MB. Inter-
laboratory comparison of DNA preservation in archival paraffin-
embedded human brain tissue from participating centres on four 
continents. Neurogenetics 2001;3:163–170.  

8. Imyanitov EN, Grigoriev MY, Gorodinskaya VM, Kuligina ES, 
Pozharisski KM, Togo AV, Hanson KP. Partial restoration of 
degraded DNA from archival paraffin-embedded tissues. 
Biotechniques 2001;31(5):1000, 1002. 

9. Shibutani M, Uneyama C, Miyazaki K, Toyoda K, Hirose M. 
Methacarn fixation: a novel tool for analysis of gene expressions 
in paraffin-embedded tissue specimens. Lab Invest 
2000;80(2):199-208. 

10. Goelz SE, Hamilton SR, Vogelstein B. Purification of DNA 
from formaldehyde-fixed and paraffin-embedded tissue. 
Biochem Biophys Res Commun 1985;130:118–126. 

11. Dubeau L, Chandler LA, Gralow JR, Nichols PW, Jones PA. 
Southern blot analysis of DNA extracted from formalin-fixed 
pathology specimens. Cancer Res 1986;46:2964–2969. 

12. Chen BF, Clejan S. Rapid preparation of tissue DNA from 
paraffin-embedded blocks and analysis by polymerase chain 
reaction. J Histochem Cytochem 1993;41(5):765-8. 

13. Fredricks DN and Relman DA. Paraffin Removal from Tissue 
Sections for Digestion and PCR Analysis. BioTechniques 
1999;26:198-200. 

14.  Coombs NJ, Gough AC, Primrose JN. Optimisation of DNA 
and RNA extraction from archival formalin-fixed tissue. Nucleic 
Acids Research 1999;27(16):e12i-iii. 



38 N. Lale Satiroglu-Tufan, Ferda Bir, Ender Duzcan 

© 2004 Aegean Pathology Society, APJ, 1, 33–38 

15. Sato Y, Sugie R, Tsuchiya B, Kameya T, Natori M, Mukai K. 
Comparison of the DNA extraction methods for polymerase 
chain reaction amplification from formalin-fixed and paraffin-
embedded tissues. Diagn Mol Pathol 2001; 10(4):265-71. 

16. Zhong XY, Burk MR, Troeger C, Kang A, Holzgreve W, Hahn 
S. Fluctuation of maternal and fetal free extracellular circulatory 
DNA in maternal plasma. Obstet Gynecol 2000;96:991-996. 

17. Serth J, Kuczyk MA, Paeslack U, Lichtinghagen R, Jonas U. 
Quantitation of DNA extracted after micropreparation of cells 
from frozen and formalin-fixed tissue sections. Am J Pathol 
2000;156(4):1189-96.  

18. Legrand B, Mazancourt P, Durigon M, Khalifat V, Crainic K. 
DNA genotyping of unbuffered formalin fixed paraffin 
embedded tissues. 
Forensic Sci Int 2002 Feb 18;125(2-3):205-11.  

19. Martinet W, Abbeloos V, Van Acker N, De Meyer GR, Herman 
AG, Kockx MM. Western blot analysis of a limited number of 
cells: a valuable adjunct to proteome analysis of paraffin wax-
embedded, alcohol-fixed tissue after laser capture 
microdissection. J Pathol 2004;202(3):382-8.  

20. Kim JO, Kim HN, Hwang MH, Shin HI, Kim SY, Park RW, 
Park EY, Kim IS, van Wijnen AJ, Stein JL, Lian JB, Stein GS, 
Choi JY. Differential gene expression analysis using paraffin-
embedded tissues after laser microdissection. J Cell Biochem 
2003;90(5):998-1006.  

21. Stoecklein NH, Erbersdobler A, Schmidt-Kittler O, Diebold J, 
Schardt JA, Izbicki JR, Klein CA. SCOMP is superior to 
degenerated oligonucleotide primed-polymerase chain reaction 
for global amplification of minute amounts of DNA from 
microdissected archival tissue samples. Am J Pathol. 
2002;161(1):43-51 

22. Burns WC, Liu YS, Dow C, Thomas RJ, Phillips WA. Direct 
PCR from paraffin-embedded tissue. Biotechniques 
1997;22(4):638-40.  

23. Cui X, Feiner H, Li H. Multiplex loss of heterozygosity analysis 
by using single or very few cells. J Mol Diagn 2002;4(3):172-7. 

24. Raedle J, Brieger A, Trojan J, Herrmann G, Zeuzem S. Rapid 
microsatellite analysis of paraffin embedded tumour specimens 
from patients with hereditary non-polyposis colorectal cancer. J 
Clin Pathol 1998;51(8):621-2.  

25. Myal Y, Blanchard A, Watson P, Corrin M, Shiu R, Iwasiow B. 
Detection of genetic point mutations by peptide nucleic acid-
mediated polymerase chain reaction clamping using paraffin-
embedded specimens. Anal Biochem 2000;285(1):169-72.   

26. Bell KA, Van Deerlin PG, Feinberg RF, du Manoir S, Haddad 
BR. Diagnosis of aneuploidy in archival, paraffin-embedded 
pregnancy-loss tissues by comparative genomic hybridization. 
Fertil Steril 2001;75(2):374-9. 

27. Yamashita K, Yoshida T, Shinoda H, Okayasu I. Novel method 
for simultaneous analysis of p53 and K-ras mutations and p53 
protein expression in single histologic sections. Arch Pathol Lab 
Med 2001;125(3):347-52. 

28. Hafkamp HC, Speel EJ, Haesevoets A, Bot FJ, Dinjens WN, 
Ramaekers FC, Hopman AH, Manni JJ. A subset of head and 
neck squamous cell carcinomas exhibits integration of HPV 
16/18 DNA and overexpression of p16INK4A and p53 in the 
absence of mutations in p53 exons 5-8. Int J Cancer 
2003;107(3):394-400. 

29. Tsai ST, Li C, Jin YT, Chao WY, Su IJ. High prevalence of 
human papillomavirus types 16 and 18 in middle-ear 
carcinomas. Int J Cancer 1997;71(2):208-12. 

30. Günde�  S, Mo R, Konomi N, Tzeng J, Sperling R, Li X, Zhang 
D. Detection of Human Cytomegalovirus Gene in Formalin-

Fixed Paraffin-Embedded Fetal Tissues. Turkish Journal of 
Medical Sciences 2002;32:303-307. 

31. Koehler CI, Mues MB, Dienes HP, Kriegsmann J, Schirmacher 
P, Odenthal M. Helicobacter pylori genotyping in gastric 
adenocarcinoma and MALT lymphoma by multiplex PCR 
analyses of paraffin wax embedded tissues. Mol Pathol 
2003;56(1):36-42. 

32. Kim LH, Peh SC, Poppema S. Dual variant of Epstein-Barr virus 
in Hodgkin/Reed-Sternberg cells: single-cell PCR study on latent 
membrane protein-1 gene. Int J Cancer 2003;107(2):250-5. 

33. Klumb CE, Hassan R, De Oliveira DE, De Resende LM, Carrico 
MK, De Almeida Dobbin J, Pombo-De-Oliveira MS, Bacchi CE, 
Maia RC. Geographic variation in Epstein-Barr virus-associated 
Burkitt's lymphoma in children from Brazil. Int J Cancer 
2004;108(1):66-70. 


