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Abstract

Formalin-fixed, paraffin-embedded (FFPE) tissues are the most invaluable source of diagnostic material for
studying pathogenesis of cancer and a variety of other diseases. Unfortunately, DNA extracted from formalin
fixed tissues is highly degraded due to cross-linking between nucleic acid strands. Real Time PCR has become the
standard for gene copy as well as RNA transcript determination. Thus, optimum standardization of Real Time
PCR is crucial for obtaining accurate quantification for both research as well as for clinical diagnosis. However
there are various factors which have negative impact . The aim of our study was to establish a simpler method of
extraction and Real Time PCR Optimization for FFPE extracted DNA. Five breast cancer tissues that were
formalin fixed and paraffin embedded were used for DNA extraction with four different methods. Extracted
DNA was amplified with different primer sets that gave amplimers of different size. Optimization of Real Time
PCR for EMSY, cyclin D1 andg-globin genes was carried out on DNA obtained using heat treatment protocol for
annealing temperature, primer concentration and template concentration. Highest quantity of DNA was obtained
without the use of expensive reagents and in short time frame. PCR positivity was observed in case of shorter
amplimer up to 250 bp in length. Amplimers of higher length failed to amplify with paraffin extracted DNA.
Optimum annealing temperature for EMSY, Cyclin D1 andB-globin genes were 6C, 60°C and 61°C respectively.
Good results were seen with a primer concentration of 300 nM and 5 ng of template DNA. This study indicates
that DNA obtained from formalin fixed paraffin embedded tissue is highly fragmented and can be used for
successful amplification of shorter amplification products up to 250 bp in length. Optimization of real time PCR
is important, especially while using SYBR green dye chemistry.
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Introduction intervals are associated with decreased PCR vyields and
inability to amplify longer DNA targets (Quach et al.,
Formalin fixed and paraffin embedded (FFPE) tissueR004). It has been reported previously that DNA
represent an extraordinary source of archived anamplifications only up to 300 bp are obtained from FFPE
morphologically defined disease-specific biologicalpostmortem tissues and very often amplimers only up to
material enabling the correlation of molecular findings,100 bp are obtained (Bonin et al., 2003).
therapy and clinical outcome (Lehmann, 2001). They are Real Time PCR is a favorable option for quantitative
commonly used for both research and clinical moleculaanalysis of cancer markers and can be performed on low
analysis based on DNA amplification by PCR assays antbpy targets and on degraded DNA due to increased
currently used Real Time PCR assays. DNA extracted frosensitivity and is best suited for DNA extracted from
paraffin embedded tissues is also used for diagnosis péraffin embedded tissues (Lyon et al., 2001). Real Time
various infectious agents such as EBV, HPV, CMV, HSWCR machines combine thermal cycling with florescence
and Mycobacterial tuberculosis (Takasaka et al., 199@cquisition (Bernard et al., 2002) and the fluorescence of
Yang et al., 2004, Mahaisavariya et al., 2005). Formalin BNA dyes or probes is monitored at each cycle during
the most widely used fixative in histopathology due tdPCR. Ct (threshold cycle) is the fractional cycle number
several advantages, but it damages tissue nucleic acidsdiyvhich the fluorescence passes the fixed threshold. SYBR
crosslinking it to tissue proteins, which subsequently resultSreen is widely used florescent dye due to its low cost and
in extensive DNA and RNA fragmentation (Bonin et al.,ease of use. However, it has the inherent drawback of
2003). It is very well known that PCR is very difficult binding to the non-specific PCR products, primer dimers
with DNA extracted from fixed tissues and fixation and the variable amount of DNA in the sample. The
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accumulation of non-specific products and primer dimerbrs. The solution was transferred into a spin column,
can be assessed from the dissociation curve since evesntrifuged for one minute, and washed with AW1 and AW?2
product in a reaction gives a different peak at its Tm. Thibuffers. DNA was eluted in 204 of AE buffer preheated
drawback can be taken care of by optimum primer desigtq 70°C.
primer concentration, Mg concentration, annealing
temperature and template DNA concentration (Ponchel éteat Treatment Protocol
al., 2003, Bustina et al., 2004). The 5QM tissue section was deparaffinized in the similar

The aim of our study was to extract good quantity anthanner. The tissue pellet was dried atG620Qul of
quality of DNA in a cost-effective manner from FFPEdigestion buffer (50mM Tris HCL, pH 8.5, 1mM EDTA,
tissues and to standardize Real time PCR on paraffihn5% Tween) andud of 20 mg/ml proteinase K was added
extracted DNA using SYBR Green 1 assay. DNA wago the pellet and incubate at®®&5for 2hr on a shaker. After
extracted from FFPE Breast Cancer tissues using foimcubation the tissue dissolves completely and then it is
different extraction protocols: 1) Qiagen spin columnincubated at 95 for 10 minutes and centrifuged at 13,000
Extraction, 2) Phenol/ Chloroform Extraction (Chan et al.rpm for 5 minutes. DNA is present in the supernatant.
2001), 3) Extraction protocol by Wickham et al. (Wickham
et al., 2000) and 4) Heat Treatment Protocol. This articl&ssessment of Extracted DNA Purity and Yield
focuses on our experience with FFPE tissue DNA extraction The quality (OD, /OD,,) and quantity (O} ) of DNA
and Real time PCR standardization. obtained was measured spectrophotometrically using the

standard method (Sambrook, 1989).
Materials and Methods
PCR Amplification

Five blocks of formalin fixed, paraffin wax embedded Extracted DNA preparations with heat treatment method
(FFPE) breast cancer tissues stored for two to three montivere subjected to DNA amplification using different primer
were used for DNA extraction. The study was conductedets described earlier (Rodriguez et al., 2004, Sharma et
in compliance with the Helsinki document. For each samplal., 2005, Old et al., 2001). Primer sequences of different
50uM thick section were cut and oneB@ section was genes are summarized in Table 1. Amplification was set
used per extraction protocol. Four different DNA extractiorup in a 50 ml reaction mixture containing 1X PCR buffer,

protocols were followed for each sample. 1.5 mM MgCI2, 20uM dNTPs, 10 pm of primers and 1.5
units Taq. Positive and negative controls were included in
Qiagen Spin column extraction: the assay (Data not shown). The PCR conditions were as

The commercial QlIAamp DNA Mini Kit (Qiagen, follows: Initial denaturation at 95°C for 3 minutes, followed
Hilden, Germany) was used according to theby 35 cycles of amplification at 94°C for 30 seconds,
manufacturer's protocol. The tissues were dewaxed witAnnealing for 1 min at the respective annealing temperature
xylene, followed by two washes with 100% ethanol twiceand extension at 72°C for 1 min followed by an additional
to remove residual xylene. After dewaxing, tissues werextension for 5 minutes at 72°C. Ten microlitre of PCR
digested overnight at 86 with 18Qul of ATL buffer and  products were electrophoresed on a 2% Agarose gel.
20ul proteinase K. After digestion, 2Qd of AL buffer
was added and incubated at@dor 10 minutes, followed Optimization of Real Time PCR
by ethanol precipitation. The solution was transferred into Real Time PCR was performed on breast cancer tissue
a spin column, and washed with the wash buffers providddNA extracted using the Heat treatment protocol. EMSY,

in the kit. DNA was eluted with 20 of AE bulffer. Cyclin D1 andp-globin genes were amplified using
QuantiTect™ SYBR Green PCR, Qiagen on Stratagene
Phenol/ Chloroform Extraction: Mx3000P Real Time Machine (Table 2). The assay was

Tissues were deparaffinzed in the similar manner agptimized for annealing temperature, primer concentration
described above. They were dried at 37°C for two hourand template quantity. For optimization of annealing
Dried tissues were suspended in 800f digestion buffer temperature and primer concentration two factors were
containing 50mM Tris, 5 mM EDTA, pH 8, and 3@@/ml  considered: a) Ct value obtained should be as low as
proteinase K. After overnight incubation at 56°C, thepossible and b) There should be no primer dimer formation.
digested tissue mixture was centrifuged with phenolFor EMSY PCR, annealing temperatures tried wef€59
chloroform. DNA was precipitated overnight with sodium60°C and 61C. Cyclin D1 ang-globin PCRs were carried
acetate and Ethanol. The DNA pellet was collected byput at 60C, 61°C and 62C for optimization of annealing
centrifugation for 30 minutes at 4°C, followed by a washiemperature. Three different primer concentrations of 100
with 70% ethanol and air dried at room temperature. DNAM, 300 nM and 500nM were tried for optimization of

was resuspended in@0f H,0. primer concentration. Template concentration of 100 ng, 5
ng and 2 ng were tried for all the three genes. A heat
Protocol by Wickham etal dissociation experiment was included at the end of the PCR

This is modified Qiagen protocol. The 8@ tissue was to check for the presence of single product. The assay was
deparffinized. The DNA was then precipitated with 1ml ofset up as mentioned in the QuantiTect™ SYBR® Green
absolute alcohol. The DNA pellet was then dried at 55°®@CR product literature. The reaction volume wasiR5
for 10 minutes. The tissue was then lysed using ATL (36@hich consisted of 1X Master Mix, forward and reverse
ul) and proteinase K (4@l) and incubated at 55°C for 72 primer and template DNA. No template control was
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Table 1. PCR Primers
Oligo- °C*  bp# Sequence (5'-3")

EMSY-F  55.0 105 AAGTTCCAAAGGCCGTTGTT
EMSY-R  55.0 105 GTGGTAAGGAGTTGGCAATGCT
Mito IF  48.0 476 AAAGTCTTTAACTCCACC

Mito IR 48.0 476 GCACTCTTGTGCGGGATATTG
B-glo HbS-F 64.5 245 GGCAGTAACGGCAGACTTCTCCT
B-glo HbS-R 64.5 245 CAGTGCCAGAAGAGCCAA

B-glo prim A 63.0 653 CCCCTTCCTATGACATGAACTTAA

p-glo prim B 63.0 653 ACCTCACCCTGTGGAGCCAC Figure 1. EMSY Gene Amplification. EMSY gene
*Annealing temperature #Product size amplification on FFPE Extracted DNA (105 bp).Lane 1:
Table 2. Real Time Primers pBR322 Hinfl Marker (1632 bp, 504 bp, 396 bp, 344 bp,

298 bp, 220 bp, 154 bp); Lane 2, 3, 4, 5, 6: FFPE extracted

Oligonucleotide Tm Sequence (5’-3") breast cancer tissues.
EMSY-F 64.5 AAGTTCCAAAGGCCGTTGTT
EMSY-R 66.1 GTGGTAAGGAGTTGGCAATGCT

CCND1-F 65.2 GGGCAGTTTTCTAATGGAATGG
CCND1-R 67.5 CACCACAGTGGCCCACACT
B-globin-F 66.7 GGCAACCCTAAGGTGAAGGC
B-globin-R 67.4 GGTGAGCCAGGCCATCACTA

Table 3. Spectrophotometric Analysis of FFPE DNA

DNA Extraction Protocol 260:280 Yield

Qiagen DNA Extraction 1.2-17 13.5-145

Phenol/ Chloroform 1.4 9.0 — 1.3 Figure 2. B-globin Gene Amplification. g-globin gene
extraction amplification on FFPE Extracted DNA (245 bp) Lane 1,
Wickham et al 1.3-17 125-185 2, 3, 4, 5: FFPE extracted Breast Cancer tissues; Lane 6:
Heat Treatment Protocol 11-13 160-21 pBR322 Hinfl Marker (1632 bp, 504 bp, 396 bp, 344 bp,

298 bp. 220 bp. 154 bp)
included in every assay and all the reactions were carrie

FFPE DNA Extraction i
Four different DNA extraction protocols were carried |

out to evaluate the yield and quality of DNA formalin fixed

paraffin embedded tissue samples. Maximum yield in th

out in duplicates. "} Figure 3
. : e
AR
range of 160 - 21fig was obtained with heat treatment

=1
protocol and minimum yield in the range ofi§ — 13ug

Results .
was obtained with phenol/ chloroform extracted DNA NN N e N TN
(Table 3). However, the quality of DNA obtained with Ry

Wickh | | f : . ith Figure 3. EMSY Gene Dissociation Curve - 5%C
ickham et al protocol was of maximum purity wit Annealing Temperature. EMSY products show a specific

ODy0,00f 1.3 ~ 1.7. DNA obtained using heat treatmenbeak at Tm of 81C and primer dimer is observed at5
protocol gave OR, ...of not more than 1.3. The quantity

of DNA obtained using heat treatment protocol was googdrimers (245 bp) (Figures 1 and 2). No amplification was
enough to carry out optimization of Real Time PCR andbtained with mitochondria gene primers (476 bp) and with
further to analyze multiple cancer markers. B-globin primers that gave higher amplimer of 653 bp.

i i R0 RW

PCR Amplification Optimization of Real Time PCR

DNA obtained using heat treatment protocol was further In case of EMSY gene amplification best results were
subjected to PCR using different sets of primers that gawbtained at 60C with lower Ct value and no dimer
amplimers in the range of 105 bp to 653 bp. Amplificatiorformation (Table 4). At 5&€, primer dimer formation was
was seen with EMSY primers (105 bp) apylobin  observed (Figure 3). In case of Cyclin D1 ghkdlobin

Table 4. Optimization of Annealing Temperature for Real Time Analysis of FFPE Tissue DNA

EMSY Cyclin D1 B-globin
Temperature 5¢C 60°C 61°C 60°C 61°C 62C 60°C 61°C 62C
Ct values 29.24 29.92 30.38 29.2 32.28 33.0 28.0 27.4 26.89
Dimer Formation Present Absent Absent Absent Absent  Absent Absemit ABbsent
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. Heat treatment protocol is sufficiently intact to amplify a
Figure 4 region of at least 250 base pairs and the quantity obtained
1’ is good enough to analyze multiple markers. In case of
‘ Real Time quantitation, sensitivity of detection with
SYBR-Green | is compromised by the formation of primer-
dimers, lack of specificity of the primers, primer
concentration, annealing temperature, template
concentration and the formation of secondary structures
in the PCR product. Non-specific product and primer
dimers were observed with increase in primer concentration
and decrease in annealing temperature in case of EMSY
PCR.

References

Figure 4. EMSY Gene Dissociation Curve — 500 nM ] .
Primer Concentration. EMSY products show a specific Bérnard P, Wittwer C (2002). Real-time PCR technology for

. . . cancer diagnostic€lin Chem, 48, 1178-85.
gg?é :;J;nn%fnige?i?ii sr(?g:;?;ger is observed atBonin S, Petrera F, Niccolini B, et al (2003). PCR analysis in

archival postmortem tissuedol Pathol, 56, 184—6.

best results were obtained at an annealing temperature®fstina S . Nolanb T (2004). Pitfalls of Quantitative Real-Time
Reverse-Transcription Polymerase Chain Reactibn.

60°C and 61C respectively. Primer concentration of 100 Biomolecular Techniques, 15, 155-66.

nM, 300 nM and 500 nM were tried for all the three geneg;ierqrum LM, Sorensen BS, Kjeldsen E, et al (2004). Real-time

and best results were obtained with Primer concentration” guantitative PCR of microdissected paraffin-embedded breast

300 nM. EMSY gene did not amplify at all with 100 nM  carcinoma - an alternative method for HER-2/neu Analysis.

primers. At 500 nM primer concentration, EMSY PCR  JMolec Diagnostics, 6, 1.

showed formation of primer dimer and a non-specifictehmann U, Kreipe H (2001). Real-time PCR analysis of DNA

product (Figure 4). and RNA extracted from formalin-fixed and paraffin-
Template concentration of 100 ng and 10 ng were trieEyoi”:Ebel\jﬁégr?":pi'g\z"::;‘c"\‘jls' :f;?zgggf)- Ouantification of

for EMSY Cyclin D1 andﬁ-globln PCR and good HER2/neu Gene Amplification by Competitive PCR Using

amplification curve was observed with 10 ng of Template

- . Fluorescent Melting Curve Analysi€lin Chem, 47, 844—
DNA. With 2 ng of DNA some of the samples did not g

show amplification. Mahaisavariya P, Chaiprasert A, Manonukul J, et al (2005).
Detection and Identification of Mycobacterium Species by
Discussion Polymerase Chain Reaction (PCR) from Paraffin-Embedded

Tissue Compare to AFB Staining in Pathological Sectibns.
Med Assoc Thai, 88, 108-13.

f There |ts',ba_1l.:ap|dl()j/ |tncreasmg rlleed .to ;evaluz?te_? radn%d JM, Khan SN, Verma |, et al (2001). A multi-center study in
0 SUS_Cep' ity an gmor mar ers in or.maln IXed, order to further define the molecular basis of b-thalassemia
paraffin-embedded tissue specimens in molecular , thajjand, Pakistan, Sri Lanka, Mauritius, Syria, and India,
epidemiological studies. Polymerase chain reaction is one and to develop a simple molecular diagnostic strategy by
of the easiest molecular biology techniques that can be amplification refratory mutation system-polymerase chain
performed on FFPE tissues. However, the efficiency of reactionHemoglobin, 25, 397-407.

PCR is influenced by a number of factors including the® K S Chan, D P C Chan, K-F To, et al (2001). Evaluation of
type of fixative and the fixation time, the DNA extraction ~ €xtraction methods from paraffin wax embedded tissues for
procedure, PCR amplimer size, the concentration of Efzoalmg"f'ca“o” of human and viral DNAClin Pathol,
template DNA and optimization of PCR (M.ahalsavanyaPonchel F, Toomes C, Bransfield K, et al (2003). Real-time PCR
etal., 2005). Amongst the four DNA extraction protocols based on SYBR-Green | fluorescence: An alternative to the
evaluated, Heat treatment protocol was found to be the TagMan assay for a relative quantification of gene
most reliable for clinical diagnosis in terms of quantity of  rearrangements, gene amplifications and micro gene
DNA obtained, cost effectiveness and short extraction time  deletionsBMC Biotechnology, 3, 18.
of 2-3 hours. Phenol/chloroform extraction is quiteQuach N, Goodman M, Shibata D (2004). In vitro artifacts after
laborious, involves a number ofsteps and is prone to cross- formalin fixation and error prone translesion synthesis during
contamination. PCRBMC C'Inlca] Pathology, 4, 1. - .

In case of the other two extraction protocols that usBodriguez C, Davies L, Valles H (2004). Amplification of the
expensive Qiagen kit, the yield of DNA obtained is very BRCA2 Pathway Gene EMSY in sporadic breast cancer is

. . . . I i lini R h, 1
low and is not suitable for studies that involve the use of ;gge_dgtlo negative outcom@linical Cancer Research, 10,

multiple gene markers. Successful amplification wasmprook J, Fritsch EF, Maniatis T (1989). Molecular Cloning:
observed with low amplimer size products i.e. EMSY (105 A aboratory Manual. 2nd Ed.New York. Cold Spring Harbor,
bp) and _-globin (245 bp). Fragments of higher sizes, 476 9.14-9.19.

bp Mitochondria fragment and 653 Pmlobin failed to  Sharma H, Singh A, Sharma C, et al (2005). Mutations in the
amplify and the results were in compliance with the mitochondrial DNA D-loop region are frequent in cervical
previous reports (Chan et al., 2001). DNA obtained using cancerCancer Cell Int, 5, 34.

58  Asian Pacific Journal of Cancer Prevention, Vol 8, 2007



Optimization of PCR for Formalin-fixed Par affin-embedded Tissue

Takasaka N, Satoh Y, Hoshikawa Y, et al (1996). Improvements
in the detection of Epstein-Barr virus DNA on paraffin-
embedded gastric carcinoma tissues: Treatment of extracted
cellular DNA with a restriction enzyme prior to Polymerase
Chain ReactionYonago Acta Medica, 39, 171-6.

Wickham C L, Boyce M, Joyner MV, et al (2000). Amplification
of PCR products in excess of 600 base pairs using DNA
extracted from decalcified, paraffin wax embedded bone
marrow trephine biopsied. Clin Pathol: Mol Pathol, 53,
19-23.

Yang Y, Koh LM, Tsai JH, et al (2004). Involvement of viral and
chemical factors with oral cancer in Taiwdpn J Clin, 34,
176-83.

Asian Pacific Journal of Cancer Prevention, Vol 8, 2007 59



