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PN abstract

Paraffin-embedded tissues Background: The most common human archival specimens are formalin-fixed, paraffin-embedded tissues

(PETs). DNA can be extracted from PETs, but sometimes, it is unsuitable for molecular techniques as
DNA slow degradation of DNA occurs with time. Objective: The aim of this study was to verify and discuss if
R samples of oral PETs archived for the past 40-years are possible substrates for molecular biology studies,

using PCR. Methods: The samples were submitted to phenol-chloroform extraction method. DNA was
Formalin qualified and quantified by spectrophotometer analysis, electrophoresis and amplification by PCR. Re-
sults: It was observed a weak positive correlation between genomic DNA yield and specimen age. The
agarose gel electrophoresis demonstrated that genomic DNA length was more frequently composed
of small fragments. The 268-bp fragments of the B-globin gene was amplified in 55% of cases and
preferentially in more recent ones, which showed strong amplification if compared with older samples.
WAF1 gene with 149-bp presented weak but detectable amplification in 75% of cases. The 536-bp
fragment of p-globin gene was detected in 25% of samples. The amplification was intense in genomic
DNA extracted from recent cases and weak in older ones. Conclusion: This study shown that, despite
degradation, it is possible to use genomic DNA obtained from PETs, archived for the past forty years, in
PCR amplification of small DNA products, being large DNA fragments more difficult to amplificate.

resumo IS

Introdugdo: O material fixado em formol e embebido em parafina constitui hoje a maior fonte de tecido hu- | Tecido parafinado
mano arquivado. O DNA extraido de tecido parafinado por vezes ndo é adequado para as técnicas de biologia
molecular, visto que se apresenta parcialmente degradado. Objetivos: O objetivo desse estudo foi verificar se | DNA
tecido humano de boca parafinado e arquivado pelos tltimos 40 anos pode ser usado para a reagdo em cadeia
da polimerase (PCR). Métodos: Amostras foram submetidas a técnica de extragdo de DNA pelo método do
fenol-cloroférmio. Para quantificagdo e qualificagdo do DNA foram realizadas andlise em espectrofotémetro, | pomol
eletroforese em gel de agarose e amplificagdo pela técnica da PCR. Resultados: Foi observada fraca correlagdo
positiva entre a quantidade de DNA obtida e a idade das amostras. A eletroforese em gel de agarose demons-
trou que a maioria do DNA obtido foi constituida de fragmentos pequenos. O fragmento de 268-pb do gene
da B-globina foi amplificado em 55% dos casos, preferencialmente nos casos mais recentes. O fragmento de
149-pb do gene WAF1 apresentou amplificacdo fraca, mas presente em 75% dos casos. O fragmento de 536-bp
do gene da B-globina foi detectado em somente 25% dos casos e também preferencialmente nos casos mais
recentes. Conclusdes: Esse estudo mostrou que, apesar de o DNA estar degradado, € possivel usar DNA genémico
extraido de tecido parafinado arquivado pelos tltimos 40 anos em reac6es de PCR de produtos pequenos. A
amplificacdo de produtos maiores, entretanto, é mais dificil.

PCR
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Introduction

The polymerase chain reaction (PCR) is an in vitro
amplification method that depends, for successful results,
on the adequate storage of samples, and a good protocol
for DNA extraction®'%'), Methods for DNA extraction from
fresh tissue and cytological preparation have been described
and adapted for use in archival specimens. The most
common human archival specimens are formalin-fixed,
paraffin-embedded tissues (PETs). DNA can be extracted
from PETs, but archival material may be unsuitable for
most molecular techniques which require high molecular
weight genomic DNA, as slow degradation of DNA occurs
with time. However, short DNA segments are also useful
as a substrate for PCR%. Some authors have shown that
PCR can be performed successfully on nucleic acids (NA)
that are partially degraded over time("- 311214 1)_pavelic et
al. showed that formalin caused irreversible DNA damages
that were greater with prolonged fixation time, making it
suitable only for PCR amplification).

In the current study, we evaluated the genomic DNA
extracted from oral PETs archived for the past forty years.
It was analyzed the DNA purity, yield, length and PCR
amplification.

Materials and methods

The experimental protocol was approved by the
Committee of Bioethics in Research from Dentistry
School, University of Sdo Paulo, Sdo Paulo, Brazil (n®
1.272/2003).

Tissue samples

Formalin fixed, paraffin-embedded tissue samples from
30 oral inflammatory fibrous hyperplasia were selected from
the files of the Oral Pathology Service at the University of
Sao Paulo (USP), Brazil. Three cases were randomly selected
every five years from 1960 to 2003 (Table 1).

Genomic DNA extraction

Ten sections of 10um were collected from each case
and transferred to a 1.5ml microtube. Extraction of
genomic DNA was performed by the phenol-chloroform
extraction method, according with Isola et al.®> and
Mesquita et al.("®.

Genomic DNA purity, yield and length

Genomic DNA purity was assessed with a spectrophotometer
(DU-640; Beckman, Palo Alto, CA, EUA) and calculated
by ratio of the DNA optical density (OD 260) and protein
optical density (OD 280). Genomic DNA yield was calculated
from DNA optical density (OD 260) for clean DNA samples.
Genomic DNA length was analyzed by electrophoresis pattern
of sample aliquots (10ul) in a 0.7% agarose gel (Seakem
GTG, FMC Bioproducts, Uppsala, Sweden) stained with
ethidium bromide (0.5g/ml; Invitrogen, Carlsbad, CA, USA)
and visualized under ultraviolet light.

Polymerase chain reaction

Genomic DNA was amplified by PCR with primers of
B-globin and WAFT genes (Table 2). For all reactions, it
was used 25ul of reaction mixture containing 2U of Taq
polymerase (Invitrogen, Carlsbad, CA, USA), x 10 PCR
buffer (Tris-HCL 200mM, pH 8,4; KCl 500 mM), 0,3 mM
of dNTP (deoxyribonucleotide triphosphate, dATP, dTTP,
dCTP, dGTP). Primers and the MgCl, concentrations were
optimized according to the different pairs (Table 2). It was
used 100-400ng of DNA sample. The PCR conditions were
as follows: denaturation at 94°C for 2-3 minutes, followed
by 35-38 cycles of amplification at 94°C for 1 minute,
annealing at 52-58°C (Table 2) for 1T minute and at 72°C
for 40-50 seconds followed by an additional extension
during 7 minutes at 72°C. The melting temperature and
the number of cycles for each pair of primer are presented
in Table 2. Purified DNA from an oral fibroma was used as
a positive control, and sterile distilled water was used as a
negative control. The fragments of DNA amplification were
visualized in electrophoresis with 2% agarose gel stained
with ethidium bromide under ultraviolet light.

Statistical analysis

To determine correlation between genomic DNA yield
and specimen age, Pearson’s correlation test was applied.
For statistical analysis, the software BioEstat 3.0 was used.
Statistical significance was evaluated at .05 level.

The genomic DNA yield and purity varied from 0.182

to 3.605ng/pl and 1.22 and 1.99nmol/ml, respectively
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Case, storage time, yield and purity of DNA extracted (n = 30), Oral Pathology Service of Sao

Table 1 Paulo University (2005)

Case Storage time (year)
1 1960
2 1960
3 1960
4 1965
5 1965
6 1965
7 1970
8 1970
9 1970
10 1975
11 1975
12 1975
13 1980
14 1980
15 1980
16 1985
17 1985
18 1985
19 1990
20 1990
21 1990
22 1995
23 1995
24 1995
25 2000
26 2000
27 2000
28 2003
29 2003
30 2003

Yield (ng/pl)
1,388
1,06
0,402
0,674
0,241
0,381
0,746
0,239
1,17
0,621
0,638
3,64
0,244
0,977
0,587
0,532
0,293
0,182
1,01
1,448
1,235
0,961
0,392
3,082
2,431
0,774
3,605
2,027
2,314
3,302

Purity (nmol/ml)
1,66
1,81
1,8
1,83
1,22
1,86
1,79
1,6
1,77
1,74
1,77
1,76
1,62
1,74
1,66
1,7
1,54
1,49
1,68
1,77
1,74
1,81
1,85
1,84
1,75
1,8
1,89
1,99
1,9
1,88

Conditions of the polymerase chain reaction. Oral Pathology Service of Sao Paulo University

Table 2 (2005)
Primer sequence Product

Size

(base pairs)

f3-globin 268
5" aggtacggctgtcatcactt 3

5' cctecaccaccaacttcatee 3

f-globin 536
5' gccatctattgettacatttge 3

5’ aaacatcaagggtcccatag 3’

WAF 1 149
5" ggcctgeccaagctctacct 3

5’ ggcacaagggtacaagacag 3’

concentration (pM)

Primer ™ (°C)
500 52
500 55
250 58

Number of
cycles

38

39

35

MgCl, concentration

(M)
2
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(Table 1). It was observed a weak positive correlation
between genomic DNA yield and specimen age (r = 0.49)
(p = 0.006). Higher DNA yield was observed on the last
decade (1995-2003) (Figure 1).

The electrophoresis showed genomic DNA predominantly
of short length. Higher DNA fragments were evident in the
last two decades (1985-2003) (Figure 2).

The 268-bp fragment of the -globin gene was amplified
in 55% of cases and preferentially in more recent ones (1990-
2003), which showed strong amplification if compared with
older samples (1960-1965) (Figure 3A). WAF1 gene (149
bp) presented weak but detectable amplification in 75%
of all cases (Figure 3B). The 536-bp fragment of B-globin
gene was detected in 25% of samples. The amplification
was intense in genomic DNA extracted from recent cases
(2003) and weak in older ones (Figure 3C).
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Figure 1 - Correlation between genomic DNA yield and specimen age
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Figure 3 - Amplicon of §-globin-268 (A), WAF1 (B) and f-globin-536 (C) genes from
genomic DNA obtained from different storage time archival tissue (PCR technique;
original magnification)

LM: low mass; C-: negative control; C+: positive control.

800bp
400bp

200bp

Figure 2 - Electrophoresis gel of genomic DNA extracted from archival tissue from different storage time (xylene-phenol-chroform technique; original magnification)

LM: low mass.
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The use of molecular techniques on archival material has
been limited due to the difficulty in obtaining consistent
results. It is accepted that genomic DNA extracted from PETs
is not well preserved or is degraded, and some molecular
techniques require high-molecular-weight DNAT6 17, Our
results showed that, despite degradation, it is possible
to use genomic DNA, obtained from PETs archived for
the past forty years, in PCR amplification of short specific
sequences.

Electrophoretic migration of DNA fragments showed
that most samples studied presented low-molecular-
weight DNA. Besides, genomic DNA yield showed high
concentration, principally in cases of the last decade
(1995-2003). The reasons why PETs undergo degradation
include insufficient neutralization of the formalin, causing
acid depurination of DNA, preventing amplification??.
The best means of avoiding nucleic acid (NA) loss is by the
establishment of covalent bonds between NA and NA and
proteins. The most reactive components in NA structure are
the amino groups on the bases which are kept non reactive
because of the hydrogen bonds. The denaturation process,
with heating, destroys those hydrogen bonds exposing the
amino groups of the bases, opposing any renaturation of
the NA that may occur with cooling® ® ™. Degradation of
DNA by formalin is higher and increases during embedding
in paraffin, when high temperatures are used®*'2. During
storage of paraffin blocks, DNA degradation may continue at
alow level®8 12 Therefore, it is possible to understand why
in this study the higher-molecular-weight and the higher
yield of genomic DNA were seen preferentially in more
recent cases. In addition, the use of PETs to retrospective
studies with molecular analysis requires the use of primers
that generate smaller amplification products, because large
DNA fragment are more difficult to be amplificated®. This
is in accordance with our results, which showed that as the
size of the amplified fragment was increased from 149 to
536bp, a significant decrease of amplification was detected.
The most dramatic effect of specimen age was seen when

the amplified fragment size was increased to 536bp. Here
a linear decrease on the number of successful amplification
was observed (Figure 3).

PCR inhibitory factors which are found in genomic DNA
extracted from PETs are the high concentration of small
DNA fragments that appear to compete with template
DNA and denatured protein, which cannot be completely
removed by phenolic DNA extraction!?. A large number of
3’-end of small DNA fragments that are not long enough
to allow efficient amplification serve as abortive PCR
template and compete for the enzyme Taq polymerase2.
Besides this, in the case of low template concentration,
the relative primer excess makes more likely Tag-related
primer extension and primer dimmer formation resulting
from 3’ primer complementarity. These primer dimmers will
compete with template with the result that low or absent
amplification can occur in these situations®.

In this study, we have chosen the conventional xylene-
phenol-chroform method, as it is a commonly used DNA
extraction method, easy to proceed and supported in
various researches of the literature?:'2. This method proves
to be useful to extract genomic DNA obtained from PETs,
archived for the past forty years, which could be amplified
by PCR.

Conclusions

This study shown that, despite degradation, it is possible
to use genomic DNA obtained from PETs, archieved for the
past forty years, in PCR amplification of small DNA products,
being large DNA fragments more difficult to amplificate.
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