Comparison of three methods for DNA extraction from
paraffin-embedded tissues
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ABSTRACT

DNA extraction from paraffin-embedded tissue (PET) is a critical step for many molecular techniques. Several protocols
have been carried out for this objective according to the literature. In the present study, the performances of three
DNA extraction methods from PET were compared to establish the optimal protocol for our laboratory. Ten lymph
nodes from ten patients dying of AIDS were investigated. Histological and bacteriological studies were performed
in lymph nodes samples. DNA was extracted using three methods: boiling for 20 minutes in distilled water (Method
A); boiling for 30 minutes in 5% Chelex-100 resin solution (Method B) and a 4-hours lasting proteinase K digestion
(Method C). PCR with specific sequence (IS 6110) were evaluated for the identification of Mycobacterium tuberculosis
in PET. The DNA extract by the three methods was degraded. Statistical differences were observed when three DNA
extraction methods were compared according to the purity of extracted DNA. Only with Methods B and C successful
amplification was obtained. The last method (C) was the more time consuming of all. These results demonstrated
that the Chelex-100 DNA extraction method (Method B), which uses a quelating resin, is useful as a routine method
to achieve DNA extraction with good enough quality and quantity in a short period of time from PET. Method B is a
good option in molecular pathology research.
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RESUMEN

Comparacion de tres métodos de extraccion de ADN de tejidos embebidos en parafina. La extraccion de
ADN de tejidos embebidos en parafina (TEP) es crucial en muchos estudios moleculares. Varios han sido los pro-
tocolos utilizados para conseguir tal propésito. En esta investigacién se compararon tres métodos de extraccion de
ADN con la finalidad de seleccionar uno para el trabajo en nuestro laboratorio. Se tomaron diez ganglios linfaticos
de diez fallecidos por sida, para su estudio histolégico y bacteriolégico. El ADN se extrajo por calentamiento a 100
°C (método A); con el empleo de resina quelante Chelex-100 (método B) y por digestién con proteinasa K (méto-
do C). Para la identificacion de Mycobacterium tuberculosis se amplificé una region de la secuencia especifica de
insercion IS 6110, mediante la reacciéon en cadena de la polimerasa. El ADN de los TEP se obtuvo degradado, con
diferencias significativas de pureza. Solo se logré amplificacién con los métodos B y C; este Gltimo fue el mas labo-
rioso. El método que requirié resina quelante Chelex-100 (método B) fue el mas util: se obtuvo ADN con calidad
y cantidad suficiente en un menor tiempo. Por tanto, este método puede ser considerado como una buena opcién
en patologia molecular.
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Introduction

The massive collections of paraffin-embedded tissue
(PET) samples amassed by most Pathological Ana-
tomy laboratories have become a valuable source for
molecular pathology studies [1]. However, although
the tissue in PET samples has undergone fixation with
formaldehyde and embedment in paraffin to preserve
its structure, extracting DNA from such samples with
enough quality for further molecular biology techni-
ques has proven troublesome [2].

Several different methods tackling this problem
have been published during the last decade. Some are
based on proteolytic treatments for varying periods of
time [3], sometimes followed by the use of organic
solvents such as phenol and chloroform before pre-
cipitating the sample with ethanol [4]; whereas other
methodologies heat the samples in distilled water to
lyse the cells [5]. A method using Chelex-100 has
been used with relative success [6], and some proto-
cols sonicate the sample and employ treatments with
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detergents [7]. Even commercial kits have been re-
cently developed for this purpose [8].

The present work compared three methods for the
extraction of DNA from PET samples, in order to se-
lect a single protocol based on considerations of DNA
yield, ease of manipulation and speed. The best me-
thod would be used to complement the diagnosis of
Mycobacterium tuberculosis in the Pathological Ana-
tomy department at Pedro Kouri Tropical Medicine
Institute (IPK).

Materials and methods

Sample processing

A lymph node was selected and extracted from each
of the ten Acquired Immunodeficiency Syndrome
(AIDS) patients deceased at the hospital for the atten-
tion of AIDS/Human Immunodeficiency Virus (HIV)
patients, at IPK in Havana. The macroscopic appea-
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rance of each lymph node was recorded and samples
taken for the histological and bacteriological study.

One half from each lymph node was embedded in
paraffin for the histological detection of acid-alcohol
resistant bacilli (AARB), and the other half was sent
to the National Reference Laboratory for Research on
Tuberculosis and Mycobacteria at [IPK (LNRI-TB) for
the isolation of mycobacteria.

Three methods, denominated A, B and C, were se-
lected for DNA extraction. Fifteen 10-um histological
sections were then performed from each of the ten
paraffin-embedded lymph nodes. The sections were
evenly distributed into three 1.5 mL microtubes (five
per tube) for each individual sample.

DNA extraction
Method A

The sample was washed once with xylene and then
twice with ethanol, as described by Lench et al. [5],
followed by resuspension into 300 pL of sterile dis-
tilled water and and boiled for 20 min. It was then
centrifuged at 13 000 rpm for 10 min, transferring the
resulting supernatant to a fresh 1.5 mL microtube.

Method B

The tissue sections were directly immersed into
300 pL of a 5% Chelex-100 (Sigma, USA) suspen-
sion and heated at 100 °C for 30 min, as described by
Van den Zarden et al. [9]. They were then centrifuged
at 13 000 rpm for 10 min, transferring the resulting
supernatant to a sterile 1.5 mL microtube. Care was
taken during transfer to prevent resin carryover.

Method C

The tissue sections were washed once with xylene and
twice with ethanol, similarly to method A. They were
then digested by resuspension into 300 uL of TEN
buffer (Tris-HCl 0.04 M, pH 8.3; NaCl 0.2 M, pH
8.0; EDTA 1 mM) containing 5 pL of Proteinase K
(Merck, Darmstadt, Germany, 20 mg/mL) and 5.25 uL
of 20% SDS as described by Ghossein et al. [10].
After incubation at 55 °C for 4 hours the sample was
heated at 100 °C for 10 min to inactivate Proteina-
se K and centrifuged at 13 000 rpm for 10 min. The
resulting supernatant was precipitated by adding
two volumes of absolute ethanol in the presence of
NaCl (0.2 M final concentration), incubating at room
temperature, and centrifuging again at 13 000 rpm
for 30 min. The precipitate was dissolved in 40 pL of
sterile distilled H,O.

Polymerase Chain Reaction

The quality of the DNA produced by the three ex-
traction methods was assessed through the amplifica-
tion by polymerase chain reaction (PCR) of a 245 bp
fragment from the M. tuberculosis IS 6110 insertion
sequence [11]. The reaction mixtures (50 uL) contai-
ned 10 mM Tris/HCI (pH 8.3), 50 mM KCl, 1.5 mM
MgCl,, 200 uM deoxyribonucleotide tri-phosphates
(dANTP), 0.4 mM each of primers INS-1 and INS-2,
2 units of Taq DNA polymerase (Bioline, UK) and
5 uL of DNA template, extracted by each of the three
methods. The amplification profile used was 96 °C for
3 min, 30 cycles of 1 min at 96 °C, 1 min at 65 °C and
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2 min at 72 °C, and a final extension step of 6 min
at 72 °C. Amplification of the B-globin gene was used
as an internal experimental control to correct for the
presence of PCR inhibitors in the extracts, as descri-
bed by Schewe et al. [12]. The PCR products were re-
solved on 1.2% agarose gels, visualized by ethidium
bromide staining, and photographed under UV trans-
illumination with a Power Shot G6 digital camera
(Canon, Japan).

As a positive control, all the PCR reaction runs
employed DNA extracted from a strain of M. tuber-
culosis (H37Rv), provided by LNRI- TB. Sterile dis-
tilled water in place of the DNA template was used
as negative control. Three PCR replicates were run
per sample.

Statistical analysis

The data were analyzed with the software application
Statistical Package for the Social Sciences (SPSS)
for Windows (version 11.5). The Kruskal-Wallis test
was used to compare the means from optical density
(OD) ratios at 260 and 280 nm (OD,, /OD, ). Ten
OD measurements were made per DNA extraction
method.

Results

All three methods produced only degraded DNA (Fi-
gure 1), although the extent of degradation was va-
riable. Method A produced the largest degradation,
whereas method C produced the least degraded DNA.
Method B yielded roughly intermediate results.

The mean OD,,/OD,, ratios were 1.33 (method
A), 1.63 (method B) and 1 67 (method A). Method A
resulted in some statistical differences from methods
B and C (p = 0.023), and no differences were detecta-
ble between the latter ones (p = 0.073).

In order to evaluate the quality of the extracted
DNA, we attempted to amplify the M. tuberculosis IS
6110 insertion sequence. A successful amplification
was only possible with template obtained from me-
thods B and C (Figure 2). No inhibitors of the PCR
reaction were present in extracts prepared by any of
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Figure 1.

Electrophoretic profiles of DNA extracted with
different methods from paraffin-embedded tissues: lanes
1, 2, 3 (method A); lanes 4, 5, 6 (method B); lanes 7, 8, 9
(method C); lane 10 (DNA from Mycobacterium tuberculosis
strain H37Rv).
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the three methods, as the B-globin gene was readily
amplified in all cases.

In terms of speed, method B was the least labo-
rious, requiring only 8 min for its completion. Method
C, on the other hand, requires multiple steps and a
longer time (20 min) than methods A and B. Method
A requires 15 min.

The results of the amplification of the IS 6110 in-
sertion sequence from the PET samples, that is, the
identity of positive and negative samples, matched
those obtained by conventional bacteriological tests at
the LNRI -TB.

Discussion

This is the first report on molecular detection of M. tu-
berculosis in PET samples, using three different DNA
extraction methods, in Cuba.

DNA extraction is the first step for the application
of many molecular techniques. Though apparently
straightforward, many experimental failures can be
traced back to problems in this stage that result in in-
sufficient yields, poor DNA quality, contaminants at
unacceptable levels and partial degradations; in addi-
tion, a poor choice of extraction method can unneces-
sarily lengthen a protocol [13]. Trying to obtain high
quality DNA from PET samples further compounds
the issue; in fact, this has become the critical step in
our own experimental runs [8].

In this study, the extent of degradation of the ge-
netic material depended on the extraction method.
Boiling the samples (method A) seems to play a role
in obtaining extremely degraded DNA. The use of
Chelex-100 (method B) blunts the detrimental effects
of extreme heat by chelating polyvalent ion metals
that would otherwise catalyze the aqueous hydrolysis
of DNA at high temperatures [14]. Methods emplo-
ying Proteinase K, such as method C, are the most
efficient for obtaining high molecular weight DNA.
Proteinase K breaks the linkages between nucleic
acids and proteins of PET samples in a much milder
manner, thus producing DNA fragments that have, in
average, much larger average lengths [4].

OD,, /0D, ratios were used to estimate the sam-
ple purities obtained with each of the three methods.
Their inspection revealed that methods B and C (1.63
and 1.67) produce relatively less contaminated DNA
than method A (1.33). Although variations in sam-
ple quality and quantity can definitely influence the
pu-rity of the obtained DNA, this factor can be ruled
out in this occasion, given that identical amounts
(5 x 10 pm[50 pum]) and type of tissue were analy-
zed in each case. On the other hand, the extraction
volumes, the use of reagents such as Proteinase K, the
chosen incubation times and the specific techniques
employed for concentrating DNA also influence the
purity of the obtained nucleic acids [15], and may help
to explain why method C had the best OD ratio and
the lowest amount of contaminants.

Failure to amplify by PCR a desired target sequen-
ce from a specific sample can sometimes be caused
by average fragment lengths falling way below the
size of the desired amplicon; a situation that is com-
mon in extremely degraded material [12]. Such a si-
tuation arose with extracts obtained with method A,
from which it was not possible to amplify the target
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245 bp —>

Figure 2. Amplification by PCR of insertion sequence IS 6110 from Mycobacterium tuberculosis, using
DNA extracted from paraffin-embedded tissue with three different methods. Lane 1: molecular weight
marker (100 pb, P1473, Sigma, USA); lane 2: positive control for the reaction; lane 3: negative
control for the reaction; lanes 4, 5 and 6: method A; lanes 7, 8 and 9: method B; lanes 11, 12 and

13: method C.

insertion sequence (IS 6110). Similar results were pu-
blished by Stein et al. when using this procedure to
detect Coxiella burnetti in PET samples [16]. Another
possibility would be the total absence of the target se-
quence due to the degradation produced by heating
the tissue. Although the presence of PCR inhibitors
constitutes another possible explanation, it was pos-
sible, however, to amplify satisfactorily an internal
control (B-globin gene) from these samples. DNA ex-
tracted by methods B and C were useful to identify M.
tuberculosis in the analyzed tissues; both techniques
have been successfully used before for this purpose
[6, 9, 10, 17]. Chelex-100 has received wide use for
extracting DNA from PET samples [11, 18, 19]. In a
previous study, our group managed to amplify short
DNA fragments from M. tuberculosis using this che-
lating resin [6]. Method C, on the other hand, has also
been successfully employed by several German labo-
ratories to validate PCR assays for the detection of M.
tuberculosis in PET [12].

Obtaining DNA from PET samples with satisfac-
tory yield and purity in the shortest possible time is
a critical requirement for many molecular pathology
studies. Applying slow, costly or complicated multi-
step methods on large-scale studies or clinical practi-
ce may become impractical [20], and such is precisely
the main drawback of method C. Method B, on the
other hand, is fast, safe, cheap, and allowed the ampli-
fication of the desired target sequence in every case. It
produced DNA of satisfactory quality on a single step,
with the added benefit of minimizing the chance of
cross-contamination (another inconvenience of multi-
step protocols such as method C).

There is a large demand for fast and reliable mo-
lecular methods for the detection of M. tuberculosis
in PET samples among molecular pathology labora-
tories, given that i) the samples shipped to such faci-
lities have generally been fixed in formaldehyde; pre-
venting therefore the application of methods based on
culturing the microorganism and limiting diagnostic
options to the detection of AARB and histopatholo-
gical examination; ii) the tissue alterations on which
histopathological diagnosis is based are actually uns-
pecific, as several granulomatous disorders produce
tissue morphologies similar to those of tuberculosis;
iii) microscopy techniques have a low sensitivity that
becomes even lower in PET samples from HIV/AIDS
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patients with extra-pulmonary tuberculosis; iv) should
a histopathological diagnosis of AARB-positive
granulomatous lymphadenitis be reached, it would not
be necessary to surgically obtain another lymph node
sample for microbiological culture; and v) accurately
identifying the microorganism responsible for the in-
fection would allow a more targeted drug regime; a
necessity arising out of the differential susceptibility
to these agents exhibited by different mycobacterial
species [21].
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The results presented here demonstrate the useful-
ness of methods B and C for extracting DNA from
PET samples to diagnose the presence of M. tuber-
culosis by PCR. However, given the working condi-
tions and the characteristics of the patients attending
the hospital at IPK, method B is recommended as the
most appropriate choice for the Pathological Anatomy
laboratory due to the satisfactory compromise it pro-
vides between DNA quality and yields on one side
and processing time on the other.
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