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Isolating total DNA from small samples using traditional methods is difficult and inefficient mainly
due to loss of DNA during filtration and precipitation. With advances in molecular pathology, DNA
extraction from micro—dissected cells has become essential in handling clinical samples. Genomic
DNA extraction using small numbers of cells can be very important to successfully PCR amplify DNA
from small biopsy specimens. We compared our experimental genomic DNA extraction method (A)
with two other commercially available methods: using spin columns (B), and conventional resins
(0), and determined the efficacy of DNA extraction from small numbers of cells smeared on a glass
slide. Approximately 50, 100, 200, 500 and 1000 cells were isolated from fine needle aspiration
biopsy (FNAB) slides aspirated from histologically proven papillary thyroid carcinoma masses. DNA
was extracted using the three techniques. After measuring DNA quantity, PCR amplification was
performed to detect the B-globin and BRAF'** gene mutations. DNA extracted by method (A)
showed better yield than the other methods in all cell groups. With our method, a suitable amount
of genomic DNA to produce amplification was extracted from as few as 50 cells, while more than
100 to 200 cells were required when methods (B) or (C) were applied. Our genomic DNA extraction
method provides high quality and improved yields for molecular analysis. It will be especially
useful for paucicellular clinical samples which molecular pathologists often confront when
handling fine needle aspiration cytology, exfoliative cytology and small biopsy specimens.
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Introduction

Molecular diagnosis combines molecular biology
techniques with knowledge of molecular mechanisms of
disease to diagnose causes of illness and support therapeutic
decision-making. It uses diagnostic assays based on nucleic
acid extraction, and probes DNA or RNA directly from tissue
sections or cytological preparation (Salto-Tellez and Koay,
2004).

Molecular diagnosis of cancer often requires isolation of
genomic DNA from paucicellular clinical samples including
fine needle aspirates, nipple fluid aspirates, sputum, buccal

swabs, cervical smears, and urine (Walker er a/, 1999; Kersting

et al, 2000; Phillips er a/, 2000; Seripa et al, 2001; Bofin et al,
2004; Isaacs et al, 2004). If high quality amplifiable DNA can
be extracted from these samples, it is often subjected to LOH
analysis, gene copy number determination, genotyping,
mutational analysis, or promoter methylation studies (Phillips
et al, 2000; Euhus et al, 2002; Bu et al, 2003; Wang et al, 2003;
Zhang et al,2003; Lewis et al, 2005).

Isolating DNA from very small quantities of sample using
traditional methods is difficult and inefficient primarily due to
losses during filtration and precipitation. This often results in
poor yields of amplifiable DNA when the starting material is
limited. With advances in molecular pathology, DNA

extraction from micro-dissected cells has become essential
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for clinical samples.

Genomic DNA extraction from small numbers of cells is the
most important step for amplifying DNA by PCR from
cytological and small biopsy specimens (Cler et al, 2006).
Recently, several commercial DNA extraction kits have
become available and are promoted as alternatives to organic
extraction as a mean of preparing DNA for amplification.
They include an ion exchange resin (DEXPAT™, Takara Bio.
Inc., Japan), adsorption of DNA onto a silica membrane
(pinpoint slide DNA isolation system™, Takara Bio. Inc.,
Japan), and a salting out procedure (Wizard Genomic DNA
Purification Kit, Promega Corporation, USA). Important
factors to consider in the evaluation of extraction procedures
include DNA vyield and purity, suitability of the DNA for
amplification, time required to perform extraction, the
number of transfer steps, and the cost of the method
(Vandenberg et al, 1997).

We compared our homemade-preparation method with
two other commercially available kits that use spin columns
or conventional resin-based methods. We evaluated the
quantity and quality of DNA by spectrophotometer readout,
B~globin amplification, and BRAF"™” mutational analysis.
For this evaluation, we extracted each DNA from different
quantities of the human papillary thyroid carcinoma (PTC)
cells smeared on a glass slide using the three extraction

techniques.

Materials and Methods

1. Cells

Patients with papillary thyroid carcinoma (PTC) cells on
fine needle aspiration (FNA) smeared cytology slide from the
files of the department of pathology of the Konkuk University
medical center of 8 years old (2005) Study approval was
obtained from the Institutional Review Board (KUH 1210002).
We used papillary thyroid carcinoma (PTC) cells smeared on a
glass slide in routine fine needle aspiration cytology (FNAC)
specimens as study samples. In PTC cells of fine needle
aspiration (FNA), tumor cells were aspirated using a 26 gauge
needle from the thyroid gland under ultrasound guidance and

were smeared on a glass slide. The smeared FNAC slide was
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stained by the Papanicolau procedure. After marking the
target cells by the pathologist, the cover slide was removed in
xylene, and finally air dried. Since dried smeared cells do not
display well and fine cytological details and are too brittle to
scrape, the slide was rinsed in a 2% glycerol in TE buffer (10
mM Tris-HCl pH 8.5, 1 mM EDTA, pH 8.0) for 2 min. The wet
condition provides good cytomorphological details and the
target cells are easy to scrape.

To compare of three different DNA extraction method,
tumor cells were aspirated using a 26 gauge needle from fresh
PTC masses and where smeared on a glass slide.
Approximately 50, 100, 200, 500, or 1000 cells were dissected
and DNA was extracted using three different techniques.
After measuring DNA concentration and purity, PCR
amplification for the B-globinand BRAF " gene mutations
was performed.

2. DNA Extraction

1) KUMC chelex method

Briefly, 30~50 pL of our homemade extraction buffer
solution (Tris-HCI, (NH4),SO4, EDTA, Tween-20 ; alkaline
condition ) with 10% Chelex-100 (Bio-rad, USA) was added to
the dissected cells in a 0.2 mL PCR tube, and proteinase K
(Takara Bio. Inc., Japan) was added to a final concentration of
200 pg/mL then digested at 56°C for a minimum of 1 hour.
Following incubation, the 0.2 mL PCR tubes were heated to
100°C for 20 minutes in a PTC-220 thermocycler (Bio-Rad,
USA) and were centrifuged at 12,000 rpm for 10 minutes. Two
to five microliter of the supernatant was used in each PCR

reaction.

2) Spin column method

Dissected cells were treated according to the
manufacturer’s protocol for the pinpoint slide DNA isolation
system' " (Zymo research, USA), and 2~5 pL of genomic DNA

was used in the PCR reaction.

3) Conventional resin method

Dissected cells were heated to 100°C for 10 minutes with
30~50 uL of resin based DEXPAT™ kit solution (Takara Bio. Inc.,
Japan), tubes were centrifuged to pellet the debris, and 2~5 pL



of the supernatant was used in the PCR reaction.

3. DNA Quantification

DNA concentration was measured with a DU-500
spectrophotometer (Beckman Coulter, USA) at 260 nm
wavelength using 2 pL of sample. DNA purity was determined
by calculating the absorbance ratio Azso/Azso. Pure DNA has a
ratio of 1.8+0.2 (Popa et al, 2007; Daneshwar et al, 2004).
The yield and purity of DNA was measured in triplicate.

4, PCR Amplification of the S-globin Gene

For f-globin gene amplification, the forward primer PC-3,
5'-ACACAACTGTGTTCACTAGC-3' and reverse primer PC-4,
5'-CAACTTCATCCACGTTCACC-3' were used which together
amplify a 110-bp DNA fragment. Briefly, 2 puL of DNA was
added to a total 20 pL PCR solution mixture containing 0.2
mM of each dNTP, 1.5 mM MgCly, 1x PCR buffer, 1.5 U of
Immolase DNA Taq. Polymerase (Bioline, UK) and 20 pmol of
each primer. PCR was performed with an initial denaturation
for 5 minutes at 95°C followed by 50 cycles (30 seconds at
95°C, 30 seconds at 50°C, 30 seconds at 72°C) and incubation
for 10 minutes at 72°C. The PCR products were analyzed by
confirm  successful

agarose gel electrophoresis to

amplification.

5. BRAF*" Mutational Analysis Using Pyrosequencing

The primer sequences for the amplification of the
BRAF"™ mutation site were 5'-biotin-CTTCATAATGCTTGC
TCTGATAGG-3' (F) and 5'-GGCCAAAAATTTAATCAGTGGA
A-3' (R). Five microliters of DNA was added to a total 50 pL
PCR solution mixture containing 0.2 mM of each dNTP, 1.5
mM MgCl,, 1x PCR buffer, 1.5 U of Immolase DNA Tagq.
polymerase, and 20 pmol of each primer. PCR was carried out
with an initial denaturation for 5 minutes at 95°C followed by
50cycles (30 seconds at 95°C, 30 seconds at 55°C, and 30
seconds at 72°C) and incubation for 10 minutes at 72°C. The
PCR products were analyzed by agarose gel electrophoresis
to confirm successful amplification.

The biotinylated products were then immobilized to
streptavidin-coated beads using solution from a commercial
PSQTMO96 sample preparation kit (Qiagen, UK). 3 uL of beads
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were diluted in binding buffer with 10 uL of biotinylated PCR
products and incubated for 10 minutes at room temperature.
The beads were then transferred to a filter probe and liquid
was removed by vacuum filtration. The DNA in the
denaturation solution was separated, templates were washed
with washing buffer, transferred to a PSQ 96 SNP plate
(Qiagen, UK)., and annealed with a sequencing primer in
buffer at room temperature, 5'-CCACTCCATCGAGATTT-3'".
Finally, the samples were analyzed using a PyroMark ID
System (Qiagen, UK) with a SNP reagent kit for sequence
analysis (Kim et a/, 2008; Hwang et a/, 2009).

Results

1. Evaluation of Nucleic Acid

In order to determine the best isolation protocol for nucleic
acid from the paucicellular clinical samples, we compared
three different DNA extraction techniques. Table 1 shows
total genomic DNA yield and purity of samples extracted from
various numbers of PTC cells smeared on a glass slide.

When we analyzed PTC cells smeared on the glass slide, the
concentration of DNA ranged from 13.9 to 101.4 pg/mL for a

Table 1. Average concentrations of DNA extracted using three
different techniques from various numbers of PTC cells smeared
on glass slides

FNA Smeared PTC Cell

Method Cell No.

DNA vyield Purity
(ng/uL) Asze0/Asso

A 50 13.9 1.7
100 25.9 1.5

200 447 1.5

500 72.8 1.8

1000 101.4 1.5

B 50 1.6 1.2
100 13.9 1.6

200 18.7 1.8

500 34.7 1.6

1000 60.6 1.8

C 50 4.2 1.3
100 21.2 1.6

200 34.0 1.4

500 47.4 1.7

1000 76.7 1.6

A, KUMC chelex method; B, Spin column method; C, Conventional
resin method; PTC, Papillary Thyroid carcinoma; FNA, fine needle
aspiration.
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KUMC chelex method, 1.6 to 60.6 pg/mL for a spin column
method, and 4.2 to 76.7 pg/mL for a conventional resin
method. The purity (Azs0/Azs0) of DNA ranged from 1.5 to 1.8
for a KUMC chelex method, 1.2 to 1.8 for a spin column
method, 1.3 to 1.7 for a conventional resin method.

Our KUMC chelex method showed better yield than the
two other methods for all samples.

2. Amount of Successful DNA Extraction in Paucicellular
Samples

To compare the quality of method for extracting DNA from
various numbers of PTC cells smeared on glass slides, the
p-globin gene was amplified from DNA extracted using each
method. Using PTC cells smeared on glass slides, a suitable
amount of genomic DNA for amplification was extracted
from as few as 50 cells in a KUMC chelex method, whereas at
least 100 to 200 cells were required to produce amplification
with spin column or conventional resin method. Our KUMC
chelex method provided superior quality and yield for

molecular analysis (Fig. 1).

3. Determining the Efficiency of DNA Extraction by examining
the BRAF"*** Mutation

To confirm the efficiency of our homemade-preparation
method, we analyzed the BRAF'*
PyroMark ID System with a SNP reagent kit. When we used

cells smeared on glass slides, the intensity of the “T” peak

sequence using the
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M

Fig. 1. Amplification of the S-globin gene using DNA extracted from
different numbers of PTC cells smeared on glass slides. We
compared PCR products amplified from DNA extracted using three
different methods to determine the efficacy of DNA extraction. This
assay uses S-globin primers that amplify a 110 bp fragment from
genomic DNA. A, KUMC chelex method; B, Spin column method;
C, Conventional resin method.
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signal height ranged from 25 to 36% with a KUMC chelex
method, none to 39% with a spin column method, and none to
34% with a conventional resin method. When only 50 cells
were extracted a KUMC chelex method could detect both a
“T” peak (25%) increase and adjacent “A” peak (75%)
decrease, while sequence peaks were too low to be analyzed
using the two other methods. When 100 cells were extracted
a KUMC chelex method showed a significant increase of “T”
peak signal height and decrease of “A” peak signal, while T
peak signal only just began to appear when DNA was
extracted by spin column or conventional resin method (Fig.
2). When 200 cells were extracted a KUMC chelex method
signal remained the same, while using the other two methods
“T” peak signal now began to appear, though it was still lower
than a KUMC chelex method. When 500 cells were extracted,
there was no significant difference between the three
methods.

Our KUMC chelex method provided superior efficiency for

sequencing analysis of small numbers of cells.

Discussion

Most laboratories use benign and malignant epithelial cells
for comparative evaluation as these are representative of
samples that are frequently obtained for molecular diagnosis
(Aplenc et al, 2002; Kim et al, 2008).

In this study, we compared three different DNA extraction
methods using microdissected cells smeared on glass slides.
DNA extraction from these microdissected cells is quite
challenging because we have to deal with very small numbers
of cells in most clinical settings.

Quantities of nucleic acids in solution are often estimated
based on the absorbance of light at a wavelength of 260 nm.
An Aze of 1.0 correlates roughly with a double stranded DNA
content of 50 pg/mL. The Az is traditionally taken as a
measure of protein content in a solution (though nucleic acids
absorb a considerable amount of light at 280 nm) and the
Azeo/Azgo ratio is a measure of the purity of the nucleic acid
extract. Azso/Azso ratios of 1.8+0.2 are generally considered
relatively free of protein contamination (Zhang et a/, 2009).

Celer et al were reported the QIAamp produced Azso value
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<0.10, even with the 50,000 cell extraction. this is not
unexpected when DNA extracted from paucicellular samples
using methods that effectively exclude protein carryover.
Purity of a KUMC chelex method appeared within the 1.5 to
1.8 range and demonstrated little protein contamination. This
degree of contamination is expected when DNA is extracted
from paucicellular samples. However, we had no problems
amplifying the f-globinand BRAF veoor genes. A KUMC chelex
method yielded the highest average DNA concentration and
the best amplified S-globin gene products in all cell groups,
especially in the lowest cell(50) group (Table 1, Fig. 1). The
pyrosequencing assay was designed to begin sequence
analysis right at the mutation site. A sequential nucleotide
dispensation protocol was used that reflects the expected
order of nucleotide incorporation and the potential base
changes. Peak signal heights are proportional to the number
of nucleotides that are incorporated with each dispensation
(Zhang et al, 2009). When we used BRAF'™” mutational
analysis to determine the efficiency of DNA extraction, Fig. 2.
showed significant difference in the sequence change when
tumor cells that had been extracted from smeared samples
were used. Most notably, when only 50 cells were extracted
by a KUMC chelex method, both “T” peak signal height
increase and adjacent “A” peak signal height decrease were
present. This is in contrast to the two other methods, where
sequence peaks were too low to be observed after DNA
extraction (Fig. 2). These results suggest that our KUMC
chelex method provided good quality and yield for molecular
analysis of paucicellular clinical samples. The primary
readout of this study was amplifiable DNA as measured by
BRAF"™" mutation detection.

Previous studies concluded that while adequate quality
and quantity of DNA could be obtained from small quantities
of fine needle aspirate samples, yields might differ between
DNA extraction methods (Cler et a/, 2006; Hwang e al, 2009).
Our KUMC chelex method gave higher DNA and PCR vyields
than both the pinpoint slide DNA isolation system'™ (Zymo
research, USA), which uses spin columns, and conventional
ion exchange resin-based protocols (Takara Bio. Inc., Japan).

The increased yields in a KUMC chelex method may be

attributed to the digestion with proteinase K, components of
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the extraction buffer, or a synergistic effect of pH with heat
which could increase cell lysis and thus DNA available for
recovery. Proteinase K in the extraction buffer inactivates
nucleases and aids in hydrolysis of epithelial, freeing nuclear
DNA. Inactivating these nucleases preserves the DNA so that
it can be extracted and purified. Proteinase K is active over a
wide pH range (4-12.5) (Baechtel er a/, 1989; Banerjee et al,
1995; Shi et al, 2002). KUMC chelex extraction buffer of
alkaline conditions (pH 8-11) and add of proteinase K
provided good quantity and quality of DNA. The most
common mechanism of protein precipitation is insolubility at
high concentration of salt, usually (NH2SOx. It is based on
the hydrophobic interaction of protein (Proteins and
Enzymes, 2004). Our KUMC chelex extraction buffer
included (NH4),SO4 which aids in the precipitation of protein
with resin. The pinpoint slide DNA isolation system™ kit of
adsorption of DNA onto a silica membrane may increase
chance of DNA loss due to precipitation and serial washing
steps. The DEXPAT™ kit of an ion exchange resin is decrease
of DNA vield and purity because there is no cell digestion step
due to extraction. We found that combining these ingredients
in the KUMC chelex extraction buffer, optimizing pH, and
adding proteinase K provided the most suitable conditions for
DNA extraction.

Since we are examining gene mutations using clinical
samples; many of which have limited numbers of cells in a
typical sample; reproducible and cost-effective DNA
extraction methods are needed. There are many other DNA
extraction methods and modifications that we did not
evaluate. One caveat is that our conclusions may not be
generalized to other applications, particularly those that use
formalin-fixed tissues.

When compared efficiency for the commercially available
DNA extraction kit, Compared to the pinpoint slide DNA
isolation system' kit (relative cost=1.0), the relative supply
costs for the other methods were 0.3 for KUMC chelex
method, 0.7 for conventional resin method. On the average,
the KUMC chelex method and the DEXPAT™ kit required 1 h
of technician time from start to finish, the pinpoint slide DNA
isolation system"" kit 2 h. KUMC chelex method performed
digestion and spin steps from start to finish, the DEXPAT™ kit
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heating and spin steps, the pinpoint slide DNA isolation
system™ kit digestion and precipitation, serial washing steps.
The KUMC chelex method provided the additional advantage
of lower cost and simple step for the commercially available
DNA extraction Kit.

In conclusion, each of the methods we tested yielded
amplifiable DNA, but a KUMC chelex method provided the
most successful results when starting with a limited number
of cells. A KUMC chelex method was the fastest, least
expensive, and most efficient especially when used for

paucicellular clinical samples.
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