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This study compared quantitatively and qualitatively the DNA extracted from buccal cells collected from the upper or lower gutter areas.
Buccal cells were collected from the upper (n=15) and lower gutter (n=15) region from 15 volunteers using a special cytobrush (Gentra),
totaling 2 collections from each individual. DNA was extracted from the samples according to the manufacturer’s instructions. The DNA
obtained was qualitatively and quantitatively evaluated by 2 calibrated blind examiners using spectrophotometry and analysis of DNA bands
(0.8% agarose gel electrophoresis). Data was statistically analyzed by one-way ANOVA (a=0.05). Means and standard derivation (SD)
for total DNA yield from the upper and lower gutter area were 12.2 pg (12.0) and 9.4 pg (8.5), respectively (p=0.821). There was higher
(p<0.05) DNA purity for the upper gutter (1.79; 0.05) when compared to lower gutter area (1.66; 0.10). Regarding to the DNA quality,
no differences were observed between the 2 location sites, but all samples showed similar degree of degradation. In conclusion, it would
be recommendable that buccal cells for DNA extraction be collected from the upper gutter area in the attempt to increase DNA purity.
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INTRODUCTION

There are ongoing efforts to understand the
genetic basis and determinants of diseases, such as
cardiovascular disorders, osteoporosis, diabetes, and,
especially, cancer (1-3). Fortunately, DNA is an acces-
sible biologic material, which has adequate stability that
provides information from human genome (4). The new
advances in molecular biology techniques, especially
polymera chain reaction (PCR), have enabled the use of
a very small amount of DNA for genetics purposes (3),
allowing the obtaining of DNA from more accessible
sources, such as buccal cells, replacing the peripheral
blood, historically the most common source of DNA for
clinical and research purposes (4-7).

However, extracting DNA from buccal cells has a

limitation: the yield and amount of DNA are lower than
those obtained from peripheral blood (8,9). Furthermore,
buccal cell samples could present a large number of
exogenous DNA, such as bacterial DNA, since the oral
cavity is colonized by a large number of non-human cells
that could be coextracted together with human genomic
DNA (10). Nevertheless, the collection of buccal cell
is a noninvasive method and is therefore better toler-
ated by adults, children and handicapped individuals
(3,7,9,11,12). In a recent study with a Danish Nurse
Cohort, when each group of nurses was requested to
deliver a blood sample, a buccal cell sample collected
by swabs, FTA cards or saliva, the response rates were
respectively 31, 80, 76 and 72% (1), demonstrating the
difficulty to obtain blood samples. In addition, the col-
lection of buccal cells is a method that does not require
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a trained medical assistance, participants could self-
collect the samples and mail them to the research center
avoiding traveling expenses, which can reduce the costs
for epidemiological studies. Also, the technique is inex-
pensive when compared to other methods (3,7,9,11,12).

Two different procedures are used to collect buc-
cal cell samples: the dry method that uses cytobrushes,
buccal swabs, or other implements for scraping the oral
mucosa; and the wet procedure that consists in swish-
ing liquid in the mouth and spiting it into a collecting
cup (2,3,13). The majority of studies that involve buc-
cal cell collection and subsequent DNA extraction use
cytobrushes or mouthwash rinses (12).

Collection with cytobrushes involves rubbing
a brush onto the mucosa for a certain time, the cheek
being the area of choice in most studies. Saftlas et al.
(12) proposed, as an alternative method, the gutter
area (region located between the upper gum line and
the mucosa of the upper lip and cheek) for buccal cell
collection, due to the maximized surface area contact
between the cytobrush and mucosa. In a previous study,
Nedel etal. (3) collected buccal cells from gutter, which
proved to be a good source to obtain DNA. However,
the authors emphasized that the method should be better
investigated to improve the quality and quantity of DNA
obtained. To date, there are no scientific data indicating
whether gutter sample collection could influence the
DNA obtaining results. Therefore, the purpose of this
study was to compare quantitatively and qualitatively
the DNA extracted from buccal cells collected from the
upper and lower gutter area.

MATERIAL AND METHODS

The research protocol was approved by the
Research Ethics Committee of the Federal University
of Pelotas, Brazil. Fifteen adult voluntaries (n=15) aged
18-30 years were selected and signed a written informed
consent form to be enrolled in the study. Each participant
provided 2 collection samples: one from the right upper
and one from the right lower gutter area.

Samples were collected using disposable special
cytological brushes (Purgene DNA Buccal Cell Kit;
Gentra Systems, Inc., Minneapolis, MN, USA) and
the volunteers were instructed to brush and twirl each
cytobrush for 15 s over the gutter region. After collec-
tion, the cytobrushes were immediately introduced in a
microfuge tube containing cell lysis solution. All samples
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were then processed according to the manufacturer’s
instructions. After processing each sample, 20 pL of
solution was obtained. From this amount, 10 uL were
placed in a tube containing 90 puL of Milli-Q water, the
concentration (determined at the absorbance of 260 nm)
and purity (determined by the absorbance ratio 260/280
nm) of DNA was measured using a spectrophotometer
(Eppendorf Biophotometer, Hamburg, Germany). The
data obtained from total DNA yield measured at 260 nm
and the absorbance 260/280 nm ratio were statistically
analyzed by one-way ANOVA at 5% significance level.

In order to ascertain the presence of high
molecular weight DNA in the sample, the remaining
10 pL of each sample was used to run a 0.8% agarose
gel electrophoresis at 2 V/ecm and were stained with
ethidium bromide. The DNA degradation was observed
by fragmentation of the samples compared against a
known molecular weight marker. The visible bands
were examined by 2 calibrated examiners, which were
not enrolled in the study.

RESULTS

Means and standard derivation (SD) for total
DNA yields measured at 260 nm from the upper and
lower gutter area were 12.2 pg (12.0) and 9.4 g (8.5),
respectively. Although numerically different, the statisti-
cal analysis did not show significant differences between
upper and lower gutter area (p=0.821).

The estimation of DNA purity was measured
using the absorbance 260/280 nm ratio, the values for
the upper and lower gutter areas were 1.79 (0.05) and
1.66 (0.10), with a statistically significant difference
between them (p<0.05). Regarding the quality of the
DNA extracted, no differences in band patterns were
observed in the agarose gel, but all samples showed
some degree of degradation (Fig. 1).
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Figure 1. Quality of DNA evaluated by agarose gel electrophoresis.
A = Samples collected from the upper gutter; B = Samples
collected from the lower gutter area.
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DISCUSSION

Buccal cells have been used as a source of
DNA in several large epidemiological studies as the
primary sample or supplementary to blood samples
(14). Despite the fact that buccal cells samples usually
provide a smaller amount of DNA than blood sample,
recent development methods of genotyping and genomic
sequencing use very small amounts of DNA, making the
collection of buccal cells a valuable source of genetic
material with high quality (3). However, the goal is
always to obtain the maximum of DNA with the best
quality possible. Therefore assessing the better location
in the oral cavity for collection of buccal cell in an at-
tempt to increase total DNA yield, is an important issue.

When cytobrush is the selected method for
collecting buccal cells, the cheek mucosa is usually the
chosen area of the oral cavity. However, Saftlas et al.
(12) proposed the use of the gutter area as an alternative
method in order to maximize the surface area contact
between the cytobrush and mucosa. Those authors
found that the gutter area of adult females provided
significantly larger amount of DNA (7.5 pg) compared
to method of brushing the inner cheeks (3.8 pg). Nev-
ertheless, in a recent study, DNA yield from the gutter
area (3.0 - 4.1 pg) (3) was similar from those obtained
from the cheek region (3.5 pg) in another study (15).

In the present work, the total yield of DNA
provided by buccal cell collected from the gutter region
(upper gutter = 12.2 ng and lower gutter = 9.4 ng) was
higher than those presented by previous studies (3,12).
Witsg etal. (16) also showed high values for DNA yield
(28.3 pg per mouth brush), relating these data with impu-
rities presented in the samples (absorbance 260/280 nm
ratio=1.22). Although impurities was also found in the
samples of the present study, the mean ratio was higher
(1.79 and 1.66 for the upper and lower gutter) to those
found by Witsg et al. (16). This suggests that the high
values for DNA yield were not attributed to impurities
because absorbance 260/280 ratio values of 1.7-2.0 have
been reported to predict “clean DNA” (17).

The higher values obtained in the present study are
more likely to the wide variation between individuals in
desquamation of oral mucosa (13) and individual aspects
such as the force applied during collection (3,15). Also,
itis well described that buccal samples are contaminated
with bacterial DNA. Garcia-Closas etal. (11) determined
by hybridization that cytobrush methods contain a mix-

ture of human and nonhuman DNA and that only 11%
of total DNA found in cytobrush is from human origin.
While in that study (11) the samples were processed 1 to
4 days after collection, and subjects were asked to brush
their teeth 10-15 min prior to collection, in the present
investigation study, the extraction process initiated im-
mediately after collection, so that contamination could
be minimized, because bacterial contamination primarily
depends on the way samples are stored after collection
(1). However, no method to control contamination was
used in subjects prior to collection in the present study,
what could increase non-human DNA in the samples,
increasing the total DNA yield. Another issue that could
influence DNA yield is the different DNA extraction
methods, such as phenol-chloroform, Purgene DNA
Buccal Cell Kit or others (15).

Although different collection areas of the mouth
have been evaluated to increase the DNA yield (11-13),
until now, to the best of our knowledge, no study has
compared the DNA collected from upper and lower gutter
area in the same subject. In this study, numeric differ-
ences were observed when comparing DNA yield of
both location, but these differences were not statistically
significant. Yet, it is important to highlight that the 2.8
pg difference between the upper and lower gutter area
could be attributed to the deposition of more saliva in
the lower gutter due to the gravity, which may contribute
to the continually washing out of buccal cells, as well
as bacterial cells. Accumulation of saliva could also
decrease the attrition between the cheek mucosa and the
gum line what provides less desquamation, decreasing
cell collection and DNA extraction (18).

Another factor that could influence DNA yield is
the proximity between the cheek and the gum line that
seems to be higher in the upper then the lower gutter;
which could contribute to mucosa continuously friction
allowing the desquamation of a higher quantity of cells.
Moreover, significant differences observed between the
upper (1.79) and lower gutter (1.66) regarding impuri-
ties could be more likely related to the increase of DNA
provided by upper gutter than from higher protein levels
in the sample, once the method of extraction was the
same and samples were manipulated in the same form.

The qualitative evaluation was based on the 0.8%
agarose gel observation (Fig. 1), where no significant
difference was observed between the tested group.
With the qualitative analysis was possible to detect
some degradation of the samples. Acoordingt to King
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et al. (13), DNA from cytobrush suffers a degradation
process, observed by agarose gel, what could justify the
sufficient DNA fragments for short and intermediate
amplification primers (up to 1.1 kb), with poor results
for longer gene fragments (i.e., 7.8 kb) in measurement
by PCR amplification of DNA collected from cytobrush.

In conclusion, the findings of the present study
suggest that it is recommendable that buccal cells for
DNA extraction be collected from the upper gutter area
in the attempt to increase purity of DNA samples.

RESUMO

O objetivo do presente estudo foi comparar quantitativamente
e qualitativamente o DNA extraido de células epiteliais bucais
coletadas do fundo de sulco superior ¢ inferior. Foram coletadas
células bucais do fundo de sulco superior (n=15) e inferior (n=15)
de 15 voluntarios utilizando escovas citologicas especiais (Gen-
tra), totalizando 2 coletas por voluntario. Ap6s a coleta o DNA foi
extraido conforme o protocolo indicado pelo fabricante (Puregene
DNA Buccal Cell Kit; Gentra Systems, Inc.). O DNA obtido foi
avaliado quantitativamente e qualitativamente por dois exami-
nadores calibrados cegos utilizando espectrofotometria e andlise
das bandas de DNA (gel de agarose 0,8%, por eletroforese). Os
dados foram submetidos a ANOVA a um critério, com p<0,05.
As médias e desvio padrdo (DP) para o rendimento total de DNA
do fundo de sulco superior e inferior foram respectivamente
12,2 pg (12,0) e 9,4 ng (8,5) (p=0,821). Houve maior (p<0,05)
pureza de DNA no fundo de sulco superior (1,79; 0,05) quando
comparado com o fundo de sulco inferior (1,66; 0,10). Quanto
a qualidade do DNA, nao foi observado diferengas entre os dois
locais testados, no entanto todas as amostras mostraram niveis
de degradagdo semelhantes. Em conclusio seria recomendavel
coletar células bucais, para extragdo de DNA, do fundo de sulco
superior na tentativa de aumentar a pureza do DNA.
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