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Characterization of cellular and extracellular DNA in saliva
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a b s t r a c t

Although the presence of extracellular DNA in various body fluids was discovered long ago, only recently
has it begun to attract attention for examining the genetic profiles of individuals in forensics studies.
However, information on extracellular DNA is scarce. Among human body fluids, saliva is known to be
rich in extracellular DNA.
In this study, to analyze the possibility of identifying individuals and body fluids by using only extra-

cellular DNA of saliva, we investigated the amount, size distribution, short tandem repeat (STR) profile,
and methylation pattern of extracellular DNA from saliva and compared these with those of cellular DNA.
The amount and size distribution of extracellular DNA was different from that of cellular DNA.

However, their respective STR profiles were the same. The methylation patterns of the BCAS4 gene were
different among donors, but no significant difference was observed between cellular and extracellular
DNA.
The results of our study suggest that identification of individuals and body fluids from saliva may be

possible without the need for cells.
� 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Forensic laboratories routinely examine the genetic profiles of
individuals by using genomic DNA recovered from a biological
stains deposited at the crime scenes [1]. In recent years, identifica-
tion of body fluids or tissues that contain nucleic acids, including
genomic DNA, has been reported in the forensic field [2–5]. In addi-
tion to analyzing the expression levels of body fluid-specific mRNA
or miRNA markers [4–6], the methylation status of some CpG sites
in genomic DNA has been investigated because of its high speci-
ficity and sensitivity [3,7].

Human plasma contains extracellular or cell-free DNA, which is
used as a biomarker for various diseases [8–9]. Extracellular DNA is
thought to be derived from apoptosis or cell necrosis of the cell
[10,11], but some reports have indicated that extracellular DNA
is actively secreted from the cells [12]. Extracellular DNA has been
reported to contain useful information that complements data
from cellular DNA for identifying individuals [13].

Saliva samples taken from the skin surface may contain epider-
mal cells. In addition, saliva samples often contain a lot of extrane-
ous substances such as food debris. Therefore, cell pellets of those
saliva samples may contain cellular DNA of other persons or of
non-human origin. Saliva has also been reported to contain high

amounts of extracellular DNA [13]. Therefore, for individual identi-
fication, simpler and more accurate results may be achieved using
the fluid phase of saliva instead of whole saliva.

Although cellular and extracellular DNA of saliva are thought to
possess the same sequence, their methylation patterns may be dif-
ferent. In this case, clearer methylation patterns may be obtained
by using only extracellular DNA of saliva. Currently, no studies
have been conducted regarding the differences in methylation pat-
terns between cellular and extracellular DNA. In this study, to
explore the possibility of identifying individuals and body fluids
using extracellular DNA of saliva, cellular and extracellular DNA
were isolated from saliva and the methylation status of the BCAS4
gene was determined as well as STR typing and quantification of
cellular and extracellular DNA amounts. The BCAS4 gene has been
reported to be specifically methylated in saliva [14].

2. Materials and methods

2.1. Sample collection and DNA extraction

This study was conducted with the approval of the Ethics Com-
mittee of the Tokyo Women’s Medical University. The donors pro-
vided written informed consent after the purpose and procedures
of the study were explained. Cellular and extracellular DNA were
isolated from saliva samples as previously described [15]. Several
milliliters of saliva were individually collected from 19 donors
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and subjected to centrifugation at 2600�g for 15 min at 4 �C using
a KITMAN-18 (Tomy-Seiko Co, Ltd., Tokyo, Japan). The fluid phase
was then subjected to centrifugation at 2600�g for 15 min at
4 �C. Cell pellets obtained from each centrifugation were resus-
pended in the phosphate-buffered saline (PBS) and used to extract
cellular DNA, while the fluid phase was used to extract extracellu-
lar DNA. DNA was extracted and purified using the QIAamp DNA
Investigator kit (QIAGEN, Hilden, Germany) following the manu-
facturer’s instructions. DNA was quantified using a Nanodrop
ND-2000 Spectrophotometer (NanoDrop Technologies Inc.,
Wilmington, DE, USA).

2.2. Agarose gel electrophoresis

Approximately 250 ng of DNA was subjected to gel elec-
trophoresis on 1% agarose gel (Agarose I, Dojin, Kumamoto, Japan)
at 100V for 30 min on a Mupid-2plus (ADVANCE, Tokyo, Japan).
The HindIII digest of k DNA (Marker I; NipponGene, Toyama, Japan)
was used as a molecular weight marker. The DNA was stained with
ethidium bromide (Wako Pure Chemical Industries, Ltd., Osaka,
Japan) and detected with a LAS-1000 image analyzer (Fuji Photo
Film, Tokyo, Japan).

2.3. Amplification and electrophoresis of STR loci

Cellular and extracellular DNA were subjected to amplification
of STR loci using an AmpFlSTR Identifiler� Kit (Applied Biosystems,
CA, USA) following the manufacturer’s instructions. The 28-cycle
amplification was conducted using a GeneAmp System 9700 ther-
mal cycler (Applied Biosystems, CA, USA). The amplification prod-
ucts were separated on a PRISM 310 Genetic Analyzer (Applied
Biosystems, CA, USA) and analyzed using GeneScan 3.1.2 software
(Applied Biosystems).

2.4. Bisulfite conversion

Approximately 20 ng of cellular DNA and 50 ng of extracellular
DNA were modified using a MethylEasyTM Xceed Rapid DNA Bisul-
phite Modification Kit (Human Genetic Signatures. Pty. Ltd., New
South Wales, Australia) according to the manufacturer’s recom-
mended protocol.

2.5. Sequencing of the BCAS4 gene

Bisulfite-treated DNA was amplified by two rounds of PCR with
the primers P1(CAAACTTCAAACCCTTACTAAAA, upstream,
sequence position 23,429–23,451) and P2 (GGTAAAAGTAGAGA-
GAATAGAAGGAT, downstream, sequence position 23,868–23,893)
(Fig. 1). The utilized primers have been previously reported [16].
To ensure efficient amplification, PCRs was performed using the
TaKaRa EpiTaqTM HS (Takara Biomedical, Otsu, Japan), according
to the manufacturer’s instructions. Briefly, the first round of PCR
consisted of 1� EpiTaq PCR Buffer (Mg2+ free), 0.675U of TaKaRa
EpiTaqTM HS, 20 pmol each of forward and reverse primers, 4 ll of
template DNA, 0.3 mM each dNTP, and 2.5 mM MgCl2. The total
reaction volume was 25 ll. The PCR products (2 ll) were subjected
to a second round of PCR. The composition of the second round of
PCR was the same except for the template. The thermo cycling pro-
gram was 30 cycles at 98 �C for 10 s, 55 �C for 30 s, and 72 �C for
40 s. The PCR products were purified using the QIAquick PCR
Purification Kit (QIAGEN, Hilden, Germany) followed by DNA
sequencing. We examined 10 CpG sites on the anti-sense DNA
strand from six donors using a sequencing primer (CACTCAACCC-
CAAATACTTC, sequence position 23,575–23,594) (Fig. 1). The
sequencing reaction was performed with the BigDye Terminator
v1.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA,

USA) and sequencing products were electrophoresed on a PRISM
310 Genetic Analyzer (Applied Biosystems, CA, USA).

2.6. Quantification of methylation levels

Methylation levels were determined by measuring the heights
of guanine and adenine peaks at each CpG site [17,18]. A single
guanine at the corresponding CpG site was considered to be
100% methylation while a single adenine was considered to be
0% methylation; the overlap of guanine and adenine was ranked
as partial methylation. The percentage of methylation was calcu-
lated as the peak height of guanine versus the peak height of gua-
nine plus the peak height of adenine at each position.

Fig. 1. Bisulfite-treated BCAS4 sequence derived from an antisense strand. This
sequence is present at the second intron of the BCAS4 gene and the numbering
starts at the 50 end of the forward primer (p1 primer). The methylation statuses of
the 10 CpG sites (positions 217, 255, 262, 275, 282, 288, 323, 371, 408, and 426)
were investigated by direct sequencing of the bisulfite-treated DNA.

Fig. 2. Representative results of agarose gel electrophoresis of the cellular and
extracellular DNA. Cellular DNA is labeled as ‘‘C” and extracellular DNA is labeled as
‘‘E”. Lane M, Hind III digest of k DNA.
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