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ABSTRACT: There is currently no accurate method to identify vaginal epithelial cells uniquely. This study aimed to use a cell extraction
procedure compatible with routine forensic sampling methods, and to investigate the expression of cytokeratin (CK), estrogen receptor-a (ERa),
and phosphodiesterase 5 (PDE5) in order to distinguish between skin, buccal, vaginal, and external penile epithelial cells. Seminal fluid samples
were also examined. Epithelial cell samples were fixed in formalin, embedded in agarose, and processed using histological methods. Antigen–
antibody reactions were detected using the DAKO Envision1TM detection system. CK was present in all cells from all five sources confirming the
origin of cells as epithelial. Both ERa and PDE5 positively labeled vaginal, buccal, and skin epithelial cells. Although an antigen unique to vaginal
epithelial cells was not identified, we have described a cell extraction procedure for use in the immunohistochemical detection of a wide range of
antigens, an approach compatible with forensic diagnostics.
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It is currently not possible to distinguish specifically between
skin, buccal, vaginal, and penile epithelial cells using either cy-
tological approaches or DNA profiling techniques. Epithelial cells
from the skin can be presumptively identified due to their lack of
nuclei (1). However, shed buccal and vaginal cells, obtained from
a crime scene sample for example, are morphologically indistin-
guishable when examined using standard histological stains such
as hematoxylin and eosin (H&E) (2). In fact, vaginal and buccal
cells are so similar that vaginal epithelial cells have been used as a
model of buccal epithelium in studies of epithelial transport (3,4).

There are a number of cases in which the forensic identification
of vaginal epithelial cells could provide important probative ev-
idence (5). For example, in a case of alleged sexual assault, the
defense proposes that female DNA recovered from a bottle orig-
inated from the complainant’s buccal epithelial cells and were
deposited when she drank from the bottle. However, the prose-
cution argues that the DNA originated from vaginal epithelial
cells transferred at the time of the alleged sexual violation. This
type of scenario is encountered in forensic investigations, and
demonstrates a requirement for a method to distinguish between

epithelial cells from different areas of the body. Although several
studies have reported methods for the identification of vaginal
cells and/or secretions, for example, Lugol’s Iodine (6–8) or pro-
tein and ion detection (9–18), none show specificity to vaginal
epithelial cells and are therefore unsuitable to use as evidential
support in a court of law.

Immunohistochemistry (IHC) is a routine diagnostic technique
used in surgical pathology. This technique can be used to detect
antigens in samples that contain very few cells and is compatible
with DNA extraction techniques currently used in routine forensic
casework. A recent forensic study used IHC to identify a mono-
clonal antibody for a sweat-specific protein (19). IHC was also
applied to detect brain tissue on a defendant’s shirt during a dou-
ble homicide investigation (20,21).

Therefore, an immunohistochemical approach may be suitable
for identifying differential antigen expression between epithelial
cells from different body sites/sources. The study aimed to modify
an existing forensic procedure for extracting cells from cotton
swabs and then to use this protocol to investigate several candi-
date proteins that may identify a marker unique to vaginal epithelial
cells. We believe this approach will provide forensic scientists with
a simple and reliable method for the detection of a wide range of
antigens and the identification of specific cell types and body fluids.

Methods

Collection of Cell Samples

Cotton tip swabs (Biolab, Buckland, New Zealand) were used
for the collection of cell samples. During all procedures, volun-
teers were asked to wash their hands before sampling. Researchers
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involved in the study wore disposable latex gloves during all subse-
quent handling of samples. Five female volunteers each provided two
swabbings from the internal wall of the vagina, the buccal mucosa of
the cheek, and skin from the underside of the forearm. To obtain cells
of male origin, which are likely to be found in forensic samples
containing vaginal epithelial cells, five male volunteers each provid-
ed two swabbings from the external penile shaft. Samples of seminal
fluid were obtained from six male volunteers (Fertility Associates
Laboratory, Auckland, New Zealand). All samples were collected
according to guidelines approved by the University of Auckland
Human Subjects Ethics Committee (Reference #: 2003/081).

Epithelial Cell Extraction and Identification

To ensure optimal morphology and antigenicity, epithelial cells
were extracted from one set of swabs within 1–4 h of collection. In
order to mimic processing times within a crime scene, a second set of
swabs was left at room temperature for 48 h before extraction. For all
samples, the swab head was subsequently removed using a sterile
scalpel blade and placed in a 1.5 mL centrifuge tube containing 1 mL
distilled water and allowed to sit for 15 min. The swab head was
removed from the tube and the remaining contents were centrifuged
at 13,800 � g for 15 min. The supernatant was removed and the
pellets containing cells were fixed in 10% neutral-buffered formalin
(NBF) for 1 h. Seminal fluid samples were fixed immediately after
collection in 10% NBF. All fixed epithelial cells and seminal fluid
samples were centrifuged for 5 min at 525 � g to form a pellet,
which was mixed with molten 4% (w/v) agarose (Type IX-A: ultra-
low gelling temperature, Sigma-Aldrich, Auckland, New Zealand)
and subsequently centrifuged for 2 min at 82 � g. The cell-agarose
mix was allowed to set for 15 min at 41C to form a cell-agarose block
termed a cellblock. The cellblocks were removed from the centrifuge
tube and placed in a lidded embedding histology cassette (Techno-
Plas, Dandenong South, Australia). The cassette was transferred to
10% NBF and processed according to a histological procedure in-
volving dehydration in an alcohol series, wax impregnation, clearing
in xylene, and embedding in paraffin wax. The details of this pro-
cedure are presented in Table 1. Four-micrometer-thick sections
were used for all experimental conditions (22).

Sections from epithelial cellblocks were stained with routine
H&E, and sections from seminal fluid cellblocks were stained
with the Christmas tree stain (23). If cells were absent from the set
of sections, the specific cellblock was removed from subsequent
IHC procedures.

IHC

Four-micrometer-thick sections were cut and transferred onto
poly-L-lysine-coated slides. Slides were immersed in preheated

antigen retrieval solution (see Table 2) and heated either in a mi-
crowave at power level 10 for 2 � 5 min or placed in a pressure
cooker at 15 psi for 1 min. The slides were allowed to cool and
washed in running tap water for 5 min. Sections were incubated
with 0.03% H2O2 (EnVision1System, DakoCytomation Botany,
NSW, Australia) for 5 min to block unspecific peroxidase activity.
Sections were then washed with phosphate-buffered saline (0.1 M;
PBS) for 3 � 5 min and incubated with primary antibody (see
Table 2) for 30–60 min at room temperature. Each antibody was
tested in duplicate. Primary antibodies were detected using the
EnVision1System (the commercially available kit utilizes chain
polymer-conjugated technology that reduces the amount of pri-
mary antibody and incubation times required). Sections were
washed with PBS for 3 � 5 min and subsequently incubated for
30 min with labeled polymer. Sections were washed with PBS for
3 � 5 min and incubated with the 3,30-diaminobenzidine (DAB)
substrate-chromagen solution (EnVision1 System, DakoCyto-
mation) for 5–10 min and rinsed in distilled water. Sections were
counterstained with 0.4% hematoxylin to provide contrast and
mounted in DEPEX (Ajax Finechem, Auckland, New Zealand).
Positive control tissue used in this study was obtained from No-
vacastra (Newcastle-Upon-Tyne, U.K.) and is detailed in Table 1.
For internal negative controls, the primary antibody was substi-
tuted with PBS. Swabs that had been fixed following storage at
room temperature for 48 h were processed identically. The ex-
pression of cytokeratin (CK) (AE1/AE3) antibody was tested on
these delayed fixation samples only.

Sections were examined using bright-field microscopy using
either a � 40 or a � 60 lens (Nikon Eclipse E800 microscope,
Nikon, Auckland, New Zealand), and images were captured using
a Nikon digital camera DXM1200F (Nikon). Positive cells were
characterized by orange/brown DAB labeling, whereas negative
cells showed no labeling. Results were expressed as the percent-
age of samples containing positively labeled cells within each ep-
ithelial cell type.

Results

All epithelial samples and seminal fluid samples were examined
for cells. One skin (1/5) and one external penile swab (1/5) did not
contain cellular material and were removed from further testing.
In all H&E-stained sections, both agarose and fibers from the
cotton swab were identified (Fig. 1; asterix and arrowheads). Fib-
ers were pale pink with dark blue refractile spots and ranged from

TABLE 1—Histological processing schedule used in the current study.

Fluid Time (min)

Formalin Holding
70% ethanol 30
80% ethanol 30
95% ethanol 30
95% ethanol 30
Absolute ethanol 30
Absolute ethanol 30
Xylene 30
Xylene 30
Paraffin wax 15
Paraffin wax 15

TABLE 2—Antibodies, corresponding control tissue, and the experimental
conditions used in this study.

Antibody
Antigen
Retrieval Dilution

Positive
Control
Tissue

Source of
Antibody

Anti-human
CK (clone
AE1/AE3)

Microwave 1:100 Skin or
Glandular
epithelium

Dako
Cytomation

Anti-human CK5
(clone XM26)

Pressure
cooker

1:200 Skin or
Glandular
epithelium

Novocastra,
U.K.

Anti-human ERa
(clone 1D5)

Microwave 1:35 Breast Dako
Cytomation

Anti-human PDE5 Microwave 1:100 Lung Dr. Mauro
Giorgi, University
of L’Aquila,
L’Aquila, Italy

CK, cytokeratin; ERa, estrogen receptor-a; PDE5, phosphodiesterase 5.
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20 to 50 mm in length. In both vaginal and buccal samples, cells
stained with a pale pink cytoplasm and purple/blue nuclei (Fig. 1A
and B), whereas skin epithelial cells stained intense pink and there
was no evidence of nuclei (Fig. 1C). Similarly, the cytoplasm of
penile skin cells stained intense pink and no nuclei were detected
(Fig. 1D). Seminal fluid samples contained spermatozoa. Sperm
heads stained with H&E were purple/blue, and the tails stained
pale pink (Fig. 1E and inset). With the Christmas tree stain, sperm
heads were red and the tails blue-green (Fig. 1F and inset).

A broad-spectrum CK antibody, AE1/AE3, and an antibody
specific to CK5 were used to classify cells as being of epithelial
origin. All vaginal, buccal, and skin epithelial cell samples com-
prised cells positive for AE1/AE3 (Fig. 2A–C) and CK5 (data not
shown), and the pattern of staining for the two antibodies was
identical. AE1/AE3 (Fig. 2D)- and CK5 (data not shown)-positive
cells were also present in 55% and 22% of the external penile
epithelial cell samples, respectively (see Table 2). Seventeen per-
cent of seminal fluid samples contained ‘‘squamous’’ cells that
were AE1/AE3 (Fig. 2E) and CK5 positive. In positive control
tissue, epithelial cells present in skin labeled positively. All in-
ternal negative controls showed no brown labeling.

Estrogen receptor-a (ERa) was not detected in any of the ep-
ithelial cell samples including ‘‘squamous’’ cells from seminal
fluid samples (images not presented; see Table 2). However, ERa
was expressed in the tails of spermatozoa present in seminal fluid
samples. Labeling was present in the corresponding skin-positive
control tissue (data not shown). In contrast, phosphodiesterase 5

(PDE5) was expressed in the cytoplasm of all female and male
epithelial cell samples and the ‘‘squamous’’ cells in seminal fluid
samples. The pattern of staining was the same as that for AE1/
AE3 and therefore the images are not presented. However, PDE5
was also present in sperm tails. A summary of the proportion of
positive samples using each antibody is presented in Table 3.

The antigenicity of the cell samples using AE1/AE3 was not
altered following a 48 h delay in fixation. All cells labeled pos-
itively and there was no difference between the intensity of stain-
ing of the cells fixed within 1–4 h compared with cells that were
fixed 48 h later.

Discussion

The major aim of this study was to modify an existing forensic
cell extraction procedure that was compatible with collection
methods used at crime scenes and within a forensic laboratory,
and for use within a valid immunohistochemical protocol. A sec-
ond aim was to use this procedure to identify an antigen unique to
vaginal epithelial cells compared with buccal and skin. Samples
were collected with cotton tip swabs because larger amounts of
cellular material can be retrieved using this collection method
compared with other methods such as cell smearing and scraping
(24,25). Cotton swabs are routinely used for evidential collection
by forensic scientists and by doctors when examining sexual as-
sault victims and suspects. Although alternative processing meth-
ods such as direct smears have been reported for use in

FIG 1—Hematoxylin and eosin-stained sections from the (A) vagina, (B) buccal, (C) skin, (D) penile skin, and (E) seminal fluid. Samples also contain fibers from
cotton-tipped swabs (arrows). Agarose within each sample can also be identified (�). (F) Spermatozoa stained using the Christmas tree method. All images were
obtained at the same magnification. Scale bar 5 40mm. (E inset) Spermatazoan heads stain blue/purple and tails pink. (F inset) Spermatazoan heads stain red and
tails blue-green. Scale bars 5 5 mm.
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immunohistochemical studies, there are many reports of variable
or poor preservation of cell morphology and antigenicity (26–29).
The methods of cell collection and processing into cellblocks used
in the current study provided samples, in the majority of cases,
that contained many cells and showed good cell morphology. In
particular, nuclei were clearly identified in buccal and vaginal
sections and spermatozoa were structurally intact (see Fig. 1).
Fibers and agarose also stained using H&E (see Fig. 1) but were
easily identified and subsequently excluded from further exami-
nation. The use of cellblocks also allowed multiple immunohisto-
chemical labeling with several different antibodies. Cellblocks
can also be stored for many years, which is suitable for retro-
spective forensic investigations. An adapted histological process-
ing schedule was developed with increased incubation times in
paraffin wax compared with standard procedures, to allow ade-
quate impregnation.

CKs are one of the three types of intermediate filaments that
constitute the cytoskeleton of epithelial cells. As different epi-
thelia express different CK isoforms (30), all epithelia can be

classified based upon CK expression (31). Anti-human broad-
spectrum CK antibody (clone AE1/AE3) identifies the majority of
human CKs (31,32) and therefore was used in this study to iden-
tify all epithelia. Cells can be further classified as stratified epi-
thelia with the use of anti-CK5, which was positive in all epithelial
cells examined in the present study. However, CK5 expression has
been reported in other cell types (31) and therefore may not be
suitable in forensic classification where the health, age, and en-
vironmental exposure of cells are unknown. Interestingly, both
antibodies to CK labeled the squamous cells in seminal fluid sam-
ples, suggesting that these cells may also be of epithelial origin
and are likely to have originated from the lining of the urethral
tract.

Antibodies to ERa and PDE5 were selected as potential mark-
ers for differentiating vaginal epithelial cells from buccal and skin
epithelial cells. The selection of these proteins was based on pre-
vious reports of their expression in different sites of the body. ERs
are ligand-dependent proteins and their primary function is to
mediate the transcriptional response of estrogen in target cells

FIG 2—Cytokeratin expression (orange/brown labeling) in the cytoplasm of (A) vaginal, (B) buccal, (C) skin, (D) penile skin, (E) seminal fluid, and (F) positive
control epithelial cells of skin using anti-human broad-spectrum cytokeratin (clone AE1/AE3). (E) Although no cytokeratin expression is present in spermatozoa,
squamous-epithelial-like cells show positive labeling in seminal fluid samples. All images were obtained at the same magnification. Scale bar 5 10mm.

TABLE 3—Summary of the percentage (%) of epithelial cell samples that comprised positively labeled cells using four different antibodies.

Antigen Vaginal Buccal Skin Penile Skin
Spermatozoa in
Seminal Fluid

Squamous Cells
in Seminal Fluid

Cytokeratin (AE1/AE3) 100 100 100 55 0 17
CK 5 100 100 100 22 0 17
ERa 0 0 0 0 33 0
PDE5 100 100 100 60 66 0

CK, cytokeratin; ERa, estrogen receptor-a; PDE5, phosphodiesterase 5.
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(33,34). ERa expression in the vagina has been reported as being
restricted to the basal, parabasal, and intermediate cell layers and
not present in the nuclei of superficial vaginal epithelial cells
(35,36). It is, however, absent from the buccal mucosa (37) and
epidermis (34), consistent with the finding of the current study.
Similarly, ERa was not present in vaginal samples, suggesting
that these cells were likely to have originated from the superficial
layers only. ERa was, however, detected in spermatazoan tails
although some seminal samples did not show any positive labeling
likely due to a loss in viability resulting from a delay in fixation of
samples obtained from the fertility clinic.

PDE5 belongs to the 30, 50 cyclic nucleotide phosphodiesterase
family and is a regulator of cyclic guanosine monophosphate
(cGMP) function (38–41). In the current study, PDE5 was present
in vaginal cells, confirming reports that it is expressed in superficial
vaginal cells (42). However, there are no reports on the expression
of this enzyme in either buccal mucosa or epidermis. Although this
study is the first to report PDE5 expression in buccal and skin ep-
ithelia, its expression in all epithelial samples tested therefore
makes it unsuitable for differentiating one cell type from another.

Delayed fixation is an important consideration in forensic sci-
ence due to the history and nature of case samples involved in
these investigations. Case samples, which may contain vaginal
epithelial cells, are often received in the forensic laboratory sev-
eral days after the event under investigation. We show, for CK
labeling at least, that the antigenicity of all epithelial samples is
not affected by a 48 h delay to fixation. If further investigations
identify a unique vaginal epithelial cell marker, delayed fixation
studies would have to form part of the validation for use of that
antibody in forensic studies.

In conclusion, we have developed a cell collection technique
for IHC, which is compatible with current forensic science prac-
tice. We have also shown that a delay in fixation of samples does
not alter antigenicity of epithelial cell samples. The study further
examined the expression of several proteins that may be suitable
for distinguishing between vaginal, buccal, and skin epithelial
cells for forensic casework. However, antibodies to ERa and
PDE5 were unable to uniquely identify vaginal cells. Further in-
vestigations using the cell extraction and IHC protocols developed
in this study may lead to the discovery of an antigen unique to
vaginal epithelial cells.
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