Merkel-like cell distribution
in the epithelium of the
human vagina.

An immunohistochemical
and TEM study

Simona Polakovicova,!

Maria Csobondyeiova,! Barbora Filova,’
Miroslav Borovsky,® Ladislav Marsik,’
Alena Kvasilova,* Stefan Polak!

Institute of Histology and Embryology,
Faculty of Medicine, Comenius
University in Bratislava, Slovakia
nstitute of Medical Physics, Biophysics,
Informatics and Telemedicine, Faculty
of Medicine, Comenius University in
Bratislava, Slovakia

31%t Obstetrics and Gynecologic Clinic
MFUK with Reproduction Medical
Center Hospital of St. Cyril and Metod,
Bratislava - Petrzalka

‘Institute of Anatomy, First Faculty of
Medicine, Charles University, Prague,
Czech Republic

Abstract

Human Merkel cells (MCs) were first
described by Friedrich S. Merkel in 1875
and named “Tastzellen” (touch cells).
Merkel cells are primarily localized in the
basal layer of the epidermis and concentrat-
ed in touch-sensitive areas. In our previous
work, we reported on the distribution of
MCs in the human esophagus, so therefore
we chose other parts of the human body to
study them. We selected the human vagina,
because it has a similar epithelium as the
esophagus and plays very important roles in
reproduction and sexual pleasure. Due to
the fact that there are very few research
studies focusing on the innervation of this
region, we decided to investigate the occur-
rence of MCs in the anterior wall of the
vagina. The aim of our research was to
identify MCs in the stratified squamous
non-keratinized epithelium of the human
vagina in 20 patients. For the identification
of Merkel cells by light microscopy, we
used antibodies against simple-epithelial
cytokeratins (especially anti-cytokeratin
20). We also tried to identify them using
transmission electron microscopy. Our
investigation confirmed that 10 (50 %) of
20 patients had increased number of pre-
dominantly intraepithelial CK20 positive
“Merkel-like” cells (MLCs) in the human
vaginal epithelium. Subepithelial CK20
positive MLCs were observed in only one
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patient (5%). We tried to identify them also
using transmission electron microscopy.
Our investigation detected some unique
cells that may be MCs. The purpose of vagi-
nal innervation is still unclear. There are no
data available concerning the distribution of
MCs in the human vagina, so it would be
interesting to study the role of MCs in the
vaginal epithelium, in the context of inner-
vation and epithelial biology.

Introduction

Human vagina

The vagina is a fibromuscular tube,
designed as the female copulatory organ'
that joins internal reproductive organs to the
external environment. It resembles a deflat-
ed tube measuring 90.3 mm in length.? It
extends from the vestibule to the cervix of
the uterus, anteriorly between the urethra
and urinary bladder, and posteriorly
between the anal canal and the rectum.' The
wall of the vagina microscopically consists
of: i) an inner mucosal layer with numerous
transverse folds or rugae; ii) an intermediate
muscular layer; and iii) an outer adventitial
layer.* The inner mucosal layer consists of
stratified squamous non-keratinized epithe-
lium and underlying lamina propria with
many thin-walled veins. The muscular layer
is organized into two indistinct smooth
muscle layers, an inner circular and an outer
longitudinal layer;? it is innervated by the
autonomic nervous system, and contain
a great variety of transmitters.* The adventi-
tia is composed of an inner dense and outer
loose connective tissue layer, rich in colla-
gen and elastic fibers, contributing to the
elasticity and strength of the vaginal wall.?
From our point of view, the inner mucosal
layer with the epithelium, is the most inter-
esting, especially its anterior wall. The
epithelium measures from 0.15 to 0.30 mm
from the top to the bottom (surface to base-
ment membrane).* The mucosal epithelium
is hormone-dependent (estrogen) and
undergoes changes during the menstrual
cycle; after puberty, the epithelium thickens
and is rich in glycogen, mostly during the
ovulation phase.’> A disputable part of the
vaginal wall, sensitive to electric stimuli, is
located in the anterior part of the vaginal
wall.® This sensitive area has been very con-
troversial for more than half a century.’* Two
researchers, John D. Perry and Beverly
Whipple” called it the G-spot. One reason
for skepticism is that more than 250 publi-
cations have been published, but only a few
in peer-reviewed journals.’ Hines® in his
review article on the G-spot described it as
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a “modern gynecologic myth”. The second
reason for skepticism is due to the large dif-
ferences in vaginal microanatomy between
individuals.> Ostrzenski® published an arti-
cle with anatomically and histologically
documented existence of the G-spot and
established a hypothesis about a histologi-
cal tissue that distinguishes the G-spot from
the adjacent vaginal and urethral walls.
These authors for the first time documented
its microscopic architecture as a neurovas-
cular complex with nerve ganglia.’

The purpose of vaginal innervation is
unclear.'? Studies using animal models have
revealed that fibers from the pudendal,
pelvic, and hypogastric nerves innervate the
pelvic organs;!! pelvic nerve sensory fibers
innervate the vagina.'® A study by Giraldi'?
demonstrated the highest concentration of
nerve fibers in the vaginal fornix. Estrogen
may be responsible for this innervation.
According to Mc Kenna,!" increased estro-
gen levels may increase the sensitivity of
pudendal nerves. Hilliges et al.'* examined
six parts of the vaginal mucosa using pro-
tein gene product 9.5; they reported that the
anterior and distal vaginal walls have
increased innervation.”* Ting et al.'* in
a study on rat tissue used the same immuno-
histochemical marker and compared the
innervation of the anterior upper and lower
parts of the vagina. Small nerve fibers in the
connective tissue under the epithelium were
considerably denser in the distal-third of the
anterior wall than in the proximal-third.'*
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Shafik et al.® stated the existence of a
“vaginal pacemaker” that represents the G-
spot as a small sensitive area in the vagina.

Merkel cells

Merkel cells (MCs) are post-mitotic,
neuroendocrine cells found in the epidermis
of vertebrates.'® They were named after the
German anatomist and histopathologist
Friedrich S. Merkel, who first described
these interesting cells in 1875. They were
referred to as “Tastzellen” or “touch
cells”.7 In the glabrous skin, they form
clusters connected to nerve endings and are
called “touch corpuscles”.!” Human and
animal MCs have been a subject of investi-
gation in many studies for over a century,
but their distribution, function and origin
still remain unclear.!® These rare cells are
found in the basal layer of the epidermis and
are grouped in touch-sensitive locations in
glabrous and hairy skin and in some
mucosa.'® Their density varies between
each anatomical sites." Mostly, they are
concentrated in the palms of the hands, pre-
dominantly in the finger pads, and in the
soles and toes.”’ They are also present in the
lips, hard palate and gingiva,'® esopha-
gus,??2 human eyelid.?® The concentration
of MCs in the external genitalia has not
been studied, but Cold and Taylor?* detected
some MCs in the male prepuce and in the
female clitoris. Two years ago, Schober et
al® first described MCs in the labia mino-
ra. The regions richer in MCs are involved
in tactile perception, underlining the senso-
ry receptor function of MCs.?* MCs are
more numerous in sun-exposed skin than in
covered skin.”” Functionally, they are in
close contact with nerve fiber endings and
form a synapse-like contact zone to receive
environmental stimuli.?> Some MCs are not
associated with nerve axons.?
Characteristic features of MCs are: an oval
shape, size about 10-15 um in diameter,
large, pale, lobulated nucleus, with spike-
like cytoplasmic projections which interdig-
itate with adjacent keratinocytes.” They are
attached to neighboring keratinocytes by
relatively few, small desmosomes located
on the cell body and occasionally on the
dendritic-like processes.?” Ultrastructurally,
they have dense-core secretory granules in
the cytoplasm near the nerve fiber connec-
tion.?’ Visualization of MCs by routine light
microscopy is not possible, so we need spe-
cial techniques for their identification.3®3!
Antibodies against simple-epithelial cytok-
eratins (CK), especially anti CK type 20
(CK20), provide the highest degree of
specificity and allow for the easy identifica-
tion of MCs by light microscopy.?! Other
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identification method by light microscopy
are based on the incorporation of fluores-
cent FM-dyes (water-soluble, lipophilic,
styryl, nontoxic dyes) into living MCs.??
The uranaffin reaction has been used in
electron microscopy, to detect mammalian
intraepithelial MCs.** Uranaffin reaction
was introduced as an ultrastructural stain
for the localization of adenine nucleotide in
organelles storing biogenic amines,’® and
was used by Beiras ef al**to detect MCs in
human epidermis. According to Lucarz and
Brand,”” MCs can be functionally classified
into subpopulations: mechanoreceptive,
endocrine and chemosensitive. They are
mechanoreceptors that detect tissue defor-
mation and release various neurotransmit-
ters to nerve endings.?’?* Thanks to the
dense-core granules in the cytoplasm, they
were once considered to be cells of the
APUD system (a group of cells with
endocrine functions).?” They may release
substances into blood vessels and to cells in
the connective tissue.’® According to some
scientists,**37 they may play role in the pro-
liferation and differentiation of ker-
atinocytes.

The purpose of our study was to detect
MCs in the epithelium of the human vagina
using immunohistochemistry with antibod-
ies against simple-epithelial cytokeratins,
especially anti-CK20. Subsequently, we
tried to identify them using transmission
electron microscopy.

Materials and Methods

Preparation of samples for immuno-
histochemical examination

Samples of the anterior wall of the
human vagina were taken from 20 women.
The mean age of the patient was 63 years;
the youngest patient was 42-year-old and,
the oldest patient was 80-year-old. Patients
underwent trans-abdominal or laparoscopic
surgery for various indications at the
Department of Gynecology and Obstetrics
in Hospital of St. Cyril and Metod in
Bratislava, Slovakia. The study protocol
was approved by the ethical committee of
local hospital, and informed consent was
obtained from all patients. Tissue samples
from anterior wall of the vagina were fixed
in formalin for 24 h, and depending on the
length of the vagina were cut into a number
of pieces, embedded in paraffin, sectioned
into 4 um thick sections, processed by rou-
tine histological technique and stained with
hematoxylin and eosin. All the samples suit-

[European Journal of Histochemistry 2018; 62:2836]

able for immunohistochemical examination
were then sectioned into 5 um thick sections
and stained for the expression of antigen
CK20. After sectioning they were deparaf-
finized, rehydrated, immersed in 3% H,O,
for block endogenous peroxidases, rinsed in
PBS, incubated with proteinase K (dilution
range 100 pl proteinase K in 2.4 ml distilled
water) at room temperature for 10 min and
rinsed in PBS. For background blocking,
we used solution of 5% dried milk. Then
primary monoclonal antibodies against
human CK20 (clone K20.8) (Chemicon)
were used as a marker for MCs. Sections
were incubated for 1 h with primary anti-
body (dilution range 1:300) at room temper-
ature, rinsed in PBS, and stained with sec-
ondary antibodies (Mouse UnoVue
HRP/DAB detection system) (Diagnostic
Biosystems) for 15 min. Visualization of the
Merkel cells was performed with DAB/plus
chromogen. The sections were rinsed in dis-
tilled water and stained with Mayer’s hema-
toxylin. For the positive control, we chose
samples from human esophagus, where the
Merkel cells were detected before. Analysis
was performed using a Nikon eclipse 80i
light microscope (4x,10x,20x,40x objec-
tives) and images were captured with a
Nikon DS-Filcamera. In each patient, we
measured the length of each sample under
the light microscope (length of the epitheli-
um) and calculated the whole length of the
sample. In order to estimate the numerical
density of intraepithelial and subepithelial
MCs in all samples, the total number of
MCs was counted using a graduated ocular.

Preparation of samples for TEM

For electron microscopy, small blocks
were microdissected from paraftin-embed-
ded samples (used for immunohistochem-
istry) in one case were CK20-positive cells
were numerous. Then, these blocks were
dewaxed by overnight immersion in xylol,
cut into four pieces and rehydrated in phos-
phate buffer, through a graded series of
alcohol dilutions, and washed in saline. The
blocks were then refixed in 3% glutaralde-
hyde in 0.2 M phosphate buftered saline at
room temperature for 4 h and 1% osmium
tetraoxide in Millonig solution (pH 7.3),
washed in saline, dehydrated in ethanol,
embedded in Durcupan, and cut into semi-
thin and ultrathin sections. Semi-thin sec-
tions were stained with toluidine blue and
examined with a Nikon eclipse 80i light
microscope and a Nikon DS-Filcamera.
Ultrathin sections were double stained
using uranyl acetate and lead citrate and
examined using a TEM (Jeol 1400 plus
JMM, voltage 30 keV).
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Results

Immunohistochemistry

CK20 positive Merkel-like cells
(MLCs) were identified in 10 of 20 patients
(50%) in the epithelium of anterior wall of
the human vagina. The mean age of the
patients was 63 years; the youngest patient
was 42-year-old, and the oldest patient was
80-year-old. Our investigation showed
(Figure 1, Table 1) an increased number of
CK20 positive MLCs predominantly
intraepithelial in the human vaginal epithe-
lium. The cells were dispersed predomi-
nantly as a single cell (Figure 2 A,B), or
rarely in clusters (Figure 2C) in the lower
parts of the epithelial layer.

They were readily visible, because of
their oval shape and larger size compared
with other epithelial cells. Subepithelial
MLCs located in the connective tissue were
detected only in one patient (Figure 2D),
5% of all samples (Figure 1, Table 1). If we
evaluate the number of MLCs in all 88 sam-
ples of the anterior wall of the human vagi-
na from all 20 patients, then 29 samples
contained (34%) and 59 (66%) did not con-
tain MLCs. Some samples showed a consid-
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erable very large number of MLCs (Table
1). The average density of intraepithelial
MLCs in all 88 samples of 20 patients was
10 MLCs per 4.94 cm (average length of the
specimen).

Electron microscopy

Based on their localization and shape in
light microscopy, we tried to find similar cells
in these same samples using transmission elec-
tron microscopy. When we compared cells
from immunohistochemistry and TEM, in
TEM we found “pale cells” that were oval in
shape, measured approximately 10 pm in max-
imal diameter. The cytoplasm appeared as a
thin rim encircling the nucleus with dense ker-
atin filaments (Figure 3 A,B). Cells were local-
ized slightly above the cells of the basal layer
of the epithelium (Figure 3 A,B). Nuclei were
pale and oval with a predominance of euchro-
matin and frequently showed small lobulations
(Figure 3 A,B). Cells were connected to other
epithelial cells by numerous desmosomes
(Figure 3B). At higher magnification, we did
not see in the cytoplasm membrane-bound
granules typical of MCs, so we are not sure if
these “pale cells” were MLCs, but other fea-
tures were very similar (size, pale nucleus,
shape, keratin filaments, desmosomes).

e, T aadmad

Discussion

The vagina is lined by a stratified squa-
mous non-keratinized epithelium which
varies in thickness and structure throughout
woman life. The epithelium is hormone
(estrogen) dependent and changes during
the menstrual cycle.® Estrogen levels pro-
mote stratification,* maturation, prolifera-
tion and cellular differentiation* of the
epithelium. After puberty, the epithelium
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Figure 1. The ratio between positive and
negative intraepithelial and subepithelial
Merkel-like cells in the samples of human
vagina.

Table 1. Total average number of CK20 positive MLCs in the histological section of the human vagina.

1 (61) 54/12.2 8/1.5 3/12.2 215
2 (66) 0/6.7 01.7 0/6.7 0/1.7
3 (66) 0/5 0/1.25 0/5 0/1.25
4(67) 0/4 013 0/4 0/1.3
5 (60) 0/4.8 071.2 0/4.8 0/1.2
6 (80) 0/3.2 0/1.1 0/3.2 0/1.1
7(68) 073.8 071.9 0/3.8 071.9
8(-) 018 01.3 078 0/1.3
9 (59) 12/3.5 3/0.9 073.5 0/0.9
10 (77) 9/6.5 11 0/6.5 01

11 (42) 28/9.4 2.8/0.94 0/9.4 0/0.94
12 (-) 33.3 1/1.1 03.3 071.1
13 (59) 91 91 01 01

14 (67) 1/6.3 0.25/1.6 0/6.3 0/1.6
15 (58) 1/9.8 0.12/1.1 0/9.8 0/1.1
16 (55) 0/1.3 0/1.3 0/1.3 0713
17 (69) 0/0.8 0/0.8 0/0.8 0/0.8
18 (59) 86/8 12/1 078 01

19 (63) 0/4.1 01 0/4.1 01

20 (56) 1/1.1 0.25/1.8 077.1 0/1.8

t/l, total number of Merkel-like cells /full length of stratified squamous non-keratinized epithelium (cm); an/l, average number of Merkel-like cells /average length of stratified squamous non-kera-

tinized epithelium (cm).
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thickens and during ovulation phase of
ovarian cycle, and cells contain a lot of
glycogen.® Estrogen levels may also partic-
ipate in the innervation of the vaginal wall'®
and are responsible for the expansion of the
sensitivity and size of perineal nerves.!!
Nerves that innervate the vaginal wall may
be needed for cervical dilatation and vagi-
nal delivery.*"-' Hilliges et al.'® reported an
increased number of nerve fibers in the dis-
tal and anterior vaginal wall. It is possible,
that nerve fibers terminating in the vaginal
mucosa may mediate vaginal sensation and
sexual responses,'? but there is no evidence
that vaginal innervation correlates with sex-
ual function.!” The study of MCs in genital
organs, especially in the human vagina, may
help to clarify sexual arousal, or changes in
the vaginal epithelium during the cycle. In
the literature, we did not find any informa-
tion on the incidence of Merkel cells in the
human vagina, so it was interesting to study
these cells according to their function. MCs
have been the subject of investigation in
human and animal studies for a long time,
but their distribution, origin and function in
human skin remain unknown.'® The concen-
tration of MCs in the external genitalia has
not been studied, but Cold and Taylor®
detected some MCs in the male prepuce and
in the female clitoris. Structurally, MCs
resemble cells of the diffuse endocrine sys-
tem that are found in the epithelium of the
gut and respiratory system.” They are
referred to as cells of the amine precursor
uptake and decarboxylation system
(APUD).? In contrast to normal MCs found
in the keratinized epithelium of the skin,
MLCs lack any contact with nerve endings,
lack cytoplasmic processes, have oval
nuclei with many nuclear pores and, have
few small desmosomes or hemidesmo-
somes.?’ The cytoplasm contains dense-core
granules grouped close to the Golgi appara-
tus.? Our intraepithelial MLCs or “pale”
cells also exhibited some of these features.
Under higher magnification, we did not see
membrane-bound granules; this may have
been the effect of the non-routine process-
ing of the tissue or evidence of exocytosis
of substances from MLCs. These findings
support the theory of Fujita,*® concerning a
paracrine or neuroendocrine role. If we
ignore the mechanoreceptor function of
MCs, some authors consider them to be
neuroendocrine cells'®? with paracrine
functions.?** Subepithelial MLCs localized
in the connective tissue were detected in
only one patient (5% of all samples) compa-
rable with the findings of Moll et al.,* who
detected subepithelial (dermal) MCs in the
dermis of plantar skin of human embryos
and fetuses at 7-17 gestation weeks. At fetal
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week 17, approximately 83% were located
in the epithelium and 17% in the dermis.
These results suggest that some MCs
migrate into the dermis and some of them
connect with nerves. It supports the “immi-
gration hypothesis”, i.e. migration MCs
from the epidermis into the dermis. They
exist postnatally in the dermis and maybe
create reservoir for proliferative cells. The
study of MLCs in the human vagina (anterior
wall) could be important in two aspects: the
first is due to the fact that this area is rela-

tively sensitive and has been controversial
for more than half a century.® The second
reason is that the mucosal epithelium is hor-
mone-dependent (estrogen) and undergoes
changes during the menstrual cycle.® After
puberty, the epithelium thickens and is rich
in glycogen, mostly during ovulation
phase.’>. We hypothesize that MLCs may
play role in the regulation of epithelial
renewal, possibly through an endocrine or
paracrine function, as MCs do in other parts
of the body.

FiFure 2. Immunoperoxidase staining (adult human vagina using a monoclonal antibody
selective for CK20. A,B) CK20 positive Merkel-like cells are situated as single cell pre-
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dominantly at lower parts of the epithelial layer (intraepithelial MLCs, white arrows). C)
CK20 positive Merkel-like cells are situated rarely in clusters predominantly at lower
parts of the epithelial layer (intraepithelial MLCs, white arrows). D) Some CK20 positive
Merkel-like cells are located under the epithelium in the connective tissue (subepithelial
MLGCs, white arrow). Scale bars: 50 pm.

Figure 3. Human adult vagina “pale cells” in the stratified squamous non-keratinized epithe-
lium. A) “Pale cell” with nucleus and thin rim of the cytoplasm (red asterisk), basal lamina of
the epithelium (red arrow); original magnification: 2800x. B) Pale nucleus (black asterisk),
keratin filaments (white arrows), desmosome (red arrow), original magnification: 14,000x.
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