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Transcriptional factor Sox2 is one of the key factors in the development of mammal sensory system. Sox2 expression-was-revealed in
rodent developing taste buds, while the role of this factor in morphogenesis of human taste system still remains unstudied.

The aim of investigation was to study the character of a transcriptional factor Sox2 distribution in the lingual epithelium of human-embryos
and fetuses.

Materials and Methods. We carried out an immunohistochemical study of lingual epithelium of 28 human fetuses and embryos from 6" to
21t week of prenatal development.

Results. Immunopositive reaction to Sox2 was revealed in lingual epithelial cells starting from the 10" week of development and in all later
stages. The greatest number of Sox2 immunopositive nuclei was localized in a basal layer of lingual epithelium and in epithelial evaginations
associated with papillae morphogenesis. Since the 15" week of prenatal development Sox2 expression level increased in apical parts of taste
papillae and in taste bud cells. The comparison of immunopositive nuclei distribution with the main morphogenetic events in lingual epithelium
of human fetus showed Sox2 to regulate the morphogenesis of human lingual papillae and at early stages (before the 10" week) and not
participate in differentiation of taste bud cells.
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Mammalian taste buds are the clusters of receptor cells
transforming chemical stimuli into a nerve impulse. Taste
receptor cells like neurons are able to generate action
potentials, form synapses with nerve endings and excrete
neurotransmitters into a synaptic cleft [1, 2]. However,
unlike neurons, taste bud cells are the descendants
of the same cell line as epithelial cells surrounding a
taste bud [3]. As well as other epithelial cells they are
able to regenerate and renew themselves [4]. Due to
such a unique combination of taste buds properties the
investigation of their early embryonal differentiation is of
interest for understanding morphogenesis mechanisms
of both mammalian epithelial and sensor organs.

Early differentiation of lingual epithelium currently is
most completely studied in rodents. The formation of
taste organs in mice begins in the middle of intrauterine
development when epithelial enlargements appear on
the dorsal lingual surface called placodes [5]. With the
development period increase the placodes evaginate
and form taste papillae in the epithelium of which taste
buds appear by the end of intrauterine development [5,
6]. Recently, the development of epithelial placodes and
rodent taste papillae was shown to be accompanied
by the expression of epithelial and mesenchymal

signal molecules [2, 7]. However the question of a
role of epithelial-mesenchymal regulation in taste bud
morphogenesis initiation during embryonal development
of mammalians remains controversial. Some authors
consider the contact of nerve fibers with lingual epithelium
to be necessary for the beginning of taste bud cells
differentiation [8, 9], while the others believe that taste
bud progenitor cells are already determined on early
stages of taste placodes development under control of
focal signals [10—12]. Over the last 10 years in lingual
epithelium of mice embryos there have been found
numerous factors and signal molecules participating
in regulation of processes of taste buds and papillae
differentiation, Sox2 being one of them [2, 6, 13]. Sox2 or
SoxB1-HMG-box transcription factor plays an important
role in mammalian development. It is abundantly
expressed in the anlage of mammalian central nervous
system and is also necessary for the development of
retinal and inner ear sensory cells [14—16]. High level of
Sox2 expression in mice lingual epithelium is found in
epithelial placode cells, in fungiform papillae epithelium
and in mature taste buds [6]. Hypomorphic mutations
in mice have shown that if the level of Sox2 expression
reaches only 20% from the norm the epithelial placodes
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form but mature taste papillae and buds are missing
[6]. Represented facts suggest that Sox2 is one of the
key factors in taste papillae morphogenesis regulation.
However, it is difficult to assess the participation of Sox2
factor in differentiation initiation of mice taste bud cells
due to chronologic convergence of processes of taste
buds and papillae morphogenesis in rodents.

The early intrauterine development of human lingual
taste buds and papillae differs from that in rodents.
Differentiation of human lingual epithelium starts from the
penetration of sensor nerve endings into the epithelium,
and formation of clusters of elongated cells called taste
bud primordia [9]. The difference of taste primordia from
the epithelial placodes observed in the development of
taste papillae in rodents is in the formation of synapses
between primordial cells and nerve endings penetrated
into epithelium that enables to consider primordia to be
immature taste buds developing before taste papillae
formation [8]. Since morphogenesis processes of taste
buds and papillae at early human developmental stages
are separated in time, a human tongue is a convenient
object to test lingual epithelial cell differentiation models
described in rodents.

The aim of investigation was to study the character
of a transcriptional factor Sox2 distribution in the lingual
epithelium of human embryos and fetuses.

Materials and Methods. The work was performed
on abortive material of 28 human embryos and fetuses
from the 6" to 21t week of intrauterine development
from the collection of nerve system development of RS
of Human Morphology of RAMS. The material was fixed
in a 4% paraformaldehyde solution. Gestational age was

determined by medical documents, coccygeal-temporal
size, body weight, rostrocaudal length and descriptive
signs in accordance with recognized techniques [17].

At early developmental stages (before the 13" week)
the material of a whole head was used in investigation, at
later stages the oral cavity with palatinal and mandibular
bones were separated. If appropriate the material was
placed into a decalcinated mixture based on azotic acid.
The material was embedded into paraffin, and serial slices
10 pm thick were prepared. Subsequently, the slices were
studied immunohistochemically with primary antibody to
Sox2 (Anti-Sox2 antibody, polyrabbit, Abcam, USA). In
immunohistochemical treatment we used UltraVision
LP Detection System HRP Polymer (LabVision, Great
Britain). In the process of immunohistochemical study,
dewaxed, hydrated slices were treated by 3% H,O, within
20 min for endogen peroxidase blocking. Further, the
slices were heat treated in 0.01 M citrate buffer (pH=6.0)
within 5 min for antigen disclosure. The slices were
processed by UltraBlock from the kit used for 5 min for
unspecific binding blocking. The slices were incubated
with the primary antibody in a moist chamber at 37°C
within 1 h. Further, the reagents from the kit were used
according to manufacturer specification. Reactions
with the substitution of primary antibody 0.01 M by the
phosphate-saline buffer solution — PBC (pH=7.3-7.5)
served as negative control.

Results. Primary taste primordia develop in human
embryo lingual epithelium in the beginning of the 7"
week of intrauterine development. At early gestational
age (from the 6™ to the 9™ week) clear immunepositive
reaction to Sox2 factor in lingual dorsal epithelium
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The human lingual epithelium on week 8 (a), 10 (b), 14 (c) and 18 (d) of intrauterine development, reaction
with antibodies to Sox2 transcription factor. Arrows indicate taste primordia (a) and taste buds (c)
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is absent. Starting from the 8" week of intrauterine
development mild immunopositive reaction presents in
human lingual epithelial cells (See Fig., a), but since the
marker was found not only in nuclei but in cell cytoplasm
the epithelium stain at early developmental stages may
result from nonspecific cross reaction that requires
further studies.

Since the 10" week of intrauterine development clear
and contrast reaction to Sox2 is revealed in the dorsal
epithelium (See Fig., b). According visual assessment
most stained nuclei are seen in the basal epithelial
layer. Solitary spread immunopositive to Sox2 cells are
found in superior epithelial layers. The number of such
cells increases in places where an epithelial layer bends
due to the formation and growth of lingual papillae. No
differences in this marker expression depending on
papillae type were found at this development stage.

On the 12-14" week of intrauterine development
the distribution of immunopositive to Sox2 cells in
epithelium becomes more disperse (See Fig., ¢). In the
lingual basal epithelial layer their number decreases,
and in more superficial layers still there are stained
nuclei but they are not so numerous compared to the
previous developmental stages. A great number of
immunopositive nuclei persist in the basal epithelium of
developing lingual papillae. Immunopositve reaction to
Sox2 is also found in nuclei of taste bud cells.

By the 15" week of intrauterine development the
intensity of reaction to Sox2 in the basal layer of lingual
epithelium starts reducing. Against a mild immunopositive
reaction, in lingual epithelium there stand out the apical
parts of papillae, on which taste buds are located. The
taste bud cell nuclei, as well as those of epithelial cells
surrounding them are brightly stained. limmunoreactivity
to Sox2 also remains in the basal parts of lingual
papillae.

From the 18" till the 21t week of intrauterine
development a bright and clear reaction to Sox2 is
observed only on the top of taste papillae (See Fig., d).
Immunopositive to Sox2 nuclei are situated in taste bud
cells and in epithelial cells surrounding them. As far as
taste buds become distant the reaction in epithelial cells
of the apical part of papillae decreases.

Discussion. Primordial taste buds develop in
the beginning of the 7" week of human intrauterine
development that is consistent with the findings of other
authors [8]. At the stage of taste primordia (before the
10" developmental week) no clear immunopositive
reaction to Sox2 in the lingual epithelium was found
that may result from low expression of this marker.
Following the 10" week of intrauterine development
there starts active morphogenesis of lingual papillae and
there is a sharp rise of Sox2 expression. Most nuclei
immunopositive to Sox2 are localized in basal epithelial
layer, as well as in the growing basal parts of papillae,
i.e. in places of active proliferation and differentiation of
epithelial cells. The obtained results are in agreement
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with data of experiments carried out on mice. Mutant
mice with Sox2 overexpression had increased number
of fungiform papillae rather than taste buds [6]. At early
developmental stages Sox2 appears to regulate the
morphogenesis of lingual papillae and takes no part in
initiation of taste bud cell differentiation. Starting from
the 15" week of human intrauterine development intense
Sox2 expression is found in the epithelium of apical
parts of fungiform papillae and in taste bud cells. Such
distribution of the marker is consistent with the results of
investigations performed on mature mice, in which Sox2
is expressed only in taste bud cells and epithelial cells
surrounding them [18]. Sox2 is likely to participate in
the processes of maturation, renewal and regeneration
of mammalian taste buds. The dependency of Sox2
expression on innervation is proved by experiments
on mature mice, in which expression of this factor
discontinues in degradation of gustative nerves [18].
At early developmental stages prior to penetration
of nerve endings into mice lingual epithelium, Sox2
expression in placodes of lingual papillae is controlled
by Wnt signal pathway [2]. Wnt activation is one of
the unstudied problems since in oral epithelium at the
same stages of embryonal development it results in
different consequences such as teeth or lingual papillae
formation [2]. Most studies in this field have been
performed on rodents, and the results of few works on
human embryos indicate the interspecies differences in
expression of factors and signal molecules. For example,
Sox2 expression is found in the development of germ
cells in mice embryonal gonads, while there is no Sox2
expression in human embryos [19]. All abovementioned
suggests interspecies interpolations to be insufficient
to understand human morphogenesis processes,
and further studies on transcription factors and signal
systems on the human embryonal material are required.

Conclusion. Sox2 transcription factor is found in
the lingual epithelium of all studied human embryos
starting from the 10" week of intrauterine development.
The comparison of distribution of immunopositive nuclei
with the main morphogenetic events in the human
embryos lingual epithelium showed Sox2 to regulate the
morphogenesis of lingual papillae and take no part in
differentiation of taste bud cells at early developmental
stages (before the 10™ week).
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