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В связи с существенным изменением образа жизни человека за последний век резко возросли заболе-
вания, связанные с нарушениями и дефектами в процессе гистогенеза полости рта. Органы ротовой полости 
имеют уникальное онтогенетическое и эволюционное развитие и строение. Сюда в первую очередь относит-
ся рост аномалий и врожденных уродств. Эмбриональное развитие ротовой полости человека представляет 
особый интерес для исследований в медицинской науке, поскольку это связано с тем, что патологические 
процессы протекают в результате сигнальных взаимодействий клеток, соответствующих эмбриональной 
дифференцировке и развитию. Актуальным является изучение эмбриогенеза для поиска ключевых механиз-
мов развития и проявления патологических процессов. Слизистая оболочка полости рта представляет собой 
источник для использования молекулярных механизмов, участвующих в репаративных процессах в тканях 
человека. С помощью соответствующих исследований можно изучить процессы роста и развития слизи-
стой оболочки рта в онтогенезе, а также пролиферацию, рост и дифференцировку эпителиальных структур. 
В представленной работе рассмотрены ключевые процессы, протекающие в формирующейся полости рта 
10 человеческих эмбрионов на стадии 3-5 недель с участием процессов клеточной миграции.

Ключевые слова: слизистая оболочка полости рта, стомодеум, эктодерма, энтодерма, онтогенез, эмбриогенез, 
регенерация, кератинизация
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In connection with a significant change in the lifestyle of a person over the past century, diseases associated 
with disorders and defects in the process of histogenesis of the oral cavity have sharply increased. the organs of 
the oral cavity have a unique ontogenetic and evolutionary development and structure. this primarily includes 
the growth of anomalies and congenital deformities. the embryonic development of the human oral cavity is of 
particular interest for research in medical science, since this is due to the fact that pathological processes occur as 
a result of signal interactions of cells corresponding to embryonic differentiation and development. the study of 
embryogenesis in order to search for key mechanisms of development and manifestation of pathological processes 
is relevant. the oral mucosa is a source for the use of molecular mechanisms involved in reparative processes in 
human tissues. with the help of appropriate research, it is possible to study the processes of growth and development 
of the oral mucosa in ontogenesis, as well as the proliferation, growth and differentiation of epithelial structures. 
in the presented work, the key processes occurring in the forming oral cavity of 10 human embryos at the stage of 
3-5 weeks with the participation of cell migration processes are considered. 
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at the present stage, it is reliably known that 
the formation of the oral cavity occurs simulta-
neously with the formation of other structures 
of the human embryo. the development of the 
oral cavity occurs as a result of the interaction 
of a number of embryonic rudiments and struc-
tures. the formation of the primary oral cavity 
occurs as a result of the formation of an oral 
cavity called the stomodeum. the bottom of 
the stomodeum is the pharyngeal membrane, 
represented by layers of intestinal endoderm 
and cutaneous ectoderm, adjacent to each other 
quite closely without connective tissue layers. 
the stomodeum stops growing at the moment 
when the pharyngeal membrane breaks, which 
communicates it with the cavity of the primary 

intestine. the growth of the oral cavity at this 
stage is provided by growing outgrowths along 
the edges of the stomodeum – gill pockets, gill 
slits and branchial arches. of particular impor-
tance in the formation of the oral cavity are 
i-iii branchial arches. violation of morphoge-
netic processes during embryogenesis can lead 
to developmental abnormalities [1].

the mucous membrane of the gums and 
hard palate formed as a result of ontogenetic 
development consists of stratified squamous 
epithelium and the lamina propria of the mu-
cous membrane. In the stratified squamous epi-
thelium, there are 3 layers: basal, intermediate 
(prickly), superficial. On a histological section, 
the basement membrane is represented by a 
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dense network of thin argyrophilic fibers, most 
of which are closely associated with the pro-
cesses of the cytoplasm of the cells of the basal 
layer. the basal epithelium consists of a layer 
of cylindrical cells with basophilic cytoplasm, 
large oval nuclei with clear boundaries. the 
thorny layer is represented by a wide accumula-
tion of several rows of polygonal cells with light 
cytoplasm and pronounced intercellular bridges. 
some of the author admit the possible existence 
of a pronounced granular layer here, consisting 
of 2-5 rows of cells. in the thickness of the basal 
layer, epithelial stem cells are localized, which 
have a pronounced ability to mitotic division. 
Due to the formed cells that have entered into 
differentiation, the epithelial cells of the overly-
ing layers of the epithelium change. the cells of 
the basal layer take part in the formation of the 
structural components of the basement mem-
brane. the intermediate layer forms the bulk of 
the stratified squamous non-keratinizing epithe-
lium. the cells of this layer, moving towards the 
surface layer, gradually lose their ability to mi-
tosis. the maturation of these cells is capable of 
forming the surface of the epithelial layer. when 
studying a histological section of the oral cavity 
of an embryo, a layer of non-keratinizing epithe-
lium is found, whose cells are capable of produc-
ing substances that have an antimicrobial effect. 
at the same time, the layer of non-keratinizing 
epithelium is much thicker than the keratinizing 
one. for these reasons, it can be argued that if 
the non-keratinizing epithelium in the oral cav-
ity is thinner than the keratinizing epithelium, 
this can lead to a decrease in local immunity, 
which in turn will lead to congenital pathology. 
in the proper gum plate and the mucous mem-
brane of the hard palate, densely located bundles 
of collagen and a thin network of elastic fibers, 
characteristic of fibrous connective tissue, are 
determined, between which fibroblasts, histio-
cytes, single or in the form of clusters of mast 
cells and lymphocytes are located [2].

Purpose of our research is the study of 
the mechanisms of development of the mu-
cous membrane of the human oral cavity 
in ontogenesis.

Material and methods
the study was carried out with the permis-

sion of the ethics Committee of the far eastern 
federal university. the provisions of the hel-
sinki Declaration (2000, 2013) were taken into 
account and taken into account. Biopsies of the 
oral mucosa were obtained in accordance with 
the order of the ministry of health of the rus-
sian federation dated 04.29.94 n 82 «on the 
procedure for conducting pathological autop-

sies» and in accordance with the nomenclature 
of clinical and laboratory tests of the ministry 
of health of the russian federation (order of 
february 21, 2000, no. 64). Clinical material 
for the study was obtained at the Kolot medi-
cal Center (vladivostok) during 2019-2020. 
the biological material of 10 human embryos 
and fetuses, the age of which was determined 
according to ultrasound data and the haas rule, 
was studied. staining of biopsy sections was 
performed according to the classical protocol 
for the method using hematoxylin and eosin.

Results of own research  
and their discussion

the epithelium of the vestibule of the oral 
cavity originates from the cutaneous ectoderm, 
and the epithelium lining the oral cavity itself 
is of endodermal origin. the mucous mem-
brane of the oral cavity is divided into lining, 
or covering (the mucous membrane of the lips, 
cheeks), chewing (the mucous membrane of 
the hard palate and gums) and specialized, 
which covers the upper and lateral surfaces of 
the tongue. in turn, the epithelium of the lin-
ing mucosa is non-keratinizing, the epithelium 
of the lining mucous membrane is non-kerati-
nizing, the epithelium of the masticatory mu-
cosa is multilayered flat keratinizing, and the 
epithelium of the specialized membrane of the 
tongue forms the epithelial-connective tissue 
papillae. the development of these parts of the 
mucous membrane goes with certain differ-
ences, primarily related to the epithelium [3].

it was revealed that at the 3rd week the 
wall of the oral fossa of the embryo is covered 
with a single-layer epithelium. The floor of the 
oral fossa is covered with a two-layer low-pris-
matic epithelium, and the roof is covered with 
ciliated epithelium (fig. 1-4).

 

Fig. 1. Oral fossa of a human embryo  
of 3 weeks. Staining with hematoxylin and eosin. 

Microphoto. Magnification: х200
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Fig. 2. Oral fossa of a human embryo of 4 weeks. 
Staining with hematoxylin and eosin.  

Microphoto. Magnification: х100

Fig. 3. the oral cavity of a human embryo  
of 5 weeks. Staining with hematoxylin and eosin. 

Microphoto. Magnification. х400

Fig. 4. the oral cavity of a human embryo  
of 5 weeks. Staining with hematoxylin and eosin. 

Microphoto. Magnification. x200

the surface of the oral mucosa is represent-
ed by stratified squamous epithelium. In the 
area of   the tooth neck, the submerging ectoder-

mal epithelium forms an enamel cap. Behind 
the neck of the tooth, a two-layer epithelium is 
revealed. The first is a bright basophilic basal 
layer, above which squamous epithelium with 
apically located nuclei is identified. The cyto-
plasm can be weakly colored or not colored at 
all. nuclear-cytoplasmic ratios are high [4]. 

the mucous membrane is covered with 
stratified non-keratinized epithelium, under 
which the basement membrane is identified. In 
the lamina propria, blood vessels are revealed, 
the lumen of which is filled with erythrocytes, 
and numerous fibroblasts are revealed in the in-
tercellular substance with a predominant con-
tent of the amorphous substance [5].

we found an increase in the length of the 
connective tissue papillae protruding into the 
epithelial layer, a change in the nuclear-cyto-
plasmic relationship towards their decrease. 
Differentiation of epithelial cells and their spe-
cialization correspond to a gradual increase in 
the barrier function of the integumentary epi-
thelium of the oral mucosa. the regenerative 
potential gradually decreases, the structure of 
the connective tissue is characterized by the 
appearance of collagen fibers adjacent to the 
epithelial layer [6].

in the composition of the epithelium of 
the oral mucosa, cells appear, the cytoplasm 
of which is vacuolated, there are sufficiently 
large vacuoles that displace the nucleus to the 
cytoplasmic membrane. at the border of the 
prickly and basal layers, single langerhans 
cells are located, mainly identified among the 
epithelium of the mucous membrane, which 
suggests and indirectly indicates the presence 
of antigenic presentation in the oral mucosa for 
restructuring at the stages of maturation. in the 
lamina propria of the oral mucosa, a leukocyte 
reaction can be observed, where monocytes, 
neutrophils and lymphocytes are identified, 
which are involved in the regulation of physi-
ological regeneration.

it should be noted that the formation of 
keratinizing and non-keratinizing epithelium 
of the oral mucosa is determined by differences 
in the expression of cytokeratins in epithelial 
cells, and the differences begin to appear from 
10-12 weeks of embryogenesis. at the same 
time, in the mucous membrane of the chewing 
type, the epithelium forms scallops protruding 
into its own lamina, as a result of which the 
border of the epithelium and connective tissue 
becomes wavy. as a result of proliferation and 
further differentiation of cells, the epithelial 
layer is gradually subdivided into layers (ba-
sal, prickly, granular and horny). initially, be-
fore the eruption of teeth, keratinization in the  
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epithelium is carried out by parakeratosis and only 
after their appearance – by orthokeratosis [7].

the source of development of the lamina 
propria of the mucous membrane is ectomes-
enchyme. first, the formation of an amorphous 
substance occurs, after which the process of fib-
er synthesis begins: at 6-8 weeks of embryonic 
development, reticular fibers are formed, and 
collagen fibers appear already at 8-12 weeks. 
Elastic fibers are formed at 17-20 weeks of de-
velopment. the differences between the proper 
laminae of the chewing and lining mucosa are 
in the greater number of fibers in the mucous 
membrane of the chewing type. with the devel-
opment of the latter in the mesenchyme, start-
ing from 6-8 weeks of embryogenesis, clusters 
of mesenchymal cells appear, which turn into 
fibroblasts, intensively synthesizing fibers.

physiological regeneration and matura-
tion of the oral mucosa in human ontogenesis 
are associated with the constant proliferative 
activity of the structures of the oral mucosa. 
they are under the control and regulation of 
the effector immunocompetent cells of the oral 
mucosa [8].

Conclusion
Knowledge of the development of the oral 

mucosa in human ontogeny are necessary to 
create an innovative platform for cellular tech-
nologies in medicine. this would help to ex-
clude the common pathology of the formation 
of lateral clefts and underdevelopment, leading 
to non-union of the middle part of the upper lip 

with its outer part, which is a consequence of 
the appearance of the cleft lip, or the formation 
of a gap between the middle and lateral parts of 
the palate, which forms the cleft palate. 

Scientific adviser – Doctor of Medical Sci-
ences, Professor G.V. reva.
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