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EPITHELIAL-MESENCHYMAL 
TRANSITION’S POSSIBLE ROLE 

IN THE PATHOGENESIS OF 
PERIODONTITIS (LITERATURE 

REVIEW)

Burkhonova Zarafruz Kobilovna
Samarkand State Medical University, Samarkand, Uzbekistan

Abstract: Inflammatory periodontal diseases have become a significant focus of modern dentistry due to the increasing 
global prevalence of gingivitis and periodontitis. This review aims to examine the relationship between the development 
of inflammatory periodontal diseases and increased permeability of the gingival sulcus epithelium. Particular attention is 
given to the interaction between the oral microbiota and the epithelial barrier.

Scientific publications indexed in eLIBRARY, Google Scholar, and PubMed were analyzed. Between 2004–2025, more 
than 100 studies addressing various aspects of the topic were identified. Following a rigorous selection process, 60 
publications, including review articles and experimental studies conducted both in vitro and in vivo, were included in the 
analysis. The reviewed evidence demonstrates a close association between alterations in the mucosal microbiota and the 
regulation of innate and adaptive immunity. Beneficial microorganisms may enhance antimicrobial defense mechanisms 
either indirectly through immune modulation or directly by inhibiting pathogens that impair epithelial barrier function.

Epithelial–mesenchymal transition (EMT), characterized by the loss of epithelial features and the acquisition of mes-
enchymal properties, appears to play an important role in this process. These alterations may weaken the basement 
membrane, compromise epithelial integrity, and contribute to periodontal pocket formation. As a result, pathogenic micro-
organisms may penetrate deeper into oral tissues. Tight junctions and intercellular adhesion complexes are essential for 
maintaining epithelial stability and normal cellular function.

Key words: Epithelial–mesenchymal transition (EMT), Snail, epithelial barrier permeability, oral microbiota, tight junction 
proteins, gingival crevicular fluid, periodontitis.
Annotatsiya: Yallig‘lanishli periodontal kasalliklar gingivit va periodontitning dunyo miqyosida keng tarqalishi sababli 
zamonaviy stomatologiyaning dolzarb muammolaridan biriga aylangan. Mazkur sharhning maqsadi yallig‘lanishli perio
dontal kasalliklarning rivojlanishi hamda milk egatchasi epiteliysi o‘tkazuvchanligining ortishi o‘rtasidagi bog‘liqlikni tahlil 
qilishdan iborat. Asosiy e’tibor og‘iz mikrobiotasi va epitelial to‘siq o‘rtasidagi o‘zaro ta’sirga qaratilgan.

Tadqiqot davomida eLIBRARY, Google Scholar va PubMed bazalarida indekslangan ilmiy manbalar tahlil qilindi. 2004–
2025-yillar oralig‘ida mavzuga oid 100 dan ortiq ilmiy maqolalar aniqlanib, qat’iy saralash jarayonidan so‘ng 60 ta manba, 
jumladan, обзор maqolalar hamda in vitro va in vivo eksperimental tadqiqotlar tahlilga kiritildi. Olingan natijalar shilliq 
qavat mikrobiotasidagi o‘zgarishlar tug‘ma va adaptiv immunitet regulyatsiyasi bilan chambarchas bog‘liqligini ko‘rsatadi. 
Foydali mikroorganizmlar immun tizimi orqali antimikrob himoyani kuchaytirishi yoki epitelial to‘siq funksiyasini buzuvchi 
patogenlarga bevosita qarshi ta’sir ko‘rsatishi mumkin.

Epitelial–mezenximal o‘tish (EMT) jarayoni epitelial hujayralarning o‘z xususiyatlarini yo‘qotib, mezenximal belgilarni 
egallashi bilan tavsiflanadi va periodontal patologiya rivojlanishida muhim rol o‘ynaydi. Ushbu o‘zgarishlar bazal mem-
brananing zaiflashishiga, epitelial yaxlitlikning buzilishiga hamda periodontal cho‘ntak hosil bo‘lishiga olib kelishi mumkin. 
Natijada patogen mikroorganizmlar og‘iz bo‘shlig‘i to‘qimalarining chuqur qatlamlariga kirib boradi. Tight junction oqsillari 
va hujayralararo bog‘lanish komplekslari epitelial barqarorlik hamda normal hujayra faoliyatini saqlashda muhim ahami-
yatga ega.

Kalit so‘zlar: Epitelial–mezenximal o‘tish (EMT), Snail, epitelial to‘siq o‘tkazuvchanligi, og‘iz mikrobiotasi, tight junction 
oqsillari, gingival suyuqlik, periodontit.
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Е Аннотация: Воспалительные заболевания пародонта являются одной из актуальных проблем современной сто-

матологии в связи с ростом распространенности гингивита и пародонтита во всем мире. Цель данного обзора 
– изучение взаимосвязи между развитием воспалительных заболеваний пародонта и повышенной проницаемо-
стью эпителия десневой борозды. Особое внимание уделено взаимодействию оральной микробиоты и эпители-
ального барьера.

Были проанализированы научные публикации, индексированные в базах данных eLIBRARY, Google Scholar и 
PubMed. В период 2004–2025 гг. выявлено более 100 исследований, посвященных различным аспектам данной 
проблемы. После тщательного отбора в анализ были включены 60 публикаций, включая обзорные статьи и экспе-
риментальные исследования in vitro и in vivo. Полученные данные свидетельствуют о тесной связи между наруше-
нием микробиоты слизистой оболочки и регуляцией врожденного и адаптивного иммунитета. Полезные микроор-
ганизмы способны усиливать антимикробную защиту как посредством иммунной регуляции, так и путем прямого 
подавления патогенов, нарушающих функцию эпителиального барьера.

Эпителиально-мезенхимальный переход (EMT), характеризующийся утратой эпителиальных свойств и при-
обретением мезенхимальных признаков, играет важную роль в данном процессе. Эти изменения могут осла-
блять базальную мембрану, нарушать целостность эпителия и способствовать формированию пародонтального 
кармана. В результате патогенные микроорганизмы способны проникать в более глубокие ткани полости рта. 
Плотные межклеточные контакты и адгезионные комплексы имеют ключевое значение для поддержания стабиль-
ности эпителиального барьера и нормального функционирования клеток.

Ключевые слова: Эпителиально-мезенхимальный переход, Snail, проницаемость эпителиального барьера, 
оральная микробиота, белки плотных контактов, десневая жидкость, пародонтит.

INTRODUCTION
The increasing prevalence of gingivitis and periodontitis among both adults and children highlights the 

urgent need for novel approaches to the diagnosis, treatment, and prevention of inflammatory periodontal 
diseases. Further research is required to achieve a comprehensive understanding of the complex etiology 
and pathophysiology of these disorders. Numerous factors, including genetic predisposition, immune system 
dysfunction, bacterial and viral infections, vitamin and trace element deficiencies, hormonal imbalances, 
mechanical trauma, and stress-related conditions, may contribute to the development of inflammatory peri-
odontal diseases (IPD) [2, 3].

It should be emphasized that each of these factors has the potential to disrupt the balance and structure 
of the oral microbiome, which plays a crucial role in maintaining oral health. Inflammatory periodontal diseases 
are currently regarded as multifactorial disorders associated with microbiome imbalance. Such dysbiosis trans-
forms the normal periodontal microbiota into a pathogenic one, altering both the composition and quantity of 
microorganisms within the periodontal pocket. The progression of the disease is initiated by microbiological 
alterations, immune responses, and environmental influences.

The development of chronic periodontitis is closely associated with the activity of opportunistic and patho-
genic microorganisms, particularly Gram-negative bacteria, including Porphyromonas gingivalis, Tannerella 
forsythia, Treponema denticola, Prevotella intermedia, and Aggregatibacter actinomycetemcomitans. The 
gingival sulcus provides favorable conditions for their proliferation because it remains open and continuously 
exposed to the external environment. Over time, the thin epithelial layer resistant to aging is replaced by 
connective epithelium. The microbial biofilm, which remains in constant contact with the tooth surface, eventu-
ally fuses with it, leading to the establishment of a persistent immune response [4–6].

Increased inflammatory activity within the gingival sulcus is considered one of the major factors capable of 
disrupting the junctional epithelium. Leukocytes involved in the inflammatory response include polymorphonu-
clear leukocytes and mononuclear leukocytes, such as T- and B-lymphocytes. Furthermore, various bacterial 
species within the oral microflora may stimulate epithelial cells to release specific cytokines. Increased inter-
cellular distance between desmosomes and alterations in the expression of proteins responsible for tight inter-
cellular junctions subsequently compromise epithelial integrity. Regulation of epithelial tight junctions by T-cells 
is essential for maintaining tissue homeostasis or, conversely, for promoting the development of pathological 
conditions.

When intercellular epithelial junctions are damaged, bacterial toxins and antigens can more easily pene-
trate epithelial barriers and initiate inflammatory responses. Reduced expression of key epithelial markers, 
including E-cadherin, vimentin, and N-cadherin, has been associated with periodontitis. Clinically, this is mani-
fested by granulation tissue formation, connective tissue proliferation, and increased microtrauma of the peri-
odontal pocket epithelium. Under the influence of inflammatory mediators and cellular factors, gingival epithelial 
cells may undergo transdifferentiation from an epithelial phenotype to a mesenchymal phenotype.
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Research findings indicate that inflammatory processes in periodontal tissues develop when proteins 
responsible for maintaining tight cell-to-cell junctions become disrupted. These proteins are essential for 
preserving the barrier function of the epithelium. Therefore, a comprehensive review focused on increased 
epithelial barrier permeability and the mechanisms regulating tight junction function remains highly relevant.

The aim of this study was to investigate the influence of these factors on the development of inflammatory 
periodontal diseases.

LITERATURE REVIEW
Recent studies have demonstrated that inflammatory periodontal diseases are closely associated with 

disturbances in the oral microbiota and impairment of epithelial barrier integrity. According to Kovalevskiy et al., 
bacterial biofilms formed within periodontal pockets play a decisive role in the progression of chronic inflam-
mation and tissue destruction. The authors emphasized that microbial biofilms alter the local immune response 
and contribute to epithelial dysfunction through persistent bacterial colonization. 

Research conducted by Ippolitov, Nikolaeva, and Tsarev showed that oral biofilms activate multiple immune 
signaling pathways involved in periodontal inflammation. Their findings suggested that pathogenic microorgan-
isms stimulate cytokine production and disrupt the balance between protective and destructive immune mech-
anisms. Tsarev et al. further reported that periodontopathogenic bacteria, particularly Gram-negative species, 
are among the principal etiological factors responsible for the development and progression of periodontitis. 

Bosshardt and Lang described the junctional epithelium as a critical protective structure maintaining peri-
odontal homeostasis. Their work demonstrated that disruption of epithelial integrity facilitates bacterial penetra-
tion into deeper periodontal tissues. Similar observations were reported by Katz et al., who identified the ability 
of Porphyromonas gingivalis to degrade epithelial junctional complexes and weaken intercellular adhesion. 
These alterations significantly increase epithelial permeability and promote inflammatory responses within peri-
odontal tissues. 

Amano and Nakagawa investigated the pathogenic mechanisms of Porphyromonas gingivalis and demon-
strated that bacterial virulence factors impair epithelial barrier function by affecting extracellular matrix proteins 
and cellular integrins. Abe-Yutori et al. later confirmed that lipopolysaccharides produced by P. gingivalis reduce 
E-cadherin expression, thereby attenuating epithelial barrier integrity. Guo et al. additionally reported signifi-
cant alterations in tight junction proteins, including claudins and occludin, in oral epithelial cells exposed to 
periodontal pathogens. 

Modern investigations increasingly focus on the relationship between epithelial–mesenchymal transition 
(EMT) and periodontal disease progression. Vitkov et al. demonstrated that disruption of the gingival epithe-
lial barrier represents a crucial stage in periodontitis pathogenesis, facilitating microbial invasion and chronic 
inflammation. Dutzan et al. highlighted the importance of immune cell interactions within the gingival barrier, 
while Hartmann et al. emphasized the physiological role of junctional adhesion molecules (JAMs) in main-
taining epithelial stability and regulating permeability. Collectively, these findings indicate that EMT-associated 
alterations in epithelial structure and tight junction proteins contribute substantially to the pathogenesis of peri-
odontitis. 

RESEARCH METHODOLOGY
The study examined original articles and scientific publications retrieved from databases such as eLIBRARY, 

Google Scholar, and PubMed. More than 100 scientific publications published between 2004–2024 were iden-
tified during the review process. The systematic review employed search queries including “inflammatory peri-
odontal diseases,” “epithelial barrier permeability,” “oral microbiota,” “tight junction protein complexes,” “gingival 
crevicular fluid,” as well as their Russian equivalents, “chronic periodontitis,” “aggressive periodontitis,” “epithe-
lial barrier,” and “increased epithelial permeability syndrome.” The STATA checklist, developed for systematic 
reviews and meta-analyses, was applied as one of the tools for systematic analysis. Fifty-six scientific publica-
tions that met the established inclusion criteria were selected for the study. These included review articles as 
well as in vitro and in vivo experimental investigations.

The aim of this systematic review was to evaluate and analyze evidence regarding the role of epithelial 
permeability mechanisms in the development of inflammatory periodontal diseases (IPD) and to investigate the 
potential use of tight junction proteins as diagnostic markers for these disorders. Three electronic bibliographic 
databases–PubMed, Google Scholar, and eLIBRARY–were analyzed. The review covered publications from 
2004–2025. Keywords related to connective proteins, oral microbiota, inflammatory periodontal diseases, 
gingival crevicular fluid, chronic and aggressive periodontitis, and epithelial barrier permeability were used to 
identify relevant studies. Uzbek equivalents of the key terms were also included in the search strategy. Addi-
tional relevant materials were identified through manual screening of reference lists from selected publications.
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After removing duplicates and publications that did not satisfy the eligibility criteria, the number was reduced to 
85 articles. Following the screening procedure, 60 studies, including randomized controlled clinical trials and 
systematic reviews, were selected for inclusion. A further thirteen publications were excluded because of the 
absence of a proper clinical diagnosis, non-representative study populations, or unclear diagnostic criteria. 
Any disagreements regarding study inclusion or exclusion were resolved through collaborative discussion. 
Ultimately, a comprehensive review of 60 scientific publications was conducted.

The studies were selected according to strict inclusion criteria. Participants from two age groups–young 
adults (18–44 years) and middle-aged adults (45–59 years)–were involved in both laboratory (in vitro) and 
clinical (in vivo) investigations. The study population consisted of patients diagnosed with inflammatory peri-
odontal diseases, including chronic gingivitis and chronic periodontitis. A control group comprising individuals 
without clinical signs of periodontitis was also included. Periodontal tissue biopsies and oral fluid samples, 
including saliva and gingival crevicular fluid, were analyzed to investigate the expression and synthesis of 
proteins involved in the formation of tight junctions.

The reviewed studies included volunteers with clinically healthy periodontal tissues as well as patients 
with inflammatory periodontal diseases (IPD). Individuals with a history of periodontal surgery were excluded 
to ensure the reliability of the findings. Reviews and meta-analyses, studies involving children younger than 
18 years, studies focused on non-inflammatory periodontal disorders, investigations of antimicrobial peptides 
in blood serum, and studies examining antimicrobial peptide expression in systemic inflammatory syndromes 
were excluded from the analysis.

Previous investigations have demonstrated that the oral microbiota changes dynamically during infectious 
diseases. Periodontitis develops as a consequence of oral dysbiosis mediated through multiple molecular 
pathways. Recent studies have emphasized the importance of interactions among the immune system, oral 
microorganisms, and epithelial cells in maintaining the stability and integrity of the oral mucosa. Alterations 
in mucosal microbiota may influence both innate and adaptive immune responses. A reduction in symbiotic 
microorganisms and/or an increase in pathobionts (symbiotic bacteria with pathogenic potential) contribute to 
the initiation of inflammation. Microorganisms affect immune responses by regulating the activity of regulatory 
T-cells (Treg) and T-helper 17 cells (Th17), which play critical roles in immune regulation [22–24].

The epithelium, functioning as the body’s first line of defense, is capable of recognizing and interacting 
with microbial communities. Imbalances in microbiota composition and associated metabolic alterations may 
compromise the barrier function of the mucosal epithelium [25, 26].

ANALYSIS AND RESULTS
Epithelial–mesenchymal transition (EMT) is characterized by the transformation of epithelial cells into 

mesenchymal-like cells and is associated with overexpression of mesenchymal markers, including vimentin, 
N-cadherin, Snail1, and Twist1, as well as downregulation of epithelial markers such as E-cadherin [55–58]. Peri-
odontal pathogens, particularly Gram-negative bacteria such as Porphyromonas gingivalis and Fusobacterium 
nucleatum, are capable of inducing EMT in oral epithelial cells, resulting in reduced barrier function, increased 
cellular motility, and loss of intercellular adhesion [58–60].

Analysis of the reviewed studies revealed important findings regarding bacterial species, mechanisms 
regulating epithelial barrier permeability, and the molecular pathways underlying barrier function. Multiple 
mechanisms through which beneficial microorganisms influence the barrier properties of the gingival epithelium 
were identified. Beneficial bacteria contribute to periodontal health through two primary mechanisms. First, they 
stimulate the host immune system to produce antimicrobial peptides (AMPs), which help eliminate pathogens. 
Second, certain beneficial microorganisms possess intrinsic antibacterial properties that strengthen the epithe-
lial barrier and inhibit pathogenic microorganisms. Together, these processes enhance the protective function 
of the gingival epithelium.

The integrity of the physiological barrier becomes compromised when pathogenic oral bacteria penetrate 
the gingival sulcus epithelium. Their presence disrupts metabolic balance and increases tissue permeability. 
Because gingival sulcus epithelial cells undergo rapid renewal within approximately 6–12 days, damaged 
tissues may be replaced relatively quickly. In addition to neutrophil-mediated degradation, numerous studies 
have investigated the role of periodontopathogenic microorganisms and their toxins in epithelial barrier destruc-
tion. In vitro investigations demonstrated that exposure to bacterial lipopolysaccharide (LPS) reduces claudin-1 
expression following junctional epithelium (JE) exposure, thereby aggravating epithelial barrier disruption.

Recent evidence indicates that the virulence proteins of P. gingivalis can degrade E-cadherin, a key mole-
cule required for maintaining gingival epithelial integrity. Such damage disrupts epithelial defense mechanisms 
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under laboratory conditions. These findings highlight the important role of bacterial modulation of epithelial 
barrier function in the development and progression of periodontal diseases.

Recent studies also suggest that medications, dietary supplements, and metabolites may help preserve 
gingival epithelial integrity. For example, irsogladine maleate functions as an anti-ulcer agent and protects 
gingival epithelium from periodontopathogen-induced injury by preventing degradation of E-cadherin and 
claudin-1 proteins. Furthermore, vitamins C and E may restore E-cadherin expression in gingival epithelial 
cells infected with P. gingivalis. Polyphenols contained in green tea have also been shown to enhance the 
synthesis of tight junction-associated proteins, including occludin and ZO-1, in gingival keratinocytes infected 
with P. gingivalis.

Tight junctions are dynamic structures that continuously respond to environmental influences rather 
than remaining static. These influences include external factors such as dietary components, viruses, and 
commensal microorganisms, as well as internal factors such as growth hormones and cytokines [54]. More 
than 40 proteins associated with tight junctions, including claudins, occludins, and ZO-1, have been identified 
[50]. Another study demonstrated that catechin improves the integrity of the oral epithelial barrier, most likely 
through enhanced expression and redistribution of ZO-1 and occludin proteins. ZO-1, a major tight junction 
component, directly interacts with cytoplasmic actin and occludin proteins that form transmembrane tight junc-
tion complexes [51].

The discovery of tight junctions (TJs) became possible through transmission electron microscopy in 1963, 
revealing their role in establishing close intercellular connections. Research demonstrated their localization 
within epithelial intercellular spaces and their association with paracellular transport systems. Freeze-frac-
ture electron microscopy further revealed that TJs form interconnected filamentous networks extending across 
superficial and deep epithelial layers. Studies also demonstrated a strong relationship between TJ strand 
morphology and epithelial barrier function, which can be evaluated through transepithelial electrical resistance 
(TER) measurements in intestinal epithelial cells. Tight junctions are now recognized as protein complexes that 
maintain intercellular integrity at the apical surface and reinforce epithelial barrier function.

The first identified tight junction protein, ZO-1, was discovered in 1986. Cingulin was identified as a periph-
eral tight junction protein in 1989. The discovery of occludin in 1993 represented a major breakthrough, as it 
became recognized as the first transmembrane protein essential for tight junction barrier formation. Subse-
quent studies identified additional transmembrane proteins associated with the TJ complex, including claudins, 
junctional adhesion molecules (JAMs), membrane-associated domain proteins such as MarvelD3, and proteins 
associated with vesicular trafficking and MAL-related pathways. Certain tight junction proteins, including 
claudin-2 and claudin-15, contribute to the formation of paracellular pores that permit the physiological passage 
of water and ions through enterocytes. Disruption of epithelial barrier function may initiate a pathological cycle in 
which immune responses further aggravate inflammatory processes and contribute to disease progression [31].

One of the major determinants of epithelial barrier function is permeability, which depends on the struc-
tural organization and molecular composition of tight junctions. Tight junctions are dynamic structures formed 
through interactions among proteins located on the apical membrane surface. Some proteins function as cyto-
plasmic scaffolds, whereas others span the membrane. According to the number of transmembrane domains, 
TJ proteins are classified into several groups:

•	 single-span proteins such as JAM, Crb3, and CAR;

•	 three-span proteins such as BVES;

•	 and tetraspan proteins including claudins, occludin, tricellulin, MarvelD3, and tight junction-associated 
MARVEL proteins (TAMPs).

Experimental studies on JAM, occludin, claudin, and tricellulin have demonstrated their crucial role in 
regulating epithelial tight junction permeability. As members of the immunoglobulin superfamily, JAM proteins 
play essential roles in epithelial and endothelial adhesion and permeability. Four major JAM isoforms have 
been identified: JAM-A, JAM-B, JAM-C, and JAM-4. However, the precise role of JAM-4 within tight junction 
structures remains insufficiently understood [44].

CONCLUSION AND RECOMMENDATIONS
Analysis of the available evidence demonstrates that tight junctions play a critical role in the early antimi-

crobial defense mechanisms of periodontal tissues. Increased epithelial permeability may facilitate the penetra-
tion of microbial pathogens through the epithelial barrier. This process can lead to disruption of the oral micro-
flora balance, aggravation of gingival sulcus epithelial damage, and progression of periodontal inflammation.
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2026-yil, may, 5(2)-son

Pedagogika fanlari

Pedagogika nazariyasi. Pedagogik ta’limotlar tarixi

Ta’lim va tarbiya nazariyasi va metodikasi (sohalar bo‘yicha)

Maxsus pedagogika

Jismoniy tarbiya va sport mashg‘ulotlari nazariyasi va metodikasi

Kasb-hunar ta’limi nazariyasi va metodikasi

Elektron ta’lim nazariyasi va metodikasi (ta’lim sohalari va bosqichlari bo‘yicha)

Ta’limda menejment

Maktabgacha ta’lim va tarbiya nazariyasi va metodikasi

Ijtimoiy pedagogika

Tarix fanlari

Psixologiya fanlari

Fizika-matematika fanlari

Kimyo fanlari

Biologiya fanlari

Falsafa fanlari

Filologiya fanlari

Geografiya fanlari

13.00.00

13.00.01

13.00.02

13.00.03

13.00.04

13.00.05

13.00.06

13.00.07

13.00.08

13.00.09

07.00.00

19.00.00

01.00.00

02.00.00

03.00.00

09.00.00

10.00.00

11.00.00
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