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Abstract. Celiac disease is a chronic, immune-mediated enteropathy that occurs in genetically
susceptible individuals following the ingestion of gluten, a protein complex found in wheat, barley,
and rye. It is primarily characterized by an abnormal adaptive immune response, leading to
inflammation and structural damage in the small intestine. The hallmark pathological feature of the
disease is villous atrophy—flattening and shortening of the intestinal villi—alongside crypt
hyperplasia and intraepithelial lymphocytosis, all of which contribute to impaired nutrient
absorption and the clinical manifestation of malabsorption syndrome. At the molecular level, gluten
is incompletely digested in the gastrointestinal tract, resulting in the accumulation of immunogenic
proline- and glutamine-rich peptides. These peptides are further modified by the enzyme tissue
transglutaminase (tTG) through deamidation, enhancing their affinity for HLA-DQ2 or HLA-DQ8
molecules on antigen-presenting cells in the intestinal mucosa. This interaction stimulates the
activation of gluten-specific CD4+ T cells, which secrete proinflammatory cytokines and recruit
other immune cells, leading to chronic inflammation and tissue injury. Additionally, patients with
celiac disease develop circulating autoantibodies against tTG, which are used as diagnostic markers.
While the cornerstone of treatment is a strict lifelong gluten-free diet, adherence can be challenging,
and accidental exposure remains a common problem. As a result, current research is increasingly
focused on developing alternative or adjunctive therapies, including enzyme supplementation,
zonulin pathway blockers, and immunomodulatory agents, which aim to improve intestinal barrier
function or regulate the immune response. These approaches offer promising avenues for more
comprehensive disease management in the future.

Annomayus. llennakusi — XpOHMYECKas HMMMYHOOIIOCPEIOBAaHHAs OSHTEPONATHUS, KOTOpas
pa3BUBAaeTCAd y TEHETHUYECKH NPEIPacloNOKEHHBIX JIIOACH TMocie YHoTpeOneHus TIIIoTeHa —
OETKOBOro  KOMIUIEKCa, COJAEp)Kallerocss B IIIEHHWIe, sUMeHe U pxku. 3alosieBaHue
XapaKTepU3yeTcs, MPEKIe BCEr0, aHOMAJIbHBIM aJalTHBHBIM UMMYHHBIM OTBETOM, TTPUBOISAIIUM K
BOCMAJICHUIO W  CTPYKTYPHBIM  TOBPEXKJCHHSIM  TOHKOTO  KHUIIEUYHHUKA. OTIMYNTETHHON
MATOJIOTHYECKOM OCOOCHHOCTHIO 3a00JIeBaHUS SBISIETCS arpousi BOPCUHOK — YIUIOIICHHE H
YKOPOUEHHE KUILIEYHBIX BOPCUHOK — B COUETAHUU C TUIEPILIA3Ued KPUIIT U UHTPASUTETUATBHBIM
TUM(OIIMTO30M, HYTO CHOCOOCTBYET HAPYIIEHWIO BCAChIBAHUS THTATEIbHBIX BEMIECTB U
KIIMHUYECKOMY TPOSIBICHUIO CHHJpoMa MaibaOcopOuuu. Ha MonekyasipHOM ypoBHE IVIIOTEH He
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MOJIHOCTHIO TIEPEBAPUBACTCS B KEIYAOYHO-KUIIEYHOM TPAaKTE, YTO MNPUBOIUT K HAKOIUICHUIO
MMMYHOT€HHBIX MENTHI0B, OOraTblx TMPOJMHOM M [IyTaMUHOM. OTH TENTUIbl Jajee
MoIM(GHUIUPYIOTCS  (epMEeHTOM  TKaHeBOM  TpaHcniyramuHazoi  (tTG)  mocpencTtBoM
J€3aMHUIMPOBAHUsS, 4YTO TMOBBIIIAET WX cpojacTtBo k Monekynam HLA-DQ2 wnu HLA-DQS8 nHa
AHTUTECHIPE3CHTUPYIOMUX KIJIETKAaX CIM3UCTONM OOOJOYKM KHIIEYHHKA. DTO B3aWMOJICHCTBUE
CTUMYJIUPYET aKTUBalUi0 DIoTeH-crienupuyeckux CD4+ T-kieTok, KOTOpble CEKPETUPYIOT
MIPOBOCHAMTEIBHBIC TUTOKHHBI ¥ TPUBJICKAIOT IPYTHe€ WUMMYHHBIC KIETKH, YTO TPUBOIUT K
XPOHHUYECKOMY BOCIAJICHHUIO U IOBPEXACHUIO TKaHed. Kpome TOro, y HnanuMeHTOB C LEIUaKheu
BbIPa0aThIBAIOTCS LHUPKYIUpPYyIONKe ayToaHtuTena K TTI, KOoTopele HCHONB3YIOTCA B KayecTBE
JIUArHOCTUYECKMX MapKepoB. XOTA KpaeyroibHbIM KaMHEM JIeYEHUs SBISETCA cTporas
MOXXU3HEHHAsi OE3INIOTEHOBasi JHeTa, €€ COOMIOEHHE MOXKET OBITh CIIOKHBIM, a CllydaiiHoe
BO3JICHCTBHE OCTAECTCSl paclpoCTpaHeHHOU mpodiemoit. B pe3ynbraTe COBpEMEHHBIE UCCIIEI0BAHUS
Bce Oonbie (GOKyCHPYIOTCS Ha pa3paboTKe allbTepPHATHBHBIX WU JIOMOJHUTEIBHBIX METOIOB
JeueHus1, BKIroyas pepMeHTHbIE 100OaBKH, OJOKATOPBI 30HYJIMHOBOTO MMYTH U UMMYHOMOJY/SITOPBIL,
HanpaBlicHHbIC HA YIyYlIeHHWE OapbepHOW (YHKIUM KHIICYHHUKA WIIH PETYISIUI0 HMMYHHOTO
OTBETa. OTHU IOJAXOJbl OTKPBHIBAIOT MHOrOOOELIAIONINe MYTHU A 00Jiee KOMIUIEKCHOTO JIEYCHHS
3a0051eBaHUS B OyIyIIIEM.

Keywords: celiac disease, gluten, autoimmune response, tissue transglutaminase (tTG),
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Celiac disease (CD) is a systemic autoimmune disorder with immunogenetic foundations,
associated with hypersensitivity to gluten proteins and strongly linked to the HLA-DQ2 and HLA-
DQ8 alleles. The disease primarily affects the small intestine; however, the clinical manifestations
are broad, with both intestinal and extra-intestinal symptoms [5].

According to epidemiological data, approximately 1 in every 70 to 200 individuals worldwide
is genetically predisposed to the condition [1]. In the pathogenesis of the disease, incompletely
digested gluten-derived peptides interact with the intestinal epithelium, triggering the activation of
the adaptive immune response.

The epithelial surface of the small intestine is highly specialized for nutrient absorption,
characterized by densely packed villi and microvilli that dramatically increase the mucosal surface
area [2]. This architectural adaptation allows for efficient digestion and uptake of dietary
macronutrients. Proteins such as gluten are typically broken down into smaller peptides and amino
acids through the concerted action of pancreatic and intestinal enzymes, and are absorbed via
enterocytes that line the intestinal mucosa [6].

In individuals with celiac disease, however, this finely regulated process is disrupted by an
inappropriate immune response to gluten-derived peptides. Certain proline- and glutamine-rich
fragments of gluten resist complete enzymatic hydrolysis and reach the intestinal mucosa in
immunogenic forms. These peptides are further deamidated by the enzyme tissue transglutaminase
(tTG), enhancing their affinity for HLA-DQ2 or HLA-DQ8 molecules on antigen-presenting cells.
This interaction initiates a cascade of immune events involving the activation of gluten-specific
CD4+ T cells and the release of proinflammatory cytokines such as interferon-gamma and
interleukin-15.
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The immune-mediated response leads to a breakdown in epithelial integrity, including
increased intestinal permeability, intraepithelial lymphocyte infiltration, and progressive villous
atrophy. As villi flatten, the absorptive capacity of the small intestine declines, resulting in impaired
uptake of essential nutrients such as iron, calcium, folate, and fat-soluble vitamins. Clinically, this
manifests as chronic diarrhea, malabsorption syndrome, weight loss, anemia, and growth retardation
in pediatric cases. Persistent gluten exposure perpetuates mucosal injury, highlighting the
importance of strict dietary management.

In celiac disease, gluten-derived peptides induce the secretion of zonulin by intestinal
epithelial cells, which disrupts the function of tight junctions and compromises the integrity of the
intestinal barrier [7]. This increased permeability facilitates the translocation of immunogenic
peptides into the lamina propria, where they interact with the immune system. Tissue
transglutaminase (tTG) enzymatically deamidates specific glutamine residues within these peptides,
enhancing their binding affinity to HLA-DQ2 or HLA-DQ8 molecules expressed on antigen-
presenting cells [3]. This process leads to the activation of CD4+ T-helper cells, which in turn
release proinflammatory cytokines—particularly interferon-gamma (IFN-y) — thereby sustaining
chronic intestinal inflammation.

Histologically, characteristic features of celiac disease include villous atrophy, crypt
hyperplasia, and dense infiltration of lymphocytes within the lamina propria. These structural
alterations significantly impair the absorptive capacity of the small intestine, ultimately resulting in
malabsorption syndrome [4].

The combination of epithelial damage, immune cell infiltration, and chronic inflammation
constitutes the hallmark of celiac enteropathy and underlies the clinical symptoms observed in
affected individuals. The persistence of gluten in the diet perpetuates these immune responses,
further aggravating mucosal injury and nutrient deficiency.

The high proline and glutamine content of gluten renders it resistant to complete degradation
by gastrointestinal proteolytic enzymes, leading to the generation of immunogenic peptides such as
the 33-mer gliadin peptide in the intestinal lumen. These peptides are capable of triggering immune
activation within intestinal epithelial cells, thereby initiating the pathological immune response
characteristic of celiac disease.

In healthy individuals, the intestinal epithelial barrier serves as a critical defense mechanism,
selectively allowing nutrient absorption while restricting the passage of harmful antigens and
pathogens. Tight junction proteins, including claudins, occludin, and zonula occludens (ZO),
maintain this barrier integrity by regulating paracellular permeability. Zonulin, an endogenous
modulator of tight junctions, plays a key role in the dynamic regulation of intestinal permeability. In
celiac disease, exposure to gluten peptides stimulates the release of zonulin from intestinal epithelial
cells, resulting in the disassembly of tight junctions and increased paracellular permeability.

The upregulation of zonulin leads to a compromised epithelial barrier, commonly referred to
as "leaky gut," which permits the uncontrolled passage of immunogenic gluten peptides and other
luminal antigens into the lamina propria. This facilitates the interaction between these antigens and
antigen-presenting cells, thereby enhancing the activation of the adaptive immune system. The
sustained disruption of the barrier function not only contributes to chronic intestinal inflammation
but also increases the risk of systemic immune responses and associated extraintestinal
manifestations. Targeting the zonulin signaling pathway has emerged as a promising therapeutic
approach to restore epithelial integrity and limit antigen translocation in individuals with celiac
disease and other autoimmune conditions [8-10].
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Materials and Methods

This study was conducted as a comprehensive literature-based analysis aimed at evaluating
the physiological and biochemical mechanisms underlying celiac disease. A systematic review
approach was employed to gather, assess, and synthesize peer-reviewed scientific publications,
clinical trials, and meta-analyses from the past two decades (2000-2024). Databases including
PubMed, Scopus, and Web of Science were searched using keywords such as “celiac disease,”
“gluten,” “tissue transglutaminase,” “zonulin,” “intestinal permeability,” “HLA-DQ2/DQ8,” and
“immunopathogenesis.” Inclusion criteria encompassed original research articles, clinical studies,
and reviews published in English that investigated molecular, immunological, and histopathological
aspects of celiac disease. Studies unrelated to the disease mechanisms or focused exclusively on
dietary treatment without mechanistic insight were excluded. Data extracted from the selected
literature included descriptions of gluten peptide resistance, enzymatic processing by tissue
transglutaminase, HLA-associated antigen presentation, zonulin-mediated tight junction disruption,
immune activation pathways, and histological alterations. Special attention was paid to
experimental evidence involving human intestinal biopsies, animal models, and in vitro studies
using enterocyte cell lines. The findings were analyzed qualitatively and thematically, with an
emphasis on identifying consistent molecular patterns and pathophysiological processes involved in
disease progression. Graphical representations and mechanistic models were adapted where
applicable to support the explanatory framework.

Clinical Manifestations of Celiac Disease

Celiac disease exhibits a broad spectrum of clinical manifestations, ranging from classical
gastrointestinal symptoms to atypical and extraintestinal presentations. The classical form
predominantly affects the small intestine, resulting in malabsorption and associated signs such as
chronic diarrhea, steatorrhea, abdominal distension, bloating, and weight loss. These symptoms are
often accompanied by failure to thrive and growth retardation in pediatric patients. In addition to
gastrointestinal complaints, patients may present with anemia secondary to iron, folate, or vitamin
B12 deficiencies, osteoporosis due to impaired calcium absorption, and neurological symptoms
including peripheral neuropathy and ataxia. Dermatological manifestations such as dermatitis
herpetiformis—an intensely pruritic, blistering rash — are considered pathognomonic for celiac
disease. Non-classical and silent forms of the disease are increasingly recognized, with some
individuals exhibiting minimal or no overt gastrointestinal symptoms but presenting with isolated
extraintestinal findings such as fatigue, elevated liver enzymes, infertility, recurrent miscarriages, or
autoimmune comorbidities including type 1 diabetes mellitus and autoimmune thyroiditis. The
variability in clinical presentation often complicates timely diagnosis, underscoring the importance
of serological screening and histopathological confirmation in at-risk populations.

Regional Epidemiology and Prevalence in Azerbaijan and Surrounding Areas. Data regarding
the prevalence of celiac disease in Azerbaijan and the broader South Caucasus region remain
limited due to underdiagnosis and insufficient population-based screening. However, preliminary
studies and hospital reports suggest that the prevalence may be comparable to global averages,
potentially ranging from 0.5% to 1% among the general population. Genetic studies indicate that the
frequency of HLA-DQ2 and HLA-DQS alleles in Azerbaijani populations is consistent with that
observed in other Eurasian populations, suggesting a similar genetic susceptibility profile.
Nonetheless, cultural dietary habits, such as high consumption of wheat-based products, may
influence disease expression and presentation. Recent efforts by regional medical centers have
focused on increasing awareness and improving diagnostic capabilities, leading to a gradual rise in
reported cases.
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Nonetheless, further epidemiological research, including large-scale seroprevalence surveys
and genetic screenings, is essential to accurately define the burden of celiac disease in Azerbaijan
and tailor public health interventions accordingly.

Conclusion

Celiac disease is a multifactorial autoimmune disorder triggered by gluten ingestion in
genetically predisposed individuals. The interplay between resistant gluten peptides, tissue
transglutaminase-mediated modification, and HLA-DQ2/DQ8-restricted immune activation leads to
chronic intestinal inflammation and villous atrophy, resulting in malabsorption and diverse clinical
manifestations. Disruption of the intestinal barrier, mediated by zonulin-induced tight junction
dysfunction, further facilitates antigen translocation and perpetuates immune responses. Despite the
availability of effective serological markers and histopathological criteria for diagnosis, the
heterogeneity of clinical presentations continues to challenge timely identification and management.
Currently, adherence to a strict gluten-free diet remains the cornerstone of therapy, although
emerging immunomodulatory treatments show promise. Further research into the molecular
mechanisms and regional epidemiology of celiac disease, particularly in understudied populations
such as Azerbaijan, is essential to improve diagnostic accuracy, tailor therapeutic strategies, and
ultimately enhance patient outcomes.
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