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Simple Summary

Celiac disease (CD) is an immune-mediated disorder triggered by gluten in genetically
predisposed individuals. Beyond the adaptive immune response, epithelial stress and in-
nate immunity play key roles in disease onset and persistence. Heat shock proteins (HSPs),
especially Hsp27, Hsp60, Hsp70, and Hsp90, may link epithelial damage to immune activa-
tion. Hsp60, in particular, may act as a damage signal (DAMP), activating inflammatory
pathways through Toll-like receptors. Although evidence is still limited, these mechanisms
suggest a stress-driven amplification of inflammation in CD, highlighting the need for
further research.

Abstract

Celiac disease (CD) is a chronic immune-mediated enteropathy triggered by the ingestion
of gluten in genetically predisposed individuals. While the adaptive immune response to
deamidated gliadin peptides represents a central pathogenic mechanism, growing evidence
suggests that epithelial stress and innate immune activation play a fundamental role in
the onset and persistence of the disease. Heat shock proteins (Hsps), central regulators
of cellular proteostasis, have emerged as potential mediators at the interface between
epithelial distress and immune signaling. This review discusses the involvement of major
Hsp families, including Hsp27, Hsp60, Hsp70, and Hsp90, in the pathophysiology of CD.
The altered expression of Hsp27 and Hsp70 in the intestinal mucosa reflects a persistent
state of epithelial stress that often persists despite a strict gluten-free diet (GFD). We focus
specifically on Hsp60, whose extracellular release under stress conditions may allow it to
function as a damage-associated molecular pattern (DAMP), engaging Toll-like receptors
and promoting NF-kB- and inflammasome-dependent inflammatory pathways. Although
direct mechanistic evidence linking Hsp60 to CD remains limited, the convergence of
epithelial stress signs, Toll-like receptor (TLR) upregulation, and prolonged innate immune
activation supports the hypothesis of a stress-induced inflammatory amplification circuit
in the coeliac mucosa. Further studies are essential to clarify the pathogenic relevance and
potential therapeutic implications of this proposed axis.

Keywords: celiac disease; heat shock protein 60 (Hsp60); epithelial stress; Toll-like receptors
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1. Introduction
1.1. Autoimmune Diseases

Autoimmune diseases (ADs) are complex, multifactorial disorders resulting from a
delicate interplay between genetic susceptibility, epigenetic modifications, and environ-
mental triggers [1]. This alteration leads to the inability of B and T lymphocytes to correctly
distinguish autoantigens from non-autoantigens, promoting the activation of immune
responses directed against the body’s own tissues [2]. The loss of immunological tolerance
is a central mechanism in autoimmunity and is associated with an HLA-dependent genetic
predisposition [3]. Current estimates place the global prevalence of autoimmune disease at
3-5%, although incidence varies between different conditions [3]. The role of genetic factors
is evidenced by the high concordance observed in twins and first-degree relatives compared
to non-biological relatives sharing the same environment [4]. However, identifying causal
variants and understanding their functional effects remains complex [4]. At the same time,
diverse environmental factors contribute to the onset of autoimmunity. Bacterial and viral
infections act as immunological triggers, while exposures such as cigarette smoking, toxic
substances, and dietary factors can modulate risk through epigenetic mechanisms [5,6].
Among these disorders, celiac disease (CD) is one of the most common conditions [7,8].

1.2. Celiac Disease: Prevalence, Pathogenesis, Diagnosis and Treatment
1.2.1. Prevalence and Epidemiology

Numerous epidemiological studies have demonstrated that CD was historically un-
derdiagnosed and that its global distribution reflects wheat consumption and human
migrations. Around 10,000 years ago, in the “Fertile Crescent,” favorable environmental
conditions allowed the cultivation of wheat and barley. This shift enabled the settlement of
nomadic populations and triggered migrations that spread gluten-containing cereals across
the Mediterranean and into Europe, contributing to a shared genetic background between
these populations [8].

Celiac disease is now recognized as one of the most common genetic disorders, with a
global prevalence of approximately 1%. This percentage fluctuates between 0.5% and 1%
in Europe and North America, reaching 2% to 3% in Finland and Sweden [9]. Furthermore,
CD shows a higher incidence in women, with a male to female ratio of 1:2.8 [8].

1.2.2. Pathogenesis

CD is a chronic enteropathy triggered by gluten ingestion in genetically predisposed
individuals [8]. Gluten, present in wheat, barley, rye and spelt, consists of prolamins and
glutelins [8]. Prolamins, rich in glutamine, are partially resistant to gastrointestinal di-
gestion. Peptides derived from gliadin represent optimal substrates for deamidation by
tissue transglutaminase (tTG) [8]. In individuals carrying the HLA-DQ2 and/or HLA-DQS8
haplotypes, deamidated peptides acquire a high affinity for HLA molecules, promoting
the activation of CD4* T lymphocytes and an aberrant immune response [8-10]. The result-
ing production of pro-inflammatory cytokines, together with the activation of cytotoxic
intraepithelial lymphocytes (IELs), induces progressive mucosal damage, manifesting as
crypt hyperplasia and villous atrophy [8,11,12]. This structural remodeling compromises
the absorptive surface, leading to nutrient malabsorption [8,13]. Beyond genetics, factors
such as early gluten introduction, viral infections, and gut microbiota alterations influence
disease onset. Increased intestinal permeability, mediated by zonulin, further facilitates the
passage of immunogenic peptides [14,15].
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1.2.3. Diagnosis

Diagnosis relies on a combination of serological tests and histological evaluation.
The detection of anti-tissue transglutaminase (anti-tTG) and anti-endomysium antibodies
(EMAs) serves as the first level of screening due to high sensitivity [8]. Duodenal biopsy
remains the gold standard, revealing histological changes categorized by the Marsh classifi-
cation [16]: Marsh I (increased IELs), Marsh II (crypt hyperplasia), and Marsh III (villous
atrophy). This morphological progression reflects the cytotoxic activity of IELs and the
intensity of epithelial damage [8,13].

1.2.4. Treatments

Currently, no approved pharmacological therapies exist; the only effective treatment
is a strict, life-long gluten-free diet (GFD), which usually resolves symptoms and mucosal
damage [8]. Several emerging strategies are under investigation, including prolyl endopep-
tidases (PEPs) to hydrolyze gliadin, tTG2 inhibitors; and HLA-DQ blockers [8]. However,
the persistence of mucosal stress signals even during a strict GFD suggests that alternative
pathogenic pathways remain active.

1.2.5. Aims and Methodology of the Review

This narrative review integrates classic knowledge of CD with emerging evidence
on the chaperone system, specifically the Hsp60-TLR4 axis. To ensure a rigorous and
balanced synthesis, a structured search was conducted across PubMed, Scopus and Web
of Science databases, covering literature published between 2000 and 2026. The search
employed keywords including “heat shock proteins”, “Hsp60”, “celiac disease”, and “Toll-
like receptors”.

We opted for a narrative approach rather than a systematic or scoping review because
the evidence regarding the Hsp60-TLR4 axis in CD is currently exploratory and stems
from highly heterogeneous experimental models (ranging from in vitro signaling to human
histological studies). Such heterogeneity precludes a formal meta-analysis but allows for a
broader, cross-disciplinary integration of findings, which is essential for proposing a new
pathogenic framework.

Unlike previous general overviews, this work uniquely identifies the Hsp60-TLR4
axis as a functional bridge between epithelial stress and innate immune activation, moving
beyond a purely descriptive approach to offer a novel conceptual model for persistent
mucosal inflammation.

1.3. The Chaperone System

To understand how the intestine copes with such chronic aggression, we must look
at the chaperone system (CS). This sophisticated cellular network, comprising molecular
chaperones, co-chaperones, and cofactors, is the primary guardian of protein homeostasis
(proteostasis) [13]. It ensures that proteins are correctly folded, transported, and assembled
or safely degraded if damaged. When CS fails, proteostasis collapses, paving the way for a
broad spectrum of pathologies [17,18].

The most prominent members of this system are the heat shock proteins (Hsps), an
evolutionarily conserved group of proteins expressed both constitutively and in response
to stress stimuli (Table 1) [19,20].
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Table 1. Brief summary of the main members of the chaperone system and their involvement in ADs.

Family Localization Function Dysregulation in ADs Sasl?zlzle Method
Small Cytosol Acts as a holdase, preventing e THsp27and aB-crystallin in multiple ?1: 7525 ELISA
Hsps Mitochondria protein aggregation by sclerosis [23]. s

K sequestering misfolded proteins _
(HSPBI-HSPBIO) Nucleus [21,22]. e 1 HSPBS8 rheumatoid arthritis [24]. e =77 WB, IHC
h—d0 ELISA
. 1 Hsp60 in multiple sclerosis [28]. ctrf —40 Gene expression
- analysis

Hsp60 . . . . . . i

(HISP60 Mitochondria Functions as a protein fold~ase and o 1 Hsp60 in ulcerative colitis and Crohn’s n=40 ILC. WB, IF
TRiC) Cytosol prevents aggregation [25-27]. disease [29]. ctrl =20 ’ 4

. 11IgG, IgM, and IgA autoantibodies against n=39 ELISA
Hsp60 in rheumatoid arthritis [30]. ctrl =40
. 1 HSP70 in ulcerative colitis at diagnosis, n=40 HC
Hsp70 Exhibits multiple roles in | after therapy [32].
(SPA1A/1B Cytosol proteostasis, acting as a holdase . i i

HSPAI1L Nucleus and foldase, preventing . 1T1gG, IgM, and IgA. autoan'nl?odws against n=39 ELISA

HSPA5 ) ER ) aggregation and directing protein Hsp70 in rheumatoid arthritis [30]. ctrl =40

HSPA9) Mitochondria fate [31]. T

. 1 HSP70 (HSP72) in celiac disease [33] ctrl=10 WB, RT-PCR, IF
n=40 ELISA

Hsp90 Serves as a foldase for de novo . T Hsp90 in multiple sclerosis [28]. ctrl = 40 Gene exprgssion

Sp Cytosol synthesized proteins and analysis
(HSPI0AA Cytosol romotes the refolding of
HSPY0AB Y P 8 . o
0 Cytosol/ER misfolded proteins; major . 1 HSP90 in ulcerative colitis [32]. n=40 IHC
T(I;{Ifl)’gl Mitochondria substrates include kinases and
) steroid receptors [34]. . 11IgG, IgM, and IgA autoantibodies against n=39 ELISA
Hsp70 in rheumatoid arthritis [30]. ctrl =40
Large Acts as a holdase, maintaining
Hsps Cytosol proteins in a non-aggregated state; ~ No information regarding the involvement of the
(HSP110 ER functions as a co-chaperone of large HSP family in ADs was found.
GRP170) HSP70 [35].

Abbreviations: ELISA, enzyme-linked immunosorbent assay; IF, immunofluorescence; IHC, immunohistochem-
istry; RT-PCR, reverse transcription polymerase chain reaction; WB, Western blot. n indicates the number of
affected patients included in the study, while ctrl indicates healthy controls. 1 indicates an increase in protein
expression levels, whereas | indicates a decrease in protein expression level.

Hsps perform fundamental functions in proper protein folding, prevention of protein
aggregation, and regulation of intracellular protein trafficking, contributing significantly
to the maintenance of cellular homeostasis and proteostasis [36,37]. Hsp expression can
be constitutive or inducible [38]. Certain members of the Hsp family exhibit constitutive
expression under physiological conditions to maintain routine cellular functions, others
are rapidly upregulated in response to different forms of cellular stress. This response
arises from a variety of stimuli including heat stress, hypoxia, and exposure to toxic agents
or heavy metals, as well as inflammatory processes and metabolic alterations [20]. In the
gut, epithelial cells are under constant pressure from environmental stressors that often
elicit a massive Hsp response. Increasingly, evidence suggests that Hsps are not just
passive markers of stress, but they are active modulators of the immune system. Their
involvement is well-established across a broad spectrum of immune and chronic inflam-
matory conditions, including rheumatoid arthritis [39], diabetes mellitus [40], myasthenia
gravis [41], and inflammatory bowel disease (IBD) [42]. In such contexts, Hsps may bridge
the gap between cellular distress and chronic immune activation, either by attempting to
restore balance or, in certain instances, by acting as endogenous signals that perpetuate the
inflammatory cycle.

2. Heat Shock Proteins and Epithelial Stress in Celiac Disease

Current evidence suggests that multiple Hsps follow a convergent pattern of dysreg-
ulation in CD. This altered expression is tightly coupled to a state of intestinal epithelial
stress that may precede or even persist independently of overt mucosal inflammation.
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Although individual Hsps differ in their subcellular localization and specific biological
roles, their collective imbalance reflects a condition of chronic epithelial distress. This
persistent state potentially lowers the threshold for immune-mediated damage, thereby
predisposing individuals to both the onset and accelerated progression of the disease.

2.1. Hsp27

Heat shock protein 27 (Hsp27), a member of the small Hsps family, is a key guardian
against proteotoxic stress, acting as a molecular chaperone to prevent protein aggrega-
tion [43]. Beyond cytoprotection, Hsp27 regulates apoptosis by inhibiting mitochondrial
cytochrome c release and modulating pro-apoptotic signaling [44]. It also stabilizes the
cytoskeleton, helping to preserve the integrity of the epithelial barrier. In the context of
CD, Hsp27 has emerged as an early marker of epithelial stress. Immunohistochemical
studies have demonstrated overexpression in enterocytes even before the onset of overt
inflammation or villous atrophy [45]. Remarkably, first-degree relatives of celiac patients
exhibit increased Hsp27 levels; despite lacking an adaptive immune response to gluten
and maintaining a normal mucosal architecture, these individuals display clear signs of
subclinical epithelial distress [45]. Since Hsp27 overexpression characterizes active CD
and persists in a significant proportion of patients on a GFD, it suggests that epithelial
stress may not be merely a secondary effect of gluten, but rather an intrinsic feature of
the predisposed epithelium. Take together, these findings place Hsp27 at the center of the
interaction between epithelial stress and immune response, where its persistent alteration
may lower the threshold for damage in genetically susceptible individuals.

2.2. Hsp60

Hsp60 (chaperonin 60, Cpn60) is a highly conserved mitochondrial chaperone that, in
cooperation with Hsp10, ensures the correct folding of newly synthesized proteins while
maintaining mitochondrial proteostasis [46]. Under conditions of stress or injury, Hsp60
can accumulate in the cytosol or translocate to the extracellular space. In this extracellular
compartment, it acts as a danger-associated molecular pattern (DAMP), triggering both
innate and adaptive immune responses. Dysregulation of Hsp60 is often associated with
mitochondrial dysfunction, increased oxidative stress, and the perpetuation of chronic
inflammation [46]. In IBD, for instance, Hsp60 expression significantly increases in the
inflamed colonic mucosa of patients with Crohn’s disease and ulcerative colitis. Its aberrant
cytoplasmic localization suggests an active role in driving mucosal immune activation [29].
While direct evidence linking Hsp60 to the CD pathogenesis is currently limited, the estab-
lished roles of oxidative stress and mitochondrial distress in gluten-induced damage make
Hsp60 a highly plausible player. This hypothesis warrants further targeted experimental
investigation to bridge the gap between mitochondrial health and celiac immunity.

2.3. Hsp70

Heat shock protein 70 (Hsp70) belongs to a family of ATP-dependent chaperones
central to protein quality control. It promotes proper protein folding, prevents aggrega-
tion, and facilitates the degradation of damaged proteins [47]. Beyond these roles, Hsp70
interferes with caspase-dependent apoptosis and modulates the immune response when
released extracellularly during tissue damage [47]. In CD, Hsp70 serves as a marker of
intestinal oxidative stress. Research by Piatek-Guziewicz et al. reported significant Hsp70
overexpression in the duodenal mucosa of adult celiac patients, both in untreated subjects
and in patients on a GFD [48]. The persistence of elevated Hsp70 levels, despite clinical and
serological remission, suggests that a GFD may not completely normalize the underlying
epithelial distress. While Hsp70 acts as an adaptive response to reactive oxygen species, po-
tentially preserving barrier integrity through its anti-apoptotic effects, its chronic elevation
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correlates with persistent histopathological alterations in adults [48]. This highlights a clear
dissociation between clinical recovery and true mucosal healing. Consequently, Hsp70 may
also represent a more sensitive biomarker than conventional serology for detecting residual
mucosal activity or intermittent gluten exposure [48].

2.4. Hsp90

Heat shock protein 90 (Hsp90) is a cytosolic chaperone essential for the stability
and activity of client proteins, including kinases and pro-inflammatory transcription
factors [42]. Through this function, Hsp90 directly regulates inflammatory pathways. In
IBD, Hsp90 expression increases significantly in the inflamed mucosa and only partially
reduces after therapy [32]. Its levels correlate positively with CD4" T-cell infiltration,
suggesting it actively modulates local immunity rather than just responding to dam-
age [32]. Pharmacological inhibition of Hsp90 effectively attenuates colitis in animal
models by reducing pro-inflammatory cytokine production and modulating regulatory
T-cell activity [42]. As with Hsp60, direct evidence in CD remains scarce. However, since
CD features intense CD4* T cell activation and persistent epithelial stress, the role of
Hsp90 in stabilizing immune signaling is an area of great interest. This knowledge gap
identifies Hsp90 as a prime candidate for future investigation into the mechanisms of
gluten-related pathology.

3. Hsp60-TLR Interplay in Celiac Disease

CD features a chronically inflammatory mucosal microenvironment where persistent
epithelial stress and the continuous activation of innate and adaptive immunity interact. In
this delicate balance, endogenous molecules released in response to cellular damage may
acquire unconventional immunological functions, potentially contributing to the perpet-
uation of inflammation [49,50]. As widely reported in the literature, Hsp60 emerges as a
potential mediator hypothesized to link intracellular distress to the activation of the mucosa
immune circuit [51]. Under physiological conditions, Hsp60 primarily resides within the
mitochondria, where it ensures proper protein folding and mitochondrial homeostasis
(Figure 1) [51].

However, under conditions of inflammatory stress or structural damage to the in-
testinal epithelium, Hsp60 can accumulate in the cytosol or enter the extracellular space
(Figure 2) [52].

In this context, the protein is thought to act as a DAMP, engaging innate immu-
nity receptors, specifically Toll-like receptors 4 (TLR4) [52]. This interaction triggers pro-
inflammatory signaling pathways, such as p38 MAPK and NF-kB, leading to the induction
of cytokines like IL-13, TNF-« and IL-6. Furthermore, TLR4 activation promotes the produc-
tion of reactive oxygen species (ROS), which serve as key signals for NLRP3 inflammasome
activation and subsequent IL-1f3 release [53-56]. IL-1[3 plays a pivotal role in the gut; beyond
amplifying the inflammatory response, it directly impacts the epithelial barrier. Through
the activation of myosin light chain kinase (MLCK), this cytokine induces alterations in
the tight junction architecture, potentially compromising barrier integrity and increasing
intestinal permeability. This breakdown could facilitate the passage of immunogenic gluten
peptides, reinforcing a vicious cycle of mucosal immune activation [57-59]. While much
of this mechanistic evidence is derived from general cellular models, the core molecular
players, TLR4, NFkB, ROS, NLRP3 and IL-1f3, are highly conserved components of the in-
testinal epithelium. Clinical studies on duodenal biopsies have demonstrated a significant
upregulation of TLR2 and TLR4 in patients with active CD; notably, this overexpression
often persists even in individuals adhering to a long-term GFD. Such findings suggest that
innate immune activation may remain “smoldering” regardless of acute gluten exposure,
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leading to a hypothesized state of chronic inflammatory priming [60]. Within this primed
environment, the role of exogenous triggers is well-established: peptides derived from
gliadin and other wheat components, such as x-amylase/trypsin inhibitors, can directly
activate TLR-dependent pathways, particularly through TLR2 and TLR4 [61]. However, in
a landscape where these receptors are already upregulated, the presence of endogenous
DAMPs like Hsp60 could potentially amplify the inflammatory cascade [62]. Taken to-
gether, these observations support the hypothesis that the Hsp60-TLR axis may represent a
crucial intersection between epithelial stress and innate immune activation in CD. In this
model, Hsp60 is proposed to function as an endogenous “distress signal” born from cellular
damage, capable of translating metabolic and epithelial strain into an active inflammatory
response. This mechanism may contribute to the self-perpetuating mucosal environment
characteristic of the disease. Although direct functional evidence of Hsp60-TLR interaction
specifically within the celiac context is still emerging, the convergence of persistent epithe-
lial stress, TLR overexpression, and inflammasome activation points toward a powerful
inflammatory amplification circuit that warrants urgent further investigation.
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Figure 1. The chaperone system in healthy mucosa. The small intestinal mucosa features well-
organized villi and a preserved epithelial architecture. Enterocytes maintain proper polarity and are
anchored by intact tight junctions (TJs). These junctions, composed of structural proteins such as
claudins, occludin, and ZO-1, ensure selective paracellular permeability and a robust barrier. Under
physiological conditions, Hsp60 resides primarily within mitochondria, where it exerts its canonical
chaperone function by assisting protein folding and supporting cellular homeostasis. Created in
BioRender. Bucchieri, F. (2026) https://BioRender.com/t8e6siq, accessed on 4 February 2026.

https://doi.org/10.3390 /biology15100805


https://BioRender.com/t8e6siq
https://doi.org/10.3390/biology15100805

Biology 2026, 15, 805

8 of 13

bio

RENDER

Figure 2. Hsp60-TLR4 axis and inflammatory signaling in celiac mucosa. The celiac mucosa exhibits
villous atrophy, characterized by marked shortening and architectural distortion of the epithelial
layer. Environmental triggers, such as gliadin-derived peptides, induce cellular stress, driving Hsp60
overexpression and its subsequent release into the extracellular space. In this context, extracellu-
lar Hsp60 acts as a damage-associated molecular pattern (DAMP), binding to Toll-like receptors
(TLRs), particularly TLR4, expressed on enterocytes. This interaction triggers intracellular signaling
cascades that promote NF-kB phosphorylation and nuclear translocation, resulting in transcriptional
upregulation of pro-inflammatory genes, including NLRP3 and pro-IL-13. Concurrently, increased
ROS production contributes to the activation of the NLRP3 inflammasome, enabling caspase-1 to
cleave pro-IL-1p into its mature form. Once secreted, mature IL-1(3 exerts autocrine and paracrine
effects on tight junctions, causing structural alterations that increase paracellular permeability. The
resulting barrier dysfunction facilitates enhanced antigen translocation, thereby perpetuating mucosal
inflammation. Created in BioRender. Bucchieri, F. (2026) https://BioRender.com/t8e6siq, accessed
on 4 February 2026.

4. Discussion

The evidence examined in this review outlines a scenario in which heat shock proteins
(Hsps) are not merely a consequence of mucosal damage in celiac disease (CD) but may
instead represent active, early components of its pathogenesis. The mechanistic similarities
between CD and inflammatory bowel diseases (IBDs) suggest that Hsps constitute a com-
mon denominator in chronic inflammatory intestinal disorders. Specifically, the persistent
alteration of Hsp27, Hsp70, Hsp60, and Hsp90 suggests a state of chronic epithelial distress
that may precede the adaptive immune response and persist despite clinical remission
induced by a gluten-free diet (GFD) [45,48]. The overexpression of Hsp27 in enterocytes of
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patients with active CD identifies this protein as a sensitive marker of subclinical stress [45].
Its presence in genetically predisposed individuals without evident histological damage
suggests that gluten exposure acts on already vulnerable tissue, where Hsp27 may influence
disease susceptibility through its dual role as a chaperone and apoptosis regulator [41,44].
Similarly, elevated Hsp70 levels in adults in apparent remission reveal a dissociation be-
tween the normalization of conventional histological parameters and the persistence of
functional mucosal alterations [48]. This indicates that oxidative stress may not fully re-
solve with a GFD, positioning Hsp70 as a potentially more sensitive biomarker than Hsp27
for monitoring complete mucosal healing. Furthermore, the interaction between Hsp60
and TLR4 establishes a self-sustaining pathogenic circuit [49-51]. By acting as a DAMP,
Hsp60 engages TLR4, which is chronically overexpressed in the celiac mucosa, linking
epithelial damage directly to innate immune activation [60]. The subsequent activation of
NF-«B and NLRP3 pathways, resulting in IL-1f3 production, promotes increased intestinal
permeability via MLCK-mediated damage to tight junctions [57-59]. This creates a vicious
cycle where inflammation and structural damage mutually reinforce each other [62]. De-
spite these promising findings, a significant research gap persists regarding the clinical
application of Hsps. Currently, chaperones are not utilized in clinical settings for the diag-
nosis, monitoring, or treatment of CD. The primary bottleneck for this clinical translation is
not the technical availability of assays; indeed, standardized, high-throughput methods
such as the ELISA and automated immunoblotting are widely accessible for measuring
both intracellular and extracellular Hsps. However, the real challenge lies in the lack of
disease-specificity and the absence of validated clinical cut-offs for CD. Since Hsps are
universal markers of cellular distress, their levels are also elevated in other conditions
such as IBD, intestinal infections, and food allergies. Therefore, a critical gap remains
in distinguishing CD-specific Hsp signatures from those of other enteropathies. From a
therapeutic perspective, although the Hsp60-TLR4 axis represents a “druggable” target,
the challenge lies in developing gut-specific modulators that avoid interfering with the
essential cytoprotective functions of chaperones in healthy tissues.

Future research should prioritize longitudinal cohort studies and the use of CD-specific
experimental models such as 3D intestinal organoids, to move beyond current findings
often extrapolated from IBD. This would allow for a more precise validation of the Hsp60-
TLR4-NLRP3 axis as a primary driver of the persistent mucosal inflammation that remains
active even during a gluten-free diet.

Limitations and Future Perspectives

This review supports a model in which epithelial stress and innate immunity play cen-
tral roles in the pathogenesis of celiac disease (CD). Heat shock proteins (Hsps), particularly
Hsp27, Hsp60, and Hsp70, emerge not only as indicators of chronic cellular damage but also
as active mediators capable of perpetuating the immune response through TLR activation,
even in the absence of gluten. However, several limitations must be acknowledged. A
primary constraint of this review is the scarcity of direct evidence linking specific Hsps to
the pathogenesis of CD. Indeed, most of the mechanistic considerations proposed herein
are derived from studies conducted in other chronic inflammatory bowel diseases (IBDs),
such as Crohn’s disease and ulcerative colitis, where the involvement of Hsps in cellular
stress responses and immune activation has been extensively documented. Although these
conditions share certain inflammatory pathways and epithelial barrier alterations with CD,
it must be emphasized that the extrapolation of these findings to celiac patients remains,
to date, largely hypothetical. In light of these considerations, the present work does not
aim to provide definitive conclusions regarding the pathogenic role of Hsps in CD, but
rather to propose a possible interpretative framework supported by indirect evidence and
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preliminary data currently available in the literature. In this context, the hypothesis of
the Hsp-TLR axis involvement in CD may represent a crucial starting point for future
experimental studies. Approaches based on more physiologically relevant models, such
as intestinal organoids, gut-on-a-chip systems, and immune-epithelial co-cultures, will be
essential to clarify whether Hsp60 and other Hsps act as actual pathogenic mediators or
simply as non-specific indicators of cellular stress.

5. Conclusions

In conclusion, rather than providing conclusive evidence regarding the definitive role
of Hsps in CD, this review aims to stimulate further research directed at more accurately
defining the molecular behavior of the chaperone system in the celiac gut. Identifying
the Hsp60-TLR4 axis as a potential functional bridge between epithelial distress and
innate immunity offers a novel conceptual framework that moves beyond the traditional
descriptive literature. Evaluating the relevance of these proteins as biomarkers or non-
canonical therapeutic targets could represent a significant step toward addressing the
persistent mucosal inflammation that often characterizes celiac patients, even under a strict
gluten-free diet.
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Abbreviations

AD Autoimmune Disease
CD Celiac Disease

cSs Chaperone System

DAMP  Damage-associated Molecular Patterns
EMA Anti-endomysial Antibodies

GFD Gluten-free Diet

HLA Human Leukocyte Antigen

Hsps Heat Shock Proteins

1IBD Inflammatory Bowel Disease

IELs Intraepithelial Lymphocytes

IL-1(3 Interleukin-1 beta

IL-6 Interleukin-6

MAPK  Mitogen-activated Protein Kinases
MLCK  Myosin Light Chain Kinase

NEF-kB  Nuclear Factor kappa B

NLRP3 NLR Family Pyrin Domain Containing 3 (inflammasome NLRP3)
PEPs Prolyl endopeptidases

ROS Reactive Oxygen Species
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TLRs Toll-like Receptors
TNF- «  Tumor Necrosis Factor

tTG Tissue Transglutaminase
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