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Highlights

What are the main findings?

e  No experimental or clinical study has directly investigated HSP27 in radiation-induced
periodontitis.

e Indirect evidence suggests that HSP27 may influence oxidative stress, inflammatory
signaling, epithelial barrier integrity, extracellular matrix remodeling, and alveolar
bone homeostasis following radiotherapy.

e  Current evidence supports HSP27 as a biologically plausible, hypothesis-generating
candidate rather than a validated pathogenic mediator.

What are the implications of the main findings?

e  HSP27 represents a promising candidate biomarker and potential therapeutic target
for radiation-induced periodontitis, pending direct validation.

e  Future periodontal cell, organoid, animal, and prospective clinical studies are required
to establish its mechanistic, diagnostic, and therapeutic relevance.

e Integrating HSP27 with clinical, dosimetric, inflammatory, and microbiome-based
factors may improve personalized prediction and management of radiation-induced
periodontal injury.

Abstract

Radiation-induced periodontitis represents an underrecognized and mechanistically com-
plex toxicity of head and neck radiotherapy, arising from the interplay of oxidative stress,
inflammatory dysregulation, impaired bone remodeling, and epithelial barrier disrup-
tion. Despite its clinical relevance, the molecular determinants underlying inter-individual
susceptibility remain poorly defined. Heat shock protein 27 (HSP27), a stress-inducible
molecular chaperone, has emerged as a candidate mediator potentially linking biological
pathways relevant to radiation-induced tissue injury, including redox regulation, cytoskele-
tal stability, DNA repair, and apoptosis control. However, no clinical or experimental study
has directly evaluated HSP27 in radiation-induced periodontitis. Therefore, the proposed
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involvement of HSP27 in this setting should be interpreted as a biologically plausible,
hypothesis-generating framework rather than evidence of a proven causal mechanism.
Convergent but indirect evidence from periodontal biology, radiation-response models,
inflammatory disease, and cellular stress systems suggests that HSP27 may plausibly
influence periodontal tissue resilience and injury responses after radiotherapy. Therapeu-
tic modulation of HSP27 may represent a potential investigational strategy to mitigate
radiation-induced periodontitis, but this concept requires direct validation in periodontal
cell-based, animal, organoid, and prospective clinical studies. This review synthesizes
current mechanistic and translational evidence to evaluate HSP27 as a candidate mediator,
biomarker, and investigational therapeutic target in radiation-induced periodontitis.

Keywords: radiation-induced periodontitis; heat-shock proteins 27; head and neck
neoplasms; radiotherapy; biomarkers; oxidative stress

1. Introduction

Radiotherapy (RT) remains a key component in the management of head and neck
cancers (HNCs), but it is frequently associated with collateral damage to adjacent healthy
oral tissues. Among these, the periodontal apparatus—including the gingiva, periodontal
ligament, cementum, and alveolar bone—is particularly susceptible to radiation-induced
injury. Available basic and clinical evidence indicates that RT induces a state of periodontal
fragility, characterized by either exacerbation of pre-existing periodontitis or de novo
accelerated attachment loss and alveolar bone resorption [1,2]. This vulnerability likely
reflects the intrinsic radiosensitivity of periodontal connective tissues and their reliance on
tightly regulated vascular, immunological, and cellular homeostasis, thereby contributing
to long-term oral morbidity and functional impairment in HNC survivors.

Excessive generation of reactive oxygen species (ROS) and the resulting oxidative
stress represent central pathomechanisms underlying radiation-induced periodontal break-
down. Ionizing radiation induces water radiolysis, generating hydroxyl radicals, hydrogen
peroxide, and superoxide anions at levels that overwhelm endogenous antioxidant de-
fense systems [3]. The resulting ROS burden drives a multifaceted cascade involving DNA
double-strand breaks (DSBs), mitochondrial dysfunction, protein misfolding, and activation
of programmed cell death pathways in fibroblasts, osteoblasts, and periodontal ligament
cells [4]. Radiation-induced apoptotic depletion of periodontal ligament fibroblasts is of
particular pathological relevance, given their essential roles in extracellular matrix (ECM)
remodeling, maintenance of periodontal ligament structural integrity, and post-injury
tissue repair [5]. Collectively, current evidence indicates that ionizing radiation reduces
fibroblast proliferative capacity and collagen biosynthesis, while upregulating matrix met-
alloproteinase activity, culminating in progressive and potentially irreversible connective
tissue degradation.

Beyond direct cytotoxicity, RT induces profound microvascular injury, characterized by
endothelial apoptosis, capillary rarefaction, and intimal fibrosis that progressively compro-
mise tissue oxygenation and perfusion within the periodontal microenvironment [6,7]. This
microcirculatory insufficiency exacerbates hypoxia-driven ROS generation, impairs wound
healing capacity, and heightens susceptibility to plaque-mediated inflammation, collec-
tively establishing a pathological milieu conducive to accelerated periodontal destruction.
Concurrently, RT disrupts immunological homeostasis by impairing neutrophil chemo-
taxis, attenuating macrophage function, and compromising antigen presentation [8,9]. The
resulting dysregulation undermines host defense mechanisms against oral pathogens and
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promotes microbial dysbiosis, which, in turn, perpetuates periodontal inflammation and
progressive alveolar bone loss. Notably, RT has been shown to shift the subgingival mi-
crobiota toward a more pathogenic and proteolytic profile, favoring species implicated in
severe periodontitis [10]. These processes are likely further modulated by patient-specific
factors influencing inflammatory and oxidative stress responses.

Within this pathophysiological landscape, heat shock protein 27 (HSP27 or HSPBI)
emerges as a particularly compelling cytoprotective mediator. As a member of the small
heat shock protein family endowed with ATP-independent chaperone activity, HSP27 plays
a multifaceted role in maintaining redox homeostasis, cytoskeletal integrity, proteostasis,
anti-apoptotic signaling, and inflammatory modulation [11,12]. At the level of oxida-
tive defense, HSP27 enhances cellular antioxidant capacity by stabilizing the glutathione
and thioredoxin systems, thereby attenuating ROS-driven macromolecular injury [13,14].
In addition, HSP27 preserves cytoskeletal architecture by dynamically regulating actin
polymerization, a function particularly relevant to periodontal ligament fibroblasts under
concurrent radiation-induced mechanical and oxidative stress [15]. Furthermore, HSP27
exerts anti-apoptotic effects by inhibiting cytochrome c-dependent caspase activation [16],
a pathway central to radiation-induced cellular attrition in periodontal tissues.

Collectively, these multidimensional cytoprotective functions position HSP27 as a
potential modulator of the principal pathological processes underlying radiation-induced
periodontitis, including oxidative stress, microvascular injury, chronic inflammation, cy-
toskeletal destabilization, and programmed cell death. Several reviews have addressed the
broader biological functions of HSP27 in cellular stress responses, inflammation, cancer
biology, and radiation resistance. In parallel, radiation-induced oral toxicities, including
periodontal complications after head and neck radiotherapy, have been discussed in the
supportive-care and dental oncology literature. However, to our knowledge, no prior
review has specifically examined HSP27 in the context of radiation-induced periodontitis.

This absence of direct synthesis mirrors a broader evidence gap: no experimental
or clinical studies have yet directly evaluated HSP27 in radiation-induced periodontitis.
Therefore, the present review should be interpreted as a mechanistic and hypothesis-
generating synthesis rather than evidence of a proven causal role. Evidence from cancer
radioresistance, inflammatory diseases, and non-periodontal stress models is used only to
identify biologically plausible pathways that may warrant direct validation in radiation-
induced periodontitis-specific models. Notwithstanding this limitation, HSP27’s established
roles in redox regulation, extracellular matrix remodeling, and cellular stress adaptation
provide a biologically plausible basis for its involvement in this process. Such mechanisms
may ultimately influence clinically relevant outcomes, including the severity of periodontal
breakdown, tooth loss, and long-term oral morbidity following radiotherapy.

In this context, the present review synthesizes mechanistic insights and critically
examines the potential role of HSP27 as a modulator in radiation-induced periodontitis.
It further aims to identify emerging translational opportunities for risk stratification and
targeted intervention in patients with head and neck cancer undergoing radiotherapy.

2. Literature Search Strategy

A narrative literature search was performed using PubMed /MEDLINE, Scopus, and
Google Scholar databases. Search terms included combinations of “HSP27”, “HSPB1”,
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“heat shock protein 27”7, “periodontitis”, “radiation-induced periodontitis”, “head and
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neck cancer”, “radiotherapy”, “oxidative stress”, “fibroblast”, “osteoblast”, “osteoclast”,
“epithelial barrier”, “oral microbiome”, and “radiation toxicity”. Additional relevant
publications were identified through manual review of reference lists. Priority was given

to peer-reviewed English-language studies addressing HSP27 biology, radiation responses,
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periodontal pathophysiology, and related stress-response mechanisms. Given the absence
of direct studies evaluating HSP27 in radiation-induced periodontitis, mechanistic evidence
from related experimental systems was also reviewed and critically appraised.

3. Molecular and Cell-Specific Biology of HSP27 Relevant to Periodontal
Tissue Injury

HSP27 is a member of the small heat shock protein family that functions as a stress-
inducible molecular chaperone, with established roles in maintaining cell survival, redox
homeostasis, cytoskeletal integrity, proteostasis, and regulating apoptotic signaling cas-
cades. Although HSP27 has been extensively characterized in oncological and systemic
inflammatory contexts, its molecular properties and broad cytoprotective repertoire support
its potential role as a regulatory mediator in tissues involved in periodontal homeostasis
and injury responses. Periodontal ligament fibroblasts, osteoblasts, osteoclasts, and gingi-
val epithelial cells—each essential for maintaining periodontal structure and function—are
particularly susceptible to oxidative, inflammatory, and biomechanical stress, and therefore
represent plausible cellular targets for HSP27-mediated cytoprotection.

3.1. HSP27 in Periodontal Ligament Fibroblasts

Periodontal ligament fibroblasts are central to ECM synthesis, collagen turnover, and
tissue repair. Experimental studies demonstrate that fibroblasts upregulate HSP27 in
response to oxidative stress, mechanical strain, and inflammatory stimuli [17]. HSP27 may
contribute to cytoskeletal stability by regulating actin polymerization, thereby preserving
fibroblast adhesion, motility, and ECM remodeling capacity under stress conditions [15].
This function is particularly relevant in the irradiated periodontium, where oxidative stress
and DNA damage impair fibroblast proliferation and accelerate matrix degradation. In
addition, through its chaperone activity, HSP27 limits protein aggregation and facilitates
refolding of damaged proteins, potentially enhancing fibroblast survival under radiation-
induced stress. These observations remain largely derived from non-radiation-specific
models and should be interpreted as hypothesis-generating in the context of radiation-
induced periodontitis.

3.2. HSP27 in Osteoblasts and Alveolar Bone Remodeling

In addition to its effects on periodontal soft tissues, HSP27 may influence alveolar
bone homeostasis by acting on osteoblasts. Osteoblasts are the principal effector cells of
bone formation and alveolar bone turnover, maintaining skeletal integrity by coordinating
osteogenic differentiation, matrix synthesis, and mineralization. Ionizing radiation sup-
presses osteoblast differentiation, impairs ECM mineralization, and induces apoptotic cell
death—processes that collectively contribute to the progressive alveolar bone loss observed
in radiation-associated periodontitis [18].

Within this context, HSP27 has been shown to enhance osteoblast survival by attenuat-
ing oxidative injury and preserving mitochondrial membrane integrity and bioenergetic
stability [16]. In addition, HSP27-mediated regulation of actin polymerization supports
osteoblast motility and ECM deposition, both of which are essential for effective bone
formation [15]. Given that alveolar bone homeostasis depends on the balance between
osteoblast-driven bone formation and osteoclast-mediated resorption, HSP27 may act as
a modulatory factor by maintaining osteoblast viability and function under radiation-
induced oxidative and genotoxic stress. These observations, however, are largely derived
from non-radiation-specific models and should be interpreted as hypothesis-generating in
the context of radiation-induced periodontitis.
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3.3. HSP27 in Osteoclast Function and Bone Resorption

Osteoclastic bone resorption depends on dynamic cytoskeletal reorganization, par-
ticularly the formation of the filamentous actin ring, which is essential for sealing zone
formation and resorptive activity. HSP27 has been implicated in regulating actin remod-
eling and podosome assembly in osteoclast precursors, processes critical for osteoclast
polarization and function [19].

Through phosphorylation-dependent modulation of its oligomeric state, HSP27 influ-
ences cytoskeletal dynamics, cellular motility, and resorptive capacity. Under conditions
of oxidative or pro-inflammatory stress, increased HSP27 activity may enhance osteoclast
survival and resorptive function, thereby potentially contributing to alveolar bone loss in
radiation-induced periodontitis. At the same time, the net effect of HSP27 on bone remod-
eling likely reflects its concurrent actions on both osteoblasts and osteoclasts, suggesting
a context-dependent role in regulating bone turnover under stress conditions. However,
the relationship between HSP27 expression and osteoclast-mediated bone resorption in
irradiated periodontal tissues remains incompletely defined and should be considered
hypothesis-generating.

3.4. HSP27 in Gingival Epithelium

The gingival epithelium serves as the first line of defense against microbial invasion.
Oxidative stress and inflammation impair epithelial integrity and junctional stability, facili-
tating periodontal breakdown. Gingival epithelial cells upregulate HSP27 in response to
bacterial endotoxin, cytokine exposure, and environmental oxidative stress [20]. HSP27
strengthens epithelial resistance by stabilizing cytokeratin networks, preventing apoptosis,
and downregulating pro-inflammatory signaling cascades, including JNK and NF-xB [16].
These protective effects may mitigate epithelial injury following RT, where ROS and inflam-
matory mediators compromise epithelial turnover and barrier function.

3.5. Redox Regulation and Oxidative Stress Defense

At the molecular level, one of the best-established functions of HSP27 is maintaining
redox homeostasis by modulating glutathione- and thioredoxin-dependent antioxidant
systems, thereby limiting pathological intracellular ROS accumulation [11,14]. Given that
oxidative stress is a principal, sustained driver of periodontal tissue injury following RT, the
extent of HSP27-mediated ROS buffering may influence the survival threshold of fibroblasts
and osteoblasts in the irradiated periodontal microenvironment.

In radiation-exposed tissues, excessive ROS generation induces a cascade of macro-
molecular damage, including lipid peroxidation, DNA strand breaks, protein misfolding,
and dysregulated cytokine signaling. HSP27 is mechanistically positioned to counteract
these processes through coordinated antioxidant and chaperone functions. Beyond limiting
oxidative injury, HSP27 may also support cellular recovery by facilitating repair processes
required for tissue resilience following radiation-induced damage. These effects, however,
should be interpreted in light of limited radiation-specific evidence in periodontal tissues.

3.6. ECM Remodeling and Actin Dynamics

Preserving ECM integrity and dynamically regulating the actin cytoskeleton are es-
sential for periodontal tissue repair and regeneration. HSP27 directly interacts with actin
monomers and regulates filament assembly through phosphorylation-dependent changes
in its oligomeric state, enabling precise control of cytoskeletal organization [15,21].

The actin cytoskeleton underpins key mechanobiological functions, including fibroblast-
generated traction forces, osteoblast motility, and epithelial cohesion. Accordingly, HSP27-
mediated regulation of actin dynamics may influence connective tissue remodeling and
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alveolar bone homeostasis, particularly under the oxidative and genotoxic stress conditions
induced by ionizing radiation. In addition, emerging evidence suggests that HSP27’s cy-
toskeletal regulation may intersect with pathways governing DNA repair and cell survival,
although these relationships remain incompletely defined in irradiated periodontal tissues.

3.7. DNA Repair and Apoptosis Regulation in Irradiated Periodontal Cells

Ionizing radiation induces DSBs, mitochondrial dysfunction, and activation of intrinsic
apoptotic pathways, collectively compromising the genomic integrity and viability of
periodontal cells. HSP27 has been shown to interact with components of the DNA repair
machinery, including the Ku70/Ku80 heterodimer, thereby facilitating non-homologous
end-joining (NHE])-mediated repair of radiation-induced DNA damage [22].

In parallel, HSP27 exerts anti-apoptotic effects by inhibiting the release of mitochon-
drial cytochrome ¢ and attenuating downstream caspase activation, thereby enhancing
cellular survival under stress conditions [16]. Together, these mechanisms suggest that
HSP27 may prolong the survival of radiation-damaged periodontal cells. However, sus-
tained survival in the context of unresolved damage may also contribute to persistent
inflammatory signaling and altered tissue remodeling, indicating a context-dependent role
that warrants further investigation (Table 1) (Figure 1).

Table 1. Cell-specific HSP27-related functions potentially relevant to radiation-induced periodon-

tal injury.
Cell Tvpe Radiation- Main HSP27-Related = Potential Periodontal
yp Relevant Stressors Functions Consequences
May support fibroblast

Redox buffering; actin

Periodontal ROS, DSBs, ECM R )
stabilization; protein

survival, ECM

ligament degradation, : remodeling, and
. . chaperoning; : :
fibroblasts mechanical stress : . periodontal ligament
apoptosis modulation . .
integrity after RT
Oxidative injury, Protection against May preserve
mitochondrial oxidative apoptosis;  osteoblast viability but
Osteoblasts dysfunction, mitochondrial does not necessarily
impaired stabilization; ensure effective
mineralization actin regulation bone formation
Cyjcoskeletal stress, May influence
inflammatory . . .
. Regulation of actin osteoclast survival,
cytokines, and L . .
Osteoclasts altered organization, motility, = bone resorption, and
RANKL/OPG sig- and resorptive activity alveolar bone loss
: after RT
naling
I ROS, microbial Cytqgkelgtal May iy nﬂuenc':e
Gingival stabilization; epithelial survival,
. . challenge, ) . L. .
epithelial . ) apoptosis modulation; barrier integrity,
cytokine-driven . . s
cells g . regulation of microbial ingress, and
inflammation

JNK/NEF-«B signaling  inflammatory responses

Abbreviations: DSBs, DNA double-strand breaks; ECM, extracellular matrix; HSP27, heat shock protein 27; JNK,
c-Jun N-terminal kinase; NF-kB, nuclear factor kappa B; OPG, osteoprotegerin; RANKL, receptor activator of
nuclear factor kB ligand; ROS, reactive oxygen species; RT, radiotherapy.
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Figure 1. Cell-specific roles of HSP27 in radiation-induced periodontal tissue responses.
Note: Schematic representation of the proposed cell-specific functions of heat shock protein 27
(HSP27) in irradiated periodontal tissues. Ionizing radiation induces oxidative stress, DNA dam-
age, inflammatory signaling, and microenvironmental disruption, affecting key periodontal cell
compartments, including the gingival epithelium, periodontal ligament fibroblasts, osteoblasts, and
osteoclasts. HSP27 exerts cytoprotective effects through multiple mechanisms, including preserva-
tion of epithelial barrier integrity, stabilization of the actin cytoskeleton and extracellular matrix,
attenuation of oxidative and mitochondrial injury, and regulation of bone remodeling dynamics.
Through these coordinated but context-dependent actions across different cell types, HSP27 may
influence tissue homeostasis, alveolar bone integrity, and susceptibility to radiation-induced peri-
odontal damage. Abbreviations: HSP27, heat shock protein 27; ROS, reactive oxygen species; DSBs,
DNA double-strand breaks; ECM, extracellular matrix; PDL, periodontal ligament.

4. Mechanistic Rationale for a Hypothesized Link Between HSP27 and
Radiation-Induced Periodontitis

Radiation-induced periodontitis arises from the convergence of oxidative injury, mi-
crovascular compromise, immunological dysregulation, and impaired tissue remodeling,
collectively driving progressive periodontal destruction. Rather than revisiting the cell-
specific biology of HSP27 described in Section 3, this section focuses on how these functions
may intersect with the principal pathogenic mechanisms underlying radiation-induced
periodontitis. Although HSP27 has not been directly investigated in radiation-induced
periodontitis, its established roles in redox regulation, cytoskeletal stabilization, DNA
damage response, and inflammatory signaling align with several biological processes im-
plicated in radiation-associated periodontal injury. Accordingly, these observations provide
a hypothesis-generating rationale for further investigation of HSP27 in this setting. The
proposed interactions among radiation-induced stress responses, HSP27 activation, down-
stream signaling pathways, and periodontal tissue injury are summarized schematically in
Figure 2.
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Figure 2. Proposed molecular pathway linking radiation-induced stress, HSP27 activation, and
radiation-induced periodontitis progression. Note: Ionizing radiation induces water radiolysis,
reactive oxygen species generation, and DNA damage, activating stress-kinase signaling pathways
including p38 MAPK and MK2. These pathways may promote HSP27 induction and phosphorylation
at Ser15, Ser78, and Ser82, leading to context-dependent downstream effects on cytoskeletal regulation,
redox homeostasis, cell survival, DNA repair, and inflammatory signaling. In periodontal tissues,
these processes may influence periodontal ligament fibroblast function, epithelial barrier integrity,
osteoblast-osteoclast balance, immune-cell activation, extracellular matrix remodeling, microbiome
dysbiosis, and ultimately RIP progression. Solid arrows indicate mechanisms supported by general
biological literature, whereas dashed arrows indicate hypothesized radiation-induced periodontitis-
specific relationships requiring direct validation. Abbreviations: COX-2, cyclooxygenase-2; DSBs,
DNA double-strand breaks; ECM, extracellular matrix; ERK, extracellular signal-regulated kinase;
GPx, glutathione peroxidase; HSP27, heat shock protein 27; IL, interleukin; JNK, c-Jun N-terminal
kinase; MAPK, mitogen-activated protein kinase; MK2, MAPK-activated protein kinase 2; MMPs,
matrix metalloproteinases; NF-«kB, nuclear factor kappa B; p-HSP27, phosphorylated HSP27; RIP,
radiation-induced periodontitis; ROS, reactive oxygen species; TNF-«, tumor necrosis factor-alpha;
Trx, thioredoxin.

4.1. Oxidative Stress and Periodontal Breakdown

Ionizing radiation induces an immediate and sustained increase in ROS through
water radiolysis, mitochondrial dysfunction, and persistent inflammatory activation [3].
Periodontal cells—particularly periodontal ligament fibroblasts and osteoblasts—are highly
susceptible to ROS-mediated injury, including apoptotic cell death, oxidative protein
modification, and ECM degradation, all of which compromise the structural integrity of
the periodontium [18]. Clinically, this cumulative oxidative burden has been linked to
accelerated alveolar bone resorption and progressive attachment loss in patients undergoing
head-and-neck RT [23,24].

Building on the redox-regulatory functions outlined in Section 3, HSP27 may influence
how periodontal tissues respond to radiation-induced oxidative stress. By supporting
antioxidant defense systems, including glutathione peroxidase- and thioredoxin-dependent
pathways [11,14], HSP27 may limit intracellular ROS accumulation and attenuate down-
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stream injury responses. In this context, variation in HSP27 expression or function may
influence both the extent of cellular injury and the persistence of inflammatory signaling
within irradiated periodontal tissues, thereby contributing to inter-individual differences
in susceptibility to radiation-induced periodontitis.

4.2. Fibroblast Apoptosis and ECM Degradation

Periodontal ligament fibroblasts are central regulators of ECM turnover, collagen
biosynthesis, and periodontal tissue repair. Exposure to ionizing radiation induces DSBs,
mitochondrial cytochrome c release, and activation of caspase-dependent apoptotic path-
ways in periodontal ligament fibroblasts, culminating in fibroblast depletion and progres-
sive loss of connective tissue integrity [24].

As discussed in Section 3, HSP27 modulates several stress-response and apoptosis-
related pathways, including cytochrome c-dependent signaling, caspase activation, cy-
toskeletal stabilization, and protein quality control mechanisms [16,21]. Within the irradi-
ated periodontium, these functions may influence fibroblast survival and the capacity for
post-radiation tissue remodeling.

The consequences of these effects are inherently context-dependent. Maintenance of
fibroblast viability may facilitate early extracellular matrix homeostasis and mitigate acute
tissue disruption. Conversely, sustained survival of sublethally irradiated fibroblasts may
promote dysregulated matrix remodeling, aberrant cytokine production, and persistence of
a low-grade inflammatory microenvironment, collectively influencing the progression of
periodontal breakdown. Persistent activation of cytoprotective and anti-apoptotic path-
ways may further promote the retention of dysfunctional yet viable irradiated fibroblasts,
potentially contributing to aberrant wound-healing responses, fibrotic tissue remodeling,
or cellular senescence. Taken together, these considerations indicate that HSP27-mediated
modulation of fibroblast responses may reshape post-radiation tissue remodeling dynamics
and contribute to the pathogenesis of radiation-induced periodontitis.

4.3. Osteoblast/Osteoclast Dynamics and Alveolar Bone Resorption

Radiotherapy profoundly perturbs alveolar bone homeostasis by suppressing os-
teoblast proliferation and matrix mineralization while promoting osteoclast recruitment
through pro-inflammatory cytokine signaling and oxidative stress [24-26]. This disruption
results in pathological uncoupling of the bone remodeling unit, shifting the anabolic—
catabolic equilibrium toward net resorption and contributing directly to progressive alveo-
lar bone loss—a defining feature of radiation-induced periodontitis.

As discussed in Sections 3.2 and 3.3, HSP27 may influence both osteoblast and os-
teoclast biology through its effects on cellular stress responses and cytoskeletal regula-
tion [15,19,26]. Within the irradiated alveolar bone microenvironment, these functions
may modulate the balance between bone formation and bone resorption. Preservation of
osteoblast viability may not necessarily translate into effective bone formation if surviving
cells remain metabolically or genomically compromised following radiation exposure.
Conversely, sustained osteoclast survival or resorptive activity may perpetuate remodel-
ing imbalance.

Collectively, these considerations support a model in which HSP27 may function as
a context-dependent modulator of uncoupled bone remodeling in response to radiation-
induced stress, potentially linking cellular stress responses to progressive alveolar bone
loss in radiation-induced periodontitis.
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4.4. Inflammatory Cytokine Signaling: A Shared Pathway in Periodontitis and
Radiation-Induced Toxicity

Both chronic periodontitis and radiation-induced tissue injury share a convergent
pathophysiological substrate characterized by sustained upregulation of pro-inflammatory
cytokine signaling, with interleukin (IL)-18, tumor necrosis factor (INF)-a, and IL-6 serving
as central effectors. These mediators amplify ROS generation, upregulate matrix metallo-
proteinase (MMP) expression via NF-xB- and AP-1-dependent transcriptional programs,
and drive ECM degradation, collectively contributing to progressive periodontal tissue
destruction [27].

As discussed in Section 3, HSP27 has been implicated in the regulation of multi-
ple inflammatory signaling pathways, including NF-«xB-, JNK-, and MAPK-associated
responses [21,28]. Within irradiated periodontal tissues, these functions may influence both
the magnitude and persistence of inflammatory activation. The HSP27—cytokine axis may
therefore represent a mechanistic interface linking radiation-induced cellular stress to sus-
tained inflammatory activation and tissue breakdown. However, the directionality of this
modulation is likely context-dependent and influenced by factors such as HSP27 expression
level, phosphorylation status, oligomeric state, and local microenvironmental conditions.

Collectively, these considerations support a model in which HSP27 functions as a
context-dependent regulator of inflammation-driven periodontal injury, integrating cellular
stress-response pathways with the immunological mechanisms underlying the progression
of radiation-induced periodontitis.

4.5. Microbiome Shifts and Epithelial Barrier Dysfunction

Radiotherapy induces substantial and clinically relevant alterations in the oral mi-
crobiome, characterized by the depletion of commensal species and the expansion of
pathogenic anaerobes associated with severe periodontitis [29]. In parallel, radiation-
induced epithelial atrophy and disruption of intercellular junctional complexes compromise
the mucosal barrier, facilitating microbial translocation into the subepithelial compartment
and amplifying local inflammatory responses [30].

As discussed in Section 3.4, HSP27 contributes to epithelial stress responses through
its effects on cytoskeletal stability, regulation of apoptosis, and inflammatory signaling [31].
Within the irradiated gingival epithelium, these functions may influence susceptibility to
barrier disruption and subsequent microbial translocation.

Within this framework, the role of HSP27 in the irradiated epithelial compartment
is likely to be context-dependent and temporally dynamic. Increased HSP27 expression
during the acute phase of radiation injury may help preserve barrier integrity and limit
early microbial translocation. In contrast, sustained or dysregulated HSP27 expression
in chronically stressed tissues may reflect an adaptive response to ongoing inflamma-
tory and microbial challenges, potentially marking more advanced barrier dysfunction
and dysbiosis.

Collectively, these considerations suggest that interactions among HSP27 expression,
epithelial barrier integrity, and microbiome dynamics may contribute to radiation-induced
periodontitis (Figure 3). This underexplored axis warrants focused experimental and
translational investigation.
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Figure 3. Mechanistic framework of radiation-induced periodontitis and the central modulatory
role of HSP27. Note: Ionizing radiation to the oral cavity induces the generation of reactive oxy-
gen species, DNA damage, and pro-inflammatory cytokine release, thereby initiating tissue injury
within the periodontium. These processes disrupt epithelial barrier integrity, promote apoptosis
and microbial ingress, impair extracellular matrix integrity, and contribute to fibroblast dysfunction,
cellular senescence, osteoblast suppression, osteoclast activation, and microbiome dysbiosis. Within
this integrated stress-response network, heat shock protein 27 (HSP27/HSPB1) may act as a central
modulator influencing redox regulation, cytoskeletal stability, proteostasis, inflammatory signaling,
and apoptosis-related pathways across multiple periodontal cell types. The cumulative effect is
impaired periodontal homeostasis, progressive radiation-induced periodontitis, and, in severe cases,
downstream complications such as tooth loss and osteoradionecrosis. Abbreviations: DSBs, DNA
double-strand breaks; ECM, extracellular matrix; HNC, head and neck cancer; HSP27, heat shock
protein 27; IL, interleukin; JNK, c-Jun N-terminal kinase; NF-«B, nuclear factor kappa B; ROS, reactive
oxygen species; RT, radiotherapy; TNF-«, tumor necrosis factor-alpha.

5. Clinical and Experimental Evidence

To date, no clinical or preclinical investigation has directly evaluated the role of
HSP27 in radiation-induced periodontitis, representing a substantive gap in the current
body of knowledge and highlighting the novelty of this line of inquiry. Nonetheless, a
convergent array of indirect evidence—spanning periodontal biology, radiation toxicology,
and molecular stress-response research—provides a biological rationale for considering
HSP27 as a plausible modulator of the pathogenesis of radiation-induced periodontitis. It
is important to acknowledge, however, that much of this evidence derives from malignant,
ischemic, systemic inflammatory, or otherwise non-periodontal models, limiting its direct
applicability to irradiated periodontal tissues. Accordingly, the evidence synthesized in
this section should be regarded as hypothesis-generating, warranting rigorous empirical
evaluation before causal or translational conclusions can be drawn.

5.1. Evidence from Non-Irradiated Periodontal and Periapical Inflammatory Models

Although HSP27 has not yet been directly investigated in radiation-induced peri-
odontitis, evidence from periodontal and periapical inflammatory conditions supports its
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potential involvement in periodontal stress responses. In a clinical study of periodontitis,
circulating HSP27 levels varied by disease phenotype and were associated with inflamma-
tory mediators, including TNF-« and HSP60, supporting a relationship between HSP27
and periodontal inflammatory activity [32]. In addition, proteomic analyses of apical
periodontitis lesions demonstrated differential expression of HSP27 in inflamed tissues,
further suggesting the involvement of HSP27-associated stress-response pathways in oral
inflammatory diseases [33].

Experimental studies using human periodontal ligament fibroblasts provide addi-
tional mechanistic support. Under mechanical loading conditions, phosphorylation of
HSP27 has been associated with alterations in IL6, PTGS2, COL1A2, and RANKL/OPG-
related pathways, as well as osteoclastogenesis-associated responses [17]. These obser-
vations are particularly relevant because periodontal ligament fibroblasts represent key
mechanosensitive and immunomodulatory cells that contribute to periodontal tissue adap-
tation and remodeling.

Nevertheless, these findings originate from non-irradiated inflammatory or mechanical-
stress models and therefore do not fully recapitulate the multifactorial environment of
radiation-induced periodontitis. Specifically, they do not account for the combined ef-
fects of ionizing radiation, microvascular injury, epithelial barrier disruption, microbiome
alterations, and heterogeneous radiation dose distributions. Consequently, while the avail-
able periodontal literature strengthens the biological plausibility of HSP27 involvement in
periodontal stress biology, it does not provide direct evidence for a causal role in radiation-
induced periodontitis.

5.2. Evidence from Periodontal Cell Biology

HSP27 is expressed across the principal cellular components of the periodontium,
including periodontal ligament fibroblasts, osteoblasts, gingival epithelial cells, and im-
mune cells. These cell populations are consistently shown to be highly susceptible to
radiation-induced oxidative stress, DNA damage, and apoptotic signaling [4,24].

Functionally, HSP27 may contribute to cellular stress adaptation through several com-
plementary mechanisms. It enhances antioxidant capacity via glutathione- and thioredoxin-
dependent systems, preserves cytoskeletal integrity under oxidative stress, suppresses
apoptosis by inhibiting cytochrome c-dependent caspase activation, and facilitates refold-
ing of damaged proteins through its chaperone activity [11,16,21]. Through these integrated
effects, HSP27 is positioned to influence cellular survival, ECM remodeling, and stress
tolerance within the irradiated periodontal microenvironment.

Taken together, these observations support a biologically plausible framework in
which HSP27 functions as a context-dependent modulator of the cellular response to
radiation-induced injury in periodontal tissues, linking stress-response pathways to the
development of radiation-induced periodontitis.

5.3. Evidence from Osteoblast and Bone Remodeling Studies

Experimental evidence indicates that osteoblasts upregulate heat shock proteins in
response to oxidative, genotoxic, and biomechanical stress. This response reflects activation
of heat shock factor 1 (HSF1)-mediated transcriptional programs within the broader cellular
proteostatic stress response [16,26].

At the molecular level, HSP27 may enhance cellular survival by attenuating mito-
chondrial membrane permeabilization and suppressing cytochrome c translocation into
the cytosol. It may also inhibit downstream caspase-3 and caspase-9 activation, thereby
helping preserve viability under sustained oxidative and genotoxic stress [16,21]. These
cytoprotective mechanisms, while not yet directly demonstrated in irradiated osteoblasts,
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are consistently observed across multiple stressed cell systems and provide a biologically
plausible basis for similar effects within the bone microenvironment.

Ionizing radiation suppresses osteoblast lineage commitment and terminal differentia-
tion. It impairs Runx2-dependent osteogenic transcriptional programs, reduces alkaline
phosphatase activity, and diminishes extracellular matrix mineralization capacity. In par-
allel, radiation may promote RANKL-mediated osteoclast recruitment and activation [7].
This radiation-induced pathological uncoupling of the bone multicellular unit (BMU) shifts
the anabolic—catabolic equilibrium decisively toward net bone resorption.

Within this context, HSP27-driven modulation of cellular stress responses may exert a
substantive, bidirectional regulatory influence on bone remodeling dynamics. On the one
hand, HSP27-mediated cytoprotection may preserve osteoblast viability under radiation
stress; on the other hand, such survival does not necessarily translate into preserved
osteogenic function in sublethally damaged cells. HSP27 also regulates actin cytoskeletal
organization and cellular motility [15]. Therefore, it may influence osteoclast structural
dynamics and resorptive activity, although this remains to be directly demonstrated in
irradiated bone tissue.

Collectively, these observations suggest that HSP27 may act as a context-dependent
modulator of stress-adaptive processes within the bone multicellular unit. This framework
may help explain dysregulated remodeling and progressive alveolar bone loss in radiation-
induced periodontitis, but it requires direct experimental validation.

5.4. Evidence from Gingival Epithelium and Barrier Function

The gingival epithelium constitutes a critical structural and immunological interface
that is highly susceptible to radiation-induced oxidative injury and inflammatory activation.
Ionizing radiation disrupts epithelial homeostasis by inducing ROS, DNA damage, and
cytokine-driven signaling cascades, resulting in epithelial atrophy, junctional instability, and
compromised barrier integrity, thereby facilitating microbial translocation and amplifying
local inflammatory responses [30].

HSP27 is mechanistically positioned to modulate epithelial resilience under these
conditions. At the cellular level, HSP27 has been shown to promote survival of oral
epithelial cells through anti-apoptotic signaling and stress-response pathways, including
attenuation of mitochondrial apoptotic cascades and enhancement of cellular resistance
to oxidative injury [20]. More broadly, HSP27 is mechanistically positioned to influence
radiation-induced periodontitis-related pathways in cytoskeletal stability and inflammatory
signaling by modulating NF-xB- and [NK-dependent pathways, both of which are central
to epithelial injury and repair processes [28].

Through these integrated functions, HSP27 may influence epithelial barrier integrity
in the irradiated periodontium. In particular, its ability to preserve epithelial cell viabil-
ity and modulate stress-responsive signaling suggests a potential role in limiting early
barrier disruption. However, sustained or dysregulated HSP27 activation under chronic
radiation-induced stress may alternatively reflect a maladaptive response within an already
compromised epithelial microenvironment.

Accordingly, alterations in HSP27 expression or activity may have downstream con-
sequences for host-microbial interactions and inflammatory amplification within the pe-
riodontium. While direct evidence for radiation-induced periodontitis remains lacking,
the convergence of epithelial injury, barrier dysfunction, and stress-response signaling
provides a biologically coherent framework that supports HSP27 as a context-dependent
modulator of epithelial integrity in radiation-associated periodontal disease.
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5.5. Evidence from Head and Neck Cancer, Nasopharyngeal Carcinoma, and
Radiation-Resistance Studies

In nasopharyngeal carcinoma and other HNCs, HSP27 upregulation has been asso-
ciated with multiple cellular adaptations relevant to radiation response. Mechanistically,
HSP27 has been implicated in regulating DNA damage repair pathways. This includes inter-
actions with components of the non-homologous end-joining machinery, as well as broader
stress-response processes involving cytoskeletal stabilization, anti-apoptotic signaling, and
inflammatory modulation [17,28].

Through these functions, HSP27 may contribute to enhanced cellular tolerance to
genotoxic and oxidative stress, a phenotype that, in oncologic contexts, has been linked to
reduced apoptotic susceptibility and adaptive resistance to cytotoxic therapies. Although
most evidence derives from malignant cell systems, the underlying mechanisms—namely
DNA repair facilitation, cytoskeletal preservation, and stress-response signaling—are not
tumor-specific and are likely operative in normal tissues exposed to radiation.

Accordingly, these oncologic observations provide indirect but biologically relevant
evidence that HSP27 may similarly influence radiation responses in non-malignant pe-
riodontal tissues. The convergence of these mechanisms with established pathways in
radiation-induced periodontitis—including oxidative injury, impaired cellular turnover,
and dysregulated inflammatory signaling—supports a coherent conceptual framework in
which HSP27 functions as a context-dependent modulator of tissue response to irradiation.

5.6. Evidence from Organoid and In Vitro Stress Models

Epithelial, fibroblast-derived, and salivary gland organoid systems consistently
demonstrate robust, often dose-dependent induction of HSP27 at both transcriptional
and protein levels in response to oxidative, genotoxic, and inflammatory stress, reflect-
ing activation of conserved HSF1-mediated stress-response pathways. In radiation-based
three-dimensional models, increased HSP27 expression has been associated with altered
morphogenesis, enhanced clonogenic survival, phosphorylation-dependent cytoskeletal
reorganization, and attenuation of apoptosis, supporting a functional role in cellular adap-
tation to ionizing radiation [14]. Although periodontal-specific organoid systems remain
underdeveloped, convergent findings across structurally and functionally related oral
tissue models provide biologically coherent support for a role of HSP27 in modulating
tissue responses to radiation-induced injury within the periodontium.

Collectively, these complementary lines of indirect evidence provide a mechanistically
grounded rationale for investigating HSP27 as a potential mediator of radiation-induced
periodontitis. The absence of direct experimental or clinical studies, when considered
alongside consistent signals across multiple biological platforms, further supports pri-
oritizing HSP27 as a candidate biomarker of susceptibility and a potential therapeutic
target in radiation-associated periodontal injury. A summary of the indirect mechanistic
and experimental evidence supporting the involvement of HSP27 in radiation-induced
periodontitis is presented in Table 2.

Table 2. Mechanistic domains through which HSP27 may influence radiation-induced periodontal injury.

Mechanistic Domain Key HSP27-Related Potential Relevance to Radiation-

Mechanism Induced Periodontal Injury
Redox buffering, May influence fibroblast survival,
Periodontal ligament ~ cytoskeletal regulation,  extracellular matrix remodeling,
fibroblast response and apoptosis and periodontal ligament
modulation integrity after radiotherapy
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Table 2. Cont.

Mechanistic Domain

Key HSP27-Related
Mechanism

Potential Relevance to Radiation-
Induced Periodontal Injury

Bone remodeling

Epithelial
barrier integrity

Oxidative
stress response

Inflammatory
signaling

Organoid and
radiation-
stress models

Osteoblast stress
adaptation and osteoclast
actin-dependent
resorptive function
Cytoskeletal stabilization,
apoptosis regulation, and
inflammatory signaling
modulation
Support of glutathione-
and
thioredoxin-dependent
antioxidant systems

Modulation of NF-kB-,
JNK-, and MAPK-
associated pathways

HSP27 induction under
oxidative, genotoxic, and
inflammatory stress

May affect the balance between
bone formation and bone
resorption in irradiated
alveolar bone

May influence epithelial survival,
barrier disruption, and
microbial ingress

May attenuate ROS accumulation
and oxidative cellular injury

May influence cytokine
persistence, matrix degradation,
and chronic periodontal
inflammation
Provides biological rationale for
testing HSP27 in
radiation-induced
periodontitis-specific models

Abbreviations: HSP27, heat shock protein 27; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein
kinase; NF-«B, nuclear factor kappa B; ROS, reactive oxygen species. Note: Table 2 summarizes biological
plausibility, whereas Table 3 critically appraises the strength and limitations of the supporting evidence.

Table 3. Direct and indirect evidence informing the proposed HSP27-radiation-induced periodonti-

tis framework.

Directly Tested Strengtl} of .
. . . o Extrapolation to Relevance to Principal
Evidence Main in Radiation- .. . .. e e
Domain Model/Svstem Induced Radiation- Radiation-Induced Limitation/Reason
y Periodontitis? Induced Periodontitis for Caution
: Periodontitis
Supports biological Mostly derived from
Periodontal plausibility because = non-irradiated or non-
licament these cells are radiation-induced
ﬁb%oblas ts directly involved in periodontal models;
Periodontal cell osteoblasts, . perlodont:?l does. not cap.t ure
biolo ineival epithelial No Moderate-high homeostasis, combined radiation
gy & gcells En d extracellular matrix injury, microbiome
erio don;al inflam- remodeling, disruption, vascular
P matory models epithelial integrity, damage, and
Y and alveolar bone dosimetric
turnover heterogeneity
Radiation responses
Provides mechanistic may differ between
relevance for tumor cells, normal
oxidative stress, tissues, and
Irradiated normal DNA damage periodontal
Radjiation and malienant No Moderate response, apoptosis  compartments; models
biology cell sys tgems regulation, often lack biofilm

cytoskeletal injury,

and stress-response
activation after

ionizing radiation

exposure, periodontal
stem/progenitor
niches, and alveolar
bone remodeling
endpoints

https://doi.org/10.3390/0ral6040080


https://doi.org/10.3390/oral6040080

Oral 2026, 6, 80 16 of 23
Table 3. Cont.
Directly Tested Strengt}.l of .
. . . e Extrapolation to Relevance to Principal
Evidence Main in Radiation- .. . . e ey e
. Radiation- Radiation-Induced Limitation/Reason
Domain Model/System Induced . L .
. .es Induced Periodontitis for Caution
Periodontitis? . ...
Periodontitis
Demonstrates that Malignant-cell
HSP27 can survival mechanisms
Head and neck .. .
participate in stress may not translate
cancer, .
tolerance, DNA directly to normal
Cancer nasopharyngeal . . . . .
. . : Low-moderate repair, anti-apoptotic periodontal tissue
radioresistance carcinoma, and . . L
. signaling, and injury; cancer models
other malignant- .
treatment resistance may overrepresent
cell models . .
under genotoxic cytoprotective and
stress proliferative signaling
Relevant to Limited evidence in
radiation-associated irradiated alveolar
alveolar bone loss bone or periodontal
because bone remodeling;
Bone Osteoblast and HSP27-related effects may differ
remodeling osteoclast stress- Moderate-high pathways may according to
biology response models influence osteoblast osteoblast—osteoclast
viability, osteoclast coupling,
cytoskeletal RANKL/OPG balance,
organization, and radiation dose, and
remodeling balance inflammatory milieu
Disease-context
.. . Provides general mismatch is
Cardiac ischemia, .8 .
Svstemic neuronal injury, insight into substantial; these
. b . ! HSP27-related models often lack
inflammatory autoimmune, or . . .
. . . cytoprotection, periodontal tissue
or ischemic systemic : . o
.. . inflammatory architecture, microbial
injury models inflammatory

Organoid and
in vitro stress
models

Prospective
clinical
biomarker
evidence

disease contexts

Oral epithelial,
salivary gland,
fibroblast-derived,

or other

three-dimensional
stress models

clinical cohorts

modulation, and
stress adaptation

Biologically
informative for
tissue-level stress
responses, epithelial
resilience,
morphogenesis, and
radiation-associated

periodontal injury,
risk stratification, or
treatment response

challenge, epithelial
barrier disruption, and
alveolar bone turnover
Models are not
periodontal- or
radiation-induced
periodontitis-specific;
most do not reproduce
the biofilm-exposed
periodontal niche,
mechanical loading,
vascular injury, or

cellular adaptation . integrated
immune-bone
remodeling
environment
Would be directly Currently absent;
Saliva, gingival relevant for analytical validity,
crevic{ﬂar fAuid Valida.ting HSP27 as reproducibility,
tissue, or ' Not available a plqmall'ker of predictive
longi tuélinal radiation-induced performance,

calibration, and
incremental clinical
utility remain untested

Abbreviations: HSP27, heat shock protein 27; OPG, osteoprotegerin; RANKL, receptor activator of nuclear
factor kB ligand. Note: The strength of extrapolation reflects biological proximity to irradiated periodontal
tissues rather than proof of causality. No evidence domain currently provides direct validation of HSP27 in
radiation-induced periodontitis.
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5.7. Level of Evidence and Critical Appraisal of the Available Evidence

The evidentiary foundation for implicating HSP27 in radiation-induced periodontitis
is predominantly indirect and should be interpreted with caution. Most mechanistic in-
sights are extrapolated from non-periodontal systems, malignant cell models, or broader
investigations of cellular stress responses. Although these studies elucidate fundamental
processes such as redox regulation, cytoskeletal stabilization, apoptosis modulation, and
DNA repair [11,14-16,21,22,28,34], they do not provide definitive evidence that HSP27 ex-
erts analogous effects within irradiated periodontal tissues. Furthermore, HSP27 function
is context-dependent and may vary according to cell type, radiation dose, post-irradiation
interval, phosphorylation status, and inflammatory milieu. Consequently, the proposed
involvement of HSP27 in radiation-induced periodontitis should be regarded as a biologi-
cally plausible, testable hypothesis rather than an established pathogenic mechanism, and
should be validated through periodontal cell-based, animal, organoid, and prospective
clinical investigations.

A further limitation of extrapolating HSP27 biology to radiation-induced periodontitis
is the distinctive structure and biology of periodontal tissues. Unlike many tumor, ischemic,
or neuronal injury models, the periodontium is a compartmentalized and continuously chal-
lenged tissue complex composed of gingival epithelium, periodontal ligament fibroblasts,
cementum, alveolar bone, vascular elements, immune cells, and resident progenitor popu-
lations. These compartments differ substantially in cellular turnover, regenerative capacity,
extracellular matrix composition, mechanical loading, and dependence on periodontal
ligament-derived stem/progenitor cells. In addition, periodontal tissues are continuously
exposed to a polymicrobial biofilm, and radiation-induced disruption of the epithelial
barrier may alter host-microbiome interactions in ways not captured by sterile ischemic,
neuronal, or malignant-cell systems. Therefore, HSP27-mediated cytoprotection, apoptosis-
related signaling, inflammatory modulation, or cytoskeletal stabilization may have distinct
biological consequences in irradiated periodontal tissues compared with non-periodontal
models. These differences reinforce the need for radiation-induced periodontitis-specific
validation using periodontal cell-based systems, animal models, organoids, and prospective
clinical cohorts.

6. Translational Biomarker Considerations

Although HSP27 has not yet been evaluated as a biomarker for radiation-induced
periodontitis, its established biological position within cellular stress-response pathways
provides a rationale for considering it as an investigational biomarker candidate. Concep-
tually, HSP27 expression, phosphorylation status, or subcellular localization could serve
as tissue-level indicators of radiation-induced oxidative stress, cytoskeletal perturbation,
apoptosis-related signaling, and inflammatory activation within periodontal tissues. How-
ever, this proposition remains hypothetical and should not be interpreted as evidence of
validated biomarker utility in radiation-induced periodontitis.

Future biomarker investigations should prioritize longitudinal assessment of HSP27
in irradiated periodontal tissues or accessible oral biofluids, such as saliva or gingival
crevicular fluid, in parallel with clinical periodontal endpoints, mandibular dosimetry,
inflammatory markers, and microbiome profiling. Such integrative studies would help
determine whether HSP27 provides incremental predictive information beyond established
clinical and dosimetric risk factors. Before clinical translation, any candidate HSP27-based
biomarker must undergo rigorous evaluation for analytical validity, biological reproducibil-
ity, predictive performance, calibration, and clinical utility.

Accordingly, HSP27 should presently be regarded not as an established clinical
biomarker but as an investigational molecular indicator of periodontal tissue stress re-
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sponses that warrants systematic investigation in radiation-induced periodontitis-specific
prospective translational research.

7. Therapeutic Targeting of HSP27 for Prevention of or Reduction in
Radiation-Induced Periodontitis

Therapeutic modulation of HSP27 represents a potential strategy for influencing the
severity of radiation-induced periodontitis, given its central role in regulating oxidative
stress responses, cytoskeletal stability, and apoptosis. Evidence from oncology research
indicates that HSP27 may contribute to cellular radioresistance through mechanisms in-
cluding stabilization of cytoskeletal architecture, facilitation of DNA repair pathways,
and attenuation of apoptotic signaling [28]. These processes are not tumor-specific and
may also operate in normal periodontal tissues exposed to ionizing radiation, although
this extrapolation remains hypothesis-generating and requires validation in tissue-specific
preclinical models.

However, the therapeutic implications of targeting HSP27 in this context are inherently
complex. In cancer, pharmacological inhibition of HSP27 has been explored to enhance
radiosensitivity and promote tumor cell death. Investigated approaches include antisense
oligonucleotides, such as Apatorsen (OGX-427), kinase pathway modulators, including
MK?2 inhibitors [35], and small-molecule disruptors of HSP27 oligomerization. In contrast,
within normal tissues, HSP27-mediated stress-response pathways may serve a protective
function by preserving cellular integrity and limiting radiation-induced damage. This
context-dependent duality raises the possibility that inhibition of HSP27 could exacerbate
normal tissue injury, whereas preservation or augmentation of HSP27 activity might confer
radioprotection [36].

Importantly, the broad functional repertoire of HSP27 also complicates its therapeu-
tic targeting. Because HSP27 participates in redox regulation, cytoskeletal maintenance,
proteostasis, control of apoptosis, inflammatory signaling, and tumor radioresistance,
nonselective inhibition or activation may lead to unintended effects. In the context of
radiation-induced periodontitis, therapeutic strategies should therefore not aim simply
to suppress or enhance HSP27 globally, but rather to define when, where, and in which
cell populations HSP27 modulation is protective or maladaptive. Such considerations
underscore the need for radiation-induced periodontitis-specific preclinical models before
HSP27-directed interventions can be considered clinically actionable.

Accordingly, therapeutic strategies targeting HSP27 in radiation-induced periodontitis
should be approached with careful consideration of tissue-specific effects and therapeutic
directionality. Rather than direct inhibition, approaches that modulate HSP27 function
in a context-dependent manner—or enhance downstream protective pathways such as
redox buffering and cytoskeletal stabilization—may be more appropriate for mitigating
periodontal injury following RT. These considerations highlight the need for preclinical
models specifically designed to evaluate HSP27 modulation in normal oral tissues under
irradiation conditions [11,22].

Given the important role of oxidative stress in radiation-induced tissue injury,
antioxidant-based interventions may offer a rational adjunctive strategy to mitigate peri-
odontal damage following radiotherapy. By reducing excessive ROS accumulation and
limiting oxidative cellular injury, antioxidants could theoretically attenuate some biological
processes implicated in radiation-induced periodontitis. Nevertheless, oxidative stress
is only one component of a complex, multifactorial pathogenic network encompassing
DNA damage, inflammatory dysregulation, microbiome perturbations, and impaired tis-
sue remodeling. Thus, antioxidant therapies alone are unlikely to fully prevent or reverse
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radiation-induced periodontal injury and should be considered as part of an integrated,
multimodal protective strategy.

From a translational perspective, HSP27 may also have value as a molecular indicator
of radiation-induced tissue stress. Future studies should investigate whether HSP27 ex-
pression, phosphorylation status, or subcellular localization provides clinically meaningful
information regarding susceptibility to radiation-induced periodontitis, treatment-related
periodontal injury, or response to preventive interventions. Integration of such molecu-
lar markers with established clinical, dosimetric, inflammatory, and microbiome-based
risk factors may ultimately support more refined approaches to toxicity prediction and
personalized supportive care.

8. Future Directions

Despite increasing recognition of HSP27 as a stress-inducible molecular chaperone in-
volved in cellular stress-response pathways [28], its role in radiation-induced periodontitis
remains largely unexplored. Future research should prioritize direct evaluation of HSP27
within irradiated periodontal tissues using cell-based, organoid, animal, and prospective
clinical models. Such investigations are needed to clarify whether HSP27 functions primar-
ily as a protective mediator of tissue resilience, a marker of ongoing cellular stress, or a
context-dependent contributor to maladaptive remodeling responses following irradiation.

Several mechanistically grounded and clinically translatable research priorities can
be identified. Experimental models incorporating periodontal cell systems and organoid
platforms may help define tissue-specific HSP27 responses to irradiation, including its
regulation at transcriptional and post-translational levels. The potential role of HSP27
as a biomarker warrants evaluation in prospective clinical cohorts, with particular atten-
tion to its incremental value beyond established clinical, dosimetric, inflammatory, and
microbiome-related predictors. Integrative studies combining molecular profiling with
clinical and dosimetric risk characterization may help refine risk stratification, although
such approaches will require rigorous statistical validation.

In parallel, further investigation into the role of HSP27 in modulating inflammatory
and immune responses within irradiated periodontal tissues may provide additional insight
into its contribution to tissue injury and repair (Table 4). Given the overlapping biolog-
ical features of radiation-induced soft-tissue and bone injury, exploring whether HSP27
participates in shared pathways across related radiation toxicities may also be informative.

Table 4. Priority research directions and representative experimental approaches for evaluating the
role of HSP27 in radiation-induced periodontitis.

Representative

Experimental Approach Primary Outcomes

Research Question

Does irradiation alter . Ser@l assessment of Temporal changes in
irradiated periodontal

HSP27 expression or . : o HSP27 expression,
activation in tissues in preclinical phosphorylation status
. . mandibular o
periodontal tissues? irradiation models and subcellular localization
Irradiated periodontal Cell survival, ROS
De;)ii)s dljrfﬁﬁip:\iiit ligament fibroblast cultures accumulation, apoptosis,
p fibroblasts ?r om with HSP27 knockdown, ECM remodeling markers,
radiation-induced infurv? overexpression, or senescence-
Jury: pharmacological modulation associated changes
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Table 4. Cont.

Research Question

Representative
Experimental Approach

Primary Outcomes

Does HSP27 influence
radiation-induced
alveolar bone
remodeling?

Does HSP27 regulate
epithelial barrier
responses after
irradiation?

Does HSP27 affect
radiation-induced
periodontitis severity
in vivo?

Can HSP27 serve as a
biomarker of
radiation-induced
periodontitis
susceptibility or severity?

Can HSP27-targeted
modulation reduce
radiation-induced
periodontal injury?

Osteoblast/osteoclast
coculture systems or
mandibular irradiation
models with HSP27
modulation

Irradiated gingival epithelial

or oral organoid models

HSP27-deficient,
HSP27-overexpressing, or
HSP27-modulated animal

models exposed to
mandibular irradiation

Prospective clinical studies
assessing HSP27-related
measures in periodontal

tissues, saliva, or gingival
crevicular fluid

Preclinical therapeutic
intervention studies
evaluating
context-dependent HSP27
modulation or downstream

Osteoblast differentiation,
osteoclast activity, bone
formation/resorption
markers, alveolar bone loss

Junctional integrity,
epithelial apoptosis,
inflammatory signaling,
microbial translocation

Periodontal attachment

loss, alveolar bone loss,

inflammatory infiltrates,
fibrotic remodeling

Association with
radiation-induced
periodontitis incidence,
severity, progression,
discrimination, calibration,
and incremental
predictive value

Reduction in oxidative
injury, apoptosis,
inflammation, attachment
loss, and alveolar
bone resorption

protective pathways
Abbreviations: ECM, extracellular matrix; HSP27, heat shock protein 27; ROS, reactive oxygen species.

Overall, these directions emphasize the need for stepwise validation—from mech-
anistic studies to prospective clinical investigation—before HSP27 can be incorporated
into predictive or therapeutic strategies for radiation-induced periodontitis. Such efforts
may ultimately clarify whether HSP27 represents a viable target for risk stratification and
therapeutic modulation in radiation-induced periodontal injury.

9. Conclusions

Radiation-induced periodontitis represents a complex, insufficiently characterized
toxicity arising from the interplay among oxidative stress, impaired bone remodeling,
inflammatory dysregulation, and epithelial barrier disruption. Integrating periodontal
biology with radiotherapy-induced tissue injury highlights the potential role of HSP27 as a
candidate modulator within these interconnected processes. Positioned at the intersection
of redox regulation, cytoskeletal stability, DNA repair, and control of apoptosis, HSP27
represents a biologically plausible link between core radiation-response pathways and the
clinical manifestation of periodontal tissue injury.

This review identifies the periodontitis-radiotherapy—HSP27 axis as an emerging area
of translational interest. The current absence of direct investigations into HSP27 in radiation-
induced periodontitis underscores both the novelty of this field and the need for targeted
research. Advances in experimental modeling, molecular targeting strategies, and quantita-
tive toxicity prediction may facilitate further exploration of HSP27-centered mechanisms.
Future translational studies should evaluate whether HSP27 expression, phosphorylation
status, or subcellular localization can provide clinically meaningful information regarding
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susceptibility to radiation-induced periodontal injury. Such investigations may ultimately
support the development of more refined molecular approaches to risk stratification and
toxicity prediction in radiation-induced periodontitis.

Collectively, these observations support a hypothesis-generating conceptual frame-
work in which HSP27 may plausibly connect tissue-level stress responses, periodontal
injury mechanisms, and clinical outcomes. As precision radiation oncology continues to
evolve, direct evaluation of the proposed HSP27-radiation-induced periodontitis axis may
help determine whether HSP27 has value for risk assessment, targeted interventions, or
supportive care strategies in patients with HNC. However, while the available evidence
supports biological plausibility, the proposed HSP27-radiation-induced periodontitis rela-
tionship remains unproven and requires direct experimental and clinical validation before
definitive mechanistic, biomarker, or therapeutic conclusions can be drawn.

Author Contributions: Conceptualization, E.S., D.T., E.T.,, S.B., M.S. and U.S.; methodology, E.S., D.T.,
E.T, S.B.,, M.S. and U.S,; software, E.S., D.T., E.T,, S.B., M.S. and U.S.; validation, E.S., D.T., E.T,, S.B.,
M.S. and U.S,; formal analysis, E.S., D.T., E.T., S.B., M.S. and U.S,; investigation, E.S., D.T., E.T., S.B.,
M.S. and U.S,; resources, E.S., D.T., E.T., S.B.,, M.S. and U.S.; data curation, E.S., D.T., E.T., S.B., M.S.
and U.S.; writing—original draft preparation, E.S., D.T., E.T.,, S.B., M.S. and U.S.; writing—review and
editing, E.S., D.T,, E.T,, S.B.,, M.S. and U.S,; visualization, E.S., D.T., E.T., S.B. and U.S.; supervision,
ES., D.T, ET, S.B.,, M.S. and U.S.; project administration, E.S., D.T.,, E.T,, S.B.,, M.S. and U.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The authors confirm that all figures included in the manuscript were created
by the authors specifically for this study. The figures are original and were prepared using BioRen-
der.com. The authors clarify that Al-based tools (Grammarly V.14.1301.0) were used solely for
language editing and improvement of English clarity and readability. The scientific content, data
interpretation, figure design, and overall intellectual contribution are entirely the authors” work.
The authors have reviewed and edited the output and take full responsibility for the content of
this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Lanzetti, J.; Finotti, F; Savarino, M.; Gassino, G.; Dell’Acqua, A.; Erovigni, EM. Management of Oral Hygiene in Head-Neck
Cancer Patients Undergoing Oncological Surgery and Radiotherapy: A Systematic Review. Dent. J. 2023, 11, 83. [CrossRef]

2. Doctor, R.; Padhya, T.; Mifsud, M.; Nickel, C. A Systematic Review of Approaches to Dental Care in Head and Neck Cancer
Patients. Oral. Oncol. Rep. 2024, 9, 100205. [CrossRef]

3.  Azzam, EI; Jay-Gerin, J.-P.; Pain, D. Ionizing Radiation-Induced Metabolic Oxidative Stress and Prolonged Cell Injury. Cancer
Lett. 2012, 327, 48-60. [CrossRef] [PubMed]

4. Konstantonis, D.; Papadopoulou, A.; Makou, M.; Eliades, T.; Basdra, E.K.; Kletsas, D. Senescent human periodontal ligament
fibroblasts after replicative exhaustion or ionizing radiation have a decreased capacity towards osteoblastic differentiation.
Biogerontology 2013, 14, 741-751. [CrossRef] [PubMed]

5. Huang, Y,; Tang, Y,; Zhang, R.; Wu, X,; Yan, L.; Chen, X.; Wu, Q.; Chen, Y.; Lv, Y,; Su, Y. Role of Periodontal Ligament Fibroblasts
in Periodontitis: Pathological Mechanisms and Therapeutic Potential. J. Transl. Med. 2024, 22, 1136. [CrossRef] [PubMed]

6. Marx, R.EE. Osteoradionecrosis: A New Concept of Its Pathophysiology. J. Oral. Maxillofac. Surg. 1983, 41, 283-288. [CrossRef]
[PubMed]

7. Store, G.; Smith, H.J.; Larheim, T.A. Dynamic MR Imaging of Mandibular Osteoradionecrosis. Acta Radiol. 2001, 42, 31-37.

https://doi.org/10.3390/0ral6040080


https://doi.org/10.3390/dj11030083
https://doi.org/10.1016/j.oor.2024.100205
https://doi.org/10.1016/j.canlet.2011.12.012
https://www.ncbi.nlm.nih.gov/pubmed/22182453
https://doi.org/10.1007/s10522-013-9449-0
https://www.ncbi.nlm.nih.gov/pubmed/23934584
https://doi.org/10.1186/s12967-024-05944-8
https://www.ncbi.nlm.nih.gov/pubmed/39709490
https://doi.org/10.1016/0278-2391(83)90294-x
https://www.ncbi.nlm.nih.gov/pubmed/6572704
https://doi.org/10.3390/oral6040080

Oral 2026, 6, 80 22 0f 23

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

Sonis, S.T. The Pathobiology of Mucositis. Nat. Rev. Cancer 2004, 4, 277-284. [CrossRef] [PubMed]

Jensen, S.B.; Vissink, A.; Limesand, K.H.; Reyland, M.E. Salivary Gland Hypofunction and Xerostomia in Head and Neck
Radiation Patients. J. Natl. Cancer Inst. Monogr. 2019, 2019, 1gz016. [CrossRef] [PubMed]

Poeschl, PW.; Seemann, R.; Czembirek, C.; Russmueller, G.; Sulzbacher, 1; Selzer, E.; Ewers, R.; Klug, C. Impact of Elective Neck
Dissection on Regional Recurrence and Survival in cNO Staged Oral Maxillary Squamous Cell Carcinoma. Oral. Oncol. 2012, 48,
173-178. [CrossRef] [PubMed]

Arrigo, A.P.; Virot, S.; Chaufour, S.; Firdaus, W.; Kretz-Remy, C.; Diaz-Latoud, C. Hsp27 Consolidates Intracellular Redox
Homeostasis by Upholding Glutathione in Its Reduced Form and by Decreasing Iron Intracellular Levels. Antioxid. Redox Signal.
2005, 7, 414-422. [CrossRef] [PubMed]

Di Maio, M.; Gridelli, C.; Normanno, N.; Perrone, E,; Ciardiello, F. Trying to compose the puzzle with all the pieces: Epidermal
growth factor receptor tyrosine kinase inhibitors in non-small cell lung cancer. J. Cell. Physiol. 2005, 205, 355-363. [CrossRef]
[PubMed]

Rogalla, T.; Ehrnsperger, M.; Preville, X.; Kotlyarov, A.; Lutsch, G.; Ducasse, C.; Paul, C.; Wieske, M.; Arrigo, A.P.,; Buchner, ].; et al.
Regulation of Hsp27 Oligomerization, Chaperone Function, and Protective Activity against Oxidative Stress/Tumor Necrosis
Factor « by Phosphorylation. . Biol. Chem. 1999, 274, 18947-18956. [CrossRef] [PubMed]

Martin, J.L.; Mestril, R.; Hilal-Dandan, R.; Brunton, L.L.; Dillmann, W.H. Small Heat Shock Proteins and Protection against
Ischemic Injury in Cardiac Myocytes. Circulation 1997, 96, 4343-4348. [CrossRef] [PubMed]

Lavoie, ].N.; Hickey, E.; Weber, L.A.; Landry, ]. Modulation of Actin Microfilament Dynamics and Fluid Phase Pinocytosis by
Phosphorylation of Heat Shock Protein 27. . Biol. Chem. 1993, 268, 24210-24214. [CrossRef] [PubMed]

Bruey, ]. M.; Ducasse, C.; Bonniaud, P.; Ravagnan, L.; Susin, S.A.; Diaz-Latoud, C.; Gurbuxani, S.; Arrigo, A.P,; Kroemer, G.; Solary,
E.; et al. Hsp27 Negatively Regulates Cell Death by Interacting with Cytochrome c. Nat. Cell Biol. 2000, 2, 645-652. [CrossRef]
[PubMed]

Schroder, A.; Wagner, K.; Cieplik, E; Spanier, G.; Proff, P; Kirschneck, C. Impact of phosphorylation of heat shock protein 27 on
the expression profile of periodontal ligament fibroblasts during mechanical strain. J. Orofac. Orthop. 2023, 84, 143-153. [CrossRef]
[PubMed]

Maria, O.M.; Eliopoulos, N.; Muanza, T. Radiation-Induced Oral Mucositis. Front. Oncol. 2017, 7, 89. [CrossRef] [PubMed]
Georgess, D.; Machuca-Gayet, I.; Blangy, A.; Jurdic, P. Podosome Organization Drives Osteoclast-Mediated Bone Resorption. Cell
Adhes. Migr. 2014, 8, 191-204. [CrossRef] [PubMed]

Park, H.S.; Lee, ].S.; Huh, S.H.; Seo, ].S.; Choi, E.J. Hsp72 functions as a natural inhibitory protein of c-Jun N-terminal kinase.
EMBO J. 2001, 20, 446-456. [CrossRef] [PubMed] [PubMed Central]

Garrido, C.; Paul, C.; Seigneuric, R.; Kampinga, H.H. The Small Heat Shock Proteins Family: The Long Forgotten Chaperones.
Int. J. Biochem. Cell Biol. 2012, 44, 1588-1592. [CrossRef] [PubMed]

Acunzo, |.; Katsogiannou, M.; Rocchi, P. Small Heat Shock Proteins HSP27 (HspB1), aB-Crystallin (HspB5) and HSP22 (HspB8) as
Regulators of Cell Death. Int. J. Biochem. Cell Biol. 2012, 44, 1622-1631. [CrossRef] [PubMed]

Moore, C.; McLister, C.; Cardwell, C.; O’Neill, C.; Donnelly, M.; McKenna, G. Dental Caries following Radiotherapy for Head and
Neck Cancer: A Systematic Review. Oral. Oncol. 2020, 100, 104484. [CrossRef] [PubMed]

Borges, ].S.; Paula, I.S.; de Aratjo Reis, N.T.; de Lima Oliveira, A.P.; Soares, C.J.; Soares, P.B.F. Effects of Different Doses of Ionizing
Radiation on Alveolar Bone Repair in Post-Extraction Tooth Socket: An Experimental Study in Rats. Clin. Oral. Investig. 2023, 27,
7583-7593. [CrossRef] [PubMed]

Choi, D.H.; Oh, D.; Na, K.; Kim, H.; Choi, D.; Jung, YH.; Ahn, J.; Kim, J.; Kim, C.H.; Chung, S. Radiation induces acute and
subacute vascular regression in a three-dimensional microvasculature model. Front. Oncol. 2023, 13, 1252014. [CrossRef]
[PubMed] [PubMed Central]

Ikwegbue, P.C.; Masambea, P.; Oyinloye, B.E.; Kappo, A.P. Roles of Heat Shock Proteins in Apoptosis, Oxidative Stress, Human
Inflammatory Diseases, and Cancer. Pharmaceuticals 2018, 11, 2. [CrossRef] [PubMed]

Cekici, A.; Kantarci, A.; Hasturk, H.; Van Dyke, T.E. Inflammatory and Immune Pathways in the Pathogenesis of Periodontal
Disease. Periodontol. 2000 2014, 64, 57-80. [CrossRef] [PubMed]

Stetler, R.A.; Gao, Y.; Signore, A.P.; Cao, G.; Chen, J]. HSP27: Mechanisms of Cellular Protection against Neuronal Injury. Prog.
Neurobiol. 2009, 89, 184-211. [CrossRef] [PubMed]

Zhu, X.X,; Yang, X.J.; Chao, Y.L.; Zheng, H.M.; Sheng, H.F; Liu, H.Y.; Chen, Q.; Zhang, R.; Wei, C.Y.; Zhou, H.W. The Potential
Effect of Oral Microbiota in the Prediction of Mucositis during Radiotherapy for Nasopharyngeal Carcinoma. eBioMedicine 2017,
18, 23-31. [CrossRef] [PubMed]

Sonis, S.T. Pathobiology of oral mucositis: Novel insights and opportunities. J. Support. Oncol. 2007, 5, 3-11. [PubMed]
Jonsson, D.; Ramberg, P.; Demmer, R.T.; Kebschull, M.; Dahlén, G.; Papapanou, PN. Gingival Tissue Transcriptomes in
Experimental Gingivitis. J. Clin. Periodontol. 2011, 38, 599-611. [CrossRef] [PubMed]

https://doi.org/10.3390/0ral6040080


https://doi.org/10.1038/nrc1318
https://www.ncbi.nlm.nih.gov/pubmed/15057287
https://doi.org/10.1093/jncimonographs/lgz016
https://www.ncbi.nlm.nih.gov/pubmed/31425600
https://doi.org/10.1016/j.oraloncology.2011.09.006
https://www.ncbi.nlm.nih.gov/pubmed/21974917
https://doi.org/10.1089/ars.2005.7.414
https://www.ncbi.nlm.nih.gov/pubmed/15706088
https://doi.org/10.1002/jcp.20402
https://www.ncbi.nlm.nih.gov/pubmed/15895392
https://doi.org/10.1074/jbc.274.27.18947
https://www.ncbi.nlm.nih.gov/pubmed/10383393
https://doi.org/10.1161/01.CIR.96.12.4343
https://www.ncbi.nlm.nih.gov/pubmed/9416902
https://doi.org/10.1016/s0021-9258(20)80512-2
https://www.ncbi.nlm.nih.gov/pubmed/8226968
https://doi.org/10.1038/35023595
https://www.ncbi.nlm.nih.gov/pubmed/10980706
https://doi.org/10.1007/s00056-022-00391-w
https://www.ncbi.nlm.nih.gov/pubmed/35445818
https://doi.org/10.3389/fonc.2017.00089
https://www.ncbi.nlm.nih.gov/pubmed/28589080
https://doi.org/10.4161/cam.27840
https://www.ncbi.nlm.nih.gov/pubmed/24714644
https://doi.org/10.1093/emboj/20.3.446
https://www.ncbi.nlm.nih.gov/pubmed/11157751
https://pmc.ncbi.nlm.nih.gov/articles/PMC133486
https://doi.org/10.1016/j.biocel.2012.02.022
https://www.ncbi.nlm.nih.gov/pubmed/22449631
https://doi.org/10.1016/j.biocel.2012.04.002
https://www.ncbi.nlm.nih.gov/pubmed/22521623
https://doi.org/10.1016/j.oraloncology.2019.104484
https://www.ncbi.nlm.nih.gov/pubmed/31786391
https://doi.org/10.1007/s00784-023-05348-w
https://www.ncbi.nlm.nih.gov/pubmed/37906304
https://doi.org/10.3389/fonc.2023.1252014
https://www.ncbi.nlm.nih.gov/pubmed/37909014
https://pmc.ncbi.nlm.nih.gov/articles/PMC10613678
https://doi.org/10.3390/ph11010002
https://www.ncbi.nlm.nih.gov/pubmed/29295496
https://doi.org/10.1111/prd.12002
https://www.ncbi.nlm.nih.gov/pubmed/24320956
https://doi.org/10.2174/156652409789105561
https://www.ncbi.nlm.nih.gov/pubmed/19860665
https://doi.org/10.1016/j.ebiom.2017.02.002
https://www.ncbi.nlm.nih.gov/pubmed/28216066
https://www.ncbi.nlm.nih.gov/pubmed/18046993
https://doi.org/10.1111/j.1600-051x.2011.01719.x
https://www.ncbi.nlm.nih.gov/pubmed/21501207
https://doi.org/10.3390/oral6040080

Oral 2026, 6, 80 23 0f 23

32.

33.

34.

35.

36.

Kaiser, F.; Donos, N.; Henderson, B.; Alagarswamy, R.; Pelekos, G.; Boniface, D.; Nibali, L. Association between Cir-culating
Levels of Heat-Shock Protein 27 and Aggressive Periodontitis. Cell Stress Chaperones 2018, 23, 847-856. [CrossRef] [PubMed]
Cavalla, F; Biguetti, C.; Jain, S.; Johnson, C.; Letra, A.; Garlet, G.P,; Silva, R.M. Proteomic Profiling and Differential Messenger
RNA Expression Correlate HSP27 and Serpin Family B Member 1 to Apical Periodontitis Outcomes. J. Endod. 2017, 43, 1486-1493.
[CrossRef] [PubMed]

Maier, P; Hartmann, L.; Wenz, F,; Herskind, C. Cellular Pathways in Response to Ionizing Radiation and Their Targetability for
Tumor Radiosensitization. Int. J. Mol. Sci. 2016, 17, 102. [CrossRef] [PubMed]

Rocchi, P; So, A.; Kojima, S.; Signaevsky, M.; Beraldi, E.; Fazli, L.; Hurtado-Coll, A.; Yamanaka, K.; Gleave, M. Heat Shock Protein
27 Increases After Androgen Ablation and Plays a Cytoprotective Role in Hormone-Refractory Prostate Cancer. Cancer Res. 2004,
64, 6595-6602. [CrossRef] [PubMed]

Kostenko, S.; Moens, U. Heat Shock Protein 27 Phosphorylation: Kinases, Phosphatases, Functions and Pathology. Cell. Mol. Life
Sci. 2009, 66, 3289-3307. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/0ral6040080


https://doi.org/10.1007/s12192-018-0891-4
https://www.ncbi.nlm.nih.gov/pubmed/29766408
https://doi.org/10.1016/j.joen.2017.03.014
https://www.ncbi.nlm.nih.gov/pubmed/28673495
https://doi.org/10.3390/ijms17010102
https://www.ncbi.nlm.nih.gov/pubmed/26784176
https://doi.org/10.1158/0008-5472.CAN-03-3998
https://www.ncbi.nlm.nih.gov/pubmed/15374973
https://doi.org/10.1007/s00018-009-0086-3
https://www.ncbi.nlm.nih.gov/pubmed/19593530
https://doi.org/10.3390/oral6040080

	Introduction 
	Literature Search Strategy 
	Molecular and Cell-Specific Biology of HSP27 Relevant to Periodontal Tissue Injury 
	HSP27 in Periodontal Ligament Fibroblasts 
	HSP27 in Osteoblasts and Alveolar Bone Remodeling 
	HSP27 in Osteoclast Function and Bone Resorption 
	HSP27 in Gingival Epithelium 
	Redox Regulation and Oxidative Stress Defense 
	ECM Remodeling and Actin Dynamics 
	DNA Repair and Apoptosis Regulation in Irradiated Periodontal Cells 

	Mechanistic Rationale for a Hypothesized Link Between HSP27 and Radiation-Induced Periodontitis 
	Oxidative Stress and Periodontal Breakdown 
	Fibroblast Apoptosis and ECM Degradation 
	Osteoblast/Osteoclast Dynamics and Alveolar Bone Resorption 
	Inflammatory Cytokine Signaling: A Shared Pathway in Periodontitis and Radiation-Induced Toxicity 
	Microbiome Shifts and Epithelial Barrier Dysfunction 

	Clinical and Experimental Evidence 
	Evidence from Non-Irradiated Periodontal and Periapical Inflammatory Models 
	Evidence from Periodontal Cell Biology 
	Evidence from Osteoblast and Bone Remodeling Studies 
	Evidence from Gingival Epithelium and Barrier Function 
	Evidence from Head and Neck Cancer, Nasopharyngeal Carcinoma, and Radiation-Resistance Studies 
	Evidence from Organoid and In Vitro Stress Models 
	Level of Evidence and Critical Appraisal of the Available Evidence 

	Translational Biomarker Considerations 
	Therapeutic Targeting of HSP27 for Prevention of or Reduction in Radiation-Induced Periodontitis 
	Future Directions 
	Conclusions 
	References

