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a typical example of oral-systemic disease association, 
periodontitis not only leads to the destruction of peri-
odontal supporting tissues but is also associated with 
the progression of biological aging. Aging is consider-
ed a complex process characterised by systemic multi-
organ functional decline, manifested as decreased cel-
lular function, accumulation of molecular damage and 
increased inflammation.3-6 During cellular senescence, 
telomere shortening restricts the replicative poten-
tial of cells,7-9

which are key molecular features of senescence.  
Senescent cells also secrete a distinct senescence-asso-

cytokines, chemokines, proteases and other signalling 
molecules, which contribute to a self-perpetuating 
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Periodontitis-induced Systemic Multi-organ Aging Mediated 

Objective: To investigate the causal role of periodontitis in inducing distal-organ aging and 
elucidate the mechanism between periodontitis and multi-organ aging by assessing the role of 

Methods: A ligature-induced periodontitis mouse model was established to systematically 
examine the expression profiles of senescence markers, including senescence-associated secre-
tory phenotype (SASP) regulatory genes (Il1b, Il6, Mmp13), telomere length, and cellular 

Results: The results revealed significantly elevated expression of SASP-related genes in the 
-

lar hallmarks of aging, such as upregulated expression of SASP genes, shortened telomeres and 

Conclusion: This study provides direct experimental evidence that periodontitis can promote 

secretory phenotype (SASP) 

-
ease, the incidence of which increases with age, thus 

-
rent era of rapidly aging populations worldwide.  As 
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cycle of  inflammation, thereby accelerating the aging 
process.

exhibit elevated levels of senescence-associated mark-

bloodstream, leading to significantly increased levels 
 During the 

patho logical progression of periodontitis, activation 
-

ment stem cells promotes the secretion of classical 

local inflammation but may also enter the systemic 
circulation to trigger inflammatory cascades in distal 

and organ functional decline.
also leads to increased expression of the senescence 

-

can activate inflammatory signalling pathways such as 

feedback loop that further amplifies the highly organ-
ised inflammatory response. -
mal studies have reported increased levels of senescence 
markers and inflammatory mediators within periodon-
tal tissues along with the presence of senescent cells, 

22,23 as 
well as elevated systemic inflammatory markers and oxi-
dative stress. -
ment, both the composition and function of immune cell 
populations undergo significant senescence-like altera-

activity can lead to accelerated telomere shortening and 
-

ies have shown that patients with periodontitis exhibit 
significantly shortened telomere length in leucocytes, 
along with impaired neutrophil chemotaxis, phagocytic 

induce systemic immunosenescence by disrupting the 
initiation and maintenance of both innate and adaptive 
immune responses.  

However, most published studies to date have 
focused only on the local effects of periodontitis in the 
oral cavity, and there is a lack of systematic elucidation 
of its impact on distal-organ aging and the underlying 

-
al gap within the scientific literature, we established a 
ligature-induced periodontitis mouse model and com-

regulatory genes, inflammatory mediators, telomere 
length and senescence markers across multiple distal 
organs and tissues, including peripheral blood, bone 

in linking periodontitis with multi-organ aging, aim-
ing to delineate the molecular mechanisms by which 

insight into the oral-systemic connection from the per-
-

lish a theoretical framework for targeting periodontitis-
associated aging through modulation of inflammatory 
signalling pathways, thereby providing a theoretical 
basis for developing targeted interventions, and con-
tributing to the development of novel therapeutic strat-
egies in both dental and systemic age-related diseases.

Materials and methods

Animal models

All animal experimental procedures were approved 

acclimatisation, mice were randomly divided into two 

-

absorbable silk ligature was tied around the cervical 
region of the bilateral maxillary second molars at the 
gingival margin to induce chronic periodontitis, which 

27

mice underwent sham procedures under anaesthesia. 

to confirm successful establishment of the periodontitis 

experimental period, and ligatures were replaced when-

control and periodontitis groups were further divided 
-

day for 2 weeks.
equivalent volumes of physiological saline.
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Sample collection

control and periodontitis groups were anaesthetised with 

via enucleation using ethylenediaminetetraacetic acid 

-
illa, brain, heart, liver, kidneys, spleen, thymus, uterus, 
bone marrow and aorta. Samples were stored according 
to experimental requirements for subsequent analyses.

treatment, blood and multiple organ samples were 
collected as described above for molecular and histo-
logical analyses.

MicroCT scanning and analysis

-

Ribonucleic acid (RNA) isolation and real-time quan-
titative reverse transcription polymerase chain reac-
tion (RT-qPCR)

-

-

-

-

copy gene standard was prepared using an oligonucleo-

as described above.29 

Tissue embedding, sectioning and immunofluorescence

-

-
 

blocking at room temperature, various primary anti-

-

-

Protein extraction and western blotting

 

-
tants were then collected by centrifugation, and protein 
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Appropriate quantities of protein samples were 

samples and pre-stained protein molecular weight 

-
-

-
-

-

After washing, the membranes were incubated with 

-

Signal detection and imaging were carried out with the 

Statistical analysis

unpaired t tests were used for normally distributed data 

was applied. A two-sided P 
statistically significant.

Results

Establishment of periodontitis mouse model and 
multi-organ sample collection

euthanised and bilateral maxillae were collected to 
confirm the successful establishment of a periodontitis 

the periodontitis group exhibited significantly reduced 

resorption reached the middle third of the roots of the 
second molars, and displacement of the first molars was 
observed, thus confirming the successful establishment 

after establishment of the periodontitis model, multi-
organ samples were collected from both the periodon-
titis and control groups, including brain, heart, aorta, 
thymus, liver, kidney, spleen, uterus, bone marrow and 

-

both the treated and vehicle control mice were collected 

Periodontitis upregulates SASP gene expression in 
peripheral blood

-

-

-
P

-
P

mainly encode pro-inflammatory cytokines including 

results suggest that periodontitis may drive systemic 
inflammation and disrupt tissue homeostasis by speci-

Periodontitis induces senescence-like phenotypes in 
multiple organs

and previous research findings, the present authors 

with periodontitis such as Il6, Il1b and Mmp13,  and 
assessed their expression across multiple organs using 

cellular senescence, was evaluated, and the expression 

were observed in the heart, aorta, thymus, bone marrow 
and uterus, but not in the brain, liver, kidney or spleen.

of senescence phenotype in the cardiovascular system. 
Il1b expression was significantly increased 

P
while there were no significant changes in Il6 and 
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Mmp13
no significant difference between the periodontitis 

-

the result observed in heart tissue, Il1b expression in 

while the telomere length was significantly shortened 

age-related changes were also observed in the immune 

periodontitis mice, Il1b expression was significantly 

P
P P

P

P P
P P
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Il6 and Mmp13
in thymic cells of the periodontitis group was signifi-

P
-

nificantly elevated in the thymic tissue of periodontitis 

to the controls.
Il1b 

and Mmp13 was significantly increased in periodon-

displayed no significant changes. Similar to the thy-

mus, bone marrow cells in the periodontitis group 

Additionally, immunofluorescence staining indicated 

comparable to those in the control group.
-

sent authors focused on examining age-related chang-
Il6IL-6 and 

Mmp13 expression levels in the periodontitis group 

P
P

Il1b

P P
P P

Il1b 

P P
P P
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Il1b 

P P
P P

Il1b Mmp13

P
P P

P

Il6
Mmp13 

P
P P

P
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control group. However, no significant changes were 

profile in blood but also induces aging-like molecu-
lar features in distal organs, particularly within the 

periodontitis-induced senescence

Il6, Il1b, Mmp13
-

nalling pathway and play central roles in inflammation 
and aging. -
sise that periodontitis may induce distal-organ aging via 

central role in cellular stress responses, inflammation 
and immune regulation. 

-
-

location and activation.

 

Il6, Il1b and 
Mmp13, was decreased across multiple organs com-

the telomere length was longer in the treated group 

-
-

al regulatory role in periodontitis-induced multi-organ 
aging and that pharmacological inhibition of this path-
way can partially reverse the aging phenotypes associ-
ated with periodontitis.

P P
P P
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Discussion

-

in the peripheral blood and multiple organs of mice. 

activation.36

mediators Il6, Il1b and Mmp13 were elevated in periph-
eral blood, bone marrow, thymus, aorta, heart and uter-
us, which suggests that periodontitis may drive multi-
organ aging by disrupting the functions of distal organs 
through circulatory inflammation.

over into the bloodstream and affect haematopoiesis 
by promoting myeloid cell expansion and inhibiting 
lymphocyte function,39 thereby contributing to immu-

secreted by gingival fibroblasts and osteoclasts during 
periodontal inflammation,  may activate immune 
cells and induce chronic low-level inflammation, ulti-
mately disrupting tissue homeostasis and accelerating 
aging. -
ies that highlight chronic inflammation as a key driver of 

aging axis. -
dence that local periodontal inflammation can induce 

telomeres reach a critically short length, the replicative 
potential of cells becomes limited, leading to replica-

-
age response, which in turn induces the upregulation 

ultimately promoting the entry of cells into a senes-
cent state.

serve as central interacting pathways in the control 
of cellular aging.

growth arrest, and its expression is modulated by in-
flammatory signals, which are closely associated with 

telomere-dependent cellular senescence, inhibit cel-
lular proliferation and further lead to irreversible cell 
cycle arrest within tissues.
observed significant telomere shortening in the thy-

findings thus suggest that the chronic inflammatory 
environment induced by periodontitis may accelerate 

and further driving the aging of target organs. However, 
murine telo meres are significantly longer than those in 
humans, and this methodological consideration may 
affect direct clinical translatability of these particular 
findings. 

authors collected multiple distal organs that are func-
tionally implicated in immunosenescence and inflam-
maging, including the brain, thymus, heart, aorta, liver, 
spleen, kidney, bone marrow and uterus, to examine 
age-related changes.  Senescence-like alterations were 
observed in all organs except the brain, liver, spleen 

-
matory environment induced by periodontitis may 

function. Haematopoietic stem and progenitor cells 

 leading to reduced self-renewal capacity, over-
expression of pro-inflammatory cytokines and disrup-
tion of immune homeostasis.
senescence-like alterations in the bone marrow micro-
environment, which may further compromise systemic 

the thymus, indicating that periodontitis may promote 
replicative senescence in thymic tissue, thus impair-

aging.39 -

observed, potentially reflecting inflammation-induced 
structural and functional damage. -
ies have shown that chronic inflammatory states may 
lead to endothelial dysfunction, arteriosclerosis and 
accelerated myocardial aging in the cardiovascular sys-
tem,37 -
sion and amplifying the inflammatory senescence 
response.
validated this mechanism through animal experiments 
and elucidated a potential biological pathway by which 
periodontal inflammation contributes to the aging of 
the cardiovascular system.
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modulating periodontitis-induced multi-organ aging. 

studies have demonstrated that periodontitis can acti-

mechanisms,  and such activation can induce the 

positive feedback loop between inflammation and 
senescence.  However, there was no direct evidence 
confirming that periodontitis can induce biological 

-
ling pathway acting as a bridge between periodontitis 
and aging, further supporting its role as a key regulator 

a potential therapeutic target for interventions aimed at 
mitigating periodontitis-associated aging.

  Despite these findings, some limitations remain. 

model, and additional data are needed to verify whether 

term safety and off-target effects warrant further inves-

often coexists with aging-related diseases such as car-

present findings reveal that periodontitis promotes 
senescence-like changes in multiple organ systems, 
suggesting that periodontitis may act as a systemic 

-
ings underscore the clinical importance of periodon-
tal health in the context of aging. Effective control of 
periodontitis may not only reduce the risk of systemic 
comorbidities but also potentially delay the overall 

these aging phenotypes, highlighting a potential thera-

of maintaining periodontal health as part of integrated 
strategies for healthy aging, offering significant clinical 
relevance and translational opportunities.

Conclusion 

blood and multiple organs, which is accompanied by 

be a key underlying mechanism. Hence, these findings 
enhance understanding of the link between periodon-
titis and biological aging and provide a theoretical basis 
for future therapeutic interventions targeting periodon-
titis-associated aging processes.
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