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Abstract
Background: Telomere length, a biomarker of cellular aging, is decreased by 

infl ammation. It is uncertain whether chronic infl ammation, such as periodontal disease 
(PD), shortens telomere lengths. We compared the telomere lengths of gingival crevicular 
epithelium cells from both the healthy side and the diseased side of patients with PD 
and investigated whether lipopolysaccharide derived from a periodontal bacterium, 
Porphyromonas gingivalis (Pg-LPS) shortened the telomere lengths of human umbilical 
endothelial cells (HUVECs).

Methods: We extracted genomic DNA from gingival crevicular epithelium cells on the 
diseased and healthy sides collected from 25 patients with PD (mean age 72.4 years, 17 
females. 8 males) and measured the telomere lengths by the polymerase chain reaction 
(PCR) method. After stimulating HUVECs with Pg-LPS at concentrations of 0.05, 0.1, and 
1.0 μg/mL, we extracted genomic DNA and measured the telomere lengths.

Results: The telomere lengths on the patients' diseased sides were signifi cantly 
shorter than those on the healthy sides (392.6 ± 232.8 kb vs. 599.5 ± 467.0 kb, p = 
0.004). In the HUVECs, a concentration-dependent but nonsignifi cant decrease in 
telomere length was observed in response to Pg-LPS. Expressed as a ratio relative to the 
telomere lengths of unstimulated HUVECs, the ratio of telomere lengths decreased in a 
concentration-dependent manner, and the Pg-LPS concentration 1.0 μg/mL signifi cantly 
decreased the ratio compared to the telomere lengths of unstimulated HUVECs.

Conclusions: Gingival crevicular epithelial cells of individuals with PD are believed 
to undergo aging due to telomere shortening. The involvement of one of the factors of 
periodontal virulence, LPS, is suspected as the mechanism.

Background
Telomeres are the heterochromatic repeat regions at the ends of 

eukaryotic chromosomes, and the length of telomeres is considered a 
determinant of biological aging. Normal aging is associated with telomere 
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shortening, and the rate of this shortening may be 
further increased by infl ammation and oxidative 
stress [1]. Periodontal disease is characterized 
by chronic infl ammation caused by periodontal 
bacteria, and recent evidence suggests that chronic 
infl ammatory diseases such as type 2 diabetes mellitus, 
atherosclerosis, obesity, rheumatoid arthritis, and 
periodontitis are associated with shorter leukocyte 
telomere length (LTL), independent of an individuals' 
age [2]. In the context of the relationship between 
LTL and periodontitis, three clinical studies revealed 
that the LTL was shorter in individuals with chronic 
periodontitis compared to healthy controls [3-5]. 
However, two other studies observed that the LTL was 
comparable between patients with periodontitis and 
controls [6,7]. The discrepancy might be explained by 
the diff erences in study populations, the defi nition 
of periodontitis, and the techniques used to measure 
LTLs [5]. In order to avoid these diff erences, minimize 
the other factors infl uencing telomere length as much 
as possible, and clarify the telomere shortening that is 
due to periodontal disease in humans, we conducted 
the present study to compare the telomere length of 
gingival crevicular epithelium cells from both the 
healthy side and the diseased side in patients with 
periodontal disease. We speculated that in patients 
with chronic periodontal disease (rather than in acute 
cases), the telomere length on the diseased side would 
be shorter than that on the healthy side.

Telomere length shortens at each cell replication 
due to incomplete lagging strand replication, as 
a phenomenon that is called the 'end-replication 
problem. This telomere attrition causes cell senescence 
when a telomere's length reaches a critically short 
length [8]. In a pro-infl ammatory milieu, the length of 
telomeres is sensitive to infl ammation because more 
telomeres are lost with a high blood cells replication 
rate [1,5]. Lipopolysaccharide (LPS) is an endotoxin 
released mainly from Gram-negative bacteria during 
infl ammation (such as the infl ammation that occurs 
in sepsis and periodontitis). In vitro investigations 
using lung alveolar epithelial cells simulated with 
LPS revealed a slight decrease in telomere length 
that occurred in a concentration-dependent manner 
[9]. In another study however, LPS induced features 
of premature senescence of stromal-vascular cells; 
i.e., it induced the activation of p53, an elevation of 
SA-β-galactosidase activity, and increased hydrogen 
peroxide production, but not telomere-length 
shortening [10]. Diff erences in the telomere-length 
shortening induced by LPS thus exist, and these 

diff erences are probably due to the cell lines and/or 
types of LPS and usage of LPS.

We have reported that in Human Umbilical Vascular 
Endothelial Cells (HUVECs), high glucose enhanced 
the expression of Monocyte Chemoattractant 
Protein-1 (MCP-1), which is an atherosclerosis-
promoting factor and is induced by a virulence factor 
of periodontal disease: LPS derived from a periodontal 
pathogenic bacterium, Porphyromonas gingivalis (Pg-
LPS) [11]. We have found no published report of a 
study of the eff ects of Pg-LPS on the telomere length 
of HUVECs, and we thus decided to measure the 
telomere length of HUVECs after stimulation with Pg-
LPS. We hypothesized that Pg-LPS stimulation would 
shorten the telomere length of HUVECs.

Materials and Methods
Patients

For the measurement of the telomere lengths of 
gingival crevicular epithelium cells from patients 
with chronic periodontal disease, we recruited 31 
consecutive periodontal patients at the maintenance 
stage who were attending the outpatient clinic of 
Kyushu Dental University Hospital during the period 
from June to August in 2023. Written informed consent 
was obtained from all patients, in line with the Helsinki 
Declaration, before inclusion in this study. Ethical 
approval for each assessment phase was obtained 
from the the Human Ethics Committee of Kyushu 
Dental University (No. 22-57). The patients were 20 
females and 11 males aged 55-84 years (mean ± SD 
71.7 ± 7.4 years). A single dentist (K.M.) examined 
the periodontal status of each patient including the 
current number of teeth, the probing pocket depth 
(PPD), the attachment loss (AL), bleeding on probing 
(BOP), and the mobility of teeth, just before collecting 
the patient's gingival crevicular epithelium cells. The 
diseased and healthy sides were determined from 
the condition of the periodontal tissue. The diseased 
side was determined from the presence or absence of 
more than 4 mm PPD, gingival bleeding and gingival 
redness. The collection of the gingival crevicular 
epithelium cells was done by rubbing the gingival 
sulcus with interdental brushes (DENT.EX®, 4S type, 
Lion Co., Mie, Japan) gently from the healthy side and 
from the diseased side in each patient. In this process, 
a minimum of three interdental brushes per single 
tooth were used on the diseased or healthy side. The 
collection was performed while avoiding bleeding 
during the collection of the gingival crevicular 
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epithelium cells with the interdental brushes, in order 
to prevent contamination from blood cells. If bleeding 
occurred, the interdental brush with blood was not 
used for genomic DNA extraction.

Genomic DNA extraction and the measurement 
of the telomere length

The genomic DNA was extracted from the gingival 
crevicular epithelium cells with the use of the 
Genomic DNA Purifi cation Kit (MagExtractor, NPK-
101, Toyobo, Osaka, Japan) from the three interdental 
brushes detached from their handles and held in a 
1.5-mL tube. We measured the telomere lengths in 
the gingival crevicular epithelium cells by conducting 
a real-time Polymerase Chain Reaction (PCR) using 
the Telomere Length qPCR Kit (Absolute Human 
Telomere Length Quantifi cation qPCR Assay Kit, 
#8918, ScienCell Research Laboratories, Carlsbad, 
CA, USA) and a LightCycler 96® PCR system (Roche, 
Rotkreuz, Switzerland).

In a preliminary experiment, the concentration 
of genomic DNA obtained from the three interdental 
brushes was ≥10 ng/μL in 100 μL, which is suffi  cient 
for the measurement of telomere lengths using real-
time PCR. In brief, 1 μL of an extracted genomic DNA 
sample or a reference human genomic DNA sample 
(telomere length 726 ± 70 kb per diploid cell) was 
added to 9 μL of stock solution consisting of 2 μL 
of a telomere primer set or a single-copy reference 
(SCR) primer set and 7 μL of nuclease-free H2O in 
each well of LightCycler 8-Tube Strips. Then, 10 μL 
of 2×GoldNStart TaqGreen qPCR master mix (dye: 
SYBR™ Green I) was added for the total reaction 
liquid volume to become 20 μL. Several LightCycler 
eight-tube strips were mounted symmetrically on the 
block cycler unit of the LightCycler 96 instrument, 
and the real-time PCR was started. The reaction 
conditions were as follows: initial denaturation at 
95°C for 10 min, three-step amplifi cation (35 cycle): 
fi rst step (denaturation) at 95°C for 20 sec, second 
step (annealing) at 52°C for 20 sec, and third step 
(extension) at 72°C for 45 sec, melting at 95°C for 10 
sec, 60°C for 60 sec, and 95°C for 1 sec, and cooling at 
40°C for 180 sec. The telomere length was calculated 
using the quantifi cation cycle (Cq) obtained from the 
LightCycler 96. The ΔCq (Telomere) is the diff erence 
in the quantifi cation cycle's number of telomeres 
between the target and the reference genomic DNA 
samples. The ΔCq (SCR) is the diff erence in the 
quantifi cation cycle's number of SCRs between the 
target and the reference genomic DNA samples. The 

ΔΔCq is the diff erence between the ΔCq (Telomere) 
and the ΔCq (SCR). The relative telomere length of the 
target sample to the reference sample is expressed as 
2−ΔΔCq. The total telomere length of the target sample 
per diploid cell is expressed as the reference sample 
telomere length (726 ± 70 kb) × 2−ΔΔCq.

Cell culture

HUVECs were harvested from umbilical cord veins 
and cultured in M199 medium supplemented with 10% 
Fetal Calf Serum (FCS; Invitrogen, Carlsbad, CA), 20 
μg/mL endothelial cell growth supplement (Sigma-
Aldrich, St. Louis, MO), 100 μg/mL heparin (Sigma-
Aldrich), and 5 μL/mL penicillin-streptomycin liquid 
(Sigma-Aldrich) in 10-cm gelatin-coated dishes 
(cat.# 4020-020, Iwaki, Tokyo). Cells were used 
within six passages.

The HUVECs were then seeded onto 35-mm 
gelatin-coated dishes, and we divided the HUVECs 
into two groups: the unstimulated group with 
no administration of Pg-LPS (cat.# tlrl-pglps, 
InvivoGen, San Diego, CA) (one dish; the Base group) 
and the stimulated group with Pg-LPS administration 
at three diff erent concentrations: 0.05, 0.1, and 1.0 μg/
mL (three dishes: the L0.05, L0.1, and L1.0 groups). The 
HUVECs were cultured until they reached confl uence, 
with a change of 2 mL of culture medium and Pg-LPS 
administration every 2 days. The HUVECs typically 
reached confl uence in 3 days. We subsequently 
conducted genomic DNA extraction and measured 
the total telomere length using real-time PCRs with 
the HUVECs as was done with the patients' gingival 
crevicular epithelium cells. The total telomere length 
of each group was normalized with the value of the 
Base group set to 1.00.

Statistical Analysis
All data are presented as the mean ± SD. Matched 

pairs from two groups were compared by the Wilcoxon 
test. We used Pearson's correlation coeffi  cient to 
determine the correlations between pairs of binary 
variables. The comparison of multiple groups was 
performed by the Kruskal-Wallis test. If a signifi cant 
diff erence was found in the Kruskal-Wallis test 
(p < 0.05), a post hoc Mann-Whitney U-test with 
a signifi cance level of 0.0083 (adjusted using the 
Bonferroni correction) was performed for pairwise 
comparisons between the two groups. Results were 
considered signifi cant when the p-value was <0.05 
(SPSS 17.0, SAS, Cary, NC).



1171Sonoki K, et al. (2024) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2005

Results

The patients' characteristics

Of the 32 recruited periodontal patients at the 
maintenance stage, we obtained a suffi  cient amount 
of genomic DNA from both sides of the crevicular 
epithelium in 25 patients: 17 females, 8 males, 55-
84 years old (72.4 ± 7.8 yrs). The average treatment 
period from the fi rst visit to the date of the crevicular 
epithelium collection was 119.4 ± 77.2 months. In 
an oral examination, the average current number of 
teeth was 23.4 ± 4.5 teeth. The sampling locations for 
the patients' periodontal-disease sides were upper-
right (n = 8), upper-left (n = 15), lower-left (n = 0), 
and lower-right (n = 2). The sampling locations for 
the patients' healthy sides were upper-right (n = 13), 
upper-left (n = 10), lower-left (n = 2), and lower-right 
(n = 0). The maximum PPD was 2.5 ± 0.6 mm on the 
healthy sides and 3.6 ± 0.9 mm on the diseased sides 
(p = 0.000). The maximum AL was 3.1 ± 1.1 mm on the 
healthy sides and 4.6 ± 2.1 mm on the diseased side (p 
= 0.001). BOP was observed in 4 sites on the healthy 
side and 19 sites on the diseased side. The mobility 
of teeth in periodontal disease was up to level 2 at six 
sites on the diseased side, and up to level 2 at three 
sites on the healthy side.

The telomere lengths of the gingival crevicular 
epithelium cells of periodontal patients

The total telomere length of gingival crevicular 
epithelial cells on the patients' healthy sides was 
599.5 ± 467.0 kb and signifi cantly shorter on the 
diseased sides at 392.6 ± 232.8 kb (p = 0.004). Figure 
1 illustrates the relationship between the patients' 
ages and the total telomere length on each side. 
The total telomere length from each side showed a 
signifi cant negative correlation with age (healthy 
side: correlation coeffi  cient = −0.460, p = 0.021, 
diseased side: correlation coeffi  cient = −0.437, p = 
0.029). Our investigation of the correlation between 
the total telomere length from each side and the 
treatment period from the initial visit to the collection 
of gingival crevicular epithelium cells revealed no 
signifi cant relationship. In addition, there was no 
signifi cant correlation between the telomere length 
of the gingival epithelial cells and the maximum PPD 
or maximum AL on either the healthy or disease sides.

The telomere length of the HUVECs stimulated 
by Pg-LPS

Figure 2 illustrates the total telomere length 
of HUVECs after approx. 72 hr of culture following 
the initiation of stimulation with diff erent 
concentrations of Pg-LPS until cell confl uence 
was achieved. The total telomere length (Figure 
2A) showed a decreasing trend in response to the 
concentration of Pg-LPS, but the trend was not 
signifi cant (p = 0.237). However, compared to the 
total telomere length of the unstimulated HUVECs 
(Figure 2B; the ratio of total telomere length), the 

Figure 1 The relationship between the age of the 25 patients 
with periodontal disease at the maintenance stage and the total 
telomere length of the gingival crevicular epithelium cells from 
the patients' healthy side (A) and diseased side (B). The genomic 
DNA was extracted from the gingival crevicular epithelium cells 
from both sides of each patient, and the total telomere length 
was measured by PCR. The relationship between the patients' age 
and the total telomere length of the gingival crevicular epithelium 
cells was analyzed by Pearson's correlation coeffi  cient. The solid 
line represents the regression line when the Pearson's correlation 
coeffi  cient was signifi cant.



1172Sonoki K, et al. (2024) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2005

Discussion
The results of this study demonstrated that 

periodontal disease shortens the telomere length of 
human cells, i.e., gingival crevicular epithelial cells 
and endothelial cells (HUVECs), both in vivo and in 
vitro. These results are consistent with reports on 
the leukocyte telomere length (LTL) in periodontal 
patients [3-5], and they suggest that the length 
of telomeres is sensitive to infl ammation and to 
decreases in a high rate of blood-cell replication 
[1,5]. Our comparison of the telomere lengths of 
gingival crevicular epithelial cells from the diseased 
and healthy sides of the same individuals indicates 
that the observed diff erences in telomere lengths 
were infl uenced solely by the extent of periodontal 
disease, i.e., the degree of infl ammation. However, 
we detected no signifi cant correlation between 
the telomere length of the gingival epithelial cells 
and PPD or AL, whereas aging shortened the total 
telomere length similarly on both sides (Figure 1). In 
the papers by Masi [4] and Song [5], the shortening 
of LTL in periodontal patients was reported, and a 
negative correlation between LTL and alveolar bone 
loss or bleeding on probing (BOP) was observed. These 
reports had signifi cantly larger sample sizes of 3,478 
and 563 subjects, respectively, compared to our 25 
subjects, suggesting a higher likelihood of detecting 
signifi cant associations. Additionally, we measured 
telomere length in gingival crevicular epithelial cells 
instead of leukocytes. Due to the potentially shorter 
turnover of leukocytes in the bloodstream compared 
to gingival crevicular epithelial cells, LTL may be more 
susceptible to infl ammation at the time of sampling. 
Conversely, the telomere length in gingival crevicular 
epithelial cells may be infl uenced by the duration of 
ongoing infl ammation. In our measurement results, 
although not statistically signifi cant, the correlation 
coeffi  cient between the duration from the fi rst visit 
to sampling and the telomere length on the diseased 
side was -0.206 (p= 0.324), indicating a negative 
correlation (Data not shown). It is highly intriguing 
that diff erences in telomere length can occur due to 
the eff ects of infl ammation, even within the same 
tissue of the same individual.

In human somatic cells, the length of telomeres 
gradually shortens with each cell division; however, 
in germ cells, the enzyme telomerase, which extends 
telomeric DNA, is expressed, ensuring an infi nite 
replicative lifespan. The expression of telomerase in 
gingival tissue and gingival crevicular fl uid is rarely 

Figure 2 The total telomere length of HUVECs stimulated with 
Pg-LPS. HUVECs were incubated with or without Pg-LPS at three 
different concentrations (0.05, 0.1, and 1.0 μg/mL) until confl uent. 
The genomic DNA was then extracted and total the telomere 
length was measured by PCR. A: The total telomere length of the 
unstimulated (Base) group of HUVECs, and the groups stimulated 
with 0.05, 0.1, and 1.0 μg/mL. B: The ratio of the total telomere length 
compared with that of unstimulated HUVECs. The comparison 
of multiple groups was performed by the Kruskal-Wallis test. If 
a signifi cant difference was found in the Kruskal-Wallis test (p < 
0.05), a post hoc Mann-Whitney U-test with a signifi cance level of 
0.0083 (adjusted using the Bonferroni correction) was performed 
for pairwise comparisons between the two groups. The data are 
the means ± SD of seven experiments. *p < 0.0083 vs. unstimulated 
HUVECs.

total telomere length was signifi cantly decreased in 
response to the concentration of Pg-LPS (p = 0.002). 
Specifi cally, a signifi cant diff erence was observed (p 
= 0.000 <0.0083: Bonferroni correction) between the 
unstimulated HUVECs (Base group) and the HUVECs 
stimulated with Pg-LPS at the concentration 1.0 
μg/mL (the L1.0μg/mL group), resulting in a 34% 
reduction in total telomere length compared to the 
unstimulated HUVECs.
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observed in healthy individuals but is enhanced 
in periodontal disease patients [12]. Moreover, a 
positive correlation has been reported between 
periodontal parameters such as gingival index, plaque 
index, probing depth, clinical attachment loss, and 
telomerase expression. In this case, telomere length in 
patients with periodontal disease may be longer than 
that in healthy individuals, potentially contradicting 
our current measurement results. Therefore, future 
investigations should consider not only telomere 
length measurement but also telomerase expression 
and activity assessment.

The results of our in vitro study using HUVECs 
demonstrated that periodontal bacteria-derived 
lipopolysaccharides (Pg-LPS) have a concentration-
dependent eff ect, particularly at the 1.0 μg/mL 
concentration, signifi cantly shortening the telomere 
length of HUVECs. If HUVECs were replaced with 
gingival crevicular epithelial cells, we suspect that 
the diff erence in the Pg-LPS concentration at the 
local level of periodontal tissue corresponds to the 
diff erence in the telomere length of human gingival 
crevicular epithelial cells. However, it's important 
to note that Pg-LPS may also aff ect the gingival 
crevicular epithelial cells on the healthy side, as Pg-
LPS can fl ow into the bloodstream from the diseased 
side, reaching the healthy side. It is of interest to 
investigate these fi ndings in other human periodontal 
tissues, other than HUVECs.

Telomere attrition causes cell senescence when 
the telomere length reaches a critically short length 
[8]. Shortened LTL has been associated with infl am-
mation-related diseases including cardiovascu-
lar disease [13], type 2 diabetes [14], dementia [15], 
and cancer [16]. The telomere length in leukocytes 
is thus considered a useful surrogate marker for the 
status of various diseases. Cells undergoing senes-
cence, which is a state of cell aging, secrete various 
factors such as infl ammatory cytokines and chemok-
ines with pro-infl ammatory and pro-cancer eff ects 
(e.g., interleukin [IL]-6, tumor necrosis factor [TNF]
α, MCP-1, etc.). This phenomenon is referred to as the 
Senescence-Associated Secretory Phenotype (SASP). 
As aging progresses, the accumulation of senescent 
cells in the body leads to chronic infl ammation and 
carcinogenesis in the surrounding tissues through 
the secretion of SASP factors from these senescent 
cells [17]. The prevalence and severity of periodon-
tal disease increase with age, and thus aging is one 
of the signifi cant risk factors for periodontal disease. 
Hajishengallis G. [18] proposed that periodontal dis-

ease occurs as a result of aging, in which changes in 
periodontal tissues are accompanied by infl amma-
tion caused by infection with periodontal bacteria. 
Hajishengallis G. [18] also suggested that the immune 
and infl ammatory states change with aging (immu-
nosenescence), making individuals more susceptible 
to periodontal disease. Thus, the onset of periodontal 
disease is highly dependent on aging.

In 2014, Jurk D, et al. [19] reported that 
nfkb1 knockout mice, which develop chronic 
and progressive mild infl ammation, experience 
early aging; the underlying mechanism involves 
DNA damage by reactive oxygen species, leading 
to telomere shortening and consequently the 
accumulation of aging cells. This is another way in 
which infl ammation accelerates aging. Based on 
the above reports, it has been speculated that there 
is a bidirectional relationship between periodontal 
disease and aging. Considering our present fi ndings, it 
is conceivable that (i) periodontal disease accelerates 
aging, specifi cally telomere shortening in periodontal 
tissue, and (ii) the aging of periodontal tissue, in turn, 
may further promote periodontal disease through 
the Senescence-Associated Secretory Phenotype 
(SASP). If this is the case, treatment to sever this 
bidirectionality would be required to maintain the 
health of periodontal tissues.

We reported that Pg-LPS upregulates the 
secretion of MCP-1 in HUVECs, particularly in a high-
concentration glucose environment, and we thus 
speculated that periodontal pathogens could initiate 
or contribute to the progression of atherosclerosis, 
if the pathogens move out of a periodontal lesion 
into the bloodstream reaching the vasculature [11]. 
Our present study's fi nding that Pg-LPS shortened 
the telomere length of HUVECs also suggests the 
potential promotion of atherosclerosis as a result of 
accelerating aging. This is because cellular senescence 
has also been confi rmed to be a contributing factor 
in the promotion of atherosclerosis [20]. Regarding 
the production of MCP-1, we suspect that the 
shortening of telomere lengths in HUVECs, i.e., 
cellular aging caused by Pg-LPS, would enhance the 
cells' MCP-1 production. We plan to investigate this 
possibility in future research and aim to elucidate 
how periodontal disease promotes atherosclerosis 
through infl ammation and aging.

In conclusion, periodontal disease shortened 
the telomere lengths, a biomarker of cellular aging, 
in crevicular epithelial cells from patients with 



1174Sonoki K, et al. (2024) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres2005

periodontal disease. Our study also revealed that 
periodontal bacteria-derived LPS, which is believed 
to act on blood vessels from periodontal lesions 
through the bloodstream, shortens telomere lengths 
in vascular endothelial cells.
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