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ABSTRACT

Diabetes mellitus is a group of metabolic diseases which have several aetiologies that involve millions of people
around the world. Hyperglycaemia, the hallmark of diabetes mellitus, causes detrimental complications such
as nephropathy, neuropathy, retinopathy, and cardiovascular disease in both Type 1 and 2 diabetic patients.
Inflammaging is recently linked with the development of diabetic complications. Local cellular senescence and
its senescence-associated secretory phenotype (SASP) are the main contributors to inflammaging which can be
triggered and accelerated by high glucose level. Regarding the oral cavity, hyperglycaemia, provokes the
severity of inflammation and destruction in the tooth supporting structures (periodontium) and increases the
susceptibility to periodontitis and eventually tooth loss. This paper provides insights into the impact of
hyperglycaemia in causing cellular senescence of teeth supporting tissues and escalating periodontal tissue
deterioration.
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INTRODUCTION

Cellular senescence is a state of permanent and irreversible cell cycle arrest, in which the cells become
insensitive to mitogens and apoptotic signals (Mufioz-Espin & Serrano, 2014; Sharpless & Sherr, 2015). The
cells also undergo a series of morphological and functional alterations, which may further inhibit or affect the
normal physiological activity of the tissue surrounding the senescent cells (Regulski, 2017; Tominaga, 2015).

Basically, Cellular senescence was described as a loss of proliferative capacity after multiple replications
of human diploid fibroblasts (Chen, Li, & Tollefsbol, 2013; Kuilman, Michaloglou, Mooi, & Peeper, 2010).
This form of replicative senescence was later shown to be due to telomere attrition. Telomere attrition can cause
a temporary arrest of cell proliferation, permitting the cells to rebuild the damaged telomere. However, in case
the DNA damage persists for a long term and surpasses a certain threshold, cells are fated to endure either
irreversible cell cycle arrest or apoptosis (Cao et al., 2019).

Although cellular senescence is considered as a defensive mechanism against tumour formation,
persistence or accumulation of a high number of senescent cells can escalate tumour progression
(Myrianthopoulos et al., 2019). This is attributed to few deleterious factors such as chronic inflammation,
disruption of tissue function, excessive free radicals’ production, and senescence-associated secretory
phenotype (SASP) growth factors (Ovadya et al., 2018; Prata, Ovsyannikova, Tchkonia, & Kirkland, 2018).
Senescent cells also promote the spread of senescence to nearby cells by producing paracrine signals and
mediators (Davalos, Coppe, Campisi, & Desprez, 2010; Krtolica, Parrinello, Lockett, Desprez, & Campisi,
2001). Cellular senescence can be triggered by various inducers, such as ionizing and non-ionizing radiation,
genotoxic drugs, demethylating and acetylating agents, carcinogens, epigenetic changes, metabolic
disturbances, oxidative stresses or hyperglycaemia (Hernandez-Segura, Brandenburg, & Demaria, 2018; Sidler,
Kovalchuk, & Kovalchuk, 2017).

Previous studies reported that senescent cells are the cause and consequence of metabolic alterations and
tissue damage, and hence, they might be part of a pathogenic loop in diabetes and other systemic diseases
(McHugh & Gil, 2018; Palmer et al., 2015). Animals and in-vitro studies showed that vascular endothelial cells
were susceptible to glucose-induced senescence which consequently triggers the microvascular complications
of diabetes, such as retinopathy, and nephropathy (Garofolo et al., 2019; Liu et al., 2020; Shosha et al., 2018).
Senescent cells may contribute further to accelerate tissue injury and ultimately exacerbate the underlying
complications of diabetes in advanced cases (Spinelli et al., 2020; Yokoi et al., 2006).

HYPERGLYCAEMIA AND INDUCTION OF SENESCENCE

Diabetes mellitus is an inducer of premature and accelerated cellular senescence and has been correlated with
aging-related kidney diseases and cardiovascular diseases mediated by high levels of glucose (Burton &
Faragher, 2018; Guo et al., 2020; Kruszynska, 2004; Peterson & Jovanovic, 1986; Verzola et al., 2008).

Uncontrolled hyperglycaemic condition causes B-cell dysfunction, which consequently leads to
accelerated cellular senescence and inadequate insulin secretion (Imai, 2020; Li et al., 2019).

Accumulated senescent cells, in turn, adversely affect pancreatic B-cell function, and induces SASP-
mediated tissue damage (Docherty, O'Sullivan, Bonventre, & Ferenbach, 2019; He & Sharpless, 2017; McHugh
& Gil, 2018). SASP factors have a detrimental role in the immune-mediated senescent -cell damage that
ultimately leads to Type 1 diabetes (Brawerman & Thompson, 2020; Roep, Thomaidou, van Tienhoven, &
Zaldumbide, 2020). As such, eradication of senescent 3-cells stops the damage of immune-mediated -cell and
is effective to counteract diabetes (Thompson et al., 2019).

Previous reports concluded that shared mechanisms between the cellular senescence and insulin resistance
implies that by targeting and clearing the senescent cells, it is possible to alleviate both the metabolic
dysfunction and complications of diabetes (Palmer et al., 2015; Palmer et al., 2019).
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Hyperglycaemia Induced Oxidative stress and SASP

Hyperglycaemia alter the local environment of the whole body tissues (including the tooth supporting
tissues) by inducing damaging agents and disrupting the natural tissue homeostasis (Giri et al., 2018). High
level of oxidative stress was found to have a pivotal role in the pathogenesis of systemic and oral disease (Dos
Santos, Tewari, & Mendes, 2019; Valko et al., 2007). It enhances the development of diabetes complications
whereas the metabolic disorder of diabetes exacerbates the production of mitochondrial superoxide in
endothelial cells of both large and small vessels, and even in the myocardium (Folli et al., 2011; Giacco &
Brownlee, 2010).

Free radicals, , known as reactive oxygen species (ROS), are reactive chemical elements that are short
lived species containing one or more unpaired electrons (Asmat, Abad, & Ismail, 2016). The production of
these free radicals can be contemplated as a ‘two-edged’ sword because in periodontal health, ROS not only
play an essential role in antimicrobial activity, but also in cell signalling and gene regulation (Wang, 2015).
The balance between free radicals and antioxidants is essential for proper metabolic and physiological function
(Lobo, Patil, Phatak, & Chandra, 2010). They are considered as essential evil messengers for signalling involved
in the physiological control of cells differentiation and migration (Drége, 2002; Winrow, Winyard, Morris, &
Blake, 1993). The free radicals alter the normal redox status by passing the unpaired electron to the cells
resulting in oxidation of nucleic acids, lipids, and proteins that consequently cause transient or sustained
oxidative tissue damage (Pacifici & Davies, 1991; Phaniendra, Jestadi, & Periyasamy, 2015; Sung, Hsu, Chen,
Lin, & Wu, 2013).

Hyperglycaemia elevates the local burden of senescent cells in gingival tissue by increasing the release of
SASP factors in vivo (Zhang et al., 2019). Previous studies showed that high glucose level induces senescence
of macrophage and secretion of SASP factors through activation of NLRC4 inflammasome, a mechanism that
ultimately provokes gingival cells senescence (Yuan et al., 2016; Zhang et al., 2019). Hyperglycaemia
aggravates the creation of advanced glycation end products (AGESs), triggers protein kinase C and polyol
pathway, which increase the level of oxidative stress (Nowotny, Jung, Hohn, Weber, & Grune, 2015; Singh,
Bali, Singh, & Jaggi, 2014). The production of irreversible AGEs induces a flawed constitution of the
extracellular matrix (ECM) components and therefore adversely affects the physiologic and mechanical
functions of the tissues involved. Subjects with DM would have their periodontal tissues ECM targeted by
AGEs which contribute to the production of ROS and initiation and progression of periodontal disease (Gurav,
2013; Schmidt et al., 1996).

High glucose level and the accompanied oxidative stress facilitate the anaerobic bacterial invasion of
periodontal structure that further activate NLRC4 (Hanes & Krishna, 2010; Harijith, Ebenezer, & Natarajan,
2014; Velsko et al., 2015). NLRC4 activation is mostly related to components of Gram-negative bacteria (Olsen
& Yilmaz, 2016) that subsequently lead to the activation of caspase-1 (CASP1) which induces a rapid and
inflammatory form of cell death by pyroptosis (Rocha et al., 2020; Vladimer, Marty-Roix, Ghosh, Weng, &
Lien, 2013).

Unlike apoptosis (classic programmed cell death), pyroptosis (a program of cellular self-destruction that
is intrinsically inflammatory) result in rapid release of cytosolic contents (Fink & Cookson, 2006) and spillage
of proinflammatory mediators that further drive immune responses and promote inflammation in nearby host
cells which consequently undergo senescence (Aquino-Martinez, Khosla, Farr, & Monroe, 2020). In addition
to triggering inflammatory host immune responses, activation of CASP1 and pyroptosis contributes to host
defence by restricting the intracellular multiplication of invading pathogens that activate NLRC4 (Jorgensen,
Zhang, Krantz, & Miao, 2016; Mariathasan & Monack, 2007).

Chronic periodontal disease, in turn, may have an impact on systemic health (Jeffcoat, Jeffcoat,
Gladowski, Bramson, & Blum, 2014; Winning & Linden, 2015). In patients with periodontal disease, chronic
low-level systemic exposure to periodontal microorganisms may result in low-grade chronic inflammation
leading to significant long term increase in levels of inflammatory cytokines and hormones in plasma (Kim &
Amar, 2006). This condition is conducive to initiate or aggravate the existing systemic pathological condition
such as insulin resistance (Santos Tunes, Foss-Freitas, & Nogueira-Filho Gda, 2010) .
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Hyperglycaemia-induced telomer shortening

Telomeres are normally shortened as a result of cell division that ultimately leads to replicative cellular
senescence (van Deursen, 2014; Victorelli & Passos, 2017). Although mitotic division of cell is the main cause
of telomere length reduction, this process can be influenced or accelerated when cells are exposed to oxidative
stress or genotoxic agents, (Blazkova et al., 2010; Coluzzi et al., 2014; Trusina, 2014; Venkatachalam, Surana,
& Clément, 2017).

Various studies have reported that oxidative stress and exposure to ROS accelerate telomere shortening in
human cells in-vitro (Ahmed & Lingner, 2018). The ROS high-level induced by hyperglycaemia detrimentally
causes telomere erosion and dysfunction (Barnes, Fouquerel, & Opresko, 2019; Davalli, Mitic, Caporali,
Lauriola, & D'Arca, 2016). The accelerated telomere shortening may disrupt the process of DNA repair that
ultimately result in DNA damage response and senescence (Victorelli & Passos, 2017). Other factors, among
others, which accelerate telomer shortening and senescence are hydrogen peroxide and gram-negative bacterial
products (Golz et al., 2014; Huang et al., 2020).

Effects of Hyperglycaemia on Chemokine Gradient and pH Level of Periodontal Pocket

Periodontitis is a destructive inflammatory response of the periodontal tissues to the commensal bacteria
and opportunistic pathogens which inhabit the gingival crevice (Bostanci & Belibasakis, 2018). As the disease
progresses, gingival crevice becomes the part of battle zone which converts to a periodontal pocket. The
gingival crevice or the periodontal pocket is bathed continuously with gingival crevicular fluid, a transepithelial
transudate in healthy status of gingival crevice, or inflammatory exudate which floods into the periodontal
pocket (Barros, Williams, Offenbacher, & Morelli, 2016).

In the healthy periodontium, the gingival tissue interstitial fluid (transudate) is produced and passed
through the sulcular epithelium by an osmotic gradient. However, PMNs can always be found in the sulcus,
though the flow of GCF is relatively low (Saito et al., 1987). The exudate flows due to the increased permeability
of the vessels underlying the junctional epithelium. It carries inflammatory mediators and immune cells to the
periodontal pocket and contains bacterial antigens, and enzymes of both host and bacterial origin (Krasse,
1996).

Bacterial pathogenicity is enhanced by modifying factors made by hyperglycaemia altering the host
immune response (Berbudi, Rahmadika, Tjahjadi, & Ruslami, 2020; Hodgson et al., 2015). In diabetic patient,
the pH of GCF is increased as a consequence of hyperglycaemia, together with bacterial invasion, oxidative
stress accompanied by cellular senescence (Hanes & Krishna, 2010; Koidou, Hagi-Pavli, Cross, Nibali, &
Donos, 2022). The increased pH in subgingival area, in turn, enhances the growth of anaerobic bacteria and
plays a role in the exacerbation of host tissue destruction due to the constant microbial proteolytic activity at
alkaline pH (Takahashi & Schachtele, 1990). In addition, as the pH of the pocket rises, the activity of the trypsin-
like enzyme increases, which may enable the microbes to inactivate key components of the host defences such
as immunoglobulins and complement (Jie Bao, Kari, Tervahartiala, Sorsa, & Meurman, 2008). Evading the
host immune defence help in the progression of bacterial invasion. Further rise in pH in the gingival sulcus is
thought to occur when subgingival bacteria extensively utilise proteins as primary nutrients. Degradation of
host tissues proteins by protease released by bacteria and host immune cells ends in the production of ammonia;
which promotes the proliferation of acid-sensitive pathogenic bacteria (Dahlen, Basic, & Bylund, 2019;
Niederman, Brunkhorst, Smith, Weinreb, & Ryder, 1990) and facilitate the precipitation of GCF minerals
contents in the subgingival plaque to form calculus (Eley & Cox, 2003; Ramadan, Hariyani, Indrawati, Ridwan,
& Diyatri, 2020; Takahashi, 2015).

It was reported that expression of cytokines such as IL-6 and 8 was reduced at low pH of 5.5-6.0 (Hackett,
Trinick, Rose, Flanagan, & McNamara, 2016). This may explain why the increased alkalinization of GCF is a
conducive factor to accelerate the inevitable destruction of periodontal tissues in diabetic patients. Furthermore,
diabetic patient has an inadequate local response by PMN, partially explained by an altered chemokine gradient,
which may contribute to periodontal disease initiation and progression (Engebretson, Vossughi, Hey-Hadavi,
Emingil, & Grbic, 2006).
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CONCLUSION

Hyperglycaemia s is one of the major risk factors for periodontitis. Uncontrolled or poorly controlled
individuals with diabetes are more likely to have periodontitis. If there are effective measures to alleviate
prediabetes and cure early diabetes, then the progression of hyperglycaemia could be prevented or delayed,
which may eventually lead to reduced progression of periodontitis. Aging and altered immune response due to
aging are associated both with a progressive decline in glucose tolerance and inadvertently with increasing
prevalence and severity of periodontal diseases.

REFERENCES

Ahmed, W, & Lingner, J. (2018). Impact of oxidative stress on telomere biology. Differentiation, 99, 21-27.
doi:https://doi.org/10.1016/j.diff.2017.12.002

Aguino-Martinez, R, Khosla, S, Farr, J N, & Monroe, DG. (2020). Periodontal Disease and Senescent Cells:
New Players for an Old Oral Health Problem? International journal of molecular sciences, 21(20), 7441.
d0i:10.3390/ijms21207441

Asmat, U, Abad, K, & Ismail, K. (2016). Diabetes mellitus and oxidative stress-A concise review. Saudi Pharm
J, 24(5), 547-553. d0i:10.1016/j.jsps.2015.03.013

Barnes, RP, Fouquerel, E, & Opresko, PL. (2019). The impact of oxidative DNA damage and stress on telomere
homeostasis. Mech Ageing Dev, 177, 37-45. doi:10.1016/j.mad.2018.03.013

Barros, SP, Williams, R, Offenbacher, S, & Morelli, T. (2016). Gingival crevicular fluid as a source of
biomarkers for periodontitis. Periodontol 2000, 70(1), 53-64. doi:10.1111/prd.12107

Berbudi, A, Rahmadika, N, Tjahjadi, A I, & Ruslami, R. (2020). Type 2 Diabetes and its Impact on the Immune
System. Curr Diabetes Rev, 16(5), 442-449. doi:10.2174/1573399815666191024085838

Blazkova, H, Krejcikova, K, Moudry, P, Frisan, T, Hodny, Z, & Bartek, J. (2010). Bacterial intoxication evokes
cellular senescence with persistent DNA damage and cytokine signalling. J Cell Mol Med, 14(1-2), 357-
367.d0i:10.1111/j.1582-4934.2009.00862.x

Bostanci, N, & Belibasakis, GN. (2018). Gingival crevicular fluid and its immune mediators in the proteomic
era. Periodontol 2000, 76(1), 68-84. doi:https://doi.org/10.1111/prd.12154

Brawerman, G, & Thompson, PJ. (2020). Beta Cell Therapies for Preventing Type 1 Diabetes: From Bench to
Bedside. Biomolecules, 10(12), 1681. Retrieved from https://www.mdpi.com/2218-273X/10/12/1681

Burton, DGA, & Faragher, RGA. (2018). Obesity and type-2 diabetes as inducers of premature cellular
senescence and ageing. Biogerontology, 19(6), 447-459. doi:10.1007/s10522-018-9763-7

Cao, D, Zhao, J, Nguyan, LN, Nguyen, LNT, Khanal, S, Dang, X, Yao, ZQ. (2019). Disruption of Telomere
Integrity and DNA Repair Machineries by KMLOO1 Induces T Cell Senescence, Apoptosis, and Cellular
Dysfunctions. Frontiers in Immunology, 10(1152). doi:10.3389/fimmu.2019.01152

Chen, H, Li, Y, & Tollefsbol, TO. (2013). Cell senescence culturing methods. Methods Mol Biol, 1048, 1-10.
doi:10.1007/978-1-62703-556-9 1


https://doi.org/10.1016/j.diff.2017.12.002
https://doi.org/10.1111/prd.12154
https://www.mdpi.com/2218-273X/10/12/1681

Compend. of Oral Sci:vol10(1);2023;1-11

Coluzzi, E, Colamartino, M, Cozzi R, Leone, S, Meneghini, C, O'Callaghan, N, & Sgura, A. (2014). Oxidative
stress induces persistent telomeric DNA damage responsible for nuclear morphology change in mammalian
cells. PLoS One, 9(10), €110963. doi:10.1371/journal.pone.0110963

Dahlen, G, Basic, A, & Bylund, J. (2019). Importance of Virulence Factors for the Persistence of Oral Bacteria
in the Inflamed Gingival Crevice and in the Pathogenesis of Periodontal Disease. J Clin Med, 8(9).
d0i:10.3390/jcm8091339

Davalli, P, Mitic, T, Caporali, A, Lauriola, A, & D'Arca, D. (2016). ROS, Cell Senescence, and Novel
Molecular Mechanisms in Aging and Age-Related Diseases. Oxid Med Cell Longev, 2016, 3565127.
d0i:10.1155/2016/3565127

Davalos, AR, Coppe, JP, Campisi, J, & Desprez, PY. (2010). Senescent cells as a source of inflammatory factors
for tumor progression. Cancer Metastasis Rev, 29(2), 273-283. d0i:10.1007/s10555-010-9220-9

Docherty, MH, O'Sullivan, ED, Bonventre, JV, & Ferenbach, DA. (2019). Cellular Senescence in the Kidney.
J Am Soc Nephrol, 30(5), 726-736. doi:10.1681/asn.2018121251

Dos Santos, JM, Tewari, S, & Mendes, RH. (2019). The Role of Oxidative Stress in the Development of
Diabetes Mellitus and Its Complications. Journal of Diabetes Research, 2019, 4189813.
doi:10.1155/2019/4189813

Droge, W. (2002). Free Radicals in the Physiological Control of Cell Function. Physiological Reviews, 82(1),
47-95. doi:10.1152/physrev.00018.2001

Eley, BM, & Cox, SW. (2003). Proteolytic and hydrolytic enzymes from putative periodontal pathogens:
characterization, molecular genetics, effects on host defenses and tissues and detection in gingival crevice
fluid. Periodontol 2000, 31(1), 105-124. doi:https://doi.org/10.1034/j.1600-0757.2003.03107.x

Engebretson, SP, Vossughi, F, Hey-Hadavi, J, Emingil, G, & Grbic, JT. (2006). The influence of diabetes on
gingival crevicular fluid B-glucuronidase and interleukin-8. Journal of Clinical Periodontology, 33(11),
784-790. doi:https://doi.org/10.1111/j.1600-051X.2006.00984.x

Fink, SL, & Cookson, BT. (2006). Caspase-1-dependent pore formation during pyroptosis leads to osmotic lysis
of infected host macrophages. Cell Microbiol, 8(11), 1812-1825. d0i:10.1111/j.1462-5822.2006.00751.x

Folli, F, Corradi, D, Fanti, P, Davalli, A, Paez, A, Giaccari, A, Muscogiuri, G. (2011). The role of oxidative
stress in the pathogenesis of type 2 diabetes mellitus micro- and macrovascular complications: avenues for
a  mechanistic-based  therapeutic  approach.  Curr  Diabetes Rev, 7(5), 313-324.
d0i:10.2174/157339911797415585

Garofolo, M, Gualdani, E, Giannarelli, R, Aragona, M, Campi, F, Lucchesi, D, Penno, G. (2019). Microvascular
complications burden (nephropathy, retinopathy and peripheral polyneuropathy) affects risk of major
vascular events and all-cause mortality in type 1 diabetes: a 10-year follow-up study. Cardiovascular
Diabetology, 18(1), 159. doi:10.1186/s12933-019-0961-7

Giacco, F, & Brownlee, M (2010). Oxidative stress and diabetic complications. Circ Res, 107(9), 1058-1070.
doi:10.1161/circresaha.110.223545

Giri, B, Dey, S, Das, T, Sarkar, M, Banerjee, J, & Dash, SK (2018). Chronic hyperglycemia mediated
physiological alteration and metabolic distortion leads to organ dysfunction, infection, cancer progression
and other pathophysiological consequences: An update on glucose toxicity. Biomedicine &
Pharmacotherapy, 107, 306-328. doi:https://doi.org/10.1016/j.biopha.2018.07.157


https://doi.org/10.1034/j.1600-0757.2003.03107.x
https://doi.org/10.1111/j.1600-051X.2006.00984.x
https://doi.org/10.1016/j.biopha.2018.07.157

Younis et al.

Golz, L, Memmert, S, Rath-Deschner, B, Jager, A, Appel, T, Baumgarten, G, Frede, S. (2014). LPS from P.
gingivalis</i>and Hypoxia Increases Oxidative Stress in Periodontal Ligament Fibroblasts and Contributes
to Periodontitis. Mediators Inflamm, 2014, 986264. doi:10.1155/2014/986264

Guo, J, Zheng, HJ, Zhang, W, Lou, W, Xia, C, Han, XT, Liu, WJ. (2020). Accelerated Kidney Aging in Diabetes
Mellitus. Oxid Med Cell Longev, 2020, 1234059. doi:10.1155/2020/1234059

Gurav, AN. (2013). Advanced glycation end products: a link between periodontitis and diabetes mellitus? Curr
Diabetes Rev, 9(5), 355-361. doi:10.2174/15733998113099990066

Hackett, AP, Trinick, RE, Rose, K, Flanagan, BF, & McNamara, PS. (2016). Weakly acidic pH reduces
inflammatory cytokine expression in airway epithelial cells. Respir Res, 17(1), 82. doi:10.1186/s12931-
016-0399-3

Hanes, PJ, & Krishna, R. (2010). Characteristics of inflammation common to both diabetes and periodontitis:
are predictive diagnosis and targeted preventive measures possible? Epma j, 1(1), 101-116.
doi:10.1007/s13167-010-0016-3

Harijith, A, Ebenezer, DL, & Natarajan, V. (2014). Reactive oxygen species at the crossroads of inflammasome
and inflammation. Front Physiol, 5, 352. doi:10.3389/fphys.2014.00352

He, S, & Sharpless, NE. (2017). Senescence in Health and Disease. Cell, 169(6), 1000-1011.
d0i:10.1016/j.cell.2017.05.015

Hernandez-Segura, A, Brandenburg, S, & Demaria, M. (2018). Induction and Validation of Cellular Senescence
in Primary Human Cells. J Vis Exp (136). doi:10.3791/57782

Hodgson, K, Morris, J, Bridson, T, Govan, B, Rush, C, & Ketheesan, N. (2015). Immunological mechanisms
contributing to the double burden of diabetes and intracellular bacterial infections. Immunology, 144(2),
171-185. doi:10.1111/imm.12394

Huang, X, Xie, M, Xie, Y, Mei, F, Lu, X, Li, X, & Chen, L. (2020). The roles of osteocytes in alveolar bone
destruction in periodontitis. Journal of Translational Medicine, 18(1), 479. doi:10.1186/s12967-020-02664-
7

Imai, J. (2020). B-Cell senescence in the pathogenesis of type 2 diabetes. J Diabetes Investig, 11(2), 284-286.
d0i:10.1111/jdi.13162

Jeffcoat, MK, Jeffcoat, RL, Gladowski, PA, Bramson, JB, & Blum, JJ. (2014). Impact of Periodontal Therapy
on General Health: Evidence from Insurance Data for Five Systemic Conditions. American Journal of
Preventive Medicine, 47(2), 166-174. doi:https://doi.org/10.1016/j.amepre.2014.04.001

Jie Bao, G, Kari, K, Tervahartiala, T, Sorsa, T, & Meurman, JH. (2008). Proteolytic Activities of Oral Bacteria
on ProMMP-9 and the Effect of Synthetic Proteinase Inhibitors. Open Dent J, 2, 96-102.
doi:10.2174/1874210600802010096

Jorgensen, I, Zhang, Y, Krantz, BA, & Miao, EA. (2016). Pyroptosis triggers pore-induced intracellular traps
(PITs) that capture bacteria and lead to their clearance by efferocytosis. J Exp Med, 213(10), 2113-2128.
doi:10.1084/jem.20151613

Kim, J, & Amar, S. (2006). Periodontal disease and systemic conditions: a bidirectional relationship.
Odontology, 94(1), 10-21. doi:10.1007/s10266-006-0060-6


https://doi.org/10.1016/j.amepre.2014.04.001

Compend. of Oral Sci:vol10(1);2023;1-11

Koidou, VP, Hagi-Pavli, E, Cross, S, Nibali, L, & Donos, N. (2022). Molecular profiling of intrabony defects'
gingival crevicular fluid. J Periodontal Res, 57(1), 152-161. doi:10.1111/jre.12948

Krasse, B. (1996). Serendipity or luck: stumbling on gingival crevicular fluid. J Dent Res, 75(9), 1627-1630.
doi:10.1177/00220345960750090201

Krtolica, A, Parrinello, S, Lockett, S, Desprez, PY, & Campisi, J. (2001). Senescent fibroblasts promote
epithelial cell growth and tumorigenesis: a link between cancer and aging. Proc Natl Acad Sci U S A,
98(21), 12072-12077. doi:10.1073/pnas.211053698

Kruszynska, YT (2004). Type 2 Diabetes Mellitus: Etiology, Pathogenesis and Clinical Manifestations. In L.
Poretsky (Ed.), Principles of Diabetes Mellitus (pp. 179-199). Boston, MA: Springer US.

Kuilman, T, Michaloglou, C, Mooi, WJ, & Peeper, DS. (2010). The essence of senescence. Genes Dev, 24(22),
2463-2479. d0i:10.1101/gad.1971610

Li, N, Liu, F, Yang, P, Xiong, F, Yu, Q, Li, J, Wang, CY. (2019). Aging and stress induced f cell senescence
and its implication in diabetes development. Aging (Albany NY), 11(21), 9947-9959.
doi:10.18632/aging.102432

Liu, J, Chen, S, Biswas, S, Nagrani, N, Chu, Y, Chakrabarti, S, & Feng, B. (2020). Glucose-induced oxidative
stress and accelerated aging in endothelial cells are mediated by the depletion of mitochondrial SIRTSs.
Physiol Rep, 8(3), €14331. doi:10.14814/phy2.14331

Lobo, V, Patil, A, Phatak, A, & Chandra, N. (2010). Free radicals, antioxidants and functional foods: Impact
on human health. Pharmacogn Rev, 4(8), 118-126. doi:10.4103/0973-7847.70902

Mariathasan, S, & Monack, DM. (2007). Inflammasome adaptors and sensors: intracellular regulators of
infection and inflammation. Nat Rev Immunol, 7(1), 31-40. d0i:10.1038/nri1997

McHugh, D, & Gil, J. (2018). Senescence and aging: Causes, consequences, and therapeutic avenues. J Cell
Biol, 217(1), 65-77. doi:10.1083/jch.201708092

Mufioz-Espin, D, & Serrano, M. (2014). Cellular senescence: from physiology to pathology. Nat Rev Mol Cell
Biol, 15(7), 482-496. d0i:10.1038/nrm3823

Myrianthopoulos, V, Evangelou, K, Vasileiou, PVS, Cooks, T, Vassilakopoulos, TP, Pangalis, GA, Gorgoulis,
VG. (2019). Senescence and senotherapeutics: a new field in cancer therapy. Pharmacology &
Therapeutics, 193, 31-49. doi:https://doi.org/10.1016/j.pharmthera.2018.08.006

Niederman, R, Brunkhorst, B, Smith, S, Weinreb, RN, & Ryder, MI. (1990). Ammonia as a potential mediator
of adult human periodontal infection: inhibition of neutrophil function. Arch Oral Biol, 35 Suppl, 205s-
209s. doi:10.1016/0003-9969(90)90159-8

Nowotny, K, Jung, T, Héhn, A, Weber, D, & Grune, T. (2015). Advanced glycation end products and oxidative
stress in type 2 diabetes mellitus. Biomolecules, 5(1), 194-222. doi:10.3390/biom5010194

Olsen, I, & Yilmaz, O. (2016). Modulation of inflammasome activity by Porphyromonas gingivalis in
periodontitis and associated systemic diseases. J Oral Microbiol, 8, 30385. doi:10.3402/jom.v8.30385

Ovadya, Y, Landsberger, T, Leins, H, Vadai, E, Gal, H, Biran, A, Krizhanovsky, V. (2018). Impaired immune
surveillance accelerates accumulation of senescent cells and aging. Nature Communications, 9(1), 5435.
doi:10.1038/s41467-018-07825-3


https://doi.org/10.1016/j.pharmthera.2018.08.006

Younis et al.

Pacifici, RE, & Davies, KJ. (1991). Protein, lipid and DNA repair systems in oxidative stress: the free-radical
theory of aging revisited. Gerontology, 37(1-3), 166-180. doi:10.1159/000213257

Palmer, A, K, Tchkonia, T, LeBrasseur, NK, Chini, EN, Xu, M, & Kirkland, JL. (2015). Cellular Senescence
in Type 2 Diabetes: A Therapeutic Opportunity. Diabetes, 64(7), 2289-2298. doi:10.2337/db14-1820

Palmer, AK, Xu, M, Zhu, Y, Pirtskhalava, T, Weivoda, MM, Hachfeld, CM, Kirkland, JL. (2019). Targeting
senescent cells alleviates obesity-induced metabolic dysfunction. Aging Cell, 18(3), e12950.
doi:10.1111/acel. 12950

Peterson, CM, & Jovanovic, L. (1986). What is Diabetes? Types, Definitions, Epidemiology, Diagnosis. In E.
A. Friedman & C. M. Peterson (Eds.), Diabetic Nephropathy: Strategy for Therapy (pp. 1-8). Boston, MA:
Springer US.

Phaniendra, A, Jestadi, DB, & Periyasamy, L. (2015). Free radicals: properties, sources, targets, and their
implication in various diseases. Indian J Clin Biochem, 30(1), 11-26. d0i:10.1007/s12291-014-0446-0

Prata, L, Ovsyannikova, IG, Tchkonia, T, & Kirkland, JL. (2018). Senescent cell clearance by the immune
system: Emerging therapeutic opportunities. Semin Immunol, 40, 101275.
d0i:10.1016/j.smim.2019.04.003

Ramadan, DE, Hariyani, N, Indrawati, R, Ridwan, RD, & Diyatri, | (2020). Cytokines and Chemokines in
Periodontitis. Eur J Dent, 14(3), 483-495. doi:10.1055/s-0040-1712718

Regulski, MJ. (2017). Cellular Senescence: What, Why, and How. Wounds, 29(6), 168-174.

Rocha, FRG, Delitto, AE, de Souza, JAC, Gonzélez-Maldonado, LA, Wallet, SM, & Rossa Junior, C. (2020).
Relevance of Caspase-1 and NIrp3 Inflammasome on Inflammatory Bone Resorption in A Murine Model
of Periodontitis. Scientific Reports, 10(1), 7823. d0i:10.1038/s41598-020-64685-y

Roep, BO, Thomaidou, S, van Tienhoven, R, & Zaldumbide, A. (2020). Type 1 diabetes mellitus as a disease
of the B-cell (do not blame the immune system?). Nature Reviews Endocrinology. doi:10.1038/s41574-
020-00443-4

Saito, Komiyama, K, Moro, I, Akachi, K, Shiomi, N, Ito, K, Umemura, S. (1987). Ultrastructural and
immunocytochemical characterization of polymorphonuclear leukocytes from gingival crevice in man. J
Periodontol, 58(7), 493-497. doi:10.1902/jop.1987.58.7.493

Santos Tunes, R, Foss-Freitas, MC, & Nogueira-Filho, Gda, R. (2010). Impact of periodontitis on the diabetes-
related inflammatory status. J Can Dent Assoc, 76, a35.

Schmidt, AM, Weidman, E, Lalla, E, Yan, SD, Hori, O, Cao, R, Lamster, IB. (1996). Advanced glycation
endproducts (AGES) induce oxidant stress in the gingiva: a potential mechanism underlying accelerated
periodontal disease associated with diabetes. J Periodontal Res, 31(7), 508-515. do0i:10.1111/j.1600-
0765.1996.th01417.x

Sharpless, NE, & Sherr, CJ. (2015). Forging a signature of in vivo senescence. Nat Rev Cancer, 15(7), 397-
408. doi:10.1038/nrc3960

Shosha, E, Xu, Z, Narayanan, SP, Lemtalsi, T, Fouda, AY, Rojas, M, Caldwell, RB. (2018). Mechanisms of
Diabetes-Induced Endothelial Cell Senescence: Role of Arginase 1. Int J Mol Sci, 19(4).
d0i:10.3390/ijms19041215



Compend. of Oral Sci:vol10(1);2023;1-11

Sidler, C, Kovalchuk, O, & Kovalchuk. (2017). Epigenetic Regulation of Cellular Senescence and Aging. Front
Genet, 8, 138. doi:10.3389/fgene.2017.00138

Singh, VP, Bali, A, Singh, N, & Jaggi, A. (2014). Advanced glycation end products and diabetic complications.
Korean J Physiol Pharmacol, 18(1), 1-14. doi:10.4196/kjpp.2014.18.1.1

Spinelli, R, Parrillo, L, Longo, M, Florese, P, Desiderio, A, Zatterale, F, Beguinot, F. (2020). Molecular basis
of ageing in chronic metabolic diseases. Journal of Endocrinological Investigation, 43(10), 1373-1389.
d0i:10.1007/s40618-020-01255-z

Sung, CC, Hsu, YC, Chen, CC, Lin, YF, & Wu, CC. (2013). Oxidative Stress and Nucleic Acid Oxidation in
Patients with Chronic Kidney Disease. Oxidative Medicine and Cellular Longevity, 2013, 301982.
doi:10.1155/2013/301982

Takahashi, N. (2015). Oral Microbiome Metabolism: From “Who Are They?” to “What Are They Doing?”. J
Dent Res, 94(12), 1628-1637. doi:10.1177/0022034515606045

Takahashi, N, & Schachtele, C F. (1990). Effect of pH on the growth and proteolytic activity of Porphyromonas
gingivalis and Bacteroides intermedius. J Dent Res, 69(6), 1266-1269.
d0i:10.1177/00220345900690060801

Thompson, PJ, Shah, A, Ntranos, V, Van Gool, F, Atkinson, M, & Bhushan, A. (2019). Targeted Elimination
of Senescent Beta Cells Prevents Type 1 Diabetes. Cell Metab, 29(5), 1045-1060.e1010.
doi:10.1016/j.cmet.2019.01.021

Tominaga, K. (2015). The emerging role of senescent cells in tissue homeostasis and pathophysiology.
Pathobiol Aging Age Relat Dis, 5, 27743. doi:10.3402/pba.v5.27743

Trusina, A. (2014). Stress induced telomere shortening: longer life with less mutations? BMC Syst Biol, 8, 27.
doi:10.1186/1752-0509-8-27

Valko, M, Leibfritz, D., Moncol, J, Cronin, MTD, Mazur, M, & Telser, J. (2007). Free radicals and antioxidants
in normal physiological functions and human disease. The International Journal of Biochemistry & Cell
Biology, 39(1), 44-84. doi:https://doi.org/10.1016/j.biocel.2006.07.001

van Deursen, J. M. (2014). The role of senescent cells in ageing. Nature, 509(7501), 439-446.
doi:10.1038/nature13193

Velsko, IM, Chukkapalli, SS, Rivera-Kweh, MF, Zheng, D, Aukhil, I, Lucas, AR, Kesavalu, L. (2015).
Periodontal pathogens invade gingiva and aortic adventitia and elicit inflammasome activation in avf6
integrin-deficient mice. Infect Immun, 83(12), 4582-4593. doi:10.1128/iai.01077-15

Venkatachalam, G, Surana, U, & Clément, MV. (2017). Replication stress-induced endogenous DNA damage
drives cellular senescence induced by a sub-lethal oxidative stress. Nucleic Acids Res, 45(18), 10564-
10582. doi:10.1093/nar/gkx684

Verzola, D, Gandolfo, MT, Gaetani, G, Ferraris, A, Mangerini, R, Ferrario, F, Garibotto, G. (2008). Accelerated
senescence in the kidneys of patients with type 2 diabetic nephropathy. Am J Physiol Renal Physiol, 295(5),
F1563-1573. doi:10.1152/ajprenal.90302.2008

Victorelli, S, & Passos, J F. (2017). Telomeres and Cell Senescence - Size Matters Not. EBioMedicine, 21, 14-
20. doi:https://doi.org/10.1016/j.ebiom.2017.03.027

10


https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1016/j.ebiom.2017.03.027

Younis et al.

Vladimer, G, Marty-Roix, R, Ghosh, S, Weng, D, & Lien, E. (2013). Inflammasomes and host defenses against
bacterial infections. Curr Opin Microbiol, 16(1), 23-31. doi:10.1016/j.mib.2012.11.008

Wang, GP. (2015). Defining functional signatures of dysbiosis in periodontitis progression. Genome Medicine,
7(1), 40. doi:10.1186/s13073-015-0165-z

Winning, L, & Linden, G. (2015). Periodontitis and systemic disease. BDJ Team, 2(10), 15163.
doi:10.1038/bdjteam.2015.163

Winrow, V R, Winyard, PG, Morris, CJ, & Blake, DR. (1993). Free radicals in inflammation: second
messengers and mediators of tissue destruction. Br Med Bull, 49(3), 506-522.
doi:10.1093/oxfordjournals.bmb.a072627

Yokoi, T, Fukuo, K, Yasuda, O, Hotta, M., Miyazaki, J, Takemura, Y, Ogihara, T. (2006). Apoptosis signal-
regulating kinase 1 mediates cellular senescence induced by high glucose in endothelial cells. Diabetes,
55(6), 1660-1665. doi:10.2337/db05-1607

Yuan, F, Kolb, R, Pandey, G, Li, W, Sun, L, Liu, F, Zhang, W. (2016). Involvement of the NLRC4-
Inflammasome in Diabetic Nephropathy. PL0oS One, 11(10), e0164135. doi:10.1371/journal.pone.0164135

Zhang, P, Wang, Q, Nie, L, Zhu, R, Zhou, X, Zhao, P, Wang, Q. (2019). Hyperglycemia-induced inflamm-

aging accelerates gingival senescence via NLRC4 phosphorylation. J Biol Chem, 294(49), 18807-18819.
d0i:10.1074/jbc.RA119.010648

11



