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1 |  INTRODUCTION

In the United States, the prevalence of obesity is increasing 
(Hales, Carroll, Fryar, & Ogden, 2017) alongside the num-
ber of elderly individuals (He, Goodking, & Kowal, 2016). 

Both obesity and aging are independent risk factors for many 
chronic diseases, including type 2 diabetes (Barnes,  2011; 
Lindstrom & Tuomilehto,  2003), cardiovascular disease 
(Dhingra & Vasan, 2012; Sowers, 2003), and some forms of 
cancer (De Pergola & Silvestris, 2013; U.S. Cancer Statistics 
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Abstract
Obesity and aging are linked to inflammation and increased risk of chronic disease. 
Telomeres are the endcaps of chromosomes that are regulated by telomerase, the 
enzyme that elongates telomeres, as well as a protein complex known as shelterin. 
Telomere dysfunction is associated with inflammation, aging, and disease. However, 
the effect of high-fat diet (HFD) induced obesity and advancing age on the shelterin 
complex and telomerase in adipose tissue is unknown. The present study investigated 
the effects of obesity and aging on C57BL/6J mice adipose tissue mRNA expres-
sion of shelterin complex genes. Young (YG) mice (3 mo) were randomly assigned 
to be fed either a high-fat diet (YG + HFD; 60% kcal from fat) or a low-fat diet 
(YG + LFD; 10% kcal from fat). A subset of mice were aged until 16 months. Body 
weight and epididymal white adipose tissue (EWAT) weight increased with age or a 
HFD. There was a trend for increased Terf2 expression, as expression was increased 
in HFD + YG by ~47% and aged mice by ~80%. Pot1b expression was increased 
in aged mice by ~35%–60% compared to YG, independent of diet. mTert, the gene 
that codes for the catalytic subunit of telomerase, was significantly elevated in aged 
mice. Changes in telomere associated gene expression was accompanied by changes 
in expression of inflammatory markers Mcp1 and Tnfα. These findings suggest obe-
sity and age impact expression of shelterin complex and telomerase related genes 
in adipose, perhaps altering telomere function in adipose tissue thereby increasing 
inflammation and risk of chronic disease.
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Working Group, 2013). Therefore, it is probable that simi-
lar physiological processes are central to the increased risk 
of disease found with aging and obesity. However, many 
questions about how aging and obesity lead to disease re-
main poorly resolved. In addition to physical inactivity and 
other lifestyle factors, a high-fat diet (HFD) is associated 
with obesity (Golay & Bobbioni, 1997). Obesity and aging 
are characterized by disruption of adipose tissue homeostasis 
(Goossens, 2008; Kirkland, Tchkonia, Pirtskhalava, Han, & 
Karagiannides, 2002); accordingly, understanding how obe-
sity and advanced age influence adipose tissue may delineate 
mechanisms responsible for the increased risk of disease as-
sociated with obesity and advancing age.

Adipose tissue is a highly active organ involved in var-
ious physiological processes including energy storage, 
metabolism, and the secretion of hormones and signaling 
molecules (Frayn,  2002; Goossens,  2008). It has been es-
tablished that dysfunctional adipose tissue is involved in the 
inflammatory response, (Trayhurn & Wood, 2004) the de-
velopment of insulin resistance (Goossens, 2008), and both 
aging and obesity can disrupt normal adipose tissue func-
tion (Goossens, 2008; Kirkland et al., 2002). Disruption of 
adipose tissue homeostasis may be caused, in part, by an 
increase in oxidative stress (Zhang et al., 2011). According 
to the free-radical theory of aging, oxidative stress increases 
with age (Harman, 1992) leading to damage to DNA, lipids, 
and proteins – changes which affect physiological function 
by promoting inflammation and altering cell cycle control 
(Liguori et al., 2018). Likewise, a HFD has been shown to 
increase oxidative stress (Du et al., 2012) and inflammation 
(van der Heijden et  al.,  2015). Adipose tissue dysfunction 
and the concomitant diseases may therefore be caused by 
structural and functional damage at the cellular and molec-
ular level.

Telomeres, the end caps of eukaryotic chromosomes, are 
made of hexanucleotide TTAGGG tandem repeats that are as-
sociated with a protein complex known as shelterin. Shelterin 
proteins are involved in structural formation and protection 
of telomeres, and in conjunction with the ribonucleoprotein 
reverse transcriptase known as telomerase, modulate telo-
mere length (de Lange,  2005). Shelterin proteins regulate 
the structure of telomeric DNA, forming what is known as a 
t-loop to cap telomeres (de Lange, 2009). Telomere capping 
prevents recognition of chromosome ends as damaged DNA, 
thereby preventing the initiation of DNA damage response 
pathways that lead to cellular senescence or apoptosis (Takai, 
Smogorzewska, & de Lange, 2003). Dysfunctional telomeres 
have been linked to advancing age (Morgan et al., 2013), and 
a variety of diseases (Kong, Lee, & Wang,  2013) includ-
ing cardiovascular disease (Liu, Bloom, & Donato,  2019; 
Morgan et al., 2014) and cancer (Shammas, 2011). Thus, it 
is important to understand telomere dynamics (e.g., telomere 
uncapping or altered shelterin complex) and the effects of 

various lifestyle factors, which may occur independent of 
telomere length (Morgan et al., 2013; Walker et al., 2016). 
The shelterin complex is comprised of protection of telo-
meres 1 (POT1) in humans, and its two paralogs, POT1a 
and POT1b in mice, which function to prevent the dam-
age response along with telomere-repeat binding factor 1 
(TRF1) and 2 (TRF2) (Hockemeyer, Daniels, Takai, & de 
Lange,  2006; de Lange,  2009; Sfeir et  al.,  2009). Despite 
these telomere maintenance and damage prevention mech-
anisms, it is known that oxidative stress can damage telo-
meres (Wang et  al.,  2010; von Zglinicki,  2002), and that 
inflammation is closely associated with this process (Zhang 
et al., 2016).

Both advancing age and obesity have been shown to 
increase oxidative stress (Liguori et  al.,  2018; Marseglia 
et  al.,  2014) and inflammation (Ellulu, Patimah, Khaza'ai, 
Rahmat, & Abed,  2017; Franceschi & Campisi,  2014), 
which may cause telomere dysfunction (Wang et al., 2010; 
Zhang et al., 2016) and cellular senescence (Liu et al., 2019). 
Furthermore, DNA damage signaling disrupts adipose tissue 
homeostasis and systemic metabolism (Vergoni et al., 2016), 
and telomeres are likely targets of DNA damage that can 
cause cellular senescence (Liu et al., 2019). Therefore, it is 
logical to examine the effects HFD induced obesity and age 
on regulators of telomere homeostasis. Additionally, it is im-
portant to examine markers of inflammation and cellular se-
nescence to determine if these processes are accompanied by 
changes in genes that regulate telomere dynamics in adipose 
tissue. Investigating the relationship between HFD induced 
obesity, aging and telomere dynamics could help to deter-
mine if a HFD accelerates biological aging of adipose tissue. 
The impact of HFD induced obesity and aging on shelterin 
proteins that regulate and protect telomeric DNA have yet 
to be examined in adipose tissue. We hypothesized that both 
a HFD and aging would induce changes in shelterin protein 
gene expression indicative of telomere dysfunction, in con-
junction with increased expression of pro-inflammatory cy-
tokines and markers of cellular senescence.

2 |  METHODS

2.1 | Ethical approval

All animal studies guidelines set forth by the National 
Research Council's Guide for Care and Use of Laboratory 
Animals (Institute of Laboratory Animal Resources, 
Commission on Life Sciences, 2011) were followed, and ex-
perimental protocols were approved by the Skidmore College 
Institutional Animal Care and use Committee (Protocol #123, 
approved 02/17/2014). The procedures were conducted in 
accordance with recent guidance provided by the journal 
(Grundy, 2015).



   | 3 of 9BLOOM et aL.

2.2 | Animals and diet

15 male C57BL/6J mice were purchased from Jackson 
Laboratory (Bar Harbor, ME). Young (YG) mice were ran-
domly assigned to be fed either a high-fat diet (YG + HFD; 
n = 5; 60% kcal from fat) or a low-fat diet (YG + LFD; 
n  =  4; 10% kcal from fat) for 3  months (Test Diets). A 
subset of mice were fed a low-fat diet (n  =  6; 10% kcal 
from fat) and aged until 16 months (Test Diets). Animals 
were housed at the Skidmore College animal facility on a 
12:12 light:dark cycle and had access to food and water ad 
libitum.

2.3 | Tissue harvest

Mice were anesthetized with a 1:1:1 mixture of promace, ket-
amine hydrochloride, and xylazine by intraperitoneal injec-
tion (1.5 ml/Kg). After the removal of EWAT, unconscious 
mice were euthanized by cervical dislocation. Dissected 
EWAT was placed in liquid nitrogen, and then stored at 
−80°C until analysis.

2.4 | RNA extraction and gene expression 
quantification

RNA was extracted from EWAT using an RNA extrac-
tion kit specific to lipid rich tissues (QIAGEN). Total 
nucleic acid content was quantified using a spectropho-
tometer (NanoDrop, Thermo Scientific), and values were 
used to obtain 1 ug of RNA. RNA was reverse transcribed 
into cDNA using an Ambion RETROscript Kit (Austin, 
TX). Quantitative polymerase chain reaction (qPCR) 
was performed using TaqMan Gene Expression Assays 
and a StepOne Plus Real-Time PCR System (Applied 
Biosystems, Foster City, Ca). The delta-delta cycle 
threshold (ΔΔCT) method was used to determine relative 
quantification.

2.5 | Statistical analysis

A one-way analysis of variance (ANOVA) was used to detect 
statistical differences between the YG + LFD, YG + HFD, 
and aged groups respectively. A Tukey HSD post-hoc analy-
sis was used to locate the significance. Values that were two 
standard deviations away from the mean were considered as 
outliers and were not included in analysis. To assess the cor-
relation between body weight, EWAT, and mRNA expres-
sion, a bivariate correlation analysis was performed. Data are 
presented as mean ± SD, and the level of statistical signifi-
cance was set at p < .05.

3 |  RESULTS

3.1 | Body weight and adipose tissue mass

To determine if a high-fat diet or aging induce obesity, body 
weight, and EWAT weight were assessed at the end of our 
study. As expected, YG mice fed a high-fat diet (YG + HFD) 
were significantly heavier than aged (p =  .011) and young 
mice fed a low-fat diet (YG + LFD, p =  .000) while aged 
mice weighed more than YG + LFD (Figure 1a; p = .000). 
YG + HFD mice had significantly greater absolute and rela-
tive (to body mass) EWAT weight compared to YG + LFD 
mice (Figure 1b and c; p = .000), and aged mice (p = .001), 
while aged mice had significantly higher absolute and rela-
tive EWAT weight compared to YG + LFD (Figure 1b and 
c; p = .015).

3.2 | Adipose tissue shelterin complex and 
telomerase-related gene expression

To investigate the effects of a high-fat diet and aging on tel-
omere dynamics, we assessed gene expression of shelterin 
complex proteins that regulate telomere replication, protec-
tion, and length. There were no differences in adipose tis-
sue mRNA expression of Terf1 between groups (Figure 2a; 
p = .233). Aged mice displayed a trend for more Terf2 mRNA 
expression than YG + LFD mice (Figure 2b; p = .129). There 
were no significant differences between groups for mRNA 
expression of POT1a (Figure 3a; p = .668). Aged mice had 
significantly greater mRNA expression of POT1b compared 
to YG + HFD (Figure 3b; p = .049) and a trend for greater 
expression compared to YG + LFD mice (p = .181). mTert, 
the gene that codes for the catalytic subunit of the enzyme 
telomerase, was significantly higher in aged compared to the 
YG + HFD mice (Figure 2c; p = .009). To determine if these 
changes in adipose tissue mRNA expression were associated 
with changes in body weight or EWAT weight, we performed 
a bivariate correlation analysis. mTert expression tended to 
be correlated with EWAT weight (r = −.502, p = .056).

3.3 | Adipose tissue 
inflammation and senescence

Next, we evaluated the effects of a HFD and age on markers 
of the inflammatory response. Specifically, we looked at gene 
expression of monocyte chemoattractant protein 1 (Mcp1) 
and tumor necrosis factor α (Tnfα). Adipose tissue mcp1 
mRNA expression significantly elevated in the YG + HFD 
group compared to the YG  +  LFD (Figure  4b; p  =  .002) 
and aged groups (p = .013). There was a trend for elevated 
Tnfα in YG + HFD and aged mice versus YG + LFD mice 
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(Figure 4a; p = .113). We also assessed gene expression of 
the tumor suppressor protein p53, which is involved in the 
DNA damage response and cellular senescence. There was 
no significant difference between groups for p53 mRNA 

expression (Figure  4c; p  =  .369). To determine if these 
changes in adipose tissue mRNA expression were associated 
with changes in body weight or EWAT weight, we performed 
a bivariate correlation analysis. Tnfα mRNA expression was 

F I G U R E  1  High-fat diet induced obesity and aging increase body weight and EWAT weight. Young mice were fed either a low-fat diet (10% 
kcal from fat) or a high-fat diet (60% kcal from fat). Aged mice were fed a low fat diet (10% kcal from fat). (a) Body weight and (b) epididymal 
white adipose tissue (EWAT) weight for all groups. (c) EWAT weight as percentage of body mass. Young high-fat diet, YG + HFD, n = 5; 
young low fat diet, YG + LFD, n = 4; old mice, aged, n = 6. *Indicates statistically significant difference from YG + LFD (p < .05). #Indicates 
statistically significant difference from YG + HFD (p < .05). Data are means ± SD

F I G U R E  2  High-fat diet induced obesity and aging influence adipose tissue gene expression of shelterin protein Terf1, Terf2, and mTert. 
Young mice were fed either a low-fat diet (10% kcal from fat) or a high-fat diet (60% kcal from fat). Aged mice were fed a low fat diet (10% 
kcal from fat). (a) Telomere-repeat binding factor 1 (Terf1) mRNA expression. (b) Telomere-repeat binding factor 2 (Terf2) mRNA expression. 
(c) mTert mRNA expression. Young high-fat diet, YG + HFD, n = 5; young low fat diet, YG + LFD, n = 4; old mice, aged, n = 6. *Indicates 
statistically significant difference from YG + LFD (p < .05). #Indicates statistically significant difference from YG + HFD (p < .05). Data are 
means ± SD
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significantly correlated to body weight (r = .524, p = .045) 
and Mcp1 mRNA expression was significantly correlated to 
body weight (r = .683, p = .005) and eWAT weight (r = .861, 
p = .000).

4 |  DISCUSSION

The present study was the first to demonstrate the effects of 
HFD induced obesity and aging on the telomere shelterin 
complex and telomerase gene expression in mouse adipose 

tissue. We demonstrate that adipose tissue gene expression 
of the shelterin protein Terf2 tends to be elevated in adi-
pose tissue of aged and HFD fed mice. Aged mice had sig-
nificantly greater mRNA expression of POT1b compared to 
YG  +  HFD. Furthermore, HFD induced obesity decreased 
mTert expression, while age tended to increase its expression, 
changes which were correlated with body weight and tended 
to be correlated to EWAT weight. Mcp1, a chemokine that 
regulates immune cell infiltration and a marker of inflam-
mation, was elevated in HFD mice, and its expression was 
correlated with body weight and EWAT weight. Therefore, 

F I G U R E  3  High-fat diet induced obesity and aging influence adipose tissue gene expression of POT1a and POT1b. Young mice were fed 
either a low-fat diet (10% kcal from fat) a high-fat diet (60% kcal from fat). Aged mice were fed a low-fat diet (10% kcal from fat). (a) Protection 
of telomeres 1A (POT1A) mRNA expression (b) Protection of telomeres 1B (POT1B) mRNA expression; Young high-fat diet, YG + HFD, n = 5; 
young low-fat diet, YG + LFD, n = 4; old mice, AGED, n = 6. #Indicates statistically significant difference from YG + HFD (p < .05). Data are 
means ± SD

F I G U R E  4  High-fat diet induced obesity and aging influence gene expression of Tnfα, Mcp1, and p53. Young mice were fed either a low-fat 
diet (10% kcal from fat) or a high-fat diet (58% kcal from fat). Aged mice were fed a low-fat diet (10% kcal from fat). (a) Tumor necrosis factor α 
(Tnfα) mRNA expression. (b) Monocyte Chemoattractant Protein 1 mRNA expression (MCP1). (c) p53 mRNA expression; Young high-fat diet, 
YG + HFD, n = 5; young low-fat diet, YG + LFD, n = 4; old mice, aged, n = 6. *Indicates statistically significant difference from YG + LFD 
(p < .05). *Indicates statistically significant difference from YG + LFD (p < .05). #Indicates statistically significant difference from YG + HFD 
(p < .05 Data are means ± SD
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both HFD induced obesity and age significantly influence 
expression of genes involved in the regulation of telomere 
dynamics in adipose tissue, changes which may ultimately 
result in increased inflammation.

4.1 | Shelterin regulation of telomeres

In the present study, it was demonstrated that aging tends to 
increase Terf2 gene expression. Changes in Terf2 expression 
may represent the deleterious effects of age and obesity on 
shelterin regulation of telomeres in adipose tissue, or dem-
onstrate a compensatory mechanism, as TRF2 plays a role 
in double strand break repair (Bradshaw, Stavropoulos, & 
Meyn,  2005; Mao, Seluanov, Jiang, & Gorbunova,  2007). 
TRF2 is essential for maintenance of the telomere t-loop 
structure that prevents recognition of telomeric DNA by 
DNA repair machinery which would lead to chromosome 
fusions and senescence (van Steensel, Smogorzewska, & 
de Lange, 1998). Thus, in mice, genetic reduction of Terf2 
results in an accelerated aging phenotype in mouse arteries 
(Morgan et  al.,  2019) and a rapid DNA damage response 
and cell death in skin (Martinez, Ferrara-Romeo, Flores, 
& Blasco,  2014). Contrary with this, Terf2 overexpression 
leads to an accelerated aging phenotype and cancer in mice, 
and is increased in some types of human cancer (Matsutani 
et  al.,  2001; Munoz, Blanco, Flores, & Blasco,  2005; Oh, 
Kim, Park, & Park, 2005). These findings indicate that regu-
lation of Terf2 is critical for maintaining cell and tissue ho-
meostasis. Accordingly, the findings of the present study 
may demonstrate that aging disrupts the regulation of Terf2 
in adipose tissue. The consequences of these changes are un-
known and warrant further investigation.

POT1, and its paralogs POT1a and POT1b in mice, 
serve to protect and regulate telomeric DNA (Hockemeyer 
et al., 2006). Previous research has demonstrated lifestyle in-
terventions, such as exercise, induce tissue specific alterations 
in promoting gene expression of Pot1a and Pot1b (Ludlow, 
Gratidao, Ludlow, Spangenburg, & Roth,  2017; Ludlow 
et al., 2012). Furthermore, genetic reduction of Pot1b in mice 
results in reduced body size and cell death in highly mitotic 
tissues (He et  al.,  2009). Pot1b regulates the length of the 
single stranded and, in conjunction with Pot1a, contributes 
to preventing DNA damage response activation (Hockemeyer 
et al., 2006). In the present study, adipose tissue Pot1b gene 
expression increased in aged mice compared to YG + LFD 
and YG + HFD (Figure 3b). These findings suggest that ad-
vancing age, but not body weight or EWAT weight per se, 
lead to increased Pot1b expression and supports the notion 
that Pot1a and Pot1b are likely regulated in a tissue specific 
manner. However, the age associated increase in expression 
Pot1b could be compensatory in nature, or specific to the ex-
perimental model employed.

4.2 | HFD induced obesity, aging and mTert

Obesity is associated with increased expansion of visceral 
adipose tissue depots (Sun, Kusminski, & Scherer, 2011). In 
humans, most somatic cells do not express appreciable levels 
of TERT, (Cong, Wright, & Shay, 2002) the catalytic subunit 
of the enzyme telomerase that elongates telomeres. However, 
Tert mRNA expression has been associated with tumorigen-
esis, and significant telomerase activity is found in a vast ma-
jority of human tumor cells (Cong et al., 2002), highlighting 
a role for mTert in highly mitotic tissues. Contrary to this, 
adult mice are thought to maintain telomerase expression in 
somatic tissues (Prowse & Greider, 1995). Interestingly, in 
the present study aged mice displayed significant upregula-
tion of mTert compared to young mice fed a HFD and a trend 
for increased mTert compared to YG + LFD mice (Figure 2). 
While mTert gene expression is not necessarily indicative of 
telomerase activity, the finding that mTert regulation differs 
between aging and HFD induced obesity warrants further 
investigation into the regulation of telomerase in mice and 
might have implications for more effective use of mice as a 
model to explore the dynamics of telomerase more typical of 
humans.

4.3 | HFD induced obesity, aging, and 
adipose tissue inflammation

HFD induced obesity and aging are associated with adipose 
tissue dysfunction, including an increase in expression of pro-
inflammatory cytokines which contributes to the pathogenesis 
of insulin resistance (Goossens, 2008; Mau & Yung, 2018). 
In the present study, we evaluated gene expression in epidy-
dimal adipose tissue. Recent evidence suggests that diet in-
duced obesity results in the greatest senescence burden in this 
adipose tissue depot when compared to other tissue types and 
adipose depots (Palmer et  al., 2019). Furthermore, advanc-
ing age results in significant senescent cell accumulation in 
epididymal adipose (Yousefzadeh et al., 2020). Accordingly, 
it is logical to investigate the dynamics of shelterin complex 
gene expression, as the shelterin complex plays a key role 
in preventing cellular senescence and the associated inflam-
matory phenotype (Liu et al., 2019). Furthermore, mice with 
genetically reduced telomerase expression, which develop 
critically short telomeres after several generations, display 
elevated adipose tissue senescence burden accompanied by 
increased gene expression of Mcp1 and Tnfα (Minamino 
et  al.,  2009). The present study builds upon these findings 
by demonstrating that diet induced obesity and advancing 
age results in altered expression of the genes that regulate 
telomere dynamics and telomerase, changes accompanied 
by increased Mcp1 and Tnfα expression. In adipose tissue, 
Mcp1 expression increases with high-fat diet induced obesity 
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(Kanda et  al.,  2006) and aging (Lumeng et  al.,  2011), and 
Mcp1 overexpression leads to insulin resistance in mice 
(Kanda et  al.,  2006). Similarly, adipose tissue expression 
of Tnfα is elevated in obesity (Hotamisligil, Shargill, & 
Spiegelman,  1993) and aging (Lumeng et  al.,  2011), and 
inhibition of Tnfα improves insulin sensitivity. These data, 
alongside those of the present study, indicate that changes in 
the regulation of telomere associated genes occur in response 
to stimuli that cause inflammation. Telomere dysfunction is 
associated cellular senescence and a proinflammatory state, 
and thus the findings of the present study warrant further in-
vestigation into the relationship between telomere dynamics 
and inflammation in adipose tissue.

4.4 | Experimental considerations

The present study demonstrates that HFD induced obesity 
and age alter expression of genes in involved in the regula-
tion of telomeres, namely, Terf2, Pot1b, and mTert. However, 
limitations to this study include that our study only examined 
shelterin components and telomerase at the mRNA level, 
rather than at the protein level. Therefore, it is important to 
recognize that post transcriptional or translational modifica-
tions to these gene transcripts may ultimately affect the levels 
of proteins that are involved in the regulation of telomeric 
DNA. However, previous research has demonstrated that re-
duction in shelterin gene expression is sufficient to induce 
DNA damage and enhance cancer formation (Hartmann 
et  al.,  2016). Work in humans has also documented that 
changes in telomere uncapping and subsequent activation of 
senescence pathways can occur independent of changes in 
telomere length (Morgan et al., 2013; Walker et al., 2016). 
Though, we acknowledge that measurements of telomere 
length and protein expression would make our current study 
more comprehensive, we believe that the findings of our study 
are the first to demonstrate the effects of diet-induced obesity 
and aging on adipose tissue regulation of genes involved in 
telomere dynamics and thus provide novel insight as well as 
a detailed roadmap for future studies. One additional factor 
future studies might consider is the exploration of possible 
associations of altered telomere dynamics with glucose toler-
ance and insulin sensitivity, as three months HFD induces 
insulin resistance in C57BL/6J young mice (Liu et al., 2015) 
and we (Reynolds et al., 2019) and others (Oh et al., 2016) 
have documented that changes might begin at 16 months, but 
are more pronounced at 20 months of age.

5 |  CONCLUSION

The main novel findings of the present study include 
that HFD induced obesity and aging alter adipose tissue 

regulation of telomeres. Furthermore, aged mice displayed 
upregulation of adipose tissue Terf2 and Pot1b. Finally, adi-
pose tissue mTert mRNA expression was upregulated in aged 
mice. Concurrent to changes in genes that regulate telomere 
dynamics, HFD induced obesity and aging increase adipose 
tissue inflammation. These findings warrant further studies 
examining the regulation of shelterin and telomeres in adi-
pose tissue, and the relationship between telomere dynamics 
and inflammation.
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