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1. Introduction

Abstract

Introduction Aging is a multifaceted process at the biological level that involves
cellular senescence, oxidative stress, and chronic inflammation. These components
contribute to a decline in physiological function and increasedvulnerability to age-
related diseases. This study investigates the influence of exercise on two key bi-
omarkers of aging, TAF15, and HKDC1, through the comparison of their expres-
sions between athletes and non-athletes.

Materials/Methods: Blood samples were obtained from 30 individuals, including
15 athletes and 15 non-athletes. Total RNA was extracted, after which cDNA syn-
thesis was conducted to investigate the expression of the HKDC1and TAF15
genes. The expression levels of both genes were subsequently determined using
qRT-PCR. Indeed, theresults of HKDC1 expression presented 1.445-fold higher in
athletes compared to healthy individuals, with the statistical significance level of
p = 0.007, indicating its use in glucose metabolism and further energy balance. On
the contrary, TAF15 mRNA expressed a 1.159-fold increase in athletes; however, the
difference did not show statistical significance at the level of p = 0.104.

Conclusion: Data herein presented indicate that exercise regularly improves
metabolic health and may prevent anage-related decline in metabolic health via
the regulation of HKDC1 and TAF15. The current study reinforces therole of
physical activity as an important therapeutic strategy in healthy aging and the
prevention of age-related diseases, and further research is warranted to explain
the mechanisms of these biomarkers to exercise.
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Telomere shortening also contributes significantly.
The telomeres are protective caps atthe end of
chromosomes, which, during cell division, gradu-

Aging is a complex biological process where-
in there is a gradual physiological decline in an
organism with an increasing incidence of age-
related diseases[1]. One such important process
has been cellular senescence in which cells are in-
capable of carrying out regular cell division and
further develop functional loss, promoting decline
in regeneration and maintenance of tissues. Cellu-
lar senescence thus promotes aging processes us-
ing the secretion of pro-inflammatory factors[2].
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ally shorten until they reach a critical length and
further cell division is impossible, again contrib-
uting to aging and its diseases[3]. The other im-
portant contributor is that of oxidative stress. Accu-
mulation of ROS results in cellular damage to DNA,
proteins, and lipids. This has been implicated in
many age-related diseases[4]. Aging has been
characterized by a low-grade chronic inflamma-
tion, recently called "inflammaging," which may
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promote tissue damage and act as a risk factor for
a variety of age-related diseases[5]. Furthermore, there
is also animportant role of mitochondrial dysfunction in
the aging process. Mitochondria are the powerhouses of
the cell.

With aging, this organelle becomes less efficient in
producing energy while producing more oxidative
stress[6]. Changes in gene expression are among the
common phenomena in aging, which can include
changes in genes responsible for metabolic reactions,
responses to stress, and repair mechanisms that grossly
influence the process of aging[7]. Stem cell exhaustion is
another important factor wherein the regenerative ca-
pacity is lowered because of the depletion and dysfunc-
tion of the stem cells themselves, hence impairing tissue
repair and regeneration[8]. This results in the loss of
cellular capacity for proper folding and degradation of
proteins with aging, leading to the accumulation of dam-
aged proteins and protein aggregates[9]. Epigenetic modi-
fications refer to DNA and histone modifications inde-
pendent of any actual change in DNA sequences. Indeed,
these epigenetic changes have been found to influence
aging and longevity[10]. This will involve metabolic
changes associated with aging, including insulin re-
sistance and a shift in lipid metabolism, which add to
the development of age-related disorders like obesity
and diabetes[11]. There is also extracellular matrix re-
modeling, where there is a change in structure and com-
positionthat affects tissue elasticity and function; these
contribute to the age-related decline in organ systems
[12].

Lifestyle factors in general, and exercise in particular,
have gained increased attention in recent studies concerning
their determinants on the aging process. Against the grow-
ing knowledge about the process of aging, there is a realiza-
tion that regular physical activity is not for fitness mainte-
nance alone but has an essential linkage with a range of
physiological benefits that could bear great impacts on the
process of aging [13]. Regular physical activity has been
credited with many health benefits that go beyond weight
management. Perhaps the most recognizable benefit of regu-
lar exercise is cardioprotective enhancement. Physical activi-
ties enhance heart muscles, and the person has increased
blood flow, which helps maintain blood pressure and cho-
lesterol levels. These cardiovascular benefits are indeed very
relevant since heart disease remains one of the major con-
tributors to morbidity and mortality in older adults[14].
Besides that, it has also been connected with various biologi-
cal processes accompanying aging, includinginflammation,

18

oxidative stress, and cellular repair mechanisms. Given that,
physical activity can indeed influence positively those
processes to contribute to the retardation of the devel-
opment of age-related decline in the effort to ensure a
quality life among elderly individuals.

While many molecular mechanisms could be im-
pacted through exercise, the emphasis usually settles on
the regulation of some molecules related to aging[15].
Among such molecules, there are two of the most sig-
nificant molecules known as TAF15 and HKDCI1 that
play crucial roles in cellular processes, which are associ-
ated withaging.

While many molecular mechanisms could be im-
pacted through exercise, the emphasis usually settles on
the regulation of some molecules related to aging(15).
Among such molecules, there are two of the most signifi-
cant molecules known as TAF15 and HKDC1 that play
crucial roles in cellular processes, which are associated
withaging.

The HKDC1 gene encodes Hexokinase Domain
Containing 1, a protein very important in glucose metab-
olism through the catalysis of glucose into glucose-6-
phosphate, the first step in the pathway of glycolysis.
This is very important in energy production, especially
in tissues that demand energy greatly, like the brain and
muscles[16]. HKDC1 is highly important during intra-
cellular regulation of glucose levels. In the process of
aging, the metabolicprocessing of glucose often becomes
less efficient and might result in insulin resistance and
metabolic disorders. HKDC1 mediates glucose uptake
and phosphorylation at appropriate blood sugar levels
to provide energy for cells[17]. Besides its role in glucose
metabolism, HKDC1 supports cellular energy homeosta-
sis by maintaining proper levels of glucose-6-phosphate.
Glucose-6-phosphate is an important metabolite acting
as a key player for several metabolic pathways such as
glycolysis and the pentose phosphate pathway, which
further contribute to supporting cellular energy homeo-
stasis by ATP generation. Generally, with aging, there is
a decline in ATP generation, leading to defective cellular
functioning and senescence[18]. The gene also relates to
the cellular response to oxidative stress, a condition that
increases with age and has the potential to damage cellu-
lar components[19]. HKDC1 may contribute to the mod-
ulation of oxidative stress by promoting the flux of me-
tabolites into glycolysis, which results in the generation
of NADPH via the pentose phosphate pathway. NADPH
is essential for the regeneration of antioxidants and thus

protection from oxidative damage[16].
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HKDC1, directly or indirectly, may affect inflam-
matory processes relevant to aging. The chronic low-
grade inflammation that accompanies aging is also
commonly called "inflammaging."[20]. The decrease in
glucose metabolism promoted by HKDC1 modulates
the production of pro-inflammatory cytokines and,
subsequently, may reduce inflammation associated
with aging[21.22]. Cellular senescence is a stage at
which cells cease to proliferate and change function,
especially in aging[23]. HKDC1 may modulate the
process of senescence through metabolic flux which is
key to cell survival andfunction. HKDC1 could delay
senescence by facilitating energy production and re-
ducing oxidative stress[24].

HKDC1 is also predicted to interact with several
signaling pathways, such as those that govern metab-
olism, growth,and stress responses. This interaction
could be very important for adaptation to metabolic
alterations with aging and,thus, might have a strong
impact on the whole aging process[24]. HKDC1 has
an important role in aging due to its involvement in
the processes of glucose metabolism, energy homeo-
stasis, oxidative stress response, inflammation modu-
lation, and cellular senescence. Understanding the
molecular mechanism of HKDC1 may help uncover
some great potential targets for therapy aimed at
healthy aging and mitigation of age-related diseases.

The TATA-binding protein-associated factor 15,
TAF15, is a part of the TAF family, which is very im-
portant in gene regulation and transcriptional control.
Hence, this protein acts in various cellular activities
that include RNA processing, DNA repair, and stress
responses. TAF15 is well recognized for participating in
the regulation of genes implicated in neuronal func-
tions and development[25]. All through the discussion
on aging, TAF15 has been implicated in several as-
pects of the molecular mechanisms driving this bio-
logical process. This occurs, importantly, through its
presence in the regulation of gene expression. It as-
sists in the facilitation of the assembly of transcription
factors and RNA polymerase to transcribe genes neces-
sary for cellular function[26]. Several events of aging
result inan inappropriate regulation of gene expres-
sion leading to age-related decline. Thus, TAF15 helps
sustain proper transcriptional activity, important for
the health of the cells and longevity[27]. In addition,
TAF15 plays a role in theprocessing of RNA, which is
crucial during the development of premature mRNA
into mature mRNA essentially an important process in
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the course of the expression of genes. The efficiency of
RNA processing decreases in aging organisms; this
might lead to the accumulation of transcripts that are
wrongly processed[28]. By ensuring correct RNA pro-
cessing, TAF15 partly overcomes certain aspects of aging
that modulate gene expression[29]. Another important
role of TAF15 is the participation in the cellular stress
response, involving oxidative stress and heat shock.
Often, it is at the instance of increased oxidative stress
that aging can be related; this might further bring
about cellular deteriorations that accelerate aging.
TAF15 controls the expression of genes involved in
the stress response, enhancing cellular resilience and
maintaining cell viability under conditions of stress
[30]. With a function in neuronal gene regulation,
TAF15 has particular relevance to neurodegenerative
diseases associated with aging.

Dysregulation of TAF15 has indeed been impli-
cated in neurodegenerative conditions, lending sup-
port to the role thatthis protein could play in main-
taining neuronal health and function in the aging or-
ganism[31]. TAF15 has also been implicated in the
generation of RNA-protein aggregates that may be
involved in cellular stress responses but whose accu-
mulation can also contribute to age-related cellular
dysfunction[32]. Understanding how TAF15 interacts
with these aggregates could provide insights into the
mechanisms of both aging and neurodegeneration[33].

This study aims to investigate the role of ex-
ercise in regulating TAF15 and HKDCI1 in both
athletes and non- athletes. By comparing these
two groups, we hope to elucidate how physical
activity influences the expression of these aging
molecules and its subsequent impact on lifespan.
Understanding these mechanisms could provide
valuable insights into the potential of exercise as a
therapeutic intervention for promoting healthy

aging.
2. Materials and Methods

Individuals

The study population consisted of 15 athletes
from clubs in Region 1 of Tehran and 15 non-
athletes, selected as controls from individuals
aged 20 to 35 who were free from various diseas-
es. All participants in this study were informed
about the objectives of the research project, and
written consent was obtained from them. Addi-
tionally,they were provided with sufficient expla-
nations regarding the use of the results and the
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2.7. Blood collecting

Blood samples of 10 milliliters were taken from
the median cephalic vein for 15 athletes and 15 partici-
pants in the control. The cubital region was cleaned
properly with 70% ethanol, allowing sterilization before
the blood extraction. A tourniquet was then wrapped
on the upper arm to make the vein distended and more
accessible. Bloodwas withdrawn with a disposable sy-
ringe fitted with a 22-gauge needle to minimize discom-
fort and improve blood collection.

3.8 Analysis of Gene Expression
3.8.1 Total RNAs extraction

To investigate the expression of the studied
genes, the first step involved the extraction of total
RNA from bloodsamples. The extracted total RNA will
serve as a template for cONA synthesis. The total RNA
extraction was performed according to the user manual
(Kimia Andisheh Teb company Iran- Tehran).

3.8.2Assessment of Extracted RNA Quality Us-
ing Agarose Gel Electrophoresis

In this section of the project, the quality of the
extracted RNA was confirmed using the following
method. To evaluate the quality of the extracted RNA, 2
pl of the RNA sample was loaded onto a 2% agarose
gel. High-qualityRNA produces distinct bands corre-
sponding to the ribosomal RNAs (rRNA) 518 and 528
on the gel. Additionally, other RNA species present in
the sample appear as smears. This method was applied

to all samples to ensure the quality of the extracted
RNA.

3.8.3 cDNA Synthesis

The cDNA Synthesis (Pars Toos Company Tehran-
Iran) contains all the necessary components for convert-
ing total RNA or mRNA into single-stranded cDNA.
The reverse transcriptase (RT) enzyme used in this kit
is of the H-Minustype, extracted from the Moloney Mu-
rine Leukemia Virus. The main advantage of this en-
zyme over other MMLV enzymes is its enhanced thermal
stability. Additionally, the buffer in this kit utilizes
both random hexamer primersand oligo-dT primers sim-
ultaneously to increase the efficiency of the synthesis
process.

3.8.4 Primer Design

First, we accessed the Primer3Plus website at
https://primer3plus.com/launch and entered the DNA/
cDNA sequence we aimed to target in the provided
space. We specified primer parameters such as primer
length (typically 18-27 nucleotides), melting tempera-
ture (around 60 degrees Celsius is common), and GC
content (usually 40-60%). We also defined the expected
product size range for the PCR amplicon across the ex-
on-exon junctions and clicked on "Primer Design." Pri-
mer3Plus analyzes the sequence and suggests optimal
primer pairs. The candidate primer pairs were then val-
idated against the genome using NCBI Primer-BLAST
to confirm their specificity.

Table 1: Primer designed

Primer Name

Sequence(5'to3")

1 | HKDCI1 forward

ATCCTGGCAAGCAGAGATACG

2 | HKDCI1 Reverse

GACGCTCTGAAATCTGCCCT

3 | TAF15 Forward

GAGGATATGGCGGGTCACAG

4 | TAF15 Reverse

TCTGTAGCCCCTCTCTCCAC

5 | GAPDH Forward

GGAGCGAGATCCCTCCAAAAT

6 | GAPDH Reverse

GGCTGTTGTCATACTTCTCATGG
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3.6 Real-time PCR analysis of HKDC1 and TAF15
gene expression.

For the determination and quantification of tar-
get gene expression, qRT-PCR was performed. This
technique uses the SYBR Green method, a fluorescent
dye that binds non-specifically with double-stranded
DNA. We will carry out qRT-PCR on the Relative
Quantification method, which expresses the expres-
sion level of the gene of interest about areference gene,
usually a housekeeping gene.

One of the basic needs and principles when per-
forming Real-Time PCR is primer specificity. There-
fore, the design of the primers in the preliminary step
should have similar melting temperatures, appropri-
ate lengths, and comparableGC content. After design-
ing and synthesizing, it is necessary to validate the
specificity of the RT-PCR reaction employed. This
method utilizes the SYBR Green technique, which in-
volves the use of SYBR Green fluorescent dye that non
-specifically binds to double-stranded DNA. We con-
ducted qRT-PCR using the Relative Quantification
method, which compares the expression level of the
target gene to that of a reference gene, typically a
housekeepinggene.
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One of the fundamental principles for per-
forming Real-Time PCR is ensuring the specifici-
ty of the primers. Therefore, in the initial stage,
the primers must be designed to have similar
melting temperatures, appropriate lengths, and
comparable GC content. After designing and
synthesizing the primers, it is essential to vali-
date theirspecificity in the RT-PCR reaction.

4 Result

4.1 Confirmation of RNA Extraction from Blood

To confirm the quality and quantity of the
extracted RNA, electrophoresis was performed
on a 2% agarose gel. Thepresence of three dis-
tinct bands under UV light indicated successful
RNA extraction (figl).

Using the NanoDrop device, the RNA con-
centrations were measured by analyzing absorb-
ance at wavelengths of 260 and 280 nanometers.
The OD260/0OD280 ratio ranged from 1.8 to 2,
with an average of approximately 1.9, indicating
suitable RNA purity (Fig 2 )

Figure 1: The presence of the 18S and 285 bands indicates the high quality of the
extracted mRNA.
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Figure 3: Results of Electrophoresis of cDNA Samples

4.2 Confirmation of Correctness of cDNA Synthe- ence and clarity of the bands show that the cDNA is

sis suitable for further applications in gene expression
analysis (Fig 3).

To check the quality of the cDNAs synthesized,
all samples were subjected to PCR using the gene-
specific primers for the GAPDH gene. The size of the 4.1 Result of BLAST Analysis for HKDCI,
amplified product was exactly as expected, indicating TAF15, and GAPDH Primers
proper cDNA amplification and consequently good
quality RNA and ¢cDNA prepared. The resulting PCR
products were run on a 2% agarose gel to visualize the
bands that get amplified. Results are shown in Fig. In
the case of the cDNA sample, results from electropho- matching with exons of the HKDC1 gene to be desired.
resis clearly showed bands corresponding to the ex-  Similarly, TAF15 primers showed a perfect match with
pected size of the amplified products. That means
c¢DNA synthesis had been done and thus the quality of
RNA that was used in synthesis is assured. The pres-

4.Results

The NCBI database search using the BLAST algorithm
showed the following for HKDC1, TAF15, and GAPDH
primers: The HKDC1 primers both demonstrated 100%

its corresponding gene exons at 100%. Similarly, , the

primersdesigned for GAPDH also showed a perfect
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match with their respective exons (Fig 4). There
were no primers that gave non-specific matches with
other regions of the genome. Thus, the results obtained
from BLAST suggest that these primers are rightly de-
signed and selected and would be apt for the amplifica-
tion intended.

Analysis of HKDC1 Gene Expression

In this analysis, the expression of the HKDC1 gene
in athletes was significantly increased compared to the

control group (non-athletes), with a 1.445-fold increase.
This increase is statistically significant (P(H1) = 0.007).
Therefore,it can be concluded that the conditions exam-
ined led to an increase in HKDC1 gene expression
(Tab;2 ) (Fig5).
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Figure 4. The result of the primer blast

Gene Type  Reaction Hficiency Expression Std. Emor 95%Cl.  P(H1) Result

Control TRG 10
HKDCT TRG 10

0.7 0.754-1329 0577-1640 0741
1410 1.011-1.9% 0.791-2751  0.001 UP

Table 2: Analysis of HKDC1 Gene Expression
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Figure 5: Analysis of HKDC1 Gene Expression

Analysis of TAF15 Gene Expression

Although the expression of the TAF15 gene in ath-
letes showed an increase compared to the control group
(non- athletes), with a 1.159-fold increase, this increase
is not statistically significant (P(H1) = 0.104) (Table 3)

(Fig 6).
Discussion

The findings of our research have explained in
detail the influence of exercise on biomarkers of aging,
particularly in genes such as TAF15 and HKDC1. Our
results indicated that the levels of mRNA expression of
HKDC1 were significantly higher in athletes when com-
pared to non-athletes, thereby associating this gene

with glucose metabolism and energy balance within
cells. It extends the growing body of evidence support-
ing metabolic benefits from regular physical activity,
which is greatly recognized to enhance insulin sensitivi-
ty and lower the risk of metabolic disorders related to

aging.

Considering its involvement in regulating glu-
cose levels and in the response to oxidative stress,
HKDC1 appears quite important in cellular function
and longevity[34]. HKDC1 seems to facilitate energy
production by promotingglucose uptake and phos-
phorylation, a key process for high-energy tissues
such as muscles and the brain[35].

Gene Type Reaction Hficiency Expression Std. Error 95%ZC.1L. P(H1) Result
Control TRG 1.0 0.976 0.754-1.329 0.577-1.640 0.724
TAF15 TRG 1.0 1.131 0.973-1.283 0.909-1.703 0.002 UP

Relative Expression

Expression Ratio

Control

TAF1S

Gene

Figure 6: Analysis of Taf15 Gene Expression

24



Exercise Boosts Longevity by Modulating Aging Biomarkers TAF15 and HKDC1

Regular exercise would appear to improve meta-
bolic efficiency, counteracting the declines associated
with aging, asthe increase in the expression of HKDC1
was quite significant among athletes[24,36].

On the other hand, while the level of TAF15 ex-
pression was indeed higher in athletes compared with
non-athletes, the observed increase was not statistically
significant. With TAF15 implicated in regulating gene
expression, RNA processing, and cellular responses to
stress, one would imagine that this gene might well
have a critical role in sustaining cellular health and
function. Especially considering the involvement in
transcriptional control and stress response mechanisms,
it is plausible to assume that TAF15 might be crucial in
cellular resistance during conditions of aging[37]. On
the other hand, these results could suggest that the im-
pact of exercise on TAF15 expression is moresubtle and
could take an even longer or much more extended in-
tervention to exhibit sharper differences.

Our findings have implications beyond individual
biomarkers. The interplay between exercise, HKDCI,
and TAF15points to a much broader molecular land-
scape of aging. Modulation of these markers by exercise
may have collective impacts on processes such as oxi-
dative stress, inflammation, and cellular senescence.
Such interconnectedness would suggest that increasing
physical activity might play a pivotal role in the promo-
tion of healthy aging and the prevention of age-related
diseases[38].

The mechanism of exercise, which regulates such bi-
omarkers of aging as HKDC1 and TAF15, may be in-
structive for therapeutic strategies against metabolic
and neurodegenerative diseases[39]. These results
push the inclusion ofmore intense physical activity as
an integral part of healthy aging in tune with public
health recommendations emphasizing regular exer-
cise as a key component of healthy living and longevi-
ty[40].

The investigation of the expression of HKDC1 and
TAF15 for the regulating pathways involved is beyond
the scopeof the present study and shall be the target of
future studies. Longitudinal studies on the effects in-
duced by differenttypes of exercise on these biomarkers
can provide further insights into optimal exercise to
promote healthspan and longevity. Further investiga-
tion of the exercise effects on other candidate genes re-
lated to aging and pathways may contribute to a better
understanding of the molecular underpinnings that
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determine the beneficial effect of physical activity.

Conclusion

The current study pointed out the major influence of
regular exercise on the expression of two key aging bi-
omarkers, HKDC1 and TAF15. Our findings indicate
that HKDC1 level in athletes is remarkably higher com-
pared with non- athletes, underlining the positive role
of physical activity in improving glucose metabolism
and cellular energy homeostasis. Although athletes had
higher TAF15 expression, the difference was not statis-
tically significant, thus this relation to exercise and ag-
ing may require further investigation. Modulation of
these biomarkers reflects the complex interaction of
lifestyle factors with biological aging processes. Regular
physical activity supports metabolic health and may
also protect against age-related declines in cellular
function and resilience. These findings underscore the
inclusion of exercise in daily life as a key strategy in
healthy aging and the prevention of age-related diseas-
es. It would be worth it if further research could eluci-
date the mechanisms that regulate the expressions of
HKDC1 and TAF15 by different exercise modalities. The
deeper the understanding of such molecular processes,
the better harnessing of the therapeutic potential of
physical activity for healthspan and longevity exten-
sion.
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