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ABSTRACT

The role of immunology in improving skin metabolism in aging has emerged, including the involvement
of interleukin (IL)-15 induced by exercise in modifying skin response. Our paper will review recent findings
on how exercise affects the release of IL-15 and other plausible mechanisms related to skin metabolism in
aging. We focused on discussing the benefit of exercise based on how it affects the release of IL-15 on a
molecular level and its impact on both skin metabolism and the aging process. We performed literature
searching in several search engines using (exercise) AND (interleukin-15) OR (skin aging) to find eligible
literature. We reviewed 6 out of 114 articles regarding the topic. Some mechanisms are proposed to
contribute to the aging process, including the role of DNA damage, and the immune system. IL-15, an
exercise-induced proinflammatory factor, is one of the cytokines recently studied. This cytokine may exert
its effect through JAK-STAT and AMPK pathways. Additionally, certain regimens of exercise may provide
different changes in the IL-15 levels. Exercise may also provide benefits to the skin through the production
of NAD+ and extracellular matrices. Certain exercise regiments failed to show the consistency of IL-15
changes while overall helping to improve skin metabolism in aging. Further studies are required to identify
the appropriate exercise prescription to maximize the skin health benefit as well as the other skin aging
indicators to understand more about the role of exercise to counter the aging process.
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INTRODUCTION

Exercise, beyond a lifestyle necessity, has been studied extensively in modern medicine due to its
tremendous therapeutic benefits. Current studies have dived deeper into its impact and how its prescription
might help alleviate the physiological changes done by aging. Aging itself is an inevitable process and the
number of people aged 60 years and above will increase from 1 billion in 2020 to 1.4 billion by 2050. This
implied a new set of challenges, which is to maintain adequate health even during a progressive age.*

In the emergence of skin health and anti-aging awareness, current studies have focused on multiple
approaches to maximize the therapeutic strategies to counter the pathological condition, including the
impact of physical activities. It is known that skin has various protective roles for the body, hence its
function as the biggest organ of the human body is important to maintain. Skin is the primary protector
against pathogens and environmental hazards.? Any damage or harm to the skin, including the inevitable
aging process that imposes on structural change, may compromise its role. Skin aging is associated with
increasing skin diseases, such as fungal infections (14.3% — 64%), dermatitis (1% — 58.7%), xerosis (5.4%
— 85.5%), and benign skin tumors (1.7% — 74.5%).% Therefore, understanding how it might be affected by
the aging process, is crucial.

Aging is associated with chronic inflammation which is marked by the high circulation of several
cytokines and long exposure to antigens. Interleukin (IL)-15 has been known as the T-cell growth factor
which further causes increased clearance of antigens. The increased clearance of antigens prevents chronic
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inflammation and leads to the prevention of the aging process. Research has also studied the role of
immunology in improving skin metabolism, including the involvement of interleukin (IL)-15 induced by
exercise in modifying skin response. However, to our knowledge, there is no paper yet concluding the
current findings on how exercise may affect the IL-15 level and other indicators of skin metabolism to
counter the aging process. Therefore, our paper aims to evaluate recent studies regarding the topic to provide
a better understanding and potential research gap.

METHODS

This was a narrative literature review. Eligibility criteria were generated based on the PICO
framework. The problem was aging; the interest was exercise; the comparator was any comparator; and the
outcome was interleukin-15 and skin metabolism. Based on the PICO framework, the keywords in this
review were (exercise) AND (interleukin-15) OR (skin aging) OR (skin metabolism in aging) to perform
literature searching. We found 114 articles and reviewed 6 papers after the selection process. We applied
the following inclusion criteria: 1) articles written in English, 2) articles published within 2013-2023; and
3) articles discussing the impact of exercise to the level of IL-15 and skin metabolism in aging. When the
articles failed to be accessed and were non-original studies, they were excluded from this study. The online
databases were PubMed, EMBASE, CENTRAL, and Google Scholar. We included studies comparing
exercise to interleukin-15 and skin metabolism which were published in English. The findings were
narratively elaborated.

RESULTS
We include six eligible articles in this review. The summary of findings can be seen in
Table 1.

Table 1. Studies that evaluate the impact of exercise on the IL-15 level and skin aging indicators

Author Sample Intervention Result
Kapilevich et al.* Men aged 18-23 yearsold - WG and CG1 performed  I1L-15 level
divided into 4 groups: static load (consisting of Static load (pg/ml)
weightlifting group (WG),  once holding a rod below Baseline

Shu et al.®

track and field group
(TFG), control group 1,
control group 2 (CG1/2).
WG consisted of 10 elite
strength-trained athletes;
TFG consisted of 10 elite
endurance-trained athletes,
and control groups
consisted of 10 healthy
untrained volunteers each
61 healthy, sedentary
Japanese women (41-59
years old) in Japan
assigned to two groups of
aerobic training (AT) and
resistance training (RT)

the knees)

- TFG and CG2 performed
dynamic load by the
standard PWC170 test
consisting of pedaling at
two different power levels

- AT consisted of short
warm-up session and
cycling at 65%-70%
maximum heart rate

- RT consisted of leg curl,
leg extension, arm curl,
rowing, shoulder press,

WG: 114.36 £5.92
CG1:38.96 +2.52
After Intervention

WG: 168.55 + 7.64
CG1:42.31£1.75

Dynamic load

Endurance training did not
increase/decrease the IL-15 in
the TFG and CG2

AT and RT groups showed
increased expression of
collagen-encoding genes,
hyaluronan synthase, and
proteoglycans. Both groups
also showed increased 1L-15
and myonectin levels.
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Oizumi, Sugimoto,
and Aibara®

dos Santos, Lira,
and Antues’

Minuzzi et al.®

30-64 years old
participants with no
history of skin diseases
and no history of
exercising habit

20 non-obese and
physically active men
divided into two
intervention groups: high-
intensity intermittent
training (HIIT) and
moderate-intensity
continuous training
(MICT)

14 Wistar Rats categorized
into three groups: young
sedentary, old sedentary,
and old exercise

and chest press with
progressively increasing
loads

- The intervention group
was asked to exercise at
least 600 Mets/week for 8
weeks

Exercises were performed
for three times a week
nonconsecutively

- The HIIT group was
asked to run at 100%
velocity correspondent to
maximal aerobic speed
(MAS) for 1 minute,
followed by short passive
recovery

- The MICT group was
asked to run at 70%
velocity correspondent to
the MAS until completing
the 5 km

The subjects were
administered for short-
term physical exercise
using a treadmill for 5 days

RT group specifically showed
significant increase of
proteoglycan-related genes
such as biglycan (BGN) and
chondroitin sulfate synthase
(CHSY1)

Intervention group showed
higher stratum corneum
hydration compared to the
control group (p=0.083,
n%=0.10)

HIT

Day1

Pre-exercise: p 0,222, p =
0,538

Post-exercise: p 0,232, p=
0,519

60 min post-exercise: p 0,170,
p =0,638

After 5 weeks

Pre-exercise: p -0153, 0 =
0,672

Post-exercise: p 0,372, p =
0,290

60 min post-exercise: p 0,031,
p=0,933

MICT

Day 1

Pre-exercise: p 0,023, - =
0,947

Post-exercise: p 0,019, p =
0,959

60 min post-exercise: p = -
0,183, p = 0,612

After 5 weeks

Pre-exercise: p -0,174, p =
0,630

Post-exercise: p -0,122, p —
0,736

60 min post-exercise: p = -
0,183, p = 0,613

Exercise was found to
increase pJAK1
phosphorylation compared to
aging (P<0,05) but failed to
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increase on JAK2 at
Tyr1007/1008 (p>0,05)

Hingorjo et al.® 133 medical students (aged Cardiorespiratory fitness IL-15 level (pg/mL)
17-24 years old) divided measured by Queen’s Group A (p<0,001)
into two groups: A (BMI College Step Test Baseline: 4.04 + 1.60
<23,0 kg/m?) and B (BMI Post-intervention: 9.75 £ 4.23
> 23,0 kg/m?)

Group B (p<0,001)
Baseline: 3.14 + 1.44
Post-intervention: 7.18 + 2.93

DISCUSSION

The aging process results from cumulative damage on the cellular level and alterations of
the genetic program. Additionally, our cells are undergoing replicative senescence, a state where
the amount of cell divisions is limited until it arrests irreversibly. During its process, one might
expect gradual degeneration of the epidermis and dermis. Aging itself is a complex process,
amounting from both intrinsic (e.g., genes and hormones) and extrinsic factors (e.g. ultraviolet
radiation). As a result, decreased energy metabolism increased mitochondrial oxidative stress, and
noticeable deletions of mitochondrial DNA (mtDNA) are all present. Some mechanisms are
proposed to contribute to the aging process, including the role of telomeres, DNA damage, and the
immune system.©

Telomere is the terminal part of chromosomes in eukaryotic cells and the presence of
oxidative stress may modify it. Although its role is to defend cells against degradation, in reality,
findings found that telomeres experience shortening that results in the failure of DNA polymerase
to replicate the final base pairs of a chromosome. Once it reaches the critical threshold, the cells
will experience apoptosis or proliferative senescence through the p53 signaling.°

Any damage to DNA may manifest in skin aging. In many rare occasions where premature
aging is found, specific DNA mutations will result in different clinical manifestations of the aging.
For instance, the mutation in lamina A, a crucial protein to maintain the organization of chromatin,
results in progeria. Another example could be seen in Cockayne syndrome where mutation of
helicases exists. Yet, it is universally accepted that across their lifespan, human DNA will have
damage accumulation even in the absence of mutation. The role of epigenetics that involves
methylation of the DNA still might happen. Some of the common factors susceptible to damage
are insulin growth factor and growth hormone.°

Lastly, the involvement of immune system degeneration also contributes to aging and vice
versa. The skin at its core is a defensive organ against infections, making it one of the crucial parts
of the immune system. Within its tissue lay reticular cells, lymphoid cells, and lymphoid organs
and research claimed the amount of Langerhans cells decreases with age. Additionally, since older
age contributes to decreased microvascular compliance, the homeostasis of residents' immune cells
and pro-inflammatory factors are likely to be affected.!! Other mechanisms that may contribute to
the aging include progressive accumulation of reactive oxygen species by age. Studies found that
ROS might leak into the cytoplasm due to the aging process and eventually, its overbearing impact
leads to immune senescence marked by declining innate immunity to impaired adaptive immune
response.°

Interleukin (IL-15), a 14-15 kDA member of the gamma chain cytokine family that is
closely correlated with IL-2, is a pro-inflammatory substance that was first known as a T cell
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growth factor. Its role also expands to specifically the activation of CD8+ T cells, the development
of tissue memory phenotype of CD103+ CD28+ CD8+ T cells, maintenance of naive and memory
CD4+ T cells homeostasis, and proliferation of cytotoxic T-cells (CTLs), natural killer (NK) and
NKT-like (CD56+CD3+) cells. IL-15 conducts its signal through a heterotrimeric receptor,
consisting of IL-15Ra (CD215), IL-2/IL-15Rp (CD122) and the common y chain (yc, CD132) that
shares receptors with IL-4, IL-7, IL-9, and IL-21. The distinctive feature of IL-15 is its ability to
stimulate IL-2/IL-15Rp and yc-expressing neighboring cells through a mechanism called trans
presentation (TP). This finding was initially prompted when the proliferation of T cells induced
by IL-15 was not dependent on the membrane expression of IL-15Ra but this receptor aids IL-15
transport through the cytoplasm from the endoplasmic reticulum to form IL-15/IL-15Ra complex
on the cell surface, hence compensate for its effect despite not being produced in extensive
amount.*2 The trans presentation allows direct contact of the presenting cells with the responding
cell expressing the IL-2/15RByc heterodimer. Afterward, the newly formed complex might be
internalized by the responding cells and induce activation of signaling by IL-2/15R and yc (13).
Afterward, the signaling process is initiated. It is stipulated that the release of IL-15 is affecting
four major pathways: JAK-STAT, PI3K-AKT/mTOR, Ras-RAF/MAPK, and AMPK.

Activation of the JAK-STAT pathway is necessary for the differentiation of the T helper
(Th) cells. The next two pathways, PI3K-AKT/mTOR and Ras-RAF/MAPK are responsible for T
cell homeostasis involving survival, proliferation, and maintenance, with emphasis on the former
pathway contributing to the balance of Treq cells and other CD4* cells.™ It is known that age affects
the amount and function of T cells significantly leading to a phenomenon called
immunosenescence and therefore, any modulation to amplify the T cells might be beneficial to
prevent the aging impact.*

The theory of how IL-15 correlated with the AMP-activated protein kinase (AMPK)
pathway was proven by a study that found reduced serum IL-15 in mice lacking muscle AMPK.
This pathway is activated once increasing levels of AMP and ADP are found after physiological
stresses are given. AMPK itself is a heterotrimeric substance composed of important subunits: a,
B, and y. Consequently, this pathway triggers cellular metabolism and may alter autophagy and
aging.15'16

Interleukin-15 has been found to possess anabolic effects in cells and its production is
highly affected by activities made on the skeletal muscles. Nielsen et al. demonstrated that this
cytokine is predominantly expressed by type 1l skeletal muscle fibers. Fundamentally, there are
two common types of muscle fibers, mainly type I or slow-twitch fibers and type 11 or fast oxidative
glycolytic (FOG) fibers. The slow-twitch fibers are most commonly found in the soleus muscle,
where it has slower twitch speeds but is relatively fatigue resistant compared to the type Il fibers,
such as the triceps. Certain muscles are dominated with one type of fibers than the other, hence
certain exercises focusing on the respective muscle would be responsible for eliciting different
responses. One study by Nielsen et al. found that resistant exercises elicited higher IL-15 mRNA
levels twofold higher in the triceps compared to soleus muscles.’ In the long run, the process
promotes overall health as IL-15 helps to augment the glucose uptake through increased
transcription and the translocation of GLUT4 membrane through the JAK3/STAT3 signaling.®

Through the STAT3 pathway, the exercise-induced IL-15 was studied to have a beneficial
impact on the impaired wound healing process, one that is commonly found in the aged population.
This cytokine reduces biomarkers responsible for growth suspension and stimulates keratinocyte
and fibroblast growth. This process is proven by a study by Wong et al., where low-dose injection
of IL-15 in vivo improves wound closure, and mitochondrial activity, and decreases the senescence
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of cells. This finding was linear with previous research that IL-15/IL-15Ra expression increased
both in healing and non-healing chronic wounds respectively. The cytokine was claimed to
promote the proliferation of human adult low calcium temperature (HaCaT) keratinocytes,
suggestively through the AKT and ERK pathway by exerting anti-apoptosis properties on
epidermal keratinocytes.?1®

However, while IL-15 is highly expressed in the skeletal muscle, in which manner exercise
produces IL-15 is still debatable. A recent study by Santos, Lira, and Antunes found that high-
intensity intermittent training (HIIT), showed neither acute nor chronic significant changes in IL-
15 levels, responding to five weeks of HIIT. This proves that muscle damage in healthy young
men does not release the 1L-15 cytokine.” Similarly, this level of the cytokine and JAK/STAT
pathway in aged rats is not changed after short-term physical activities.® Yet, Hingorjo et al. and
Kurz et al. reported the opposite findings, on which endurance and aerobic exercises, even with
short duration, may support the changes of 1L-15 to exert its therapeutic effect.>?° Further studies
regarding the prescription of exercises to affect the changes in the cytokine level must be
conducted to provide maximum benefit.

Besides demonstrating its impact through the release of IL-15 cytokine, exercise may
insinuate more active metabolism and anti-aging through several processes. One of the most
commonly discussed metabolites in the correlation between exercise and skin metabolism is the
nicotinamide adenine dinucleotide (NADH). NAD+ holds important cellular functions at the
biomolecular level by repairing DNA, remodeling chromatin, and controlling cellular senescence
and immune cell functions.?*?2 One study found that exercises to exhaustion may change NADH
levels at rest, proving that physical activities may exert an anti-aging effect.?%2*

Exercise may also help to rejuvenate skin aging. Research by Oizumi, Sugimoto, and
Aibara supports that attempts of regular exercises aid to improve skin moisturizing function
marked by increased hydration.® Additionally, one study has demonstrated that both aerobic and
resistance training improves skin elasticity and upper dermal structure, with additional skin
thickness improvement on resistance training. This process is marked by increased extracellular
matrices and reduced inflammatory factors. In resistance training, the skin expresses lower
circulating levels of CCL28, N,N-dimethylglycine, and CXCL4, followed by an increase in local
biglycan (BGN) expression.® It is known that the degradation of ECM may accelerate skin aging
and increase skin stiffness, which the process is mediated by the glycation process. Glycation itself
IS a non-enzymatic reaction of free reducing sugars with free amino protein groups, DNA, and
lipids which happens spontaneously. The glycation itself produces advanced glycation end
products (AGEs) and they are mostly reduced in subjects who undergo regular aerobic exercise
such as treadmill training.?2®

Other mechanisms where exercise modulates the anti-aging process can be seen through
increased collagen synthesis. The amount of collagen usually decreases with age due to the impact
of both internal and external (photo-aging) factors. Collagen plays an important role in maintaining
the skin's integrity, therefore causing apparent wrinkles, reduced moistness, elasticity, and
hydration.?” Through the AMPK pathway, exercises may stimulate collagen production and
consequently contribute to anti-aging. An in vivo study seeks the benefit of endurance training and
it was found to increase the collagen content, together with extensive remodeling that revitalizes
the thickness of stratum spinosum.* The AMP-AMPK regulation towards the NLRP3
inflammasome contributes to aging which is mostly seen in systemic age-related diseases. In
correlation with how it maintains skin health, AMPK is found to suppress the nuclear factor kappa
B (NF-kB) activation which in return regulates the innate immunity and inflammation process.
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Additionally, there is decreasing AMPKal and AMPKa2 expression with advanced age and the
study confirmed that in AMPKa2 KO mice, the samples show accelerated skin aging.?® The
collagen synthesis is also supported by the mediating effect of previously discussed IL-15 which
in return also increase the fibroblast and dermal collagen productions.* The diagram showing the
role of exercise in IL-15 level and overall skin metabolism in aging can be seen in Figure 1.
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Figure 1. Role of exercise in IL-15 level and overall skin metabolism in aging

CONCLUSION

Exercise, beyond a lifestyle necessity, has been studied extensively in modern medicine
due to its tremendous therapeutic benefits including skin aging. Exercise has shown potential
benefits to counter the aging process through several mechanisms, namely the increase of IL-15
levels, increased extracellular matrix production, and NADH production. However, further
precaution has to be made in concluding the study result as certain exercise regiments failed to
show consistency in the IL-15 level changes before and after exercise. Additionally, we have not
found further how IL-15 may correlate directly to the gross clinical appearance of the anti-aging
process in the skin. Further studies are required to identify the appropriate exercise prescription to
maximize the skin health benefit as well as the other parameters of skin aging to better understand
the role of exercise in this process of countering aging.
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