How stem cells can combat age-related muscle loss
By Harnoor Gill

Age is more than just a number—it is a collection of numbers. For instance, people over
the age of 30 begin to lose as much as three to five percent of their muscle mass per
decade (3). This progressive loss of muscle mass due to the aging process is known as
sarcopenia and it can be debilitating. Sarcopenia, which eerily means “lack of flesh”, is
accompanied by a number of different health risks (7).

Muscle is undoubtedly an important part of our body and daily life. Besides supporting
our skeleton, it has the vital role of allowing us to move and do fun things like
rollerblade or bake cupcakes. When we lose muscle mass and strength, it can inhibit our
daily activities and increase our risk of accidents, such as falls and fractures (1).
Sarcopenia can lengthen our hospital stays as well, which leads to prolonged stagnancy
and even more muscle decline (4). In addition, sarcopenia can increase risk for chronic
diseases such as obesity and diabetes (2).

On a molecular level, the causes of sarcopenia are complex. Figure 1 shows muscle
fibers and the various factors that contribute to the pathophysiology of sarcopenia,
which include altered levels of inflammatory factors, insulin, and sex hormones (8).
Dehydroepiandrosterone (DHEA) is a hormone produced by the adrenal gland; it helps
produce other hormones, including testosterone and estrogen. DHEA levels fall as an
individual ages —declines in DHEA and testosterone may be related to the loss of
muscle strength in sarcopenia (9). Free radicals, which are oxygen-containing molecules
that can cause damage to your DNA, proteins and lipids when present in excess, have
also been implicated in aging muscle (11). Loss of motor neurons, which are cells that
transmit signals from the brain and spinal cord to muscles, leads to weakness of the
muscle and furthers disease progression.
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Figure 1 Cellular changes in aging muscle fibers in sarcopenia

Though muscle loss can feel as inevitable as, well, aging, all hope is not lost. Clinical
trials testing exercise, nutritional supplements, physiological intervention and drugs



have been conducted. Exercise was found to be most effective in reducing sarcopenia
(2). In fact, individuals that are more active in their lifetimes tend to experience less
muscle loss as they age, making exercise an appealing preventative treatment. One way
in which exercise, particularly resistance or strength training, benefits sarcopenia
patients is by increasing muscle regeneration (4). Exercise also reduces inflammation,
which tends to increase with age and exaggerates the harmful effects of sarcopenia,
causing additional harm to muscles (2).

However, exercise is not a viable option for patients who are bedridden or otherwise
immobile. In these patients, stem cell therapy holds immense potential (2). Induced
pluripotent stem cells (iPSCs), which can conveniently turn into any human cell type
needed for therapeutic purposes, are being explored as a treatment option. The patient’s
own cells are genetically reprogrammed and turned into a “blank canvas,” or an iPSC.
These iPSCs are ready to be painted again into a new type of cell that the patient may
need.

Sometimes, this repainting needs a little “nudge”. This nudge can come in the form of a
small molecule called givinostat, which is a histone deacetylase inhibitor (6). Givinostat
can guide the iPSCs to become muscle progenitor cells (MPCs) by blocking enzymes
called histone deacetylases, which make DNA less accessible for gene expression. In this
way, givinostat is able to “turn on” specific genes that are necessary for muscle
specialization. MPCs can then specialize and become myocytes, or muscle cells. The
myocytes also make extracellular vesicles that aid in muscle repair (4). You can think of
these vesicles as small bubbles that carry materials that facilitate muscle regeneration—
the vesicles deliver their contents to cells by fusing with cell membranes.

The clinical concern with administering iPSCs is that they rapidly and indefinitely
divide, which can lead to tumor formation inside of the body. Stem cell biologists, such
as Dr. Wanling Xuan at the Vascular Biology Center at the Medical College of Georgia,
are instead actively investigating the benefits of either administering the MPCs induced
from iPSCs with givinostat or by introducing the vesicles that they secrete (4).

The therapeutic strategies being investigated can be personalized to fit the profile of the
patient. For patients with age-related muscle loss, delivering the vesicles alone is a good
option for regenerating and revitalizing aged stem cells (4). For sarcopenia patients with
a muscle injury, administering the MPCs would be more appropriate (4). One of the
challenges with administering MPCs is determining whether or not they will integrate
or “fit in” with the aged or diseased environment, making this an active area of
research.

Stem cell therapy is promising because it can combat the detriments of aging, an innate
yet variable biological process, on our muscles. For patients with sarcopenia, this
regenerative therapy can mean the difference between a sedentary life and a life full of
movement.



References

10.

11.

12.

. Yeung, S., Reijnierse, E., Pham, V., Trappenburg, M., Lim, W., Meskers, C., &

Maier, A. (2019, June). Sarcopenia and its association with falls and fractures in
OLDER adults: A systematic review and meta-analysis. Retrieved April 07, 2021,
from https:/ /www.ncbi.nlm.nih.gov/pmc/ articles / PMC6596401

Lo,J., U, K, Yiu, T., Ong, M., & Lee, W. (2020, April 30). Sarcopenia: Current
treatments and new REGENERATIVE therapeutic approaches. Retrieved April
07,2021, from

https:/ / www.sciencedirect.com/science/article/pii/52214031X20300474
Pubhshmg, H. (n.d.). Preserve your muscle mass. Retrieved April 07, 2021, from
https:/ /www .health.harvard.edu/staying-healthy / preserve-your-muscle-mass
MCG_AUG. (n.d.). Stem cell therapy shows promise against age-related muscle
loss. Retrieved April 07, 2021, from

https:/ /www.eurekalert.org/pub_releases/2021-03 / mcog-sct032221.php
Cruz-Jentoft, A., & Sayer, A. (2019, June 03). Sarcopenia. Retrieved April 07, 2021,
from

https:/ / www.sciencedirect.com/science/article/ pii/S01406736193113894 fig4
Parent project muscular dystrophy (ppmd): Fighting to end duchenne. (2021,
April 13). Retrieved April 21, 2021, from

https:/ / www.parentprojectmd.org/drug-development-pipeline/ givinostat/
M;, S. (n.d.). Clinical definition of sarcopenia. Retrieved April 21, 2021, from
https:/ / pubmed.ncbi.nlm.nih.gov /25568649 /

Submitted: Accepted: Sarcopenia published: Copyright. (n.d.). Retrieved April
21, 2021, from https:/ / www .jscimedcentral.com /MuscleHealth / musclehealth-2-
1010.pdf

D. N. Proctor, P. Balagopal, K. S. Nair, Age-Related Sarcopenia in Humans Is
Associated with Reduced Synthetic Rates of Specific Muscle Proteins, The
Journal of Nutrition, Volume 128, Issue 2, February 1998, Pages 3515-

3558, https:/ /doi.org/10.1093/jn/128.2.351S

Shin, M. ], Jeon, Y. K., & Kim, I. J. (2018). Testosterone and Sarcopenia. The
world journal of men's health, 36(3), 192-198.

https:/ /doi.org/10.5534 / wjmh.180001

Gomes, M. J., Martinez, P. F., Pagan, L. U., Damatto, R. L., Cezar, M., Lima, A.,
Okoshi, K., & Okoshi, M. P. (2017). Skeletal muscle aging: influence of oxidative
stress and physical exercise. Oncotarget, 8(12), 20428-20440.

https:/ /doi.org/10.18632 / oncotarget.14670

Padilla Colon CJ, Ferrer HL, Cintron-Velez G, Molina-Vicenty I (2018) Advances
in the Treatment of Muscle Mass Loss and Sarcopenia. ] Muscle Health 2(1): 1010.




