
26    | SEPTEMBER 2021

 � COVER FOCUS WILL TODAY’S INNOVATIONS BECOME TOMORROW’S TRENDS?

Y
ou may think aging is what 
happens to an organism as 
time passes. That is chronologi-
cal aging. Biological aging, on 
the other hand, is loss of the 

ability of an organism to recover from 
stressors and to maintain homeosta-
sis.1,2 Therapies targeting the mecha-
nisms behind biological aging could 
potentially treat or prevent many 
conditions such as Alzheimer disease, 
heart disease, and glaucoma.

Recent research into aging has 
moved away from merely investigat-
ing and slowing the process of aging 
to exploring strategies with the abil-
ity to reverse age-related changes; 
progress in this area appears to be 
accelerating rapidly.3,4 Most of these 
strategies revolve around addressing 
the hallmarks of aging.3,5 Scientists are 
also developing specific biomarkers of 
aging, based on lab values and epigen-
etic aging clocks, to aid in quantifying 
aging and in slowing or reversing it.1,6

Aging is the most common and great-
est risk factor for most major diseases, 

especially those pertaining to the eye. 
Often, ocular diseases are some of 
the first targets investigated for new 
therapies, given the impact of visual 
impairment on quality of life, the rela-
tive safety advantages, and the variety 
of potential drug delivery options. Many 
readers may be aware, for instance, 
of the many genetic therapies being 
explored for inherited retinal diseases 
and other ophthalmologic disorders.

Voretigene neparvovec (Luxturna, 
Spark Therapeutics) was the first such 
agent, a directly administered genetic 
therapy, to be approved by the FDA in 
2017.7,8 Lesser known and newer inter-
ventions being investigated include 
epigenetic, senolytic, and mitochon-
drial therapies, all approaches that 
target hallmarks of aging.

This article explores the coming 
evolution in longevity biotechnology 
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and its application to ocular diseases. 
Specifically, it reviews trending strategies 
and provides examples of companies 
pursuing clinical research in each area.

EPIGENETIC TARGETED THERAPIES
The term epigenetics refers to 

heritable but modifiable features of 
the genome that contribute to gene 
expression.9 Essentially, epigenetics 
can explain how the environment 
affects the development of an organ-
ism. For example, it is known that 
children born to mothers during peri-
ods of famine have increased suscepti-
bility to psychiatric illness and obesity 
via epigenetic mechanisms.10,11

Recently, researchers have found 
that reprogramming of the epig-
enome can be used to rejuvenate 
cells.12-14 Shinya Yamanaka won a 
Nobel prize in 2012 for his ground-
breaking research published in 
2006, in which he and his colleague 
described the transcription factors 
Oct4, Sox2, Klf4, and cMyc.15,16 These 
transcription factors, now known as 
Yamanaka factors, can cause mature 
somatic cells to revert into induced 
pluripotent stem cells (iPSC).

It has recently been shown that 
these factors can also be used to 
rejuvenate somatic cells without 
completely turning them to iPSCs.12,13 
This has been achieved in two ways: 
by limiting the amount of time cells 
are exposed to the factors or by using 
only a partial set of the factors.

This technology has been delivered 
via an adeno-associated viral (AAV) 
vector in several mouse models of 
glaucoma, optic nerve injury, and 
normal aging.12 The specific AAV 
applied, Tet-Off AAV2, uses tetracy-
cline class drugs as on-off switches to 
induce transcription for a controlled 
duration. Investigators reported in 
the December 2020 issue of Nature, 
“Turning Back Time,” that this treat-
ment resulted in murine optic nerve 
axon regeneration and reversed vision 
loss.12 This is an unprecedented find-
ing, suggesting that aspects of ocular 

aging may be reversible, while also giv-
ing hope to patients who have experi-
enced vision loss due to glaucoma.

Messenger RNA, or mRNA, tech-
nology can also be employed to 
introduce transcription factors. Turn 
Biotechnology is investigating the 
use of mRNA technology for epigen-
etic reprogramming. The company’s 
proprietary technology, epigenetic 
reprogramming of age (ERA), restores 
the youthful functionality of targeted 
cells while maintaining cell type 
integrity. Potential targets include 
ocular surface disease, corneal disease, 
age-related macular degeneration 
(AMD), and glaucoma. TRN-004 
(Turn Biotechnology) is in the in vivo 
preclinical stage of investigation for 
ocular surface disease (Figure 1).17

SENOLYTIC THERAPIES
Senolytics are a small class of drugs 

being investigated for the potential to 
eliminate senescent cells and improve 
human health. Although epigenetic 
therapy appears promising, it may not 
result in a fully rejuvenated phenotype. 
The accumulation of senescent cells, a 
hallmark of aging, results in disorder of 
tissue structure and function.18,19 They 
are also known to secrete senescence-
associated secretory phenotype (SASP), 
which results in inflammation and 
degradation of the surrounding milieu. 
Ridding the body of these cells is seen 
as a potential method of reversing age-
related decline.18

Researchers at the Mayo Clinic 
recently reported that clearing 
senescent cells with senolytics not 
only slowed aging, but also partially 
reversed aspects of tissue dysfunction 
in mice, thereby extending their 
healthy lifespan.20

Unity Biotechnology is investigating 
the use of senolytics in ocular thera-
peutics. Investigators have reported 
that high levels of senescent cells 
are associated with ophthalmologic 
disorders such as AMD and diabetic 
macular edema (DME).21 In preclini-
cal models of diabetic retinopathy, 

the senolytic UBX1325 (Unity 
Biotechnology) has demonstrated 
improvement in retinal vasculature 
and function (Figure 2).21,22 UBX1325 
works, reportedly, by inhibiting the 
molecule Bcl-xL, which is highly 
expressed in diseased blood vessels 
during retinopathy and has been 
shown to engage pathways of cellular 
senescence.21,22 UBX1325 reduces 
abnormal blood vessel growth and 
improves retinal function and vas-
cular leakage in preclinical models. 
It restores healthy vascularization 
and, unlike anti–vascular endothelial 
growth factor (VEGF) therapies, also 
improves avascular areas.

Unity recently reported positive 
findings in its phase 1 trial demon-
strating improvements in BCVA and 
central subfield thickness in a small 
group of patients previously non-
responsive to anti-VEGF therapy.23 
This seems promising, given that this 
phase 1 trial was designed to assess 
safety and dosing and not efficacy.

MITOCHONDRIAL THERAPIES
Mitochondrial therapies are also 

being investigated for their cellular 
rejuvenation potential.24 Because 
mitochondria are the producers of 
energy in the cell, they are thought to 
play a large role in neurologic diseases. 
In the eye, they are potential targets 
for treating disorders of the retina 
and optic nerve.25,26

Improving mitochondrial function 
is essentially the mechanism of pho-
tobiomodulation or low-level light 
therapy.27 Photobiomodulation is a 
relatively new modality in eye care; 
details of its potential uses were 
described in the July/August issue by 
Craig Thomas, OD (“Understanding 
Photobiomodulation Therapy,” 
page 24; bit.ly/0721MODCT).

A multitude of supplements that 
are thought to support mitochondrial 
function are also being explored. 
Popular examples include CoQ-10 
and NAD+ boosters. Large human 
trials have not been undertaken to 
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establish benefits of these supple-
ments, and recommendations to 
patients for mitochondrial support 
are therefore not yet advisable.28-30

A few biotechnology companies 
are working on mitochondria-based 
therapies, including at least two in 
ophthalmology.

MC16 (MitoChem Therapeutics) 
is in a new class of small molecules 
designed to protect mitochondrial 
homeostasis, according to the compa-
ny. In April, the FDA conferred orphan 
drug status on MC16 as a potential 
therapy for retinitis pigmentosa, and 
secondary indications to be explored 
include dry AMD and glaucoma.31,32 
According to the company, “MC16’s 
protective mechanism is designed to 
be disease- or gene mutation-agnostic, 
with the unique potential to treat all 
forms of retinitis pigmentosa.”

Elamipretide (Stealth Biotherapeutics) 
is a peptide that reportedly binds to a 
component in the inner mitochondrial 
membrane and increases mitochondrial 
function through a variety of mecha-
nisms. It is currently in phase 2 trials for 
treatment of AMD and Leber hereditary 
optic neuropathy.33

THE FUTURE LOOKS BRIGHT 
A number of emerging technologies 

with the potential to rejuvenate ocular 
tissues and reverse age-related decline 
are being explored in preclinical and 

clinical investigations. The continued 
pursuit of these technologies is vital, as 
they may have the potential to restore 
vision loss and improve quality of life 
for many of our patients.  n

1. Pyrkov T, Avchaciov K, Tarkhov AE, Menshikov LI, Gudkov A v, Fedichev PO. 
Longitudinal analysis of blood markers reveals progressive loss of resilience and 
predicts human lifespan limit. Nat Commun. 2021;12(1):2765.
2. Chiavellini P, Canatelli-Mallat M, Lehmann M, et al. Aging and rejuvenation - a 
modular epigenome model. Aging. 2021;13(4):4734-4746. 
3. Kaeberlein M, Tyler JK. Research: A new era for research into aging. eLife. https://
elifesciences.org/articles/65286. Accessed July 22, 2021.
4. The three types of research into aging and longevity. Fight Aging! www.fightag-
ing.org/archives/2012/05/the-three-types-of-research-into-aging-and-longevity/. 
Accessed July 22, 2021.
5. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of 
aging. Cell. 2013;153(6):1194. 
6. Horvath S. DNA methylation age of human tissues and cell types. Genome Biology. 
2013;14(10):R115.
7. Spark Therapeutics. Luxturna (voretigene neparvovec-rzyl). https://luxturna.com/
about-luxturna/. Accessed July 22, 2021.
8. FDA approves novel gene therapy to treat patients with a rare form of inherited 
vision loss [press release]. FDA. Decembber 18, 2017. www.fda.gov/news-events/
press-announcements/fda-approves-novel-gene-therapy-treat-patients-rare-
form-inherited-vision-loss. Accessed July 22, 2021.
9. Moosavi A, Ardekani AM. Role of epigenetics in biology and human diseases. Iran 
Biomed J. 2016;20(5):246-258. 
10. St Clair D, Xu M, Wang P, et al. Rates of adult schizophrenia following prenatal 
wxposure to the Chinese famine of 1959-1961. JAMA. 2005;294(5):557-562.
11. Fernandez-Twinn DS, Hjort L, Novakovic B, Ozanne SE, Saffery R. Intrauterine 
programming of obesity and type 2 diabetes. Diabetologia. 2019;62(10):1789-1801.
12. Lu Y, Brommer B, Tian X, et al. Reprogramming to recover youthful epigenetic 
information and restore vision. Nature. 2020;588(7836):124-129. 
13. Roux A, Zhang C, Paw J, et al. Partial reprogramming restores youthful gene 
expression through transient suppression of cell identity. bioRxiv. Published online 
May 23, 2021:2021.05.21.444556. 
14. Reddy P, Memczak S, Izpisua Belmonte JC. Unlocking tissue regenerative 
potential by epigenetic reprogramming. Cell Stem Cell. 2021;28(1):5-7. 
15. Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse em-
bryonic and adult fibroblast cultures by defined factors. Cell. 2006;126(4):663-676. 
16. The 2012 Nobel Prize in Physiology or Medicine [press release]. The Nobel Prize. 
www.nobelprize.org/prizes/medicine/2012/press-release/. Accessed July 22, 2021.
17. Product. Turn Biotechnologies. www.turn.bio/product#research-areas). 
Accessed July 22, 2021.
18. Lagoumtzi SM, Chondrogianni N. Senolytics and senomorphics: natural and 
synthetic therapeutics in the treatment of aging and chronic diseases. Free Radic Biol 
Med. 2021;171:169-190.
19. van Deursen JM. Senolytic therapies for healthy longevity. Science. 
2019;364(6441):636-637.
20. Ellison-Hughes GM. First evidence that senolytics are effective at decreasing 

senescent cells in humans. EBioMedicine. 2020;56:102473. 
21. Crespo-Garcia S, Tsuruda PR, Dejda A, et al. Pathological angiogenesis in 
retinopathy engages cellular senescence and is amenable to therapeutic elimination 
via BCL-xL inhibition. Cell Metab. 2021;33(4):818-832.e7. 
22. Lead product candidates. Unity Biotechnology. unitybiotechnology.com/
pipeline/#lead-candidates. Accessed July 22, 2021.
23. UNITY Biotechnology announces positive data from phase 1 clinical trial of 
UBX1325 in patients with advanced vascular eye disease [press release]. UNITY 
Biotechnology. July 6, 2021. https://ir.unitybiotechnology.com/news-releases/
news-release-details/unity-biotechnology-announces-positive-data-phase-
1-clinical. Accessed August 2, 2021.
24. Wang H, Fang B, Peng B, et al. Recent advances in chemical biology of mitochon-
dria targeting. Front Chem. 2021;9:683220.
25. Brown EE, Lewin AS, Ash JD. Mitochondria: potential targets for protection in age 
related macular degeneration. Adv Exp Med Biol. 2018;1074:11-17.
26. Lopez Sanchez MI, Crowston JG, Mackey DA, Trounce IA. Emerging mitochon-
drial therapeutic targets in optic neuropathies. Pharmacol Ther. 2016;165:132-152.
27. Hamblin MR. Mechanisms and mitochondrial redox signaling in photobiomodu-
lation. Photochem Photobiol. 2018;94(2):199-212. 
28. Jadeja RN, Thounaojam MC, Bartoli M, Martin PM. Implications of NAD+ 
metabolism in the aging retina and retinal degeneration. Oxid Med Cell Longev. 
2020;2020:2692794.
29. Zhang X, Tohari AM, Marcheggiani F, et al. Therapeutic potential of co-enzyme 
Q10 in retinal diseases. Curr Med Chem. 2017;24(39):4329-4339.
30. Dietary supplements for primary mitochondrial disorders. National Institutes 
of Health. https://ods.od.nih.gov/factsheets/PrimaryMitochondrialDisorders-
HealthProfessional/#h5. Accessed July 22, 2021.
31. Mitochondrial function in disease. MitoChem Therapeutics. www.mitocheminc.
com/science. Accessed July 22, 2021.
32. MitoChem Therapeutics granted FDA orphan drug designation for treatment of 
retinitis pigmentosa [press release]. MitoChem Therapeutics. April 14, 2021. www.
accesswire.com/640219/MitoChem-Therapeutics-Granted-FDA-Orphan-Drug-
Designation-for-Treatment-of-Retinitis-Pigmentosa. Accessed July 22, 2021.
33. Programs and pipeline. Stealth BioTherapeutics. www.stealthbt.com/programs-
pipeline/#programs. Accessed July 22, 2021.

LINDSAY CIOCCO, OD, FAAO, DIPL ABO
n �Optometrist, Baltimore VA Medical Center, 

Baltimore, Maryland
n lindsaycioccood@gmail.com
n Financial disclosure: None

BENJAMIN WU, OD
n Optometrist, Melbourne, Victoria, Australia
n benjaminscwu@gmail.com
n �Financial disclosure: Investor (Unity 

Biotechnology)

Figure 2. UBX1325 (Unity Biotechnology) reestablished barrier function and improved photoreceptor 
function in a mouse model of diabetes.

Figure 1. As people age, they begin to express more proinflammatory cytokines, such 
as interleukin-8 (IL-8), in the limbal epithelial cells of the eyes (A). ERA treatment of 
these cells from aged subjects reduced the expression of this inflammatory factor to 
youthful levels (B). Another protein that increases with age in limbal epithelial cells is 
loricrin (LOR), which is known to degrade the corneal matrix. Treatment of aged cells 
with ERA restored LOR expression to youthful levels, showing that ERA can prevent 
excess degradation of the aged eye. Figure reflects research of Albert Y. Wu, MD, PhD.
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Image courtesy of Unity Biotechnology.
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