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Abstract

Genetic evolution of human lens and vision in extreme environments of high ultraviolet radiation (UVR) and low
oxygen at high altitudes is an evidence of intense past of Natural Selection. This review is an attempt to explain how
the adaptive genes associated with high altitudes adaptation to extreme environments can improve human vision
and protect from many ocular disorders. We hypothesized that both EPASI and MTHFR genes that are known to
be strongly associated with high altitudes adaptation are, in turn, also associated with adaptation of human lens
epithelium to the conditions of high UVR and hypoxia, which are believed to be the main causes of lens opacities
and cataracts. We suggested that the oxidative stress that may result from UVR and hypoxia are responsible for the
down-regulation of high-fidelity DNA repair mechanisms in ocular tissues, skin, and other tissues. This probably
leads to high genetic flexibility and variations that influence the process of Natural Selection on the basis of
competition between the cells that bear different genetic signatures. This would result in more adaptive populations
of cells that are better capable of surviving such extreme conditions, resulting in a better adaptive vision. Therefore,
we adopt the concept of “Therapy by adaptation”, to benefit from the human genetic heritage of ancient indigenous
populations like Tibetans and their adaptive physiological response to extreme environments and how to explore
these adaptive mechanisms for the prevention and cure of hypoxia-related and UVR-related disorders like cataracts.
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Introduction

The Tibetan Plateau in China has an average elevation of 4,000
meters above sea level, where the oxygen concentration is
40% lower and UV radiation is 30% stronger. The indigenous
Tibetan people have developed a distinctive set of physiological
characteristics to adapt to such extreme environmental conditions
in the highlands [1]. This gives them the ability to be protected
from the conditions of oxidative stress that follow hypoxia and
high UVR, resulting in an increased generation of reactive oxygen
species (ROS) and free radicals, which are believed to be the main
causes of the progression of lens opacities and cataracts. This
advantage is probably the reason for the variable proportions of
age-related cataract in different ethnic populations, ranging from
82% in India to 53% in Tibet in the age group of 75-85 years old
[2,3].

In a recent study, Yang and colleagues conducted a genome-wide
study in Tibetans and non-Tibetan individuals of Eastern Asian
ancestry. Using a large dataset, they detected strong signals of high-
altitude adaptation at two loci, EPAS1 (Endothelial PAS Domain
Protein 1) and MTHFR (methylenetetrahydrofolate reductase) genes
that are strongly associated with blood-related phenotypes, such as
hemoglobin, homocysteine, and folate in Tibetans [1]. Therefore,
we suggest a direct role for EPAS1 gene in adaptation of human lens

epithelium to oxidative stress, and we also take the folate-increasing
allele of rs1801133 at the MTHFR locus as an example for the
molecular basis of Natural Selection and evolutionary adaptation to
high UV radiation.

EPASI, iron homeostasis, and adaptation of human lens

During normoxia, hypoxia-inducible factor -2 o (HIF-2a), the
gene product of EPASI, is inhibited by the binding of the iron
regulatory protein 1 (IRP1) to an iron responsive element (IRE) in
the 5’-untranslated region of the HIF-2a. mRNA. Hypoxia causes
repression of the IRP1-IRE binding, releasing HIF-2a to be translated
and allowing HIF-2-mediated hypoxic responses [4]. HIF-2a promotes
many physiological activities to adapt to hypoxia including high
intestinal iron absorption and erythropoiesis to meet the increased iron
demand in association with elevated red blood cells production like in
high altitudes conditions. This renders iron homeostasis to be under
the force of selective pressure [5,6]. In adaptation to hypoxia, the cells
of lens epithelium lower iron uptake through changes in expression
of iron handling proteins and increase the iron storage capacity of
ferritin. This reserves excess free reactive iron into a metabolically
inert form and prevents excessive ROS formation. These changes
could represent protective mechanisms against iron-catalyzed
damage by free radical formation which is increased in the low
oxygen environment in which the lens resides. Interestingly, studies
show a tenfold increase in the expression level of erythropoietin, the
main hormone in erythropoiesis, in the hypoxia-treated cells of lens
epithelium. Indeed, no erythropoietin protein expression was detected
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in cells maintained in either hypoxia or atmospheric oxygen [7]. But it
shows how human lens in response to hypoxia can be directly affected
by the stabilization of the hypoxia-inducible factor activity.

On the other hand, increased production of ferritin light subunit
(L-ferritin) over the heavy subunit (H-ferritin) is also likely to potentiate
oxidative damage by limiting H-ferritin’s ability to store iron. High
levels of serum L-ferritin are known to be associated genetic cataract
like in Hereditary hyperferritinemia cataract syndrome. However,
Goralska et al. showed the formation of inclusion bodies of L-ferritin
in older lenticular epithelial cells which raises the possibility of these
ferritin aggregates participating in not only genetic cataract formation
but also age-related cataractogenesis [8].

Long-term preservation of lens clarity is believed to highly depend
on the maintenance of hypoxia in the lens nucleus. During aging, the
lens loses its antioxidant potencies, this result in increased levels of
oxidized and altered proteins, which probably lead to the formation
of cataractous lens [9].

Tibetans indigenous populations, who have lived on the Tibetan Plateau
for millennia, have acquired the ability for long-term physiological
responses to high-altitude environments with a highly advanced
antioxidant system. These adaptive physiological mechanisms
give them the advantage to be protected against hypoxia-induced
disorders like cataracts. Several studies show that the prevalence
of hypoxia-related disorders in altitudes is affected considerably by
the ethnic differences; Tibetans who are less fortunate and have less
access to health facilities, thrive well on the ascent compared to other
populations at the same altitude [10,11]. To our knowledge, many
studies that suggest a high prevalence of age-related cataract and
other lens opacities in high altitudes did not consider the ethnic
differences among different populations [12,13]. This poses two
important questions:

a. What are the molecular mechanisms of evolutionary adaptation
that render Tibetans to become more adapted.

b. Can we explore these mechanisms for the benefit of other
populations.

Molecular basis for evolutionary adaptation

Two processes are hypothesized to be the basis for molecular
mechanisms of adaptation to extreme environments. Firstly, genetic
variability that gives the cells the chance to choose between different
genetic variants. Secondly, Natural Selection for certain genetic
variants that lead to better phenotypic characteristics.

Genetic Variability

Genetic instability in human cells can be induced by hypoxia and
UVR that result in oxidative stress. The stabilization of Hypoxia-
inducible factors, the main transcriptional factors in hypoxia, down-
regulates the major DNA repair mechanisms: mismatch repair and
homologous recombination (HR). This leads to a switch from the
high-fidelity repair mechanisms to the error-prone mutagenic non-
homologous end joining mechanism (NHEJ). Ultimately, this results
in various types of genetic alleles, holding different potentials
[11,14,15].

MTHFR as an example for Natural Selection

The functions of many organs under normal physiological conditions
depend on the continuous destruction and renewal of their cells. In
conditions of high UV radiation, the primary selective pressure is

to protect folate from photolysis by dark pigmentation and by the
selection of high MTHFR enzyme activity. MTHFR enzyme uses
folate vitamin to convert amino acid homocysteine to participate
in the production of DNA, RNA, and proteins. The lower enzyme
activity results in high levels of homocysteine, which is found to
be associated with age-related cataracts. This is probably because
high homocysteine levels dramatically contribute to the generation
of ROS and the down-regulation of antioxidant enzymes. Inside the
cells, the genes shuffle their nucleotides and express different genetic
variants. Atrs1801133 MTHFR locus, there are two alleles, C and T,
affecting the enzyme function. Allele T reduces the enzyme activity
by almost 35%. The severe competition for folate for the needs of
cell division, DNA repair and melanogenesis is the basis for Natural
Selection between cells under such stressful conditions. The cells
that retain competitive alleles like C allele are more active, divide
more and eventually predominate over other cells populations. As
a result, the folate-increasing allele of rs1801133 is more increased
in Tibetans compared to other Eastern Asian ancestry populations,
and this was suggested to be one of the genomic consequence of
adaptation to high UV radiation. [1,16]. It is noteworthy to mention
that combined alleles at different genetic loci can determine the
competitive nature of a particular cell or groups of cells.

Therapy by adaptation

In order to exploit the molecular mechanisms of evolutionary
adaptation for the best use in clinical settings, we adopt the concept
of “therapy by adaptation”. Therapy by Adaptation can be either:
Naturally by exposing individuals who are prone to oxidative
stress disorders like cataracts or healthy individuals to a certain
course of hypoxia before the onset of the disease. This can be done
by healthy exercise accompanied by genetic follow-up to monitor
e.g. acquired genetic variants and adaptive circulating miRNAs
compared to the genetic profiles of highly adaptive individuals
like Tibetans. Under physical exertion, individuals experience
different degrees of hypoxia as a result of a significant increase in
the need for oxygen. Gradually, the body adapts to the conditions
of oxygen shortage by rising oxygen capacity of blood, increasing
the number of mitochondria and accelerating the synthesis of
respiratory proteins and enzymes , providing the body with an active
antioxidant system to ensure a high resistance to hypoxia. It was
revealed that the expression level of MTHFR enzyme increases
significantly in response to the stimulatory and adaptive effects of
training under conditions of hypoxia (Zhur et al, online unpublished
data). Moreover, recent studies indicated that certain types of high
total physical activity, especially in the long term, may be associated
with decreased risk of age-related cataract and other ocular
disorders by reducing the level of oxidative stress [17,18]. Therapy
by adaptation can also be through Direct intervention by driving
micro-evolutionary processes that are well known to the biological
system, like inducing site-specific mutation using technologies like
CRISPR- cas9, allowing for precise adaptive variants to be made, or
by mimicking circulating adaptive miRNAs.

Future perspectives

A need for a Database for Tibetans indigenous populations and
other well adapted Highlanders to study the adaptive mechanisms
they have gained through generations to stand the extreme
environments of hypoxia and UV light. The database can be used
as a standard for comparative studies; like healthy exercise and
adaptation biomarkers, beneficial genetic variants and genetic
susceptibility for protection from hypoxia-induced and UVR-
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induced disorders. It can also be used in prognosis and follow-
up e.g. levels of acquired adaptive circulating miRNAs in certain
individuals in compare to the adaptive genetic profile and can
give a clue for the role of adaptive genetic variants and circulating
adaptive miRNAs as therapeutic targets.

Conclusion

Understanding the basic molecular mechanisms of adaptation in
ancient indigenous populations like Tibetans can provide a chance
to share the torch with the marathonian mechanisms of evolution,
so as to help our body in running fast on the track of evolutionary
adaptation.
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