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ABSTRACT

Aging is one of the phases of individual’s life span, which everyone wants to escape. The process of aging is
much more a social phenomena than biological phenomena. Aging brings many changes such as, loss of
eyesight, hearing loss, dementia, etc. Aging may give rise to diseased states such as, heart disease, cancer,
cerebrovascular disease (relating to blood vessels that supply the brain), pneumonia and flu, and chronic
obstructive pulmonary diseases. The key-factor behind aging is the GDF11, i.e., Growth and Differentiation
factor-11. GDF11 is also known as Bone Morphogenetic Factor-11 (BMP11). It is termed as key circulating ‘anti-
aging’ factor. GDF11 is expressed in wide range of tissues and has been shown to play important roles in
development of olfactory system, retina and pancreas. It functions in regulating anterior-posterior patterning of
the axial skeleton muscle system. Scientists theorize that aging likely results from a combination of many factors
viz., Lifestyle, Diseases and Genes. GDF11 is essential for mammalian development and has been suggested to
regulate aging of multiple tissues, whereas myostatin is a well-described negative regulator of postnatal skeletal

and cardiac muscle mass and modulates metabolic processes.
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A life course is the period from birth to death,
including a sequence of predictable life events such
as physical maturation and the succession of age-
related roles: child, adolescent, adult, parent, senior
etc. Aging is one of the phases of individual’s life
span, which everyone wants to avoid. The process of
aging is much more a social phenomena than
biological phenomena. Some people fear old age and
do many things to avoid it, seeking medical and
cosmetics remedies for the natural effects of age.
Normally, aging brings many changes such as, loss of
eyesight, hearing loss, dementia, etc. Aging may give
rise to diseased states such as, heart disease, cancer,
cerebrovascular disease (relating to blood vessels
that supply the brain), pneumonia and flu, and
chronic obstructive pulmonary diseases. Numbers of
psychological problems associated with aging are
dementia, depression, anxiety, paranoia, dread,
apprehension, sleep problems, behavioral disorders
and most commonly Alzheimer’s disease.™

Scientists theorize that aging likely results from a
combination of many factors viz., Lifestyle, Diseases
and Genes. Lifestyle changes and disease condition
are the consequences of aging. The key-factor

INTRODUCTION

behind aging is the GDF11, i.e.,, Growth and
Differentiation factor-11. GDF11 is also known as
Bone Morphogenetic Factor-11 (BMP11). It is termed
as key circulating ‘anti-aging’ factor. ™ It is a member
of TGF-B super-family and is derived along with
myostatin (GDF-8). GDF11 is a protein that, in
humans is encoded by the gene GDF11. ®! It acts as a
cytokine and its paralog is MSTN gene. B It is a
myostatin-homologous protein that acts as an
inhibitor of nerve tissue growth. “"” Growth
differentiation factor 11 (GDF11) and myostatin (or
GDF8) are closely related members of the
transforming growth factor B superfamily and are
often perceived to serve similar or overlapping
roles.”® Both GDF11 and myostatin are synthesized
as precursor molecules where an N-terminal pro-
domain is cleaved from a C-terminal signaling or
mature domain by a furin protease enzyme.™
GDF11 is essential for mammalian development and
has been suggested to regulate aging of multiple
tissues, whereas myostatin is a well-described
negative regulator of postnatal skeletal and cardiac
muscle mass and modulates metabolic processes.[ls]
In 2014, GDF11 was described as an anti-aging factor
in two publications based on results of parabiosis
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experiments using mice. ®® Many other later studies
questioned these findings. BP0 The actual
relationship between GDF11 and the aging continues
to be researched. Both GDF11l and myostatin
predominantly use the type Il receptors activin
receptor kinase llI-A and type Il receptors activin
receptor kinase II-B and the type | receptors activin
receptor-like kinase 4 (ALK4) and ALKS to elicit signal
transduction via SMAD2 & SMAD3, HisIsInznsl
GDF11 also can signal through an additional type |
receptor, ALK7.2 Signaling by GDF11 and myostatin
is regulated by extracellular-binding proteins that are
typically thought to function as antagonists. These
include follistatin, follistatin-like 3 (FSTL3), decorin,
and growth/differentiation factor—associated serum
proteins 1 and 2 (GASP1 and GASP2).™*'*® GDF11 is
involved in cell growth and differentiation,
mesodermal formation and neurogenesis (during
embryonic development) as well as in cardiac and
skeletal muscle aging (anti-hypertrophic effect and
anti-rejuvenating  effect). 12012H221  Gppyg s
expressed in wide range of tissues and has been
shown to play important roles in development of
olfactory system, retina and pancreas.!*81261(271(281(29) |4
functions in regulating anterior-posterior patterning
of the axial skeleton muscle system. B33

WHAT IS AGEING?

The aging process happens during an individual’s
lifespan. We all are involved in this process and no
one can escape it. Many people fear old age and do
anything to avoid it. The process of aging is a lifelong
process and entails maturation and changes in
physical, psychological and social patterning of life.
Dr. Ignatz Nascher, a New York Physician gave the
term geriatrics, a combination of two Greek words:
geron (old man) and iatrikos (medical treatment).
He saw the practice of caring for the elderly as
separate from the practice of caring for the young,
just as pediatrics (caring of children) is different from
caring for grown adults.®® When one is young, aging
is associated with growth, maturation, and
discovery. In the broader sense, ageing can refer to
single cells within an organism which have ceased
dividing (cellular senescence) or to the population
of a species (population ageing).In humans, aging
represents the accumulation of changes,
encompassing physical, psychological, and social
changes.[57] Ageing is among the greatest known risk
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factors for most human diseases:*®! roughly 150,000
people who die each day across the globe, about two
thirds die from age-related causes.

Scientists theorize that aging likely results from a
combination of many factors. Genes, lifestyle, and
diseases can all affect the rate of aging. Studies
indicate that people age at different rates and in
different ways.®®

Fig.No.1: A 75 year old woman

EFFECTS OF AGING

A number of characteristic ageing symptoms are
experienced by a majority or by a significant
proportion of humans during their lifetimes. Normal
aging brings about following changes:

e Eyesight- loss of vision or blurred vision and
decreased ability to identify objects.>c
More than half, may undergo cataract
surgery. [

o Hearing- loss of hearing acuity and
decreased ability to distinguish sounds when
there is background noise.'®”

e Taste- decreased taste buds and saliva.

e Touch and Smell- decreased ability to smell
and sensitivity to touch.

e Arteries- hardening of the arteries, leading
to Arteriosclerosis. ©®

e Brain- loses some of the structures that
connect nerve cells, thus, diminishing cell
functions. High risk of dementia, anxiety,

apprehension and behavioral disorders
etc.7H72
e Bones- lose minerals leading to

osteoarthritis. ®
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e Bladder- increased frequency in urination.

e Heart- pumping rate and body’s ability to
extract blood diminishes with age. Also
higher risk of stroke and heart attacks.
[68](69](70]

o Kidneys- shrink and become less efficient.

e Lungs- lung tissue begins to lose its elasticity
and bronchial muscle shrink, thus,
decreasing breathing capacity.

e Muscles- muscle mass decline.

e Skin- nails grow more slowly. Skin is more
dry and wrinkled.

e Sexual health- women go through
menopause, vaginal lubrication decreases. In
men, sperm production decreases and the
prostate enlarges. Hormone level
decreases. 273!

e Hairs- hair turns grey with age.

[66][67]

[61]

Fig. No. 2: An old woman with wrinkled face and grey
colored hairs

THE PROCESS OF AGING

Aging is not only the physiological process but also a
social and biological. The fact that age-related roles
and identities vary according to social
determinations actually means that the aging is
much more a social than a biological phenomena.
Riley, scientists (1978) noted that aging is a lifelong
process that involves change in physical,
psychological, and social levels. Aging can be visible,
public experience. Many people recognize the signs
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of the aging, and believes that being older means
being in a physical decline. Each person experiences
age-related changes based on many factors.

BIOLOGICAL BASIS OF AGING
Biological factors such as molecular and cellular
changes are called primary aging, while aging that
occurs due to controllable factors such as lack of
exercise and poor diet is called secondary aging.
Factors that are proposed to influence biological
aging 7] £all into two main
categories, programmed and damage-related.
Programmed factors may include changes in gene
expression that affect the systems responsible for
maintenance, repair and defence responses.
Damage-related factors include internal and
environmental assaults to living organisms that
induce cumulative damage at various levels.” There
are three main metabolic pathways which can
influence the rate of ageing:
e The FOXO3/Sirtuin pathway,
responsive to caloric restriction
e The Growth hormone/Insulin-like growth
factor 1 signaling pathway
e The activity levels of the electron transport
chain in mitochondria.”®

probably

It is likely that most of these pathways affect ageing
separately, because targeting them simultaneously
leads to additive increases in lifespan.

DNA damage theory of ageing

DNA damage is thought to be the common basis of
both cancer and ageing, and it has been argued that
intrinsic causes of DNA damageare the most
important drivers of ageing.””"®1”°! Genetic damage
(aberrant structural alterations of the
DNA), mutations (changes in the DNA sequence), and
epimutations (methylation of gene promoter
regions or alterations of the DNA
scaffolding which regulate gene expression), can
cause abnormal gene expression. DNA damage
causes the cells to stop dividing or induces apoptosis,
often affecting stem cell pools and hence hindering
regeneration. Genetic damage (particularly gene
loss) is the most probable cause of aging. &
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Fig. no.3: The double stranded DNA

HOW GENES IMPACT LIFESPAN

It doesn't take an elaborate study to determine that
our genes play at least some role in longevity.
People, whose parents and ancestors have lived
longer, tend to live longer and vice versa. At the
same time, we know that genetics alone are not the
sole cause of aging. Studies looking at identical twins
reveal that there is clearly something else going on;
identical twins who have identical genes do not
always live an identical number of years.

Some genes are beneficial and enhance longevity.
For example, the gene that helps a person
metabolize cholesterol would reduce a person's risk
of heart disease.

Some gene mutations are inherited, and may
shorten lifespan. However, mutations also can
happen after birth, since exposure to toxins, free
radicals and radiation can cause gene changes. (Gene
mutations acquired after birth are referred to as
acquired or somatic gene mutations.) Most
mutations are not bad for you, and some can even
be beneficial. That's because genetic mutations
create genetic diversity, which keeps populations
healthy. Other mutations, called silent mutations,
have no effect on the body at all.

Some genes, when mutated are harmful, like those
that increase the risk of cancer. Many people are
familiar with the BRCA1 and BRCA2 mutations which
predispose to breast cancer. These genes are
referred to as tumor suppressor genes which code
for proteins that control the repair of damaged DNA
(or the elimination of the cell with damaged DNA if
repair is not possible.)
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Various disease and conditions related to heritable
gene mutations can directly impact lifespan. These
include cystic fibrosis, sickle cell anemia, Tay-Sachs
disease and Huntington's disease, to name a
feW.[SO][Sg]

Key Concepts in the Genetic Theory of Aging

The key concepts in genetics and aging include
several important concepts and ideas ranging from
telomere shortening to theories about the role of
stem cells in aging.

Telomeres - At the end of each of our chromosomes
lies a piece of "junk" DNA called telomeres.
Telomeres do not code for any proteins but appear
to have a protective function, keeping the ends of
DNA from attaching to other pieces of DNA or
forming a circle. Each time a cell divides a little more
of a telomere is snipped off. Eventually, there is none
of this junk DNA left, and further snipping can
damage the chromosomes and genes so that the cell
dies.

In general, the average cell is able to divide 50 times
before the telomere is used up . Cancer cells have
figured out a way to not remove, and sometimes
even add to, a section of the telomere. In addition,
some cells such as white blood cells do not undergo
this process of telomere shortening. It appears that
while genes in all of our cells have the code word for
the enzyme telomerase which inhibits telomere
shortening and possibly even results in lengthening,
the gene is only "turned on" or "expressed" as
geneticists say, in cells such as white blood cells and
cancer cells. Scientists have theorized that if this
telomerase could somehow be turned on in other
cells (but not so much that their growth would go
haywire as in cancer cells) our age limit could be
expanded. O8]

Studies have found that some chronic conditions
such as high blood pressure are associated with less
telomerase activity whereas a healthy diet and
exercise are linked with longer telomeres. Being

overweight is also associated with shorter telomeres.
[88]

Longevity genes - Longevity genes are specific genes
which are associated with living longer. Two genes
that are directly associated with longevity are SIRT1
(sirtruin 1) and SIRT2. Scientists looking at a group of

Vol. 5, Issue 12 | magazine.pharmatutor.org



- PharmaTutor

over 800 people age 100 or older, found three
significant differences in genes associated with
aging.[88]

Cell senescence - Cell senescence refers to the
process by which cells decay over time. This can be
related to shortening of the telomeres, or the
process of apoptosis (or cell suicide) in which old or
damaged cells are removed. B8

Stem cells - Pluripotent stem cells are immature cells
which have the potential to become any type of cell
in the body. It is theorized that aging may be related
to either the depletion of stem cells or the loss of the
ability of stem cells to differentiate or mature into
different kinds of cells. It's important to note that
this theory refers to adult stem cells, not embryonic
stem cells. Unlike embryonic stem cells, adult stem
cells cannot mature into any type of cell but rather
only a certain number of cell types. Most cells in our
bodies are differentiated, or fully mature, and stem
cells are only a small number of the cells present in
the body.

An example of a tissue type in which regeneration is
possible by this method is the liver. This is in contrast
to brain tissue which usually lacks this regenerative
potential. There is now evidence that stem cells
themselves may be affected in the aging process, but
these theories are similar to the chicken-and-the-egg
issue. It's not certain of aging occurs due to changes
in stem cells, or, if instead, changes in stem cells are
due to the process of aging. &

Epigenetics - Epigenetics refers to the expression of
genes. In other words, a gene may be present, but
can either be turned on or turned off. We know that
there are some genes in the body that are turned on
for only a certain period of time. The field of
epigenetic is also helping scientists understand how
environmental factors may work within the
constraints of genetics to either protect or
predispose to disease. (8]

Three Primary Genetic Theories of Aging

As noted above, there is a significant amount of
evidence that looks at the importance of genes in
expected survival. When looking at genetic theories,
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these are broken down into three primary schools of
thought.

1.The first theory claims that aging is related to
mutations which are related to long term survival,
and that aging is related to the accumulation of
genetic mutations which are not repaired. %8

2. Another theory is that aging is related to the late
effects of certain genes, and is referred to as
pleiotropic antagonism.®

3. Yet another theory, suggested based on survival in
opossums, is that an environment which poses few
hazards to interfere with life expectancy would result
in an increase in members who have mutations that
slow down the aging process. &

GDF11 (Growth and Differentiation Factor 11)

NAMES:
e Growth Differentiation Factor 11
e Bone Morphogenetic Protein 11

e BMP-11
e GDF-11
e BMP11

Growth and differentiation factor 11 (GDF11) also
known as bone morphogenetic protein 11 (BMP11),
is a protein that in humans is encoded by the GDF11
gene.®! It is the member of TGF-B superfamily and is
related to GDF8 (Myostatin). " It acts as cytokine.
GDF11 and GDF8 shares 89% protein sequence
homology. ' GDF11 is believed to play roles in
inducing mesoderm in early development and in
anterior-posterior patterning of the axial skeleton.”?
Interestingly, GDF11 was recently shown to act as a
negative feedback inhibitory signal in neurogenesis
of the olfactory epithelium, in a fashion reminiscent
of the inhibition of muscle mass by myostatin. Thus,
myostatin and GDF11 share structural and functional
features. M8ISIBY This gene encodes a secreted
ligand of the TGF-beta (transforming growth factor-
beta) superfamily of proteins. Ligands of this family
bind various TGF-beta receptors leading to
recruitment and activation of SMAD family
transcription factors that regulate gene expression.
M2 The encoded preproprotein is proteolytically
processed to generate each subunit of the disulfide-
linked homodimer. "% GDF11 also plays an
important role in a variety of biological processes
including embryonic development, skeleton and
muscle formation. Recently, increasing studies

Vol. 5, Issue 12 | magazine.pharmatutor.org




- PharmaTutor

showed that GDF11 was closely related to
rejuvenation. M8 GpF11 was expressed in primitive
streak, tail bud region, limbs, mandibular and
bronchial arches, dorsal neural tubes, odontoblasts,
nasal epithelium and particular regions of the brain,
in mice, eIEIROILBOI3 goyara] MSTN and GDF11
binding proteins have been identified, including GDF-
associated serum protein-1 (GASP-1) and GASP-2,
which are capable of inhibiting the activities of MSTN
and GDF11, respectively.™ 3 GDF11 can bind type
1 TGF-beta superfamily receptors ACVR1 (ALK4),
TGFBR1 (ALK5) and ACVRIC (ALK7), but the actions
are mediated more via ALK4 and ALK5 for signal
transduction. "8 GDF11 also inhibits myoblast
differentiation via down-regulating muscle-specific
genes required for myogenic differentiation. ")
Genomic Location for GDF11 Gene 1%
e Chromosome: 12

e Start: 55,743,278 bp from pter
End: 55,757,466 bp from pter
Size: 14,189 bases

GDF11 is activated by the proprotein convertase
PCSK5. It was found that teratogenic doses of all-
trans retinoic acid (ATRA), when administered to
pregnant mice via gavage at embryonic day 9 (E9),
inhibited Pcsk5 and Gdf11 expression in the hindgut
at E12 and E18. ®

GDF11 has been proved to be a key circulating ‘anti-
aging’ factor. M 1t was found to circulate in the
blood, and declining levels of circulating GDF11 have
been reported in the etiology of age-related cardiac
hypertrophy. BUBEAEIED 1 one of the study, GDF11
has been shown to suppress neurogenesis through a
pathway similar to that of myostatin involving
stopping the progenitor cell-cycle during G-phase.
While the systemic administration of recombinant
GDF11 protein restores genomic integrity and health
of muscle stem cells, neurovasculature and enhaces
neurogenesis. (1elfasias)

Effects of GDF11 on growth and differentiation

GDF11 belongs to TGF-beta superfamily that controls
anterior-posterior patterning by regulating the
expression of HOX genes. It determines HOX gene
expression domains and rostrocaudal identity in the
caudal spinal cord.™'The members of TGF-B
superfamily (especially GDF11 and GDF8) are
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involved in the regulation of cell growth and
differentiation in embryonic tissues as well as in
adult tissues. GDF11 is specifically involved in
mesodermal formation and neurogenesis during
embryonic development. ?” GDF11 can bind typel
TGF-B superfamily receptors ACVR1B (ALK4), TGFBR1
(ALK5) and ACVR1C (ALK7), but it mostly uses ALK4
and ALK5 for the signal transduction. ™

GDF11 is closely related to myostatin, a negative
regulator of muscle growth. ™% Both myostatin
and GDF11 are involved in the regulation of
cardiomyocyte proliferation. GDF11 is also a negative
regulator of neurogenesis, Bl the production of islet
progenitor cells,®™ the regulation of kidney
organogenesis,[gsl pancreatic  development, the
rostro-caudal patterning in the development of
spinal cords," and is a negative regulator of
chondrogenesis.’®®

EFFECTS OF GDF11 ON CARDIAC AND SKELETAL
MUSCLE AGING

GDF11 has been identified as a blood circulating
factor that has the ability to reverse age-related
cardiac hypertrophy in mice. GDF11 gene expression
and protein abundance decreases with age, and it
shows differential abundance between young and
old mice in parabiosis procedures, causing youthful
regeneration of cardiomyocytes, a reduction in
the Brain natriuretic peptide (BNP) and in the Atrial
natriuretic peptide (ANP). GDF11 also causes an
increase in expression of SERCA-2, an enzyme
necessary for relaxation during diastolic functions.”®!
GDF11 activates the TGF-B  pathway in
cardiomyocytes derived from
pluripotent hematopoietic stem cells and suppresses
the phosphorylation of Forkhead (FOX proteins)
transcription factors. These effects suggest an "anti-
hypertrophic effect", aiding in the reversal process of
age-related hypertrophy, on the cardiomyocytes. ¢

In 2014, peripheral supplementation of GDF11
protein (in mice) was shown to ameliorate the age-
related dysfunction of skeletal muscle by rescuing
the function of aged muscle stem cells, claiming that
GDF11 may be an anti-aging rejuvenation factor.®*%
These previous findings have been disputed since
another publication has demonstrated the contrary,
concluding that GDF11 increases with age and has
deleterious effects on skeletal muscle regeneration,
being a pro-aging factor, with very high levels in
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some aged individuals. '1n 2015, it was claimed that
GDF11 reverse age-related cardiac hypertrophy. &’

Regulation of GDF-11 & GDF-8 Activity by GASP-1
&GASP-2

GDF-11 and GDF-8 are closely related TGF-B
superfamily members, that shares 90% amino acid
sequence identity within the mature C- terminal
region. ?“® GDF-8 is expressed in skeletal muscles
and act as negative regulator of muscle growth.
While, GDF-11 is expressed in a wide range of tissues
and has been shown to play an important role in
olfactory system 2%, retina ¥, and pancreas 81! as
well as in anterior-posterior patterning of the axial
skeleton system.

The regulation of GDF-8 and GDF-11 seems to be
complex, since multiple proteins are available that
are capable of binding these ligands and inhibits
their activities. ®®* The two main binding proteins
responsible for regulation of GDF-8 &GDF-11 are
GASP-1 and GASP-2. GASP-1 is also known as
WEFIKKNRP or WFIKKN2, and it has been identified as
MSTN-associated protein. *¥ GASP-2 is also known
as WFIKKN or WFIKKN1 and has been identified as
GDF-11 associated protein.GASP-1 is expressed in
skeletal muscles, which is predominant site of MSTN
expression, while GASP-2 is expressed in retina,
otocyst, neural tube and in the posterior region of
brain. ™ Both GASP-1 and GASP-2 shares 54%
amino acid sequence similarity. ®% |t was observed
that GASP-1 and GASP-2 are capable of blocking the
activities of GDF-8 and GDF-11, respectively. 247158
GASP-1 and GASP-2 mediates their action by blocking
the initial binding of these ligands (GDF-8 & GDF11)
to its receptors. 1'%

It was noted that GASP-1 & GASP-2 are produced as
fusion proteins in either COS1 cell or in Dorsophilia
S2 cells, and are capable of binding MSTN and
GDF11, inhibiting their activities, in vitro. B437] |5 was
observed that mice that lacks GASP-1 and/or GASP-2
exhibits muscle and skeletal phenotypes consistent
with overactivity of myostatin and/or GDF-11. (18]
The effect of GASP-1 and GASP-2 on binding of GDF-
11 to its high affinity receptors, activin type-2B
receptors (ACVR2B), was studied using the purified
soluble form of the receptor, ACVR2B/Fc (possessing
a Fc domain. It was found that GDF-11 bound readily
to ACVR2B/Fc in the absence of either GASP-1 or
GASP-2. With the increasing concentration of GASP-1
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and GASP-2, the amount of GDF-11 binding to
ACVR2B/Fc was decreased in a concentration-
dependent manner. Hence, it was concluded that
GASP-1 and GASP-2 are capable of blocking the first
step in signaling pathway by binding the ligand and
inhibiting its ability to engage the type-2 receptor. @

Evidences for GDF-11 as an anti-aging factor

HSCI (Harvard Stem Cell Institute) research: 1**)

The researchers of HSCI had shown that GDF11 can
make failing hearts in aging mice appear more like
those of healthy young mice, and also improves the
brain and skeletal muscle functions in aging mice.
They observed that injecting GDF-11 protein in aged
mice (70-years), improved the exercise capability of
mice as that and also improved the functions of
olfactory regions of the brain of the older mice. This
was proved in two ways:

a. Parabiosis experiment, in which two mice
are surgically joined and the blood of
younger mice circulates through the older
mice;

b. By injecting the older mice with GDF-11.

When exposed to the blood of young mice, the
enlarged, weakened hearts of the older mice
returned to more youthful size, and their functions
improved.

HELEN THOMSON REPORT !

This experiment proved that a transfusion of young
mouse blood can improve cognition and the health
of several organs in older mice, and even make them
look younger.

Heterochronic parabiosis experiment was performed
to prove this, in which the circulatory systems of old
and young mice were stitched together. It was
observed that the cartilage of old mice soon
appeared younger.

Amy Wager, in 2012 proved that young blood can
reverse heart decline in old mice. It was proved by
pairing the healthy young mice with old mice that
had a cardiac hypertrophy (a condition which swells
the size of heart)- and thus, connecting their
circulatory systems. After 4 weeks, the old mouse’s
heart shrunk to the same size as that of young mice;
the young mice left unaffected by the old blood.
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The effect of GDF11 to reduce the elevated blood
pressure in old mice was proved by injecting the
GDF11 protein to the old mice for 30 days.

The daily injection of GDF11 also increases the
number of blood vessels and the number of stem
cells in the brain, increasing their functions.

The physical endurance and cognitive functions also
was observed to be improved in old mice after
injecting the blood plasma from young mice
(possessing high levels of GDF11).

The old mice were also able to repair injured muscles
as well as young mice.

SUMMARY AND CONCLUSION

Aging is one of the phases of individual’s life span,
which everyone wants to avoid. In humans, ageing
represents the accumulation of changes in a human
being over time encompassing  physical,
psychological, and social change. Ageing is among
the greatest known risk factors for most human
diseases. The causes of ageing are uncertain; current
theories are assigned to the damage concept,
whereby the accumulation of damage (such as DNA
oxidation) may cause biological systems to fail, or to
the programmed ageing concept, whereby internal
processes (such as DNA methylation) may cause
ageing. Programmed ageing should not be confused
with programmed cell death (apoptosis). Human
beings and members of other species, especially
animals, necessarily experience ageing and mortality.
Scientists theorize that aging likely results from a
combination of many factors viz., Lifestyle, Diseases
and Genes. Lifestyle changes and disease condition
are the consequences of aging. The key-factor
behind aging is the GDF11, i.e.,, Growth and
Differentiation factor-11. GDF11 is also known as
Bone Morphogenetic Factor-11 (BMP11). It is termed
as key circulating ‘anti-aging’ factor. It is a member
of TGF-B super-family and is derived along with
myostatin (GDF-8). GDF11lis a protein that, in
humans is encoded by the gene GDF11. It acts as a
cytokine and its paralog is MSTN gene. It is a
myostatin-homologous protein that acts as an
inhibitor of nerve tissue growth. Growth
differentiation factor 11 (GDF11) and myostatin (or
GDF8) are closely related members of the
transforming growth factor B superfamily and are
often perceived to serve similar or overlapping roles.
Both GDF11l and myostatin are synthesized as
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precursor molecules where an N-terminal pro-
domain is cleaved from a C-terminal signaling or
mature domain by a furin protease enzyme.

GDF11 is essential for mammalian development and
has been suggested to regulate aging of multiple
tissues, whereas myostatin is a well-described
negative regulator of postnatal skeletal and cardiac
muscle mass and modulates metabolic processes .In
2014, GDF11 was described as an anti-aging factor in
two publications based on results of parabiosis
experiments using mice. Many other later studies
guestioned these findings. The actual relationship
between GDF11 and the aging continues to be
researched. Both GDF11 and myostatin
predominantly use the type |l receptors activin
receptor kinase II-A and type |l receptors activin
receptor kinase II-B and the type | receptors activin
receptor-like kinase 4 (ALK4) and ALKS to elicit signal
transduction via SMAD2 & SMAD3 .GDF11 also can
signal through an additional type | receptor, ALK7
.Signaling by GDF11 and myostatin is regulated by
extracellular-binding proteins that are typically
thought to function as antagonists. These include
follistatin, follistatin-like 3 (FSTL3), decorin, and
growth/differentiation  factor—associated serum
proteins 1 and 2 (GASP1 and GASP2) .GDF11 is
involved in cell growth and differentiation,
mesodermal formation and neurogenesis (during
embryonic development) as well as in cardiac and
skeletal muscle aging (anti-hypertrophic effect and
anti-rejuvenating effect). GDF11 is expressed in wide
range of tissues and has been shown to play
important roles in development of olfactory system,
retina and pancreas. It functions in regulating
anterior-posterior patterning of the axial skeleton
muscle system.

The researchers of HSCI had shown that GDF11 can
make failing hearts in aging mice appear more like
those of healthy young mice, and also improves the
brain and skeletal muscle functions in aging mice
(result of Parabiosis experiment). When exposed to
the blood of young mice, the enlarged, weakened
hearts of the older mice returned to more youthful
size, and their functions improved. The young blood
can reverse heart decline in old mice. It was proved
by pairing the healthy young mice with old mice that
had a cardiac hypertrophy (a condition which swells
the size of heart) - and thus, connecting their
circulatory systems. After 4 weeks, the old mouse’s
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heart shrunk to the same size as that of young mice; observed to be improved in old mice after injecting
the young mice left unaffected by the old blood. the blood plasma from young mice (possessing high
GDF11 also reduces the elevated blood pressure in levels of GDF11). The old mice were also able to
old mice. The daily injection of GDF11 also increases repair injured muscles as well as young mice.

the number of blood vessels and the number of stem Thus it can be concluded that, GDF11 levels decline
cells in the brain, increasing their functions. The with increasing age and GDF11 is a key circulating
physical endurance and cognitive functions also was ‘anti-aging’ factor.
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