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Abstract—GDF11 protein, the growth differentiation factor 11, which belongs to the TGFβ superfamily
(transforming growth factor β), shows marked geroprotective effects on the cardiovascular and nervous sys
tems. The cardioprotective and myoprotective effects of the GDF11 protein are associated with its regulation
of several signaling molecules, including the MAPK–p38–mioglianin pathway. GDF11 neuroprotective
action is associated with the regulation of proliferation and differentiation of brain neurons by means of
changing the activity of the p57 (Kip2) and p27 (Kip1) transcription factors. GDF11 may be considered a
potential target for geroprotector drugs, as was demonstrated in the case of the GluAspArg peptide possess
ing similar neuroprotective and myoprotective properties as GDF11. For the GluAspArg, AlaGluAsp
Gly, and LysGlu peptides, binding sites were found in the promoter region of GDF11: the CCTGC, ATTTC,
and GCAG motifs, respectively.
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It is a wellknown fact that it was quite a common
practice in the past to infuse to athletes before impor
tant competitions with their own blood, which was
prepared beforehand. The positive effect of such a pro
cedure was generally accounted for by the resulting
increase in the circulating blood volume and, as a con
sequence, a better oxygen supply to the tissues. But
was it really the case?
The increased total volume of the circulating blood
makes heart work harder while it is under a consider
able load in athletes as a matter of fact. Moreover,
under intense physical work conditions, the oxygen
ated hemoglobin dissociation curve shifts rightwards
and downwards with an increase in the arterialvenous
oxygen content difference, but the oxygen contained
in the blood is still not completely released. This
means that venous blood retains a relatively high
reserve oxygen amount during intense physical work
(Kolchinskaya, 1991). Ten days prior to competitions,
up to 400 mL of blood is drawn from the sportsman
and preserved. Bloodletting causes not only slight
hypoxia but also activates the proliferation of the
blood cells. In addition, it stimulates the activity of the
sympathetic nervous, reticuloendothelial, and
immune systems. When blood is stored for 10 days,
biologically active compounds are produced in it. The
infusion of this stored blood on the day of competition
improves the athlete’s performance. Moreover, it is

possible to administer simultaneously with blood vita
mins, energizers, antihypoxants, and other biologi
cally active compounds (Pottgiesser et al., 2011).
Apart from aerobic cyclic sports, autohemotrans
fusion as an efficient means of enhancing the organ
ism’s resistance to hypoxia may be useful in the case of
summit ascents, deep diving, and in all other cases in
which such resistance is required (Pottgiesser et al.,
2011).
Let us recall the tragic story of the professor
A.A. Bogdanov, the founder of the Institute for Hema
tology and Blood Transfusion. He set out a hypothesis
that the transfusion of blood from the young into the
elderly might lead to rejuvenation of the latter. At that
time the four blood groups had already been identified
and the principles of blood compatibility had been
already known. Being a man in years at that time,
A.A. Bogdanov made a decision to run the experiment
on himself. From 1924 to 1928 he performed 11 blood
transfusions, five of which involved blood volumes of
900 mL. He survived these operations without any
problems and observed for himself quite satisfactory
effects. Unfortunately, back then many of the pres
ently known erythrocyte antigens had not been yet dis
covered, including the Rh factor; as they were not
taken into account, multiple blood transfusions were
rather dangerous. The next blood transfusion was to be
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Fig. 2. Presumable mechanisms of GDF11 cardioprotec
tive action in myocardiac hypertrophy (modified from
Brack et al., 2013).
Fig. 1. Miocardiac hypertrophy regression in heterogenous
parabiosis in mice (modified from Loffredo et al., 2013).

fatal for Alexander Alexandrovich (Donskov and
Yagodinskii, 2006).
When heterochronic parabiosis was used to study
the effects of the blood of young mice on elder mice
(Loffredo et al., 2013) with cardiac hypertrophy (Fig. 1),
four weeks after the start of the experiment disease
regression was observed in elder mice. Also, a decrease
in the size cardiomyocytes and higher crossstriation
rate of the cells were noted. The agerelated hypertro
phy reversion was in no way associated with the ani
mal’s sex, improved hemodynamics, or parabiosis.
The case was that some unknown factor had been
transferred with the young mice blood to the elder
mice (Fig. 1).
Subsequent studies demonstrated that this factor
that circulates in the blood of the young mice was
GDF11 (growth differentiation factor 11), which
belongs to the TGFβ (transforming growth factor β)
superfamily. Its content in the blood decreases with
age. Infusing the young mice’s blood to the elder mice
reconstituted the GDF11 content, which caused a
complete regression of the agerelated heart hypertro
phy. It was accompanied by the prolonged diastole
time, which was facilitated by the cardiomyocytes
relaxation. Similar results were obtained in the case of
1 the intraperitoneal injection of the recombinant
GDF11 protein into the old mice. Therefore, GDF11
may be used with therapeutic purposes to cure heart
hypertophy in the elderly (Loffredo et al., 2013).
Studying the molecular mechanisms of the cardiac
hypertrophy revealed that brain natriuretic peptide
(BNP) and atrioventricular natriuretic peptide (ANP)
are involved in this pathology development. On the
basis of the obtained data, a concept (Brack, 2013),
explaining the cardioprotective action of GDF11 in
cardiac hypertrophy was proposed. When GDF11 syn

thesis is blocked, cell hypertrophy develops, leading to
their accelerated aging (uppermost arrow in Fig. 2). In
the case of hypertrophic changes, GDF11 administra
tion leads to the restoration of the cell structure and
functions.
The most intensive synthesis of GDF11 was
observed in the spleen tissues (Loffredo et al., 2013) and
heart intercalating disks of old mice. In this connection,
the question arises as to whether the spleen is actually
the source of GDF11 and why this factor, which is
present in the heart, is not able to protect it from hyper
trophy (Brack, 2013). This solution to this question (its
important theoretical value notwithstanding) will open
new prospects in developing therapeutic approaches to
cure agerelated heart hypertrophy.
In works performed by scientists from Harvard and
Oxford, blood transfusion from young mice to the
elder mice and the establishment of heterochronic
parabiosis, which involves the joining of the circula
tion systems of young and old animals, enhanced
locomotor activity, and improved cognitive abilities in
the elder mice. Blood transfusion from one elder
mouse to another elder mouse did not show any posi
tive effects (Villeda et al., 2014). The observed phe
nomena were accounted for by the transfer of the
GDF11 protein, the contents of which decreased with
age, from the blood of young animals to elder animals.
GDF11 Protein Effects on Functional Activity
of the Myocard and Skeletal Muscles in Aging
GDF11 protein was discovered 20 years ago. So far,
its recombinant analog, rGDF11, was obtained. It is a
disulfidebound dimer with a molecular weight of
25KDa, with each polypeptide chain in the dimer
containing 109 amino acid residues. rGDF11 has the
same geroprotective effects as blood transfusion from
young animals to the elder ones (Sinha et al., 2014).
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Upon rGDF11 administration to the old mice, not
only geroprotective effects but also an enhancement of
the functional activity of skeletal muscles were
observed (Sinha et al., 2014). The structural and func
tional properties of muscles improved in the old mice,
together with the increase in their strength. At the
functional level, old mice treated with rGDF11
showed a higher exercise tolerance; they were more
tolerant to high lactate doses, and influenza virus
infection was quite mild in them. rGDF considerably
improved regenerative processes in the muscle tissue.
In vitro studies have added much to the under
standing of the mechanisms underlying the observed
changes. Upon rGDF11 treatment of the musclecell
culture from old mice, the number of cellular mito
chondria increased and multinucleate muscle fibers
representing a syncytium of myoblasts began to form.
It was supposed that rGDF11 not only induced mito
chondrial response but also promoted the defective
mitochondria removal from the muscle fiber of the old
mice (Bitto and Kaeberlein, 2014; Sinha et al., 2014).
What are the mechanisms underlying the restora
tion of physiological activity of aging skeletal muscles
and myocardium by the GDF11 protein?
It is common knowledge that skeletal muscles are a
source of certain cytokines, the myokines, the synthe
sis rate of which decreases with age. Experiments with
Drosophila showed that hyperexpression of Mnt,
which is a transcription factor in the muscle tissue,
increases longevity in flies. Mnt hyperexpression in
muscles decreases the expression of the components of
the nucleolus, the rRNA synthesis level, and nucleolus
size in adipocytes. This process involves myoglianin,
myostatin, and GDF11 (Fig. 3). Myoglianin protein
produced by myocytes is able to bind to myostatin and
GDF11 and affect the p38 transcription factor expres
sion in adipocytes.
Overexpression of myoglianin in the muscles
increases the life span and decreases the nucleolus size
in adipocytes. Mitogenactivated proteinkinase
MAPK activates p38 protein, while myoglianin shows
the opposite effect in muscles. It is supposed that myo
glianin plays a key role in integrating signaling pro
cesses in muscles and other tissues in aging (Demontis
et al., 2014).
The process of the muscle mass regulation involves
the myostatin and activin receptors, ActRII. These
receptors mediate the GDF11 and activin effects on
the skeletal muscles (LachTrifilieff et al., 2014). In
their work, LachTrifilieff et al. (2014) blocked ActRII
with bimagrumab and BYM338 antibodies and in this
way prevented signal transduction to the target organs.
BYM338 induced primary human skeletal myoblasts
differentiation and counteracted the differentiation
arrest caused by myostatin or activin A. In addition,
BYM338 prevented atrophy promoted by ActRII via
the inhibition of Smad 2/3 phosphorylation and also
prevented myosin heavy chain degradation. BYM338
caused a skeletal muscle mass increase in mice. The
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Fig. 3. Effects of the Mnt transcription factor and the
GDF11 protein on the functional activity of the muscle
(modified from Demontis et al., 2014). Adipocytes are
depicted on the right; muscle fiber is on the left.

administration of antibodies against ActRII to mice in
which myostatin was mutated led to muscle hypertro
phy. BYM338 protected muscles from atrophy after
the administration of glucocorticoids and prevented
the development of muscular weakness. Thus,
BYM338 may be used to treat diseases involving skel
etalmuscle atrophy.
Follistatin, an inhibitor of TGFβ family proteins,
is expressed on the myospherederived progenitor
cells (MDPCs), which may give rise to cardiomyo
cytes (Nomura et al., 2008). At the same time, myo
statin could mainly be found in the myogenic cells and
mature skeletal muscles. Upon its action, the rate of
the replicative growth of the MDPCs increased due to
the inactivation of Smad 2/3 and cell cycle progres
sion. Actin A or GDF11 inhibition induced MDPC
proliferation via p21 inhibition and increasing the lev
els of Cdk 2/4 and cyclin D1.
The presented data indicate that follistatin
increases the number of progenitor cells by neutraliz
ing ActA and GDF11 and thus regulates MDPC
growth in the skeletal muscle.
It is well known that the aging of multicellular
organisms is accompanied by defects in repair path
ways affecting hematopoiesis. At the same time, in the
heteroparabiosis model, hematopoietic processes
improved in elder mice, while the opposite effect was
observed in the young animals (Villeda et al., 2011). In
line 536, mice with myelodysplastic syndrome and
anemia, impairments of the final stages of hemato
poiesis are associated with the inhibition of the Smad
2/3 signaling and low GDF11 levels. In such mice,
anemia could not be corrected by erythropoietin
injections, while injection of the ACE 536 protein
(trapping fusion) allowed complete healing of the ane
mia via restoration of the Smad 2/3 signaling pathway
for GDF11 (Suragani et al., 2014).
It has been proved that GDF11 cytokine blocks
erythrocyte maturation at the erythroblast stage and
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causes early apoptosis in patients with βthalassaemia.
This occurs through the autocrine amplification loop,
which produces oxidative stress and leads to αglobine
precipitation. GDF11 expression in the spleen eryth
roblasts of the mice with thalassaemia and in the blood
serum in patients with βthalassaemia increased.
GDF11 inactivation reduced oxidative stress and
decreased membrane αglobin precipitation, which
led to the enhancement of erythropoiesis (Dussiot
et al., 2014).
Neuroprotective Properties of the GDF11 Protein
It was demonstrated that old mice improved their
capabilities of learning and memorizing information
after the three weeks of “parabiotic therapy.” Injec
tions of blood obtained from threemonthold mice
rejuvenated elder mice’s brains at the neuronal level,
increasing their functional activity and simultaneously
increasing the biochemical youth markers content. In
the elder mice, longterm memory was improved sig
nificantly with the coincident activation of cognitive
activity (animals more readily found the platform in
the water labyrinth) and suppression of the alarm
sense. The structural changes and activation of cogni
tive processes caused by the young blood and plasma
were partly associated with the cAMP and cAMP
response elementbinding protein (CREB) activation
in the hippocampus. This means that the administra
tion of young blood and plasma leads to an increase in
the synaptic plasticity and cognitive activity in elder
mice. Therefore, the neurodegerative processes in the
brain of elder mice appears to be reversible and may be
compensated by GDF11 (Andersen and Lim, 2014).
Parabiosis between young and old animals causes
changes in different structures of the nervous system of
old mice. For example, neurons more readily form
dendritic spines, the intensive growth of which
accompanies learning in the animals, and new syn
apses (which are responsible for longterm memory)
form in the hippocampus (Villeda et al., 2014). Fac
tors promoting vasculature development in the brains
of young mice induce in elder mice the differentiation
of neurons and contribute to improved olfaction. The
administration of GDF11 to old mice, like the trans
fusion of young mice blood, facilitates vasculature
growth in the central nervous system, together with the
development of neurons. It may be concluded that the
suppression of agerelated neurogenic degeneration
by GDF11 lays the grounds for the development of
new approaches to the therapy of neurodegenerative
and vasculoneuronal diseases in the elderly (Katsim
pardi et al., 2014). It cannot be ruled out that Alzhe
imer’s disease treatment in the future may be a combi
nation of therapeutic effects of antiamiloid peptide β
antibodies and an increased expression of the gene
encoding GDF11. It seems that such a therapeutic
approach to Alzheimer’s disease treatment may be
quite justified by the GDF11 content, which is consid

erably decreased in the case of this disease (Sinha
et al., 2014).
The study of mice embryos with the GDF11 (–/–)
phenotype showed that the differentiation of the neu
rons in the spinal cord at the stage of precursors occurs
more slowly in the absence of GDF11 than under nor
mal conditions (Shi and Liu, 2011), while retardation
of glial cell development was observed in the brain of
GDF(–/–) mice. The proliferation of neurons in such
mice is enhanced upon maximal GDF11 expression.
Similar changes in neural precursors may be caused in
vitro by the introduction of GDF11 to the correspond
ing cell culture. The GDF11 properties observed in the
case of neuronal precursor cells are associated with its
ability to induce p57 (Kip2) and p27 (Kip1) expression
(Shi and Liu, 2011).
Scientists currently seek explanations for the
mechanisms through which young blood factors,
including GDF11, implement their geroprotective
effects in elder mice. From the literature data pre
sented, it may be concluded that the GDF11 protein
possesses the properties of a neuroprotector and acti
vates the functions of the cardiac and skeletal muscles.
However, the considerable improvement of cognitive
functions caused by GDF11 appears to be associated
with synaptic plasticity restoration rather than with
the enhanced development of neural cells.
Within several hours after its introduction, GDF11
is able to change the expression of 4700 genes. In par
ticular, GDF11 regulates the expression of the cell
cycle genes. Moreover, GDF11 inhibits the expression
of genes associated with the regulation of cytoskele
ton, including fascin and LIM, as well as the SH3
region protein 1 (LASP1) (Williams et al., 2013).
GDF11 regulates the genesis of olfactory receptor
neurons, inhibiting the proliferation of the immediate
neuronal precursors (INPs) that give rise to these cells
(Gokoffski et al., 2011; Sinha et al., 2014; Wu et al.,
2003). The signals from the neuronal precursors
inhibit the generation of new neurons in the olfactory
epithelium. GDF11 and its receptor molecules are
expressed in large numbers in the olfactory cells. In in
vitro experiments, GDF11 suppressed olfactory cell
neurogenesis by inhibiting p27 (Kip1). In mice with
GDF11 deficiency, there are considerably more pre
cursor cells and neurons in the olfactory epithelium,
while mice deficient in follistatin, the antagonist of
GDF11, show retardation in the development of neu
ronal cells (Wu et al., 2003). GDF11 was proposed to
be the regulator of the cell composition of the retinal
ganglia (Kim et al., 2005). In the parabiosis model,
elder mice not only demonstrate the development of
the brain vasculature but also activation of the neu
ronal precursor cells and enhanced development of
the olfactory cells, which results in improved olfaction
(Katsimpardi et al., 2014).
It is well known that Foxg1 (the Winged Helix fam
ily transcription factor) promotes the development of
t precursor neural structures. In mice with low Foxg1
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level, development of the cerebral hemispheres and
olfactory epithelium is impaired. It was supposed that
such effects might be associated with increased
GDF11 expression, which acts according to the feed
back principle on the development of neurogenic
structures and olfactory epithelium. However, defects
in the cerebral hemispheres and olfactory epithelium
development in the Foxg1 (–/–) mice are not associ
ated with increased GDF11 expression. This means
that GDF11 can not be the main factor causing the
impairment of the nervous system and olfactory epi
thelium functioning observed in the Foxg1deficient
mice (Kawauchi et al., 2009).
In mice deficient for follistatin, Fst (–/–), the
impairments of neuronal cell development could not
be fully accounted for by the enhanced GDF11 activ
ity (Gokoffski et al., 2011). GDF11, ActA, and Fst are
the chief factors determining the development of neu
ronal and glial cells, including the receptor apparatus
of the olfactory epithelium.
Effects of the GDF11 protein
on pluripotent cells activation
The studies conducted by a group of scientists
under the supervision of the Harvard Professor Ami
Wagers (Sinha et al., 2014) showed that the GDF11
protein is able to induce functional activity of pluripo
tent cells in the aging organism. Upon blood transfu
sion from young mice to elder mice, pluripotent cells
differentiated as myoid cells, activating the functions
of not only the muscles, including myocardium, but of
all other organs. This was accompanied by an increase
in the synthesis of the GDF11 protein, the protein of
youth.
It was determined that, in women with dysmenor
rhea, an increase in the levels of the proinflammatory
cytokines (IL1β, TNFα, IL6, and IL8) was shown to
be accompanied by a decrease in the levels of the
TGFβ family factors, including GDF11. During the
secretory phase of menstrual cycle, an increase in the
proinflammatory cytokine levels and a decrease in the
growth factor levels were also observed; however, those
shifts were less profound. The aforementioned factors
play an important role in the processes of decidual
membrane reorganization, as well as in the reparatory
processes, and indirectly enhance primary dysmenor
rhea.
The analysis of the presented data makes it possible
to conclude that the various geroprotective effects of
the GDF11 protein are associated with its affect on the
genome by extending its functions onto pluripotent
cells. Thus, a question arises as to whether epigenetic
regulation of the GDF11 content in the blood of ani
mals and human is possible. As a response to this ques
tion, Laviano (2014) notes that GDF11 in patients
with the Alzheimer’s disease may induce neuronal dif
ferentiation and modulate cellular synaptic plasticity.
In patients with cachexia and muscular tissue atrophy
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associated with cancer, GDF11 is able to restore the
functional activity of muscular tissue and the muscular
tissue mass.
Promising directions of studying the geroprotective
properties of the GDF11 protein
All of the presented data notwithstanding, the
mechanisms of the GDF11 geroprotective action are
rather poorly understood (Demontis et al., 2014).
GDF11 is assumed to be a regulator of tissue aging that
has been established as such in the course of evolution.
The geroprotective effects caused by GDF11 may be
associated with the p38 and MAPK nuclear protein
cascade, which activates myostatin in mammals and
myoglianin in Drosophila. Therefore, GDF11 and
myostanin are able not only to prevent cardiac hyper
trophy but also the aging of other tissues via activation
of the p38–MAPK cascade and the regulation of the
nucleolus functions. However, in mice, myostatin
occurs mainly in the skeletal muscles, while GDF11 is
widely expressed in different tissues. Although the
highest level of the GDF11 expression is observed in
spleen, the skeletal muscle is the most abundant tissue
type in the organism, constituting 40% to 50% of the
whole body mass. Thus, one future direction in the
study of GDF11 may be concerned with answering the
question of whether GDF11 expression in muscles can
be regulated by the Mnt transcription factor, as is the
case for myoglianin in Drosophila.
In addition, the search for the epigenetic mecha
nisms regulating the expression of the gene encoding
the GDF11 protein also appears to be of importance.
It is well known that the LysGlu and AlaGluAsp
Gly peptides synthesized on the basis of the data
obtained from studying the amino acid composition of
the polypeptide complexes of the spleen and pineal
gland are the epigenetic regulators of the expression of
proinflammatory cytokines, as well as of the CCL11
chemokine, the protein marker of cell senescence
(Khavinson et al., 2014). These short peptides
increase life span and improve the life quality of ani
mals and the telomere length in cell culture (Anisimov
and Khavinson, 2010; Khavinson et al., 2013). For the
LysGlu and AlaGluAspGly peptides, recognition
sites were found in the promoter zones of various sig
nal molecules (GCAG and ATTTC/G, respectively).
Pinealon, a short peptide enhancing physical per
formance and mental capacity and, thus, having
effects similar to those of GDF11, has a GluAspArg
structure (Khavinson and Grigoriev, 2008). In the
course of a clinical study, 72 individuals with cranio
cerebral injuries and cerebroasthenia, aged from 30 to
74 years, were treated orally with two capsules con
taining pinealon twice a day each day for 20–30 days
(each capsule contained 0.1 mg of the drug substance)
in addition to their standard treatment. The control
group contained 37 individuals with the same pathol
ogies who received the commonly accepted treatment.

146

KHAVINSON et al.

C
C
T
G
C

Fig. 4. Threedimensional model of the DNA–peptide
complex and the GluAspArg peptide binding site
(Khavinson et al., 2014). Left: DNA molecule with posi
tively charged regions indicated by the lightgray and the
negatively charged regions shown with the darkgray.
Right: the peptide molecule with the polar hydrogen atoms
is shown in the lightgray and carbon and nitrogen atoms is
shown in the darkgray.

After treatment with pinealon, the patients noted
improved memory, a decrease in the duration and
intensity of head aches, and a more balanced emo
tional state. In patients with craniocerebral injuries
treated orally with the tripeptide, the focal symptoms
became less pronounced, while the verbal function in
the case of motor and sensorial aphasia was improved.
In patients with cerebroasthenia, oral treatment with
pinealon resulted in fewer mistakes in the Bourdon
test and an increased integral performance index
(Morozov et al., 2011). Daily oral intake of pinealon
(two capsules a day for two weeks) contributed to
improvement of the antioxidant system functions in
athletes, as well as to an enhanced adaptation to phys
ical work, enhanced training rate, and increased
metabolism rates. The higher energy supply of muscle
tissue upon treatment with pinealon correlated with
increased expression levels of PPARA and PPARG
genes, which encode proteins that play a role in
increasing the oxidative ability of skeletal muscles. At
the same time, regulation of the organism’s adaptabil
ity by the peptides was associated with an increase in
the expression of the HSPA1A heat shock protein
gene. It should be mentioned that pinealon treatment
was associated in the athletes with the decreased rates
of acute respiratory diseases, which was confirmed by
examining their immune status. Athletes also showed
an increased expression of immunecell activation
markers, including CD71, CD25, and HLADR, and
a normal content of the M, G, and E class immuno

globulins (Khavinson et al., 2012). Seventyfive eld
erly patients were medicated orally with pinealon (two
capsules per day every day for two weeks) to correct the
psycoemotional state and the functional state of the
central nervous system (Balashova et al., 2008). Upon
the course of treatment, improvement of the short
and longterm memory and decreased severity indices
were observed in patients.
The model of experimental prenatal hyperho
mocysteinemia in rats was utilized to study the effects
of the GluAspArg peptide on the functional activity
of the central nervous system. It is well known that in
vivo induction of the oxidative stress is associated with
an increase in the homocystein levels in blood,
decreased cognitive abilities, and brain glutamatergic
system impairment. The intramuscular injection of
the GluAspArg peptide in rats led to an improved
spatial sense and improved learning in the progeny as
judged by the Morris watermaze test results. It may be
assumed that the protective action of the tripeptide
consists of preventing the accumulation of reactive
oxygen species in the neurons, thus increasing their
stability, and blocking the interaction of homocystein
and its derivatives with the glutamate receptors (Arut
junyan et al., 2012). A culture of cerebellum granular
cells was used to assess how the GluAspArg peptide
affects the MAP kinase activation, the temporal pro
file of which determines the expression the genes of
either adaptation or apoptosis. When the tripeptide
was added to the cell culture, the lag period of MAP
kinase activation appeared to last longer, which may be
considered a protective effect against the toxic action
of homocystein. Further, the tripeptide effects in the
case of oxidative stress caused in neurons by uabain or
hydrogen peroxide was studied. Pinealon caused a sta
tistical decrease in the levels of reactive oxygen species
in neurons (Khavinson et al., 2011).
It is possible to suppose that the neuroprotective
peptide GluAspArg may have binding sites in the
GDF11 gene promoter, as is the case with the afore
mentioned dipeptide and tripeptide (Fig. 4). The pep
tide binds DNA at the major groove side, forming a
network of hydrogen bonds with the nitrogenous
bases. The peptide presumably binds the CCTGC
motif in the GDF11 gene and thus participates in the
regulation of this gene expression.
To test this hypothesis, the GDF11 gene region cor
responding to the promoter and extending from the –
499 bp to the +100 bp relative to the transcription ini
tiation site was analyzed. It appeared that there are two
transcripts corresponding to the GDF11 protein, and
accordingly, there are two promoter regions (Table).
Presumable binding sites for the peptides under study
were found in the promoters: namely, the TAAAG,
GTTTA, CAAAT, and GAAAT motifs for the Ala
GluAspGly peptide (Khavinson et al., 2012), the
GACG and GCAG motifs for the LysGlu peptide
(Khavinson et al., 2012), and the GCAGG, CGTCC,
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Potential binding sites for the LysGlu, GluAspArg, and AlaGluAspGly peptides in the promoter regions of the GDF11
gene encoding the protein of youth and intellectual activity
GDF11 (NM_005811)

egulatory region of the gene from the –499 bp to the +100 pb (cDNA 5'

3')

Transcript 1

TCTTCTTTTCCTCCTTTGTCTCTCCCTCTCTCCTCCTCCTTTTCCTATCTCTGTCT
CTTCCCCCTTATCTCTCTGATTCTCCTTGGTCTCTCTGGCTCTGACTTTCCCTCT
ATATCCGCCCCCCCGCCCCCTCATATCTCTGTCTCTTCATCTCTCTCTGGCCCTT
GCTCCCTCATTCCCTCCCTCTCTCTATTCCTCGGCTCTCTCCGGCTCCCTCTCTC
GCCTCGGATGACAGCGCTGCCTCTTTTGTTGGCTCCGCAGCCAATCGCGGCCG
CTGACGACACGGGGGCCGGGGCTATAAAGGGCCTGGCCCGGGCTCGGGCCCC
CCCAGCCGCCCGCCCCGGCCGCCCGCCCGCCCCGCCCGCGCGCCCGCCGCCC
CCGGCCCCCCGGGTCCCCCCTCGGCCGGGCAGCCCCCAATCCCGCGCCGCCC
GGACCCCCTCCTCCTCCCTCCCTCCTCCCTCCGCCCCCTCCCCGCGGGACTCC
GGCGTCCCCGCCCCCCAGTCCTCCCTCCCCTCCCCTCCAGCATGGTGCTCGCG
GCCCCGCTGCTGCTGGGCTTCCTGCTCCTCGCCCTGGAGCTGCGGCCCCGGGG
GGAGGCGGCCG

Transcript 2

ACAGATGTATAGGAAGTGCTTGGATAGTTCCATTTTGCTGGGTGTTATTCCTAA
TGGGAGTGAGGCAAGAAGCCTAGATCTGAATTCTGGTTTACATAATGGGATAA
ATTTAGCTCATGCTCCCTATCTGGACCCTGGGTTATCCCCTCTCTGAGGCCATC
TGTGTTATTTTGTGGGGGAGGGATGTGCCAGGCTCTACCTGTCCAGCAGATAA
ATCAGAGCAGATAGGGGAAAGGTGATGGAAGGGCAGCAGGTGTGATAAGAGG
TATGGCTTCTATAAAGAGCTTCAAAGATTCAGAAAATGTTGGAGCCTTATATGC
TGGGAAAAGTTGGACAGTAAGGATGGTGGTGGATGAATAATTTTGCAGGTTAT
CTGGTAGACAGGAACCTATATATTAGGGCAAATGGATTAGGAAATGGACACAG
ATCAGTAAGGCCTTATAGGGCCATCATCCTAAAGAGGAAGTGCTGTTTTAGGT
ACCGGAGACATGGTATAAGATAGGCATGGGAGAAGGGTAAAGAAGAACTGGA
AAATCAGGCTGAGAAGTCCAAAATTGCCAGTGCCACCCAGGACTACTGATCC
CCTACACAAACACCCTT

Binding sites are shown in bold for the AlaGluAspGly peptide, in italics with underlining for the LysGlu peptide, and in bold italics
with underlining for the GluAspArg peptide. The gene accession number in the GenBank database is given in parenthesis. The longest
region contains two sites.

and CCTGC motifs for pinealon (Khavinson et al.,
2014).
CONCLUSIONS
It was determined that the promoter regions of the
GDF11 gene contain all of the possible binding sites for
the LysGlu, GluAspArg, and AlaGluAspGly
peptides, which presumably epigenetically affect the
expression of this gene without disturbing the DNA
structure.
The data provided in the current review indicate
that the GDF11 protein identified in the peripheral
blood of animals and human has geroprotective prop
erties. GDF11 contributes to the increase in myocar
dium and skeletal muscle functional activity in aging
by regulating the MAPK–p38–myoglianin cascade.
Moreover, GDF11 shows marked neuroprotective
properties, changing the activity of the p57 (Kip2) and
p27 (Kip1) transcription factors, which implies its
ability to activate the differentiation of neurons and
increase their neuroplasticity. Since the most frequent
agerelated pathologies are cardiovascular and neuro
degenerative diseases, GDF11 may be considered a
potential target for geroprotective therapeutic com
pounds or as an independent biologically active com
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pound. The short GluAspArg peptide may be con
sidered an example of a compound that could poten
tially stimulate the synthesis of GDF11; its
neuroprotective effects on the organism as a whole and
its signal molecules are quite similar to those of
GDF11.
It may be proposed, therefore, that the LysGlu,
GluAspArg, and AlaGluAspGly peptides could
be potential regulators of the GDF11 level in blood.
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