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Abstract

The paper presents preliminary results of a novel methodology of systematic analysis of ageing markers by
healthy middle-age volunteers, and their possible psychological correlates. Ageing markers detected in diploid
fibroblasts were divided into three groups representing different types of normal ageing. Psychological processes
possibly linked to these groups, especially primitive types of psychological defense strategies, intrinsic religious
attitudes, and levels of psychological activation, are discussed. The paper is centered upon four case studies,
accompanied by selected experimental data, and preceded by literature review.

Concept of Aging Markers

Primary non-transformed cell cultures tend to change with each passage: population doubling
time increases, cell morphology changes. Differences between cells gradually increase, leading to
the appearance of different subpopulations, primarily the subpopulation of old cells. The latter are
larger; less elongated, and often rounded ones. Gradually, number of larger cells grows, and cell
division in the population practically stops [1,2].

Simultaneously biochemical markers appear, regarded currently as aging markers, proper
for aging cells in culture. Primary skin fibroblasts from patients of different age, as well as from
patients with progerias (Hutchinson-Guilford and Werner syndromes) or, syndromes with signs
of accelerated aging, also called “segmental progerias” (ataxia-telangiectasia, Sekkel syndrome,
Cockayne syndrome), normally serve as models for the identification of aging markers [3]. In
fibroblasts from progeria patients, a much larger number of aging markers has been detected than
in fibroblasts from young healthy donors [4]. Aggregation of aging markers at the cellular level is
currently regarded as predictive of chromatin changes, nuclear and cytoplasmic skeleton, level of
unrepaired DNA damage, etc.

The first one of the suggested aging markers was lysosomal senescence-associated B-galactosidase
(SA-pB-gal), whose activity is dramatically increased in cells from old donors and ageing primary
cell lines [5,6]. This marker has not lost its value and is currently actively used in oncology. The
increased level of SA-B-gal in the biopsy material can serve as a serious basis for predicting the
course of the disease. For example, pituitary adenoma shows that the presence of SA-b-gal and
other aging markers explains tumors of this type being predominantly non-invasive, and not having
metastases [7].

The second important marker of cellular aging is y-H2AX. To date, we can characterize the role
of YH2AX in the cell: persistent focuses of yH2AX are, firstly, a common phenomenon in the nuclei
of human and animal cells after DNA damage and, secondly, they mainly accumulate in telomeric
DNA and aging cells. They serve as a reliable cell marker for accelerated aging syndromes. Finally,
the preservation of these foci for a long time after the action of ionizing radiation can serve as a
marker for biological dosimetry, while their dynamics after the anticancer chemo- and radiotherapy
can be used to assess their individual effect [8-12].

New proteins are being constantly detected and described, whose presence is necessary for the
phosphorylation of yH2AX in response to DNA damage. TRAIP may serve as a plausible example of
such protein, being one of the E3 RING ubiquitin-ligases. Mutations in the corresponding gene lead
to disruption in the regulation of the cell cycle and, as a consequence, microcephaly and dwarfism
[13]. TRAIP can bind to PCNA in a conservative site at the C-terminus in the region of stopped
replication forks and is an active participant in the cell’s response to replicative stress after DNA
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damage. Absence of this protein makes it impossible to restore the
movement of the replication fork, which leads to the chromosome
instability [14]. Detection of YH2AX is actively used in present-day
practical and experimental oncology [15,16].

Anti-oncogene P53 protein is now considered to be one of the
aging markers. A number of functions and activities have been traced
back in its case, namely, transcription regulation [16], involvement
into DNA damage recognition and subsequent repair process
[17]. In normal fibroblasts, p53 is usually not detected by indirect
immunofluorescence method, as it grows stabilized and becomes
visible in cells with damaged DNA or, in the aging ones.

P21, which acts as inhibitor of cyclin-dependent kinases, under
direct p53 transcription control [18], is also an aging marker.Another
traditional marker of repair processes is the protein 53BP1 - p53-
binding protein 1 [19], often colocalized with y-H2AX [20].

The main protein kinases activated in response to DNA damage
are those belonging to the family of phosphotidyl-inositol-like kinases
ATM, ATR and DNA-PK, as well as their targets, i.e. Chkl and Chk2
kinases. Their appearance in the cell is also associated with aging
processes, therefore they are also currently considered as markers of
aging, and of DNA damage, and are used in applied research [15].
Conjunction of these markers with YH2AX shows the difference
between the old and young cells in their response to bleomycin [21].

Increased amounts of gamma-H2AX and p-Chk2 serve as clear
indication of fibroblasts from patients with Down’s syndrome, often
described as segmental progeria. It tends to correspond to increased
amount of oxidative damages, such as 8-0xodG and enzymes involved
in base excision repair - XRCC1 and DNA-polymerase p [22]. In this
way, the pattern of aging markers associated with violations of DNA
repair processes is revealed, accompanied by the accumulation of
unrepaired lesions, and the activity of the corresponding signaling
pathways. Their joint activation in cells that are defective in repair
serves as a plausible proof of their mutual connection. For example,
fibroblasts of mice knockout by the polymerase n gene, responsible
for the development of variant form of Xeroderma pigmentosum
in humans testify to the presence of an increased level of yH2AX
foci, along with a number of other aging markers, namely, p53, p16
(Ink4a), p21, SA-B-gal [23].

The activity of DNA repair processes tends to decrease with age.
At the same time, the number of cells with unrepaired DNA damage
increases; the number of cells experiencing apoptosis in response to
damage, tends to increase too. This leads to a decrease in number of
not only normal, actively proliferating cells, but also to a drop in the
total number of cells in the body, including those that usually do not
divide. Since the decrease in cellularity is one of the obvious signs
of aging, the study of the activity of DNA repair and of the level of
apoptosis serve as important indicators of the aging process.

Along with the age of the cells, their epigenetic status also
changes. Epigenetic determinants include inherited changes in genes
regulation, without changes in the DNA sequence itself. In the course
of the recent years, the role of epigenetic mechanisms in the processes
of carcinogenesis has been revealed [24], as well as in cellular and
organismic aging [25-27].

The level of DNA methylation in aging cells has been proved to
reduce significantly. Passive demethylation of heterochromatin, as

well as the loss of efficacy of the DNA methyltransferase DNMT1, the
main methyltransferase for DNA supporting methylation, may serve
as the possible triggers of this process [28,29]. Expression of DNA
methylase de novo DNMT3b, may serve as response to the reduction
of supporting methylation. In aging cells, it hypermethylates CpG
islands in the promoter of such tumor suppressor genes, as LOX
lysyloxidase gene, p16INK4a, transcription factor RUNX3, etc. [30].
Hypermethylation of promoter CpG-islands of ‘progeroid’ genes,
such the LMNA gene mutant in the Hutchinson-Guilford syndrome
[31], and the WRN gene, the mutation in which is responsible for the
manifestations of Werner’s syndrome [32], described for some types
of tumors, leads to suppression of their activity.

Post-translational modifications of H2A, H2B, H3 and H4
histones, the so-called “histone code”, tend to play significant
role in the functioning, including transcription regulation, and
maintenance, of genome stability [33-35]. Definite modifications,
such as methylation of histone H3 and H4 over residues of arginine
(R) or lysine (K), are stable, and can underlie epigenetic control
and maintenance of highly organized chromatin structures during
cellular generations. Methylation of histone lysines H3 is possible at
the 4, 9, 27, 36 and 79 positions. Two of these modifications are quite
interesting, e.g. trimethylated forms of histone H3 on lysine at the 9th
and 27th positions (Me3-H3-K9 and Me3-H3-K27).

The level of Me3-H3-K27 is quite high in tumor cells [29,36,37].
It has also been found that a decrease in the Me3-H3-K27 leads to
decondensation of the inactivated X chromosome in females [38].
Accelerated telomere shortening in patients with Hutchinson-
Guilford syndrome may also be associated with it [38]. It has been
demonstrated that the amount of Me3-H3-K9 and Me3-H3-K27
decreases with age or, under accelerated aging, so it can serve as a
sufficiently reliable marker of aging cells [4].

The number of methylated forms of histones is regulated by the
activity of histone acetylases - by sirtuin proteins, in particular. The
decrease in the activity of SIRT1, SIRT2 and SIRT®6 is observed in cell
aging. SIRT1 and SIRT2 are markers of aging. They can be used as
indicator proteins in the course of detecting the effect of geroprotector
antioxidants, together with others, e.g. SA-p-gal activity, y-H2AX,
p53, p21CIP1, pl6INK4A [39].

Another important component of the regulation of
heterochromatin is the HPI protein. Its level of expression and
localization can also be considered as an epigenetic marker [40]. In
mammals, the overexpression of HPla and HPIS (but not HPly),
leads to telomere fusion, and to their shortening by decreasing the
interaction with hTERT, the catalytic telomerase subunit [41-43]. It
was shown that the heterochromatin binding site for chromo-domain
of HPI provides Me3-H3-K27 [44]. The amount of HP1y can serve as
a reliable marker of cell aging, sharply decreasing in cells of elderly
donors and patients with progerias [4].

The phosphorylated form of HP1y is involved as platform for the
formation of heterochromatin foci - SANF (Senescence-Associated
Heterochromatin Foci) [45]. It is assumed that it is the mechanism of
formation of SAHF that determines the irreversibility of arrest of the
cell cycle in aging. Thus it may be argued that epigenetic markers tend
to form their own pattern of aging markers, independent of DNA
repair processes.
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On a separate basis, changes in the nuclear lamina are possible
to be described. They have been carefully described in the case of the
cells of elderly donors, and of patients with Hutchinson-Guilford
syndrome, resulting from the accumulation of the aberrant product
of the LMNA gene, progerin [4]. Results obtained especially by
Skaffidi and Misteli, allow us to consider the structural changes of
a nuclear lamina as the basic process for inducing aging markers,
associated with different levels of cellular regulation. The nuclear
lamina participates in a very wide range of cellular processes,
ie. the regulation of chromatin organization and the position of
nuclear pore complexes, DNA replication, stabilization of telomere
complexes, regulation [46,47], integration with the cytoskeleton [48]
and apoptosis [49].

The phosphorylation of lamin A or non-farnesylated progerin was
associated to the formation of spherical intranuclear lamin A droplets
that accumulate protein kinases of the CDK family capable of
phosphorylating lamin A at serine 22. There are probably progeria
types in which the development of the disease is associated with
disturbance of the phosphorylation of lamin A in serine 22. Clusters
of non-farnelized lamin A in the karyoplasm were observed, not only
in the lamina region [50].

To date, detailed study of mutations in the LMNA gene (encoding
A-type Lamins), or the protease ZMPSTE24 gene (encoding an
enzyme involved in Prelamin A maturation, leading to accumulation
of wild type farnesylated Prelamin A) leading to the formation of
progerin - farnesylated form of lamin A - has made it possible to offer
personalized therapies using antisense oligonucleotides, which block
certain mutations [51]. Unfortunately, new severe forms of progeria
of children (mandibulo-dysplasia) have been found, caused by
c.163G>A, p.E55K and ¢.164A>G p.E55G missens mutations, where
processing of prelamine A passes without accumulation of progerin
[52].

Telomeres are the terminal parts of the chromosomes. The
role of telomeres in aging processes has been analyzed in detail by
V.Mikhelson [53]. Most studies have shown that telomere length
depends on age and sex [54-56]. It has been proved that the length
of telomeres in blood lymphocytes of centenarians is shorter than in
younger age groups; it tends to be larger in women than in men [57].
Nevertheless, telomere lengths tend to be spread in a fairly wide range
for different individuals of a particular age.

So far no clear correlation has been found between telomere
length and tissue renewal time in vivo, and it is believed that telomere
length is more of an individual characteristic [58,59]. At the same
time, the possibility of influencing the process of telomere shortening,
not only by medical methods, but also with the help of psychological
techniques [60] seems to be extremely important for understanding
the possibility of influencing aging processes at the cellular and
organism level. Probably changes in the nuclear lamina and the
shortening of telomeres may be considered as another set of patterns
of aging markers. Of course, these three tentatively detected groups
of aging markers are related to each other - and most often appear
themselves together. A number of highly constructive associations
may be cited in this respect. Thus mutations in the gene of lamina
A, leading to the accumulation of progerin, are often accompanied
by decrease in the activity of the helicalase-nuclease WRN, which is
traditionally associated with the processes of DNA repair [61,62].

Studies of recent decades have shown that cellular aging should
be considered as a complex of heterogeneous but interrelated
mechanisms in which products of genes defective in progeria, such
as WRN, LMNA and ATM, are being involved in a direct or, indirect
way. These mechanisms include disfunction of telomere complexes,
and telomere shortening. Also, with cellular aging, a decrease in
the efficiency of DNA repair is associated with the accumulation of
various types of damage. Chromatin-specific changes in cell aging
that affect the status of transcription, and the effectiveness of DNA
repair, have also been described.

In the course of ageing, cells accumulate, whose nuclei have not
the usual rounded shape, but are characterized by invaginations and
bubble-like structures of the nuclear membrane [4,62]. The number
of such cells can serve as an indicator of the number of “old” cells in
the population.

Studying the dynamics of the formation of all these markers,
we see that most of the aging markers seem to be related, since they
reflect different aspects of the same process and should be described
together. The appearance of a large number of cells carrying
simultaneously several aging markers may serve as a sign of the
formation of a population of senescent cells, the number of which
ultimately triggers the aging process in a specific tissue and, more
broadly, at the level of the organism.

Case studies

Materials and methods

Three volunteer subjects, 32, 46 and 47 years old, underwent
medical examination and psychological testing. The former included
taking skin biopsies, and obtaining primary fibroblast lines.
Lines of primary fibroblasts from two healthy donors of 9 and 90
years, traditionally used by us as control, were taken for means of
comparison in further analysis of aging markers. The preparation of
cell lines, their management, antibody staining and data processing
were performed according to the traditional scheme described earlier
[63,64].

For means of determination of the actual of biological age of our
respondents, a special methodology elaborated by V.Voitenko, was
applied [65-71]. The methodology included assessment of a number
of physiological parameters (body weight in kilograms, systolic
blood pressure, pulse pressure (the difference between systolic blood
pressure and diastolic pressure, duration in the delay in breathing
after a deep inhalation, time of static balancing (on one foot), as well
as a self-assessment questionnaire consisting of 28 entries.

The psychological part of our study consisted in six questionnaires
which may be divided into three blocks: psychological tension
(a), psychological defenses (b), and hidden reserves (3). Block
(a) comprised two questionnaires, one of which consisted of 20
items, providing assessment of levels of psychological activation,
tension, comfort, interest, and emotional activation [72]. Another
questionnaire consisted of 45 items and measured the level of
neuroticization [73]. The former of these inventories measured
predominantly reactive (short-term) aspects of the psychological
state of the subjects; the latter one measured its personal (long-term)
aspects. Being combined, they became complementary, providing us
with a reasonably accurate assessment of the psychological state of the
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Ss, both in its short-term and long-term aspects. Both questionnaires
were conducted in Russian, as all of our study, as Russian was the
native tongue of all of our respondents. Both belong to the set of
standard instruments of psychological investigation and diagnostics,
applied currently in this country.

Block (b) comprised two questionnaires, one of which consisted
of 50 items, providing assessment of level of activation of each of
the eight major coping strategies, i.e. confrontation, estrangement,
self-control, searching for social support, assuming responsibility,
avoidance, planning of problem resolving, positive reassessment [74].
Another questionnaire consisted of 97 items, and measured the level of
activation of each of the eight basic strategies of psychological defense,
i.e. negation, suppression, regression, compensation, projection,
substitution, intellectualization, and reactive formation [75,76]. The
former of these inventories measured mostly conscious mechanisms
of psychological defense, formed in the course of one’s life; the latter
ones measured the mechanisms which were mostly subconscious, and
had been formed in the course of early ontogenesis. Being combined
in our study, they could be regarded as complementary, providing
us with a reasonable assessment of different aspects of psychological
defense mechanisms, both conscious and subconscious.

Both questionnaires of block (b) belonged to the standard set of
psychological inventories, applied in present-day Russian science.
However both were based upon serious approaches, elaborated in the
Western psychological tradition. In the case of the coping strategies,
it was the transactional model of adaptation to stress constructed by
R.S. Lazarus, with some valuable additions concerning the guidelines
of coping behavior, by S. Folkman [77], in the case of basic defense
mechanisms, it was the psychoevolutionary theory by R.Plutchik
[78], complemented by some bright intuitions from the structural
theory of personality by H. Kellermann [79].

Block (c) comprised two questionnaires, one of which consisted of
15 items, providing assessment of the level of intrinsic religiosity (that
is, inner religiosity, as opposed to the extrinsic, outer one). This part
of our study was based upon a well-known questionnaire elaborated
by a prominent American psychologist of religion, Professor J. Kass
[80]. It had been earlier adapted by us, in order to be applied in
surveys of Russian speakers [81].

Another questionnaire consisted of 15 items, providing assessment
of presence of features of short-term altered states of consciousness,
often self-induced in stressful or unusual conditions in order to
cope with psychological stress [82]. The 15 items were divided into
five scales, giving assessment of presence of features of qualitative
alterations of consciousness on the levels of perception patterns,
emotional functioning, cognitive functioning, communicative
patterns, and dream contents. This part of our study was based upon
the concept of altered states of consciousness, elaborated by us as
part of the scientific research program of the Human Brain Institute,
Russian Academy of Sciences [83,84]. Questionnaires elaborated by
R. van Quekelberghe and A. Dittrich, served as the nearest context
of our inventory [85,86]. Including these two questionnaires into
our research, we supposed that both of them were dealing with a vast
realm, which could be tentatively called spirituality. In the case of
extrinsic religiosity, we were dealing with its religious side (the so-
called core religious experiences, to speak in strict terms of religious
psychology); in the case of the altered states of consciousness, with its

wider, non-religious one. Thus both inventories were regarded by us
as complementary, i.e. presenting two different aspects of spirituality,
which was regarded by us as a possible hidden reserve, recurred to in
stressful or, unusual conditions in the service of the ego.

All of the psychological inventories applied in this study,
belonged to the standard set of psychodiagnostic methodologies
(with the obvious exception of the questionnaire of features of altered
states of consciousness). It had been earlier successfully applied in our
research of different psychological processes and states, by different
groups of subjects [87-90]. All four respondents were normal middle-
aged city dwellers, well-educated Russian speakers, being interested
in the participation in our study for personal reasons.

Psychological profiles

Respondent A: was 22 years old, healthy by both his subjective
feeling, and by objective parameters. He did not express any particular
complaints concerning health. According to the psychological survey,
he revealed low level of neuroticization, and fine psycho-emotional
stability. His level of sincerity was high. At the same time, the
respondent’s attitudes were rather passive. The level of tension of the
basic psychological defenses was moderate, among them negation
was mostly active. This type of defense consists in ignoring unpleasant
aspects of life, and denying its challenges, which in this particular case
was well correlated with a generally optimistic view of him.

Respondent B: was 32 years old, healthy by both his subjective
feeling, and by objective parameters. He did not express any
particular complaints concerning health. The S revealed a serious
attitude towards his health, for instance, he regularly underwent
medical examinations. The level of neuroticism of the respondent B.
was quite low. People of this kind tend to reveal emotional stability,
communicative competence, ability to withstand challenges, and, as
a result, high level of adaptation to stress. This indicator belonged
to the so-called personal ones, which are normally formed early in
the course of ontogeny, and not subject to changes in the course of
everyday life. The insincerity level for this test was quite high (4, with
the range of the corresponding interval from 0 to 5). This meant that
respondent B. was able and willing to conform to social norms.

The general level of tension of basic psychological defenses was
rather low in this case. Primitive, infantile defense mechanisms,
normally formed early in the course of ontogeny, were fairly feeble
here. As to the complex, mature ones, normally formed later in the
course of ontogeny, they proved to be rather strong, especially the
defense mechanism called intellectualization. The essence of this
defense is formed by the S’s ability to escape stress by means of
rational interpretation of events, in order to find some kind of logic
which would be subconsciously acceptable for the respondent. This
indicator is also personal - that is, slightly changing in the course of
life.

The levels of psychological activation, interest, emotional
competence proved to be quite high, which was supported by the
general will of the S to undergo a serious novel investigation. At the
same time, some psychological problems were traced back. Thus self-
esteemed level of psychological comfort was quite low, at the same
time tension was really big. The causal relationship between these
two indicators is subject to additional research (that is, it remains
unclear whether the respondent felt uncomfortable in the situation
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of medical inquiry and psychological testing, and compensated this
feeling by means of increasing general psychological tension - or,
on the contrary, he felt a strong tension for some reason, while lack
of comfort was simply accompanying it). This index refers to the
number of reactive ones, that is, those changing in the course of one’s
lifetime — and even in the course of one day.

Inner life of respondent B included some signs of transient (and,
as a rule, short-term) altered states of consciousness, self-induced
in the service of the ego. In structural terms, cognitive insights, as
well as the communicative ones, tended to prevail. As to alterations
of perception, as well as emotions, these were quite weak. This trend
seems to correspond well to the prevalence of intellectualization in
the structure of psychological defense mechanisms of this S. This
cognitive pattern of dealing with stressful challenges tends to be more
common by male persons in Russia, judging by our earlier studies.
The opposite, emotional pattern tends to arise more often by female
Ss. In general terms, this indicator is personal, that is capable of rather
quick shifting.

The level of intrinsic religiosity proved to be rather high in this
case. As the respondent B. pointed out in his response to one of the
items of the Kass inventory (namely, item No.7), he feels inclined to
review his life experiences, in order to search transcendental truth.
Correspondingly, interest to spiritual and/or religious practices
was in this case rather high. This attitude, including an intellectual
effort, although not limited by it, corresponds well with protective
intellectualization, proper for the given respondent.

We feel authorized to state in this case that spiritual insights,
forming integral part of hidden reserves, tended to be in this case
well-integrated into the general structure of psychological defense
mechanisms, on the basis of intellectualization, which was traced
back by us by means of three different inventories.

Respondent C: 46 years old, had some health problems (primarily,
hypertension), but felt just fine in the course of our study. Application
of our psychological inventory showed a sharply increased level of
neuroticisation. Certain emotional instability often occurs in such
cases, which may in its turn lead to irritability, anxiety or, general
tension. In some cases, hypochondriac fixation on unpleasant somatic
sensations is possible. The level of insincerity, measured by a special
index, was minimal.

On the list of basic psychological defenses, regression served as
the leading strategy. Regression is definitely a primitive one, formed
in the course of early ontogeny. When a person grows adult, this
gives in its turn rise to immature, infantile forms of behaviour, like
stubbornness or, seeking comfort in the simplest possible way, like
eating or, smoking.

The levels of psychological activation, of interest, of emotional
tone, of inner comfort, of tension were close to normal in this case.

Table 1: Comparison of the biological and the calendar age.

The general psychological state of the respondent should be thus
assessed as stable.

High level of presence of features of altered states of consciousness
was found by us in this case, as well as the level of intrinsic religiosity.
One could suppose that some peculiar traits of childhood could in
this case condition definite behavioral passivity, compensated by
rather active spiritual life.

Respondent D: was 47 years old, being quite healthy and active. The
level of neuroticism was in this case quite low. Emotional stability
and positive attitudes formed the core of this personality, providing
firm basis for excellent stress adaptation. The level of insincerity is
minimal.

The level of tension of basic psychological defenses was moderate.
Negation served as the foremost defense. This strategy often implies
denying and/or, ignoring the challenges of everyday life. This type
of protective mechanisms is quite primitive, however often effective.

The levels of psychological activation, of interest, of emotional
tone, of inner comfort, and of tension were close in this case to the
corresponding norms. General psychological state was definitely
stable.

The level of altered states of consciousness was close to average.
The level of intrinsic religiosity was also quite moderate. The patient
was thus rather far from application of spiritual and/or, religious
means to withstand life stress.

Applying the Voitenko methodology, the difference between the
biological age of each respondent, and his calendar one, was assessed.
For results of this calculation as shown by these data, biological age
was significantly than the calendar one in the case of respondents B.
and D. Both assessments coincided by respondent C. In the case of
respondent A, calendar age was lower than the biological one. These
results lead us to the analysis of the genetic data (Table 1).

Ageing Markers and Discussion

Aging markers were registered and quantitatively evaluated
in lines of primary fibroblasts obtained from the four respondents
(Table 2).

As shown by Table 2, the number of aging markers in cells from
the respondent A. does not practically differ from their number
in the cells from a 9 year old healthy donor. This means that at the
age of 22 years, the ‘young’ cellular phenotype dominates, not really
being influenced by one’s psychological characteristics and attitudes,
including those having to do with one’s health. As a consequence, the
cells from both a young child and a young man can equally well serve
in assessing the level of aging.

The number of aging markers from respondent B. was reduced
insignificantly. In practical terms, we see here a picture which almost

Respondent Calendar age (full Health self-assessment index Estimated biological age Due biological age (full Degree of aging
years) (full years) years)
A. 22 0 21 21 0
B 32 0 26.8 30.2 -3.4
C. 46 5 52.8 47.5 +5.3
D 47 6 31,1 44 -12.9
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Table 2: Aging markers in diploid fibroblasts.

Age marker
; HP1-y intensity of Number of cells with Telomere length
Number of cells with | Number of cells fluorescence chanaes in nuclear (thousands of
y-H2AX foci (%) |with 53BP1 foci (%) (conventional units) 9 e ; :
’ lamina(%) nucleotide pairs)
Fibroblast
line
9 years 1.2:0.9 6.3:0.3 17012 1£0.7 9.24
6 passages
9 years 8.351.9 11.4$3.7 12519 7+0.3 4.82
25 passages
90 years 122427 18.3:3.3 85+16 10£1.3 371
6 passages
22 years 1107 6.1£0.5 18314 0.5:0.7 8.06
6 passages (respondent A)
32 years 0,8£0.2 42411 16811 0.7+0.3 7.69
6 passages (respondent B)
46 years 6,2+0.7 9.12.6 54412 6+0.3 8.43
6 passages (respondent C)
47 years 3,240.4 7.241.4 133:15 8+1.3 3.24
6 passages (respondent D)

coincides with the cases of respondents of both 9 and 22 years old.
Thus it looks most plausible to suppose that caring for one’s health
and ensuring well-being forms in fact a quite effective strategy in
order to retain a young phenotype. There is no doubt that there exist
a lot of other factors that can influence one’s biological age. However
psychological attitudes are likely to play a significant role.

Fibroblasts of respondents C and D. were characterized by
obvious accumulation of aging markers. Both belonged to roughly
the same age (one was 46, another 47 years old), so some ageing
markers, like the number of cells with 53BP1 foci, and the number of
cells with alterations of a nuclear lamina did not reliably differ (both
of them tend to increase with age). The difference lay in the amount of
heterochromatin protein HP1-y (which tends to decrease with age),
and the number of y-H2AX foci (which tends to increase with age).
Respondent C. proved to be much older, judging by these two ageing
markers, than respondent D [59].

These findings corroborate our hypothesis that at the age of
roughly 40 to 45 years, a subpopulation of actively aging cells appears,
which is not directly related either to biological age or, the presence of
chronic diseases. One may also assume that this tendency, discovered
by us on the level of chosen ageing markers, tends to increase and to
become more visible in the course of further ageing.

At the same time, careful analysis proves that the situation is
not as plain as it might seem. Thus the length of the telomeres from
respondent C. was almost 2.5 times higher than that from respondent
D, although the latter was somewhat younger and healthier. Telomere
length is now considered to be one of important indicators of the
general state of health. So we may assume that personal activity and
creativity in handling one’s psychological attitudes and behavioral
patterns might affect at least some of ageing markers, especially,
telomeres. This supposition is founded upon data acquired in
different conditions, like hormone replacement therapy [66], therapy
in patients with depression [67], and in stress management by
Alzheimer’s disease [68].

To sum up this line of research, respondent C. proved to be
significantly different from the other three Ss: in psychological
examination, only he demonstrated increased level of neuroticization,

his biological age was more than 5 years longer than the calendar one
(the other three Ss had biological age which was much lower than
in the case of respondent C.), and he had more pronounced aging
markers.

At the same time, such an important marker as telomere length
was significantly higher in this case than the average age norm [59].
Taking into account results of psychological testing, we may remind
that respondent C. demonstrated the prevalence of an ‘infantile’,
regressive type of psychological defenses, accompanied by rather high
levels of intrinsic religiosity, and of altered states of consciousness.
We would like to point out here that a structurally similar hypothesis
was formulated at a recent international conference by one of the
leaders of ageing studies, V.Skulachev, in a report entitled Naked
mole rats and humans: Highly social creatures prolonging youth by
delay of ontogenesis (neoteny) [69]. Skulachev’s main point here was
that pertaining infantile features on different levels might greatly
contribute to the given species’ life expectancy.

In a much earlier report at another international conference,
D.Spivak et.al. stressed the fact that the carriage of A2 allele of the
type 2 serotonin receptor tends to correlate with intrinsic religiosity,
on the one hand, and longevity, on the other hand [65,70]. Ability to
self-induce short-term altered states of consciousness in the service
of ego is currently supposed to function as a peculiar psychological
defense mechanism, which may positively influence life expectancy.

Finally, the present study has corroborated our hypothesis that
there exists in fact not a single group of well-correlated aging markers,
but a number of these groups, at least three of them, which may be
regarded as independent from each other:

1. Thefirstgroup includes aging markers associated with unrepaired
DNA damage - such as the y-H2AX and 53BP1 examined by us
in the present study, and also the phosphorylated form of the
protein kinase ATM, the detectable levels of the P53 and P21
proteins, etc.;

2. The second group includes various epigenetic markers, such as
the HPI-y examined by us in the present study, as well as the
trimethylated forms of histone H3 by lysine in the 9th and 27th
positions; and the SIRT1, SIRT2, SIRT6 histone” deacetylases.
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3. The third group is formed by such ageing markers as the
severity of nuclear laminopathy, and the length of telomeres.
As demonstrated in the present paper, respondent C., whose
biological age exceeded significantly his calendar age, had sharply
reduced amount of protein HPI-y (belonging to the group of
epigenetic markers), especially compared to respondent D.,
whose calendar age was practically the same. As to the differences
between these two Ss in the number of markers associated with
DNA damage, and of 53BP1, they tend to be insignificant. At the
same time, telomere length by respondent C. exceeded that of the
three other volunteers, being either much younger or, of the same
age.

Conclusion

In order to obtain a well-founded assessment of the level of
ageing, one has from the very beginning to regard not individual
markers, however constructive, but a whole complex of these. One has
primarily to take at least 1-2 markers from each of the three groups
of ageing markers, proposed above, in the text of the present paper.

To cite a serious recent study, which has involved a number of Ss,
large enough to allow full-scale statistical data processing, the number
of aging markers is firmly related to biological age, which regularity
tends to increase together with the age of the respondents [91,92].
Our data do not contradict with this finding. However we would
assume that its general framework is somewhat more complicated,
namely:

- attheinitial stages of aging, different mechanisms of accumulation
of aging markers are switched on. The same is true for different
psychological protective mechanisms and reserves.

- at ageing process goes on, these differences first increase
significantly, but later become less pronounced. The reason is that
when a certain number of aging markers accumulate to a critical
level, the cells cease to divide. As a result, they do not join the pool
of those fibroblasts that can give rise to a primary cell line. Thus
the older the fibroblast donor, the more likely that the number
of aging markers in him/her would correspond to some near-
threshold value.

Basing on these tentative conclusions, we find it most expedient
and timely to create a database of ageing markers belonging to the
three major groups proposed in the present paper, basing on data
from a broad range of donors aged 30 to 70 years. Collecting a
similar database of basic psychological defense mechanisms, coping
strategies, and hidden reserves forms another urgent task. Comparing
the two databases would be most constructive for the elaboration of a
general concept of the molecular genetic markers of ageing, and their
psychological correlates.

Funding

This paper was sponsored by Russian Foundation for Basic
Research, grant 16-06-00172.

References
1. Mikhelson VM. Replicative mosaicism might explain the seeming

contradictions in trhe telomere theory of aging. Mech. Aging and Devel. 2001;
122: 1361-1365.

10.

11.

12.

13.

14.

1

a1

16.

17.

18.

1

©

20.

2

[

22.

Lorenzini A, Tresini M, Austad SN, Cristofalo VJ. Cellular replicative capacity
correlates primarily with species body mass not longevity. Mech Ageing
Devel. 2005; 126: 1130-1133.

MuxenbcoH BM. HacnencteeHHoe npexaeBpeMeHHOe CTapeHue YernoBeka.
KnuH. FepoHTon, 1996; 29-35.

Scaffidi P, Misteli T. Lamin A-Dependent Nuclear Defects in Human Aging.
Science. 2006; 312: 1059-1063.

Dimri GP, Lee X, Basile G. That identifies senescent human cells in culture
and in aging skin in vivo. Proc. Natl. Acad. Sci. 1995; 92: 9363-9367.

Lee BY, Han JA, Im JS, Morrone A, Johung K, Goodwin EC, et al.
Senescence-associated 3-galactosidase is lysosomal $-galactosidase. Aging
cell. 2006 ; 5: 187-195.

Sabatino ME, Petiti JP, Sosa Ldel V. Evidence of cellular senescence during
the development of estrogen-induced pituitary tumors. Endocr Relat Cancer.
2015; 22: 299-318.

Karlsson KH, Stenerlow B. Focus formation of DNA repair proteins in normal
and repair-deficient cells irradiated with high-LET ions. Radiat.Res. 2004;
161: 517-527.

Tanaka T, Halicka HD, Huang X, Traganos F, Darzynkiewicz Z. Constitutive
histone H2AX phosphorylation and ATM activation, the reporters of DNA
damage by endogenous oxidants. Cell cycle. 2006; 5: 1940-1945.

Sedelnikova OA, Horikawa I, Zimonjic DB, Popescu NC, Bonner WM, Barrett
JC. Senescing human cells and ageing mice accumulate DNA lesions with
unrepairable double-strand breaks. Nat Cell Biol. 2004; 6: 168-170.

Pospelova TV, Demidenko ZN, Bukreeva EIl. Pseudo-DNA damage response
in senescent cells. Cell Cycle. 2009; 8: 4112-4118.

Hao LY, Strong MA, Greider CW. Phosphorylation of H2AX at short telomeres
in T cells and fibroblasts. J. Biol. Chem. 2004; 279: 4571-4581.

Harley ME, Murina O, Leitch A. TRAIP promotes DNA damage response
during genome replication and is mutated in primordial dwarfism. Nat Genet.
2016; 48: 36-43.

Feng W, Guo Y, Huang J. TRAIP regulates replication fork recovery and
progression via PCNA. Cell Discov. 2016; 2: 16016.

. Siddiqui MS, Frangois M, Fenech MF. Persistent yH2AX: A promising

molecular marker of DNA damage and aging. Mutat Res Rev Mutat Res.
2015; 766: 1-19.

Yang SH, Kuo TC, Wu H. Perspectives on the combination of radiotherapy
and targeted therapy with DNA repair inhibitors in the treatment of pancreatic
cancer. World J Gastroenterol. 2016; 22: 7275-7288.

Meng RD, Phillips P, El-Deiry WS. P53-independent increase in E2F-1
expression enhances the cytotoxic effects of etoposide and of adriamycin. Int
J of oncology. 1999; 14: 5.

Terzi MY, Izmirli M, Gogebakan B. The cell fate: senescence or quiescence.
Mol Biol Rep. 2016; 43: 1213-1220.

. Wilson KA, Stern DF. NFBD1/MDC1, 53BP1 and BRCAL1 have both redundant

and unique roles in the ATM pathway. Cell Cycle. 2008; 7: 3584-3594.

Lee, Haemi, Kwak, Hee-Jin, Cho, ll-taeg, et al. S1219 residue of 53BP1 is
phosphorylated by ATM kinase upon DNA damage and required for proper
execution of DNA damage response. Biochemical and biophysical research
communications. 2009; 378: 32-36.

. Solovjeva L, Firsanov D, Vasilishina A. DNA double-strand break repair is

impaired in presenescent Syrian hamster fibroblasts. BMC Mol Biol. 2015;
16: 18.

Necchi D, Pinto A, Tillhon M. Defective DNA repair and increased chromatin
binding of DNA repair factors in Down syndrome fibroblasts. Mutat Res. 2015;
780: 15-23.

Citation: Spivak I, Mikhelson V, Pleskach S, Zakharchuk A, Smirnova T and Spivak D. Ageing

Markers in Primary Fibroblasts of Healthy Middle Aged Persons and their Psychological

Correlates: Review and Four Case Studies. SM J Neurol Neurosci. 2017; 3(2): 1012.

=0


http://www.sciencedirect.com/science/article/pii/S004763740100269X
http://www.sciencedirect.com/science/article/pii/S004763740100269X
http://www.sciencedirect.com/science/article/pii/S004763740100269X
http://www.sciencedirect.com/science/article/pii/S0047637405001223
http://www.sciencedirect.com/science/article/pii/S0047637405001223
http://www.sciencedirect.com/science/article/pii/S0047637405001223
http://science.sciencemag.org/content/312/5776/1059
http://science.sciencemag.org/content/312/5776/1059
http://www.pnas.org/content/92/20/9363.short
http://www.pnas.org/content/92/20/9363.short
http://onlinelibrary.wiley.com/doi/10.1111/j.1474-9726.2006.00199.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1474-9726.2006.00199.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1474-9726.2006.00199.x/full
http://erc.endocrinology-journals.org/content/22/3/299.short
http://erc.endocrinology-journals.org/content/22/3/299.short
http://erc.endocrinology-journals.org/content/22/3/299.short
http://www.bioone.org/doi/abs/10.1667/RR3171
http://www.bioone.org/doi/abs/10.1667/RR3171
http://www.bioone.org/doi/abs/10.1667/RR3171
https://www.ncbi.nlm.nih.gov/pubmed/16940754
https://www.ncbi.nlm.nih.gov/pubmed/16940754
https://www.ncbi.nlm.nih.gov/pubmed/16940754
https://search.proquest.com/openview/0acce929286fc2e0cd950a8dadc18ef3/1?pq-origsite=gscholar&cbl=45779
https://search.proquest.com/openview/0acce929286fc2e0cd950a8dadc18ef3/1?pq-origsite=gscholar&cbl=45779
https://search.proquest.com/openview/0acce929286fc2e0cd950a8dadc18ef3/1?pq-origsite=gscholar&cbl=45779
http://www.tandfonline.com/doi/abs/10.4161/cc.8.24.10215
http://www.tandfonline.com/doi/abs/10.4161/cc.8.24.10215
http://www.jbc.org/content/279/43/45148.short
http://www.jbc.org/content/279/43/45148.short
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4697364/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4697364/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4697364/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4923944/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4923944/
http://www.sciencedirect.com/science/article/pii/S1383574215000435
http://www.sciencedirect.com/science/article/pii/S1383574215000435
http://www.sciencedirect.com/science/article/pii/S1383574215000435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4997635/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4997635/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4997635/
https://www.spandidos-publications.com/10.3892/ijo.14.1.5
https://www.spandidos-publications.com/10.3892/ijo.14.1.5
https://www.spandidos-publications.com/10.3892/ijo.14.1.5
https://link.springer.com/article/10.1007/s11033-016-4065-0
https://link.springer.com/article/10.1007/s11033-016-4065-0
http://www.tandfonline.com/doi/abs/10.4161/cc.7.22.7102
http://www.tandfonline.com/doi/abs/10.4161/cc.7.22.7102
http://www.sciencedirect.com/science/article/pii/S0006291X08021244
http://www.sciencedirect.com/science/article/pii/S0006291X08021244
http://www.sciencedirect.com/science/article/pii/S0006291X08021244
http://www.sciencedirect.com/science/article/pii/S0006291X08021244
v
v
v
http://www.sciencedirect.com/science/article/pii/S0027510715300282
http://www.sciencedirect.com/science/article/pii/S0027510715300282
http://www.sciencedirect.com/science/article/pii/S0027510715300282

SMGre&up

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Copyright © Spivak D

Chen YW, Harris RA, Hatahet Z. Ablation of XP-V gene causes adipose
tissue senescence and metabolic abnormalities . Proc Natl Acad Sci U S A.
2015; 112: 4556-4564.

Jones PA, Baylin SB. The fundamental role of epigenetic events in cancer.
Nat Rev Genet. 2002; 3: 415-428.

Wilson VL, Jones PA. DNA methylation decreases in aging but not in immortal
cells. Science. 1983; 220: 1055-1057.

Issa JP, Garcia-Manero G, Giles FJ. Phase 1 study of low-dose prolonged
exposure schedules of the hypomethylating agent 5-aza-2’-deoxycytidine
(decitabine) in hematopoietic malignancies. Blood. 2004; 103: 1635-1640.

Fraga MF, Ballestar E, Villar-Garea A. Loss of acetylation at Lys16 and
trimethylation at Lys20 of histone H4 is a common hallmark of human cancer
. Nat Genet. 2005; 37: 391-400.

Casillas MA, Lopatina N, Andrews LG. Transcriptional control of the DNA
methyltransferases is altered in aging and neoplastically-transformed human
fibroblasts . Mol Cell Biochem. 2003; 252: 33-43.

Abbosh PH, Montgomery JS, Starkey JA. Dominant-negative histone H3
lysine 27 mutant derepresses silenced tumor suppressor genes and reverses
the drug-resistant phenotype in cancer cells. Cancer Res. 2006; 66: 5582-
5591.

Teiichiro H, Naoyuki H, Makoto E, Naoyuki T, Satoshi N, Teiichi M, et al.
Quantitative assessment of RUNX3 methylation in neoplastic and non-
neoplastic gastric epithelia using a DNA microarray. Pathology international.
2006; 56: 571-575.

Agrelo R, Setien F, Espada J. Inactivation of the lamin A/C gene by CpG
island promoter hypermethylation in hematologic malignancies, and its
association with poor survival in nodal diffuse large B-cell lymphoma. J Clin
Oncol. 2005; 23: 3940-3947.

Agrelo R, Cheng WH, Setien F. Epigenetic inactivation of the premature
aging Werner syndrome gene in human cancer . Proc Natl Acad Sci USA.
2006; 103: 8822-8827.

Jenuwein T, Allis CD. Translating the histone code. Science. 2001; 293:
1074-1080.

Nightingale KP, Gendreizig S, White DA. Cross-talk between histone
modifications in response to histone deacetylase inhibitors: MLL4 links
histone H3 acetylation and histone H3K4 methylation. J Biol Chem. 2007;
282: 4408-4416.

Kouzarides T. Chromatin modifications and their function. Cell. 2007; 128:
693-705. Review.

Varambally S, Dhanasekaran SM, Zhou M. The polycomb group protein
EZH2 is involved in progression of prostate cancer. Nature. 2002; 419: 624-
649.

Kleer CG, Cao Q, Varambally S. EZH2 is a marker of aggressive breast
cancer and promotes neoplastic transformation of breast epithelial cells. Proc
Natl Acad Sci U S A. 2003; 100: 11606-10611.

Shumaker DK, Dechat T, Kohlmaier A. Mutant nuclear Lamin A leads to
progressive alterations of epigenetic control in premature aging . Proc. Nat.
Acad. Sci. USA. 2006; 103: 873-878.

Kilic Eren M, Kilincli A, Eren O. Resveratrol Induced Premature Senescence Is
Associated with DNA Damage Mediated SIRT1 and SIRT2 Down-Regulation.
PLoS One. 2015; 10: e0124837.

Li Z, Meng ZH, Sayeed A. Genome-wide alleotyping of a new in vitro model
system reveals early events in breast cancer progression. Cancer Res. 2002;
62: 5980-5987.

Cenci G, Ciapponi L, Gatti M. The mechanism of telomere protection: a
comparison between Drosophila and humans. Chromosoma. 2005; 114:
135-145.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

Sharma GG, Hwang KK, Pandita RK. Human heterochromatin protein 1
isoforms HP1(Hsalpha) and HP1(Hsbeta) interfere with hTERT-telomere
interactions and correlate with changes in cell growth and response to
ionizing radiation . Mol Cell Biol. 2003; 23: 8363-8376.

Shay JW, Wright WE. Senescence and immortalization: role of telomeres and
telomerase. Carcinogenesis. 2005; 26: 867-874.

Guozheng W, Alicia M, Cheok-man C, David H, Nicholas R, lan GC, et al.
Conservation of heterochromatin protein 1 function. Molecular and cellular
biology. 2000; 20: 6970-6983.

Zhang R, Chen W, Adams PD. Molecular dissection of formation of Senescent
Associated Heterochromatin Foci. Mol. Cell. Biol. 2007; 27: 2343-2358.

Goldman RD, Gruenbaum Y, Moir RD, Shumaker DK, Spann TP. Nuclear
lamins: building blocks of nuclear architecture. Genes & development. 2002;
16: 533-547.

Goldman RD. Accumulation of mutant lamin A causes progressive changes
in nuclear architecture in Hutchinson—Gilford progeria syndrome. Proc Natl
Acad Sci U S A. 2004; 101: 8963-8968.

Malone CJ, Misner L, Le Bot N. The C. elegans hook protein, ZYG-12,
mediates the essential attachment between the centrosome and nucleus.
Cell. 2003; 115: 825-836.

Earnshaw WC. Nuclear changes in apoptosis. Curr Opin Cell Biol. 1995; 7:
337-343. Review.

Moiseeva O, Lopes-Paciencia S, Huot G. Permanent farnesylation of lamin
A mutants linked to progeria impairs its phosphorylation at serine 22 during
interphase. Aging (Albany NY). 2016; 8: 366-381.

Harhouri K, Navarro C, Baquerre C. Antisense-Based Progerin
Downregulation in HGPS-Like Patients’ Cells. Cells. 2016; 5: E31.

Soria-Valles C, Carrero D, Gabau E. Novel LMNA mutations cause an
aggressive atypical neonatal progeria without progerin accumulation. J Med
Genet. 2016; 103695.

Mikhelson V, Gamalei I. Telomere Mechanism of Ageing. Saarbruecken
Palmarium Academic Publishing. 2013; 101.

Frenck RW, Blackburn EH, Shannon KM. The rate of telomere sequence
loss in human leukocytes varies with age. Proc Natl Acad Sci USA.1998; 95:
5607-5610.

Kimura M, Hjelmborg JV, Gardner JP. Telomere length and mortality: a study
of leukocytes in elderly Danish twins. Am J Epidemiol. 2008; 167: 799-806.

Guan JZ, Maeda T, Sugano M. An analysis of telomere length in sarcoidosis.
J. Gerontol Biol. Sci. Med. Sci. 2007; 62: 1199-1203.

Tauchi H, Endo S, Eguchi-Kasai K. Cell cycle and LET dependence for
radiation-induced mutation: a possible mechanism for reversed dose-rate
effect. J Radiat Res (Tokyo). 1999; 45-52.

Takubo K, Izumiyama-Shimomura N, Honma N. Telomere lengths are
characteristic in each human individual. Exp. Gerontol. 2002; 37: 523-531.

Smirnova Yu, Runov AL, Vonsky MS, Spivak DL, Zakharchuk AG, Mikhelson
VM, et al. Telomere Length in a Population of Long-Lived People of the
Northwestern Region of Russia. Cell and Tissue Biology. 1990; 6: 465-471.

Spivak IM, MikhelsonVM, Spivak DL. Telomere length, telomerase activity,
stress, and aging. Advances in Gerontology. 2016; 6: 29-35.

lkeda Y, Kumagai H, Motozawa Y, Suzuki J. Understanding Vascular
Diseases: Lessons from Premature Aging Syndromes. Can J Cardiol. 2016;
32: 650-658.

Ramirez CL, Cadifianos J, Varela I. Human progeroid syndromes, aging and
cancer: new genetic and epigenetic insights into old questions. Cel. Mol.Life
Sci. 2007; 64: 155-170.

Citation: Spivak I, Mikhelson V, Pleskach S, Zakharchuk A, Smirnova T and Spivak D. Ageing

Markers in Primary Fibroblasts of Healthy Middle Aged Persons and their Psychological

Correlates: Review and Four Case Studies. SM J Neurol Neurosci. 2017; 3(2): 1012.

Crages.


http://www.pnas.org/content/112/33/E4556.short
http://www.pnas.org/content/112/33/E4556.short
http://www.pnas.org/content/112/33/E4556.short
https://search.proquest.com/openview/1db50cc03033d7df23b4f5b68ce2ecc4/1?pq-origsite=gscholar&cbl=44267
https://search.proquest.com/openview/1db50cc03033d7df23b4f5b68ce2ecc4/1?pq-origsite=gscholar&cbl=44267
http://science.sciencemag.org/content/220/4601/1055
http://science.sciencemag.org/content/220/4601/1055
http://www.bloodjournal.org/content/103/5/1635.short?sso-checked=true
http://www.bloodjournal.org/content/103/5/1635.short?sso-checked=true
http://www.bloodjournal.org/content/103/5/1635.short?sso-checked=true
https://link.springer.com/article/10.1023%2FA%3A1025548623524?LI=true
https://link.springer.com/article/10.1023%2FA%3A1025548623524?LI=true
https://link.springer.com/article/10.1023%2FA%3A1025548623524?LI=true
http://cancerres.aacrjournals.org/content/66/11/5582.short
http://cancerres.aacrjournals.org/content/66/11/5582.short
http://cancerres.aacrjournals.org/content/66/11/5582.short
http://cancerres.aacrjournals.org/content/66/11/5582.short
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1827.2006.02010.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1827.2006.02010.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1827.2006.02010.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1827.2006.02010.x/full
http://ascopubs.org/doi/abs/10.1200/JCO.2005.11.650
http://ascopubs.org/doi/abs/10.1200/JCO.2005.11.650
http://ascopubs.org/doi/abs/10.1200/JCO.2005.11.650
http://ascopubs.org/doi/abs/10.1200/JCO.2005.11.650
file:///D:/SM-Journals/SMJP/V2/2.1/I/v
file:///D:/SM-Journals/SMJP/V2/2.1/I/v
file:///D:/SM-Journals/SMJP/V2/2.1/I/v
http://science.sciencemag.org/content/293/5532/1074
http://science.sciencemag.org/content/293/5532/1074
http://www.jbc.org/content/282/7/4408.short
http://www.jbc.org/content/282/7/4408.short
http://www.jbc.org/content/282/7/4408.short
http://www.jbc.org/content/282/7/4408.short
http://www.sciencedirect.com/science/article/pii/S0092867407001845
http://www.sciencedirect.com/science/article/pii/S0092867407001845
https://search.proquest.com/openview/71dff7f2961f6d13ac72d4f5c0af2ac9/1?pq-origsite=gscholar&cbl=40569
https://search.proquest.com/openview/71dff7f2961f6d13ac72d4f5c0af2ac9/1?pq-origsite=gscholar&cbl=40569
https://search.proquest.com/openview/71dff7f2961f6d13ac72d4f5c0af2ac9/1?pq-origsite=gscholar&cbl=40569
http://www.pnas.org/content/100/20/11606.short
http://www.pnas.org/content/100/20/11606.short
http://www.pnas.org/content/100/20/11606.short
http://www.pnas.org/content/103/23/8703.short
http://www.pnas.org/content/103/23/8703.short
http://www.pnas.org/content/103/23/8703.short
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0124837
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0124837
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0124837
http://cancerres.aacrjournals.org/content/62/20/5980.short
http://cancerres.aacrjournals.org/content/62/20/5980.short
http://cancerres.aacrjournals.org/content/62/20/5980.short
v
v
v
v
file:///D:/SM-Journals/SMJP/V2/2.1/I/v
file:///D:/SM-Journals/SMJP/V2/2.1/I/v
http://mcb.asm.org/content/20/18/6970.short
http://mcb.asm.org/content/20/18/6970.short
http://mcb.asm.org/content/20/18/6970.short
http://mcb.asm.org/content/27/6/2343.short
http://mcb.asm.org/content/27/6/2343.short
http://genesdev.cshlp.org/content/16/5/533.short
http://genesdev.cshlp.org/content/16/5/533.short
http://genesdev.cshlp.org/content/16/5/533.short
http://www.pnas.org/content/101/24/8963.short
http://www.pnas.org/content/101/24/8963.short
http://www.pnas.org/content/101/24/8963.short
file:///D:/SM-Journals/SMJP/V2/2.1/I/v
file:///D:/SM-Journals/SMJP/V2/2.1/I/v
file:///D:/SM-Journals/SMJP/V2/2.1/I/v
http://postgenom.innoros.ru/sites/default/files/sbor.pdf#page=40
http://postgenom.innoros.ru/sites/default/files/sbor.pdf#page=40
http://www.mdpi.com/2073-4409/5/3/31/htm
http://www.mdpi.com/2073-4409/5/3/31/htm
http://jmg.bmj.com/content/53/11/776
http://jmg.bmj.com/content/53/11/776
http://jmg.bmj.com/content/53/11/776
http://www.pnas.org/content/95/10/5607.short
http://www.pnas.org/content/95/10/5607.short
http://www.pnas.org/content/95/10/5607.short
https://academic.oup.com/aje/article/167/7/799/84000/Telomere-Length-and-Mortality-A-Study-of
https://academic.oup.com/aje/article/167/7/799/84000/Telomere-Length-and-Mortality-A-Study-of
https://academic.oup.com/biomedgerontology/article/62/11/1199/673010/An-Analysis-of-Telomere-Length-in-Sarcoidosis
https://academic.oup.com/biomedgerontology/article/62/11/1199/673010/An-Analysis-of-Telomere-Length-in-Sarcoidosis
https://www.jstage.jst.go.jp/article/jrr/40/SUPPL/40_SUPPL_S45/_article
https://www.jstage.jst.go.jp/article/jrr/40/SUPPL/40_SUPPL_S45/_article
https://www.jstage.jst.go.jp/article/jrr/40/SUPPL/40_SUPPL_S45/_article
http://www.sciencedirect.com/science/article/pii/S0531556501002182
http://www.sciencedirect.com/science/article/pii/S0531556501002182
https://link.springer.com/article/10.1134%2FS1990519X12050112?LI=true
https://link.springer.com/article/10.1134%2FS1990519X12050112?LI=true
https://link.springer.com/article/10.1134%2FS1990519X12050112?LI=true
https://s3.amazonaws.com/academia.edu.documents/45615342/AdvGer1601013SpivakKOR.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1505729440&Signature=49QhK2fqElzQrVSBKLGPBO5z0Ow%3D&response-content-disposition=inline%3B filename%3DAdv_Ger1601013Spivak_KOR
https://s3.amazonaws.com/academia.edu.documents/45615342/AdvGer1601013SpivakKOR.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1505729440&Signature=49QhK2fqElzQrVSBKLGPBO5z0Ow%3D&response-content-disposition=inline%3B filename%3DAdv_Ger1601013Spivak_KOR
http://www.onlinecjc.ca/article/S0828-282X(15)01646-3/references
http://www.onlinecjc.ca/article/S0828-282X(15)01646-3/references
http://www.onlinecjc.ca/article/S0828-282X(15)01646-3/references
https://www.ncbi.nlm.nih.gov/pubmed/17131053
https://www.ncbi.nlm.nih.gov/pubmed/17131053
https://www.ncbi.nlm.nih.gov/pubmed/17131053

SMGre&up

63.

64.

65.

66.

67.

6

[oe]

69.

70.

7

[iy

7

N

73.

74.

75.
76.

77.

Copyright © Spivak D

Polubotko EA, Smirnova NV, Pleskach NM, Mikhelson VM, Spivak IM.
Premature Aging Syndrome in Ataxia Telangiectasia Patients. Cell and
Tissue Biology. 2009; 3: 491-496.

Kuranova ML, Pleskach NM, Ledashcheva TA, Mikhelson VM, Spivak IM.
Mosaic Forms of Ataxia Telangiectasia. Cell and Tissue Biology. 2015; 9:
53-63.

Spivak DL, Seilieva NA, Smirnova Yu. Psychological States in Longliver
Population of North-Western Russia and Polymorphisms of Angiotenzine-
transforming Ferment. Uchenyje Zapiski SPb GMU im. Akad. |.P.Pavlova.
2009; 4: 111-114.

Jacobs EG, Kroenke C, Lin J. Accelerated cell aging in female APOE-e4
carriers: implications for hormone therapy use. PLoS One. 2013; 8: 54.

Epel ES, Lin J, Dhabhar FS. Dynamics of telomerase activity in response to
acute psychological stress. Brain Behav Immun. 2010; 24: 531-539.

. Wolkowitz OM, Mellon SH, Epel ES. Resting leukocyte telomerase activity

is elevated in major depression and predicts treatment response. Mol
Psychiatry. 2012; 17: 164-172.

Skulachev VP. Naked mole rats and humans: highly social creatures
prolonging youth dy delay of ontogenesis (neoteny). Booklet of International
conference “Biomedical innovation for healthy longevity”. 2016; 118-119.

Spivak DL, Zakharchuk AG, Smirnova T, Yakupova G, Kupriyanova V, Spivak
I. Altered states of consciousness and longevity: psychology and genetics.
Consciousness re;ution: Transpersonal discoveries that are changing the
world. MIAPS. 2010; 286-293.

. Waaijer ME, Croco E, Westendorp RG. DNA damage markers in dermal

fibroblasts in vitro reflect chronological donor age. Aging (Albany NY). 2016;
8: 147-157.

. Kurgansky NA, Nemchin TA. Assessment of psychological activation, interest,

emotional activation, tension, and comfort. Practical Manual in General,
Experimental, and Applied Psychology. St/Petersburg, Piter. 2006; 309-314.

lovlev BV, Karpova EB, Vuks AYa. Scale for Psychological Express
Diagnostics of Neuroticization Level (NL). St.Petersburg, V.M.Bekhterev
Psychoneurological Institute. 1999; 19-34.

Wasserman LI, Ababkov VA, Trifonova EA. Stress Coping: Theory and
Psychodiagnostics. St.Petersburg, Rech. 2010; 128-138.

Romanova ES. Psychodiagnostics. St.Petersburg, Piter. 2006; 369-375.

Lazarus R. Psychological stress and the coping process. New York. McGraw-
Hill. 1966.

Folkman S, Lazarus RS. Manual for the Ways of Coping Questionnaire. Palo
Alto (CA), Consulting Psychologist Press. 1988.

78.

7

©

80.

81.

82.

8

w

8

N

8!

al

8

[}

87.

8

[¢¢)

89.

90.

9

s

9

N

Plutchik R. A general psychoe;utionary theory of emotions . Emotion: theory,
research, and experience; 1. NY, Academic Press. 1980.

. Kellerman H, Plutchik R. Emotion-trait interrelations and the measurement of

personality. Psychological Reports. 1968; 23: 1107-1114.

Kass JD, Friedman R, Lesserman J, Zuttermeister P, Benson H. Health
outcomes and a new index of spiritual experiences. Journal for the Scientific
Study of Religion. 1991; 30: 203-211.

Spivak DL, Gruzdev NV. Core religious experiences in cross-religious
research. Pluralisme et reconnaissance: Défis des particularismes et des
minorités Paris. IlIT France. 2008; 373-387.

Ludwig A. Altered States of Consciousness. Altered States of Consciousness.
NY. Anchor Books. 1969; 12-24.

. Gruzdev NV, Spivak DL. An exploratory investigation into the association of

neuroticization, cognitive style, and spirituality to reported altered states of
consciousness. The International Journal of Transpersonal Studies. 2006;
25: 56-61.

. Spivak LI, Bechtereva NP, Spivak DL, Danko SG, Wistrand K. Gender-specific

altered states of consciousness. The International Journal of Transpersonal
Studies. 1998; 17: 181-185.

. Dittrich A. The standardized psychometric assessment of altered states of

consciousness (ASCs) in humans. Pharmacopsychiatry. 1998; 31: 80-84.

. Quekelberghe R, Altstoetter-Gleich G, Hertweck E. Assessment schedule for

altered states of consciousness: a brief report. Journal of Parapsychology.
1991, 55: 377-390.

Gruzdev NV, Spivak DL. Basic factors of induction of altered states of
consciousness. Psikhologicheskiy Zhurnal. 2006; 27: 78-85.

. Gruzdev NV, Spivak DL. An exploratory investigation into the association of

neuroticization, cognitive style, and spirituality to reported altered states of
consciousness. The International Journal of Transpersonal Studies. 2006;
25: 56-61.

Spivak DL, Zakharchuk AG, Pavlov AE, Spivak IM. Religious psychological
aspects of ageing. Religiovedenie. 2007; 104-110.

Spivak IM, Khesina AA, Spivak DL. Ageing and Longevity at Cellular and
Organismic Levels: Impact of Psychological Factors. Saarbruecken, LAP
Lambert Academic Publishing. 2015; 118-123.

. Voitenko VP, Tokar AV. The assessment of biological age and sex differences

of human aging. Exp Aging Res. 1983; 9: 239-244.

. Voienko VP, Pisaruk AV. The systems-related preconditions of aging. lzv

Akad Nauk SSSR Biol. 1992; 4: 629-631.

Citation: Spivak I, Mikhelson V, Pleskach S, Zakharchuk A, Smirnova T and Spivak D. Ageing

Markers in Primary Fibroblasts of Healthy Middle Aged Persons and their Psychological

Correlates: Review and Four Case Studies. SM J Neurol Neurosci. 2017; 3(2): 1012.

=0


https://link.springer.com/article/10.1134/S1990519X09050125
https://link.springer.com/article/10.1134/S1990519X09050125
https://link.springer.com/article/10.1134/S1990519X09050125
file:///C:\Users\SMnew-3\Documents\Received Files\Kuranova M L, Pleskach N M, Ledashcheva T A,  Mikhelson V M, Spivak I M.  Mosaic Forms of Ataxia Telangiectasia. Cell and Tissue Biology.%202015; 9: 53-63 (= http:\pleiades.online\cgi-perl\search.pl%3ftype=abstract&nam
file:///C:\Users\SMnew-3\Documents\Received Files\Kuranova M L, Pleskach N M, Ledashcheva T A,  Mikhelson V M, Spivak I M.  Mosaic Forms of Ataxia Telangiectasia. Cell and Tissue Biology.%202015; 9: 53-63 (= http:\pleiades.online\cgi-perl\search.pl%3ftype=abstract&nam
file:///C:\Users\SMnew-3\Documents\Received Files\Kuranova M L, Pleskach N M, Ledashcheva T A,  Mikhelson V M, Spivak I M.  Mosaic Forms of Ataxia Telangiectasia. Cell and Tissue Biology.%202015; 9: 53-63 (= http:\pleiades.online\cgi-perl\search.pl%3ftype=abstract&nam
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0054713
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0054713
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2856774/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2856774/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3130817/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3130817/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3130817/
https://istina.msu.ru/publications/article/52861011/
https://istina.msu.ru/publications/article/52861011/
https://istina.msu.ru/publications/article/52861011/
https://istina.msu.ru/publications/article/52861011/
https://www.ncbi.nlm.nih.gov/pubmed/26830451
https://www.ncbi.nlm.nih.gov/pubmed/26830451
https://www.ncbi.nlm.nih.gov/pubmed/26830451
http://trove.nla.gov.au/work/10620075?selectedversion=NBD651535
http://trove.nla.gov.au/work/10620075?selectedversion=NBD651535
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1302079
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1302079
http://journals.sagepub.com/doi/abs/10.2466/pr0.1968.23.3f.1107
http://journals.sagepub.com/doi/abs/10.2466/pr0.1968.23.3f.1107
https://www.jstor.org/stable/1387214?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1387214?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/1387214?seq=1#page_scan_tab_contents
http://archive.fo/TA0v
http://archive.fo/TA0v
http://archive.fo/TA0v
http://archive.fo/TA0v
http://digitalcommons.ciis.edu/ijts-transpersonalstudies/vol17/iss2/11/
http://digitalcommons.ciis.edu/ijts-transpersonalstudies/vol17/iss2/11/
http://digitalcommons.ciis.edu/ijts-transpersonalstudies/vol17/iss2/11/
https://www.ncbi.nlm.nih.gov/pubmed/9754838
https://www.ncbi.nlm.nih.gov/pubmed/9754838
http://digitalcommons.ciis.edu/ijts-transpersonalstudies/vol25/iss1/5/
http://digitalcommons.ciis.edu/ijts-transpersonalstudies/vol25/iss1/5/
http://digitalcommons.ciis.edu/ijts-transpersonalstudies/vol25/iss1/5/
http://digitalcommons.ciis.edu/ijts-transpersonalstudies/vol25/iss1/5/
https://www.ncbi.nlm.nih.gov/pubmed/6667707
https://www.ncbi.nlm.nih.gov/pubmed/6667707
https://www.ncbi.nlm.nih.gov/pubmed/1452904
https://www.ncbi.nlm.nih.gov/pubmed/1452904

	Title
	Abstract
	Concept of Aging Markers
	Case studies
	Materials and methods
	Psychological profiles

	Ageing Markers and Discussion
	Conclusion
	Funding
	References
	Table 1
	Table 2

