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Abstract

Genes (nucleotid sequences of DNA) determine the structural and functional capacities of a cell (organ, organism) nevertheless epigenetic factors determine the
arrangements and manifestation of the program. The program is present from the time of birth however, it is continuously changing by rearrangements of the
methylation pattern of DNA promoters and histones, which is named reprogramming. An outstanding period of reprogramming could be the adolescence (puberty),
when the methylation pattern is autonomously changing (hormonal imprinting) however, the sensitivity for the acceptance of outer impacts (faulty imprinting) is
also growing, enhancing reprogramming, which became valid for life. The faulty imprinting whether caused perinatally or pubertally lifelong changes the reaction and
response of the imprinted cells or organs, as from the time of reprogramming the new program will be executed. In this new program could be present the change of
metabolism which provokes obesity and type 2 diabetes. This means that pubertal interactions by medicaments as well as psychical stress can influence later health
events similar to perinatal ones. Infectious diseases seem to be exceptions however these also can be touched indirectly (because of the alteration of the immune system.

Genes are determining the morphology and function of cells
(organs and organ systems) however, the time of function and
interrelations between the cells (organs) is determined epigenetically,
first of all by the strength and pattern of methylation of genes (and
modifications of histones). This means that there are genes which
are strongly expressed (as hypomethylated) and others are silenced
by hypermethylation. The function and methylation pattern of
the genes seems to be arranged already at birth however, it can be
rearranged continuously during the course of life and there are
life (developmental) periods (perinatally, at weaning, at puberty,
at aging) when the rearrangement (reprogramming) is inevitable.
This reprogramming is made by methyltransferase and demethylase
enzymes by the inserting or removal of methyl groups to or from the
specific sites of DNA, as well as histones (CpG sites of DNA and lysine
and arginine residues of histone tails [1].

Normal and faulty hormonal imprinting

The meeting of hormone receptor and its target hormone provokes
the response of the cell in which the function of the cell is manifested.
The coordination of these responses ensures the normal life functions
of the organism given. This normality is not present at birth however
it is evolved during the early life, when the developing receptors and
their target hormones meet each other. This process is named hormonal
imprinting [2,3] for which the synchronous presence of receptor and
the target hormone is needed in the suitable quality and amount. In
the possible time of imprinting the developmental window is open
and molecules similar to the physiological imprinter also can be
discovered (bound) by the developing receptor which could lead to
faulty hormonal imprinting. The faulty imprinters could be relatives of
the physiological hormones (members of the same hormone family),
synthetic hormones or natural or man-made hormone-like molecules
(endocrine disruptors), medicaments etc. The imprinting is absolutely
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needed for the later normal function of the receptor hormone complex
and valid for life. However, if the imprinting takes place with a related
molecule (faulty hormonal imprinting) late manifested problems arise
(in adult age) showing inclination to diseases, manifestation of diseases
or only alterations in the function of receptor-bearing cell or organ.
This can be observed in animal experiments [4,5] (in case of hormonal
imprinting) and human observations (comparative statistical analysis
(in case of DOHaD [6]). This made accepted that developmental
adversity when even without manifestation of a disease (according
to the faulty imprinting concept) or with appearance of it (in case of
DOHaD theory) provokes later expression of diseases.

The DOHaD theory is pertained to the perinatal provocation
and adult manifestation, nevertheless the faulty hormonal imprinting
concept includes all of the reprogramming periods and outstandingly
the adolescence (puberty), when faulty imprinters can provoke
such changes in the developmental program, which are manifested
later, causing alterations in any time of life. As faulty imprinting is a
functional teratogen [7], the result of teratogenicity can be observed
and endured at any period of life. However, in contrast to the DOHaD
theory, faulty imprinting can also be provoked in any period of the
outstanding sensitivity of reprogramming, first of all in the time of
adolescence (puberty) and this means that the hypersensitive period
of developmental reprogramming is longer than it was believed earlier,
and especially in case of certain systems (e.g. in case of the immune
system) could be even lifelong. Consequently, it is the time to study the
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late impact of different adversary factors form this point of view during
puberty, the longest and most sensitive reprogramming period.

Facts (referred by PubMed) on the late (adolescent)
imprinting (reprogramming)

Animal experiments

Single vitamin D3 treatment (50 ug) of 6 weeks old male rats
decreased thymic glucocorticoid receptor density of adults [8]. In
females the treatment was ineffective. Retinoid (retinol or retinoic
acid) treatment (imprinting) of adolescent rats decreased testosterone
level in adults however, progesterone level remained intact [9]. Uterine
estrogen receptors and thymic glucocorticoid receptors were imprinted
with structurally steroid-like benzpyrene in adolescent age and females’
later receptor density were durably decreased [10]. In addition the
effect was transgenerationally inherited.

Pubertal serotonin imprinting was done and not only the receptors
were influenced durably (in adults) but also the hormone synthesis
(serotonin content) in blood cells [11].

The chemically related pituitary hormones, gonadotropins (FSH and
LH) and thyrotropin overlap in each others receptors in the perinatal
period however, and similarly in early adulthood (adolescence)
provoking hormonal imprinting for each other [12].

The anabolic steroid nandrolone treatment during adolescence
decreased the number of glucocorticoid and estrogen receptors,
similar to the neonatal effect [13]. Anabolic steroid treatment during
adolescence causes cardiac hypertrophy in adult rats [14].

The environmental pollutant aromatic hydrocarbon, benzpyrene
provokes imprinting in rats’ steroid hormone receptors during
adolescence. Bisphenol-A exhibit depressive-like behavior with
neurotransmitters and neuroactive steroid dysfunction [15].
Phytoestrogens (as e.g. genistein in soy) can influence the function of
immune cells in any stages of life [16].

The results demonstrate that adolescent influences also can
imprint, similar to neonatal ones, however there are scarce human
data and also not known what is the situation in the time between
birth and adolescence, except weaning, which is also a hypersensitive
period: at weaning binding capacity of liver glucocorticoid receptors
was enhanced by the (histamin and serotonin receptor blocker)
antidepressant mianserin, whilst vitamin D3 and benzpyrene elevated
receptor density [17] and brain serotonin and cerebrospinal fluid
nocistatin levels in adult rats after treatment at weaning [18]. Stress
(water and food deprivation, for two days at weaning) caused 5HT
and 5-HIAA levels of 5 brain regions and sexual activity decrease [19].
Serotonin content of white blood cells and mast cells were influenced
by late (adolescent) imprinting of benzpyrene [20]. Histamine content
of blood lymphocytes and glucocorticoid receptor density of liver cells
were durably decreased by terfenadine imprinting at weaning [21].

Sex-specific endocrine disrupting effects were demonstrated by
endocrine disruptors (bisphenol-A and polychlorinated biphenyls [22]
given in early adolescence and manifested in altered neurodevelopment.

Human observations

Endocrine disruptors (phtalates, parabens and phenols) were
associated with altered pubertal timing [23]. Early pubertal maturation
were associated with later cardiovascular risk [24]. Late pubertal timing
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were associated with increased adult risk of bone fractures in men [25]
and women [26].

Studies in man demonstrate that sexual maturation is influenced
by endocrine disruptors [27,28] Peripubertal exposure by the
antiandrogenic fungicide, vinclozolin delays puberty. Phtalates, in
general and especially bisphenol-A caused later puberty in girls and
earlier puberty in boys [29].

Later menarcheal age were associated with increased risk of
osteoporotic fracture [30]. Earlier menarcheal age was associated with
asthma [31]. The mean menarcheal age was 15.5, each additional year
of menarche was associated with 15% higher risk of hypertension
especially among females in early adulthood [32]. Pubertal trauma
were associated with cardiovascular risks in adults [33-35]. Adolescent
antisocial behavior was associated with later poor health [36].

Active or passive smoking promotes late manifestation of asthma
[37]. Similar effects were observed in case of father’s smoking during
early adolescence [38]. Passive smoking during puberty causes asthma
in adults [37].

Transgenerational effects

Environmental toxicants cause epimutations, specific disease
susceptibility which is transmitted to progenies [39,40]. Pubertal
benzpyrene imprinting was transgenerationally transmitted to the
offspring generations [10].

Discussion

The data collected in Facts are only selections however, seems to be
enough to justify that faulty hormonal imprinting at adolescence causes
similar effect to perinatal one and this is not surprising considering
that the sensitivity to different factors and traumas is very high in
this period. Puberty was always renowned to the chaos in the brain,
which create occasion to different interventions, among them faulty
imprinting, which reprogram the perinatally fixed epigenetical system.
The epigenetic reprogramming could be manifested in confirmation of
the original program (hormonal imprinting) or lifelong alteration of the
original program, which is named faulty hormonal imprinting. In this
latter case enhanced inclination to diseases, or manifestation of diseases
can be observed, similar to those which is provoked after perinatal
imprinting. This means that not the time of action is important and
responsible for the event (reprogramming) but the developmental state
of the target. Although puberty is very sensitive, other periods or cells
in any periods can be targets of faulty imprinting, especially in such
systems, which are in continuous transformation, e.g. the immune
system. Nevertheless, puberty is the period in which more cells could
be targets of reprogramming than any other, less transformable state
of life.

The perinatal period is more controlled and more observed than the
pubertal one. Perinatal alterations are better registered and controlled
than pubertal ones, considering the already mentioned chaos in the
teen-agers brain, so human observations are less confidential. However,
animal experiments do not show important differences between the
perinatal and pubertal harmful effects of faulty imprinters, what means
that puberty is similarly dangerous from the aspect of faulty imprinting
(and also of DOHaD), than the perinatal period. However there is an
important difference: the length of impact in case of pubertal faulty
imprinting is shorter, as the imprinting is taking place later in the
course of life.
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The name given by us: POND shows that pubertal imprinting is
applied to non-infectious diseases. This does not mean, that its results
are not manifested in case of infectious diseases. Considering the
outstanding sensitivity of the immune system to POND the effect could
be indirectly manifested in infectious diseases.

Present state and perspectives

As it was mentioned, diabetes (and in connection with it),
obesity is one the most important diseases which is registered as a
consequence of DOHaD (developmental origin of health and disease).
It is also known that since 1980 the global obesity has doubled and
cardiometabolic diseases (e.g. type 2 diabetes and heart diseases are
also increasing [41]. This means that the troubles of the epigenetic
regulation (reprogramming) must be considered when the personal or
social problems caused by diabetes are discussed. In 2013 about 382
million people had type 2 diabetes globally and this is equal to 8.3% of
the world’s adult population [42,43]. Diabetes is the 8" leading cause
of death (with equal rates in both women and men). Approximately
8% children and about 26% young adults have diabetes mellitus in
the world [42]. The prevalence of typel diabetes has been continously
increasing by 2-5% annually worldwide and in the US is one men in 300
by 18 years of age. In addition, this not only a health-problem, but also
an economic burden: in the US the cost in connection with diabetes, at
2017 reached $404 billion, this means $1240 burden for each American
[43]. Diabetes has become a major health problem also to developing
nations [44] Considering the enormous amount and variety of man-
made new chemicals, which are endocrine disruptors, consequently
functional teratogens [7] the stop or decrease of the present increase
of diabetes is not to be expected. This seems a pessimistic opinion
however, in the light of animal experiments it is realistic, which requests
administrative interventions [45,46].

The impact of perinatal faulty imprinting (DOHaD on the late
manifested non-communicable diseases seems to be cleared, at the
same time there are scarce data on pubertal imprinting, first of all
animal experiments are at our disposal. However, if we know that
the possibility of faulty imprinting is dependent on the openness of
developmental window for imprinting, it seems likely (almost sure),
that in this critical period of development also can be provoked for
diabetes and other metabolic disorders.

Conclusions

As faulty imprinting could be manifested in DOHaD, caused by
some harm during the perinatal development and manifested later, in
adults, puberty is also sensitive to imprinters which reprogram cells
(organs), and the reprogramming could cause manifestation of diseases
later, in adults. The pubertal origin of non-infectious diseases (POND)
seems to be as dangerous as its perinatal partner and this possibility has
to be calculated when the personal origin of a non-infectious disease
seems unknown. The importance of knowing on the pubertal faulty
imprinting is that while during the perinatal period the developing
person is under familiar (maternal) control, in case of puberty it is
under the supervision of a chaotic brain (of the teen-ager), which allows
or requests the use of e.g. illicit medicaments (drugs), which disturb the
normal reprogramming.

Pubertal faulty imprinting is trans generationally inherited, similar
to perinatal one [47-50]. This also increases the enormously growing
number of diabetics in our present and future.

The outstanding role of pubertal faulty imprinting does not mean,
that reprogramming does not happen in any other periods of life.
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The sensitivity for reprograming is also strong during and around
weaning as well, as in any periods of life of cells or systems (even during
elderlies), which is in the stage of differentiation, and this call attention
to the vulnerability of the immune system, the consequences of which
can (directly) influences the expression of metabolic diseases and
(indirectly) touch also the infectious diseases.
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