GENERAL PAPERS

WHY IS EPIGENETICS IMPORTANT IN PAEDIATRICS?
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During the last decades, rudimentary observa-
tion indicates a fulminant boost in the incidence of
some formerly rare diseases. Explaining the genet-
ic origin confronts with the acknowledgement that
the genetic background of the populations is stable,
while the populations display major pathological
changes due to modifications of the living environ-
ment. An overall view of pathology places paediat-
rics at the beginning of a series of changes which
amplify during the lifetime. The global comprehen-
sion of the age pathology is burdened by the divi-
sion into branches of the medical profession, result-
ing from the enormous quantity of information of
each specialization, each of them with a well-de-
fined area and (often) without overlapping other
fields of study. The epigenetic approach blurs the
formal borders set by the separation into branches
and age distribution, starting from the reality of a
biological continuity from the embryonic stage to
death. In order to adequately understand the dy-
namic functioning of the genes, we believe it is
necessary to include a glossary of epigenetic terms

.

Epigenetics

Epigenetic is a branch of genetics which studies
the alterations of the phenotypical traits induced by
environment through the reversible change in gene
functions, without modifying the DNA sequences.
Epigenetic regulation is mediated by DNA meth-
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ylation, physical changes in the structure of the
chromatin and by the action of the not coded RNA
molecules.

Chromatin

The complex formed by DNA and histones which
comprise chromosomes representes the chromatin.
Condensed chromatin (heterocromatin), in which
DNA and histones are tightly packed, blocks the ac-
cess of transcription factors to gene expression. The
open chromatin conformation allows transcriptional
factors to access DNA and to initiate the transcription.

DNA Methylation

Methylation of the DNA is the binding of the
methyl group to position 5 of the cytosine pyrimidine
(O) ring of a cytosine-guanine dinucleotide (CpG), re-
action catalysed by DNA metyl-transferases (DN-
MTs). DNA methylation is an epigenetic process de-
cisive for the repression of transcription through
interrupting the binding of transcription factors.

Histone Modifications

Histone Modifications take place in areas specif-
ic through acetylation, methylation and other pro-
cesses. They modulate gene expression via changes
in chromatin structure. Like the DNA methylation,
histone modifications are dynamic and actively reg-
ulated by a host of catalytic enzymes.
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Genomic Imprinting

An epigenetic process through which only a sin-
gle allele from one of the parents is expressed rep-
resents the genomic imprinting. It is a fundamental
process for growth and development.

Epigenetic Inheritance

The genetic information mostly transmits from
parents to children through the genetic code, but
some epigenetic characteristics also maintain and
pass from one generation to the next.

Alleles

Alleles are genes located on chromosomes, each
gene occupying a locus. In loci set in the same posi-
tion on the homologous pair of chromosome, they

may be identical versions of the gene (homozygous
organism) or different DNA sequences-alleles
(heterozygous organism). (Fig. 1)

The way in which gene differently express,
without DNA sequence alteration, is determined by
their functional changes through DNA methylation,
histone and microRNA modifications, the genetic
background being regarded as the “hard” compo-
nent and epigenetics “the soft” part. The epigenetic
factors are a form of cellular memory obtained as a
response to environmental variations and may in-
fluence the way and the duration of gene expres-
sion through an apparently simple mechanism of
the “turn on” or “turn off” type. Three main an-
swers can be given to the question in the title:

1. Because it calls attention to the importance of
fetal development and childhood in the source of
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some conditions which manifest during adulthood
and old-age;

2. Because it argues that some of the parents’
features are transmited to descendants through the
memory of gametes, without the alteration of DNA
sequence;

3. Because it emphasizes the permanent reorga-
nization of cellular functioning and the way in
which the environmental influences (nutritional,
toxic, lifestyle) make a mark on pathology.

In recent years, genetic research (see GWAS-
Genome-Wide Association Studies) has identified
genes or genetic variations which are the basis of
some diseases with complex transmission. The
evolution of GWAS studies regarding the role of
genetic factors in the development of some condi-
tions was based on the association between genome
variations and their phenotypic counterpart in pop-
ulations. The “common disease”, “common ver-
sion” hypothesis states that adult common illnesses
may be attributed to some allelic variants of com-
mon risk, present in at least 1-5% of the population.
Nevertheless, the inborn character of complex adult
disease was proven only in a relatively small
amount (25%). The decisive role of some genetic
variants in common obesity, arteriosclerosis, type 2
diabetes is not convincingly backed up by statisti-
cal data, that is why the paradigm shift regarding
the pathogenesis of these diseases has imposed a
new component, the epigenetic one. Can epigen-
tics, this new branch of genetics, offer explanations
for some diseases that start in the intrauterine life
and manifest themselves in adulthood? Can paedi-
atrics be a key field in finding solutions to the epi-
demic development of some modern age diseases?
Epigenetics explains the way in which the zygote
that develops in over 220 cell types with the same
DNA differentiates in cells and organs with differ-
ent structure and functions. For most of the authors,
the term of epigenetics refers to the epigenetic in-
heritance, i.e. to the transmission from one genera-
tion to the next of changes in gene expression, trig-
gered by different stimuli. The epigenetic variations
manifest in all life stages, being permanent modu-
lators in response to toxicants, infections, changes
in nutritional intake, carcinogenic noxae, socio-
emotional interactions (3). We are going to present
some areas of pathology in which the epigenetic
changes are at the forefront. Acute and chronic in-
fections, allergic ailments, malignant diseases and
adult metabolic conditions show a significant epi-
genetic dimension. The above-mentioned diseases
in which epigenetics contributes to understanding
of pathogenetic mechanisms may benefit from new

therapies, some of which are already being imple-
mented.

1. Epigenetic changes produced by bacterial and
viral infections

Pathogenic germs adapt to their hosts and have
the ability to interfere with the cellular and tissular
processes, in a cell-to-cell war after surpassing the
immune defence systems. The microbial manipula-
tion of epigenetic mechanisms caused by intracel-
lular parasites allowed these to develop numerous
ways of taking substrates so as to complete their
life cycle and to avoid the host’s immune responses
(4-6). The Helicobacter pylori (Hp) infection trig-
gers an inflammatory process that may lead to
chronic gastritis, gastric or duodenal ulcer. Chronic
inflammation is followed by changes in the mucosa
and sometimes malignization. Hp virulence factors
are VacA and CagA cytotoxin. CagA oncoprotein
acting in the gastric epithelial cells induces uncon-
trollable cell proliferation and chromosomal insta-
bility. Epigenetic changes related to carcinogenesis
include both global genomic hypomethylation and
hypermethylated regions which comprise tumor
suppressor genes (4). Mycobacterium tuberculosis
and other intracellular pathogens have developed
numerous epigenetic mechanisms which inhibit
IFN-y secretion and immunity-related gene tran-
scription. Some bacterial species, among which we
mention Shigella flexneri, Escherichia coli, Chla-
mydia pneumonia, are capable of producing epi-
genetic changes in human cells. Through their ef-
fector molecules, hepatitis viruses unbalance the
progression of the cell multiplication cycle, and
through their oncoproteins, produce global DNA
hypomethylation, a phenomenon widely spread in
neoplastic cells. Hepatocellular carcinomas of dif-
ferent viral etiology distinguish through a unique
epigenetic “signature”, specific viral (4).

2. Epigenetic changes in allergic diseases

The alarming rise in the incidence of some al-
lergic conditions such as asthma, allergic rhinitis
and eczema, was linked to environmental and life-
style changes, suggesting that the functioning of
the immune system is significantly influenced by
them. Although the genetic component of asthma
seems obvious in epidemiological studies, so far
there has not been any focus on specific genes or
the suggested genes have shown a variation in pop-
ulation. Recently, GWAS (Genome-Wide Associa-
tion Studies) made possible the identification of
some genes involved in inborn and adaptive im-
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mune response (7). The input of epigenetic mecha-
nisms in allergic diseases was proven in clinical and
experimental studies. They regard the fetal stage,
significant in immune development, the differences
in the expression of some genes in allergic diseases,
the epigenetic regulation of immune development
and the factors that modulate the allergic risk via an
epigenetic way. Studies on asthmatic patients and
monozygotic twins discordant for asthma shed light
on aberrant DNA methylation, histone modifications
with the programming of T cell responses and other
immune parameters as early as the intrauterine life
stage (8-10). These changes will determine the risk
for asthma and the severity of this disease in the later
life stages. Although there is a strong connection be-
tween the genetic background and asthma, a study
on monozygotic twins discordant for asthma has
shown significant differences concerning the epi-
genetic changes (DNA methylation) of T cells for
those affected by disease compared to non-asthmatic
twins (11). (Fig. 2)

Metabolic programming in children

The first indications that the intrauterine envi-
ronment in which the foetus develops has an im-
portant influence on health and survival date from
the 90s. Correlations have been established be-
tween the low birth weight and later evolution to-
wards obesity, HT, type 2 diabetes, cardiovascular
diseases (12). Numerous studies involving scores
of thousand of subjects have reached the conclu-
sion that nutritional deficiency during pregnancy or
noxae acting on the foetus during critical develop-
mental periods result in the formation of an eco-
nomic phenotype (i.e. programmed to consume
less). Premature babies, small for gestational age or
only affected by maternal nutritional restrictions
during pregnancy, will later develop (sometimes
from the adolescence) metabolic diseases that de-
fine adult or old age pathology. Under the name of
fetal origins theory (13), the predictive adaptive re-
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FIGURE 2. The decrease of proteins involved in effector T cells (Teff) and regulatory T cells (Treg)

in monozytotic twins discordant for asthma.

A) FOXP3 expression (the protein involved in immune response regulates the development/
function of Treg cells); B) The level of FOXP3 protein extracted from Treg cells;
C) The level of IFN-y protein extracted from Teff cells after Runyon et al, 2012 (9)
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sponse (14,15) or the developmental origins of
health and disease (16,17), are gathered clinical
and epidemiological experimental data, which fol-
low the installation stages of adult metabolic pa-
thology and the molecular substrate of these modi-
fications. A good example of the tardy effects of
pregnancy malnutrition was represented by the
famine age in Netherlands during World War II,
when the effects of the fetal nutrition deficiencies
were obvious in the adult pathology 50 years later
(18). (Fig. 3)

The implications of intrauterine malnutrition
have a major significance on the pahtology of wide
geographical areas. Yajnick et al (19), taking into
account that Indian babies are on average smaller
than the European ones, has shown that their adi-
posity and hyperinsulinemia are present at birth.
Comparatively, a group of 157 Indian babies weigh-
ing on average 2,800 g, compared to 3,475 g in
England, had higher insulin concentrations in the
umbilical cord than the control group (34.7 pmol/l
VS 20.8 pmol/l). Wang et al (20) have studied a
cohort of children; some of them were full term ba-
bies and others with different degrees of prematu-
rity. Plasma insulin levels were 2 times higher in
babies with advanced prematurity compared to the
full term babies and they maintained at a high level
afterwards. Paradoxically, macrosomic babies or
those with diabetic mothers have a pathologic tra-
jectory convergent with those of premature babies
or “small for the date” through the rise of plasma
insulin, obesity and metabolic disease in adoles-
cence and adulthood. Marceau et al (21) have com-
pared the weight of children born before the mater-
nal bariatric surgery in 783 obese women with
other children delivered by women who went
through the same type of surgery. From the 166
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children born after surgery only 7.7% had fetal
macrosomia compared to 34.8% in the maternal
group which did not undergo this surgical proce-
dure. These data have shown the relevance of ma-
ternal metabolic offer for fetal metabolism and its
effects on the next generation, without the interfer-
ence of some genetic factors. Changes in maternal
and fetal metabolism contribute to programming of
intrauterine development; this program structures
the functioning of the organism in later life. Taking
into account the growth rhythm of obesity in chil-
dren in our country, we can expect negative effects
on future generations.

4. Epigenetic modifications in behavioral and
psychiatric disorders

The intervention of epigenetic processes in psy-
chic processes is conditioned by family, social and
environmental factors. Experimental research has
shown that newborn animals carefully nursed by
their mothers during the first week of life display
modifications of gene expression at the cortical
level and low responses to stress. These durable re-
sponses are different from those of the neglected
babies that will disproportionately react to the ag-
gressive environmental factors. Similar changes
were distinguished among abused and neglected
children, due to epigenetic modifications of the
glucocorticoids in the hippocampus (22). Signals
from the social environment contribute to the con-
tinuous remodeling of neuronal functions through
the epigenetic apparatus, the processes of DNA
methylation and chromatin configuration being ac-
tive and dynamic during life (23). Unlike genetic
mutations, cellular memory induced through epi-
genetic way is reversible, as shown by the evolu-
tion of modifications of obsessive/compulsive type,
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FIGURE 3. The structure of adult pathology of over 50 according to intrauterine
malnutrition period during pregnancy, Netherlands 1944-1945 after Boekelheide et al

2012 (18)
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of depression or panic attacks (24). For the latter,
modification in the emotional context, cognitive
behavioral therapy and physical exercise contribute
to the change of the metylation stage of some genes
(e.g. monoamine oxidase [MAQO]) and to the differ-
ent expression of these (25).

The epigenetic transgenerational transmission

The installation of elements of the metabolic
syndrome such as obesity and type 2 diabetes may
constitute additive effects during many generations
(26). Studies for more than 100 years on some
Swedish families have shown that men who had
wide access to food products during prepubertal
age had grandchildren with high death risk of type
2 diabetes. Other studies have shown that mortality
caused by diabetes and cardiovascular disease was
influenced by the nutritional state of parents and
grandparents. These studies support the idea that
there is a life environment memory transmitted
through gametes and reflected in the metabolic dis-
orders of the descendants (27,28). It was long
thought that epigenetic modifications during life-
time are erased during gametogenesis, i.e. the sper-
matozoid and ovule will not bear the epigenetic
experience acquired by the genitor. However, cur-
rent data show that epigenetic markers are not fully
disposed of at the passage between generations,
and, as elements from the predecessors’ experi-
ence, may pass to children, grandchildren and their
descendants. Transgenerational epigenetic inheri-
tance results in the formation of phenotypes in suc-
cessive generations, as a result of epigenetic modi-
fications transmitted through gametes (28). The
preservation of the data offered by environment
may be a functional adaptation mechanism but also
a source of metabolic disorders. Some of the nu-
merous examples of epigenetic transmission come
from the experimental research in which nutritional
imbalances from the first generation are sources of
obesity, insulin resistance, type 2 diabetes and arte-
riosclerosis for the next generations (29-31). Trans-
generational epigenetic inheritance erases the de-
marcation between the transmission based on DNA
sequences and epigenetic transmission and, al-
though it is another controversial notion, it changes
the belief that complex chronic diseases are fully of
genetic origin (31-33). The final destination of
these studies consists in public health policies
which have to cope with a wave of rapid changes in
the nutrition and pathology state in different parts
of the world (34).

Epigenetic information sources for the medical
practitioner

In the absence of some widely available investi-
gations of epigenetic markers, knowing some pa-
rental factors involved in the epigenetic pathology
is useful. The main maternal factors linked to epi-
genetic pathology are: weight (BMI), excessive
weight gain during pregnancy, age, smoking, nutri-
tional restriction/excess, diabetes, HT, preeclamp-
sia, asthma, allergic diseases, psycho-social stress,
depression, traumas, professional/environmental
exposure to chemicals (35). A series of factors with
effects on adult pathology can be easily identified
from neonatal period. Among these we mention as
alarming factors: weight for gestational age (small
for gestational age), prematurity, macrosomia, toxi-
cants in neonatal period (35). Prophylactic ap-
proach, the cheapest therapy, is widely accessible.
Is it possible that diet changing and elimination of
weight excess of future mothers could have a long
term influence on phenotype and the baby’s health?
Clinical trials have shown that after drastic de-
crease of obesity due to bariatric surgery maternal
metabolic reprogramming and the decrease of child
obesity have occurred. Obesity control on popula-
tion level has proven a failure. In order to acquire a
nutritional balance, a series of objectives have been
set, among which we mention:

1. Nutritional approach of women in the peri-
conceptional period through sanitary education for
supporting fetal health;

2. Stimulation of natural nutrition;

3.Introduction of some elementary notions
about adequate nutrition and its importance in the
school curriculum;

4. Widespread insertion of sport and physical
exercise into the education system;

5. Development of some governmental policies
for consumers’ protection regarding the trade of
some high-fat and high carbohydrate content foods
and high in salt foods through warning, differential
labeling and permanent information. It is important
that epigenetic flexibility allows the body to adapt
rapidly to environmental fluctuations and this dy-
namic process can be influenced.

Epigenetic therapy

Some nutrients or food supplements have a bio-
logic impact due to their intervention in the recov-
ery of the epigenetic balance. Suggestion has been
made that there are effects of polyphenols con-
tained by green tea and red wine on diet regarding
their antitumoral activity. (Table 1)
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TABLE 1. Nutritional nutrients/supplements with epigenetic
effects partially after Szyc et al, 2015 (36)

Nutritional frame | Effectors

Folate, choline, vitamin B12, methionine,
betaine, serine, glycine

DHA, EPA, ARA, butyrate

Vitamin D, vitamin C, retinol, tocopherols

Phyto-derivatives | Resveratrol, curcumin, polyphenols,
genistein, soy isoflavones

Methyl donors

Fatty acids
Vitamine

The most significant promise of epigenetic ther-
apy is connected to cancer. It was believed that can-
cer inception is caused by the accumulation of ge-
netic abnormalities due to mutations, deletion,
translocation processes, which allow the develop-
ment and proliferation of malignant cells. More-
over, there have been noticed epigenetic disorders
through DNA methylation, histone modifications
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