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Introduction
Actually, genetic and genomic science is redefining the understanding of the con-

tinuum of human health and illness [59].
The health definition has evolved over time, at the same time with the development 

of biology and medicine as has its measurement. Because health cannot be measured 
directly, a number of variables have been used as indicators of the concept of health. 
Prior to the mid-1900s, negative indicators such as mortality and disease rates were 
used with the idea that the lower the rate, the healthier the population. Mortality or 
morbidity rates continue to be used as broad indicators when comparing populations 
such as infant mortality rates or rates of specific diseases. However, a view of health 
as something much broader than the mere absence of disease has led to an evolution in 
thinking about the framework for health determinants [26].

A report by the Institute of Medicine in Washington (1999) reported explored core 
concepts of health, proposing a model of determinants that illustrated how individual 
characteristics (biology and life course, lifestyle and health behavior, illness behav-
ior, personality and motivation, and values and preferences) and environmental char-
acteristics (social and cultural, economic and political, physical and geographic, and 
health and social care) influence health-related quality of life (symptoms, functional 
status, health perceptions, and opportunity)  [30]. Kaplan and colleagues [35] proposed 
a framework that “builds bridges between levels rather than attributing primary im-
portance to one level or another.” Their multilevel approach to health determinants 
includes pathophysiological pathways, genetic/constitutional factors, individual risk 
factors, social relationships, living conditions, neighborhoods and communities, insti-
tutions, and social and economic policies as the major forces that affect health [26].

Thereby, health is determined by several factors including genetic inheritance, per-
sonal behaviors, access to quality health care, and the general external environment 
(such as the quality of air, water, and housing conditions). In addition, a growing body 
of research has documented associations between social and cultural factors and health 
[5, 44].

The urgency of health problem is also conditioned by the fact that, till now, the 
„health” phenomenon’s definition itself has not been clarified by science and contem-
porary medicine continues to maintain the nosologic direction. In 2013, Furdui and Ci-
ochina proposed a comprehensive definition of the human organism’s health, reflected 
through the prism of the most important features [65]. According to this definition after 
its recent review, integral human health is a complex multi-dimensional integral struc-
tural, metabolic, informational, physiological, mental and social state of the human or-
ganism, wherein its structural, metabolic, informational and physiological matrices are 
reproduced in ontogenesis according to the organism’s genetic development program 
through the interaction with intrinsic and extrinsic factors: I) in the antenatal period, 
at the zygote formation stage – that of gametes, at the embryo  stage - that of cells and 
tissues, at the fetus stage - that of tissues and organs; at the stages of zygote, embryo 
and fetus as integral systems - with the maternal organism; II) in the postnatal period – 
that of the child with the parents, the environment, and the lifestyle, actions that cause 
the genetical, physiological and psychological potential’s externalization and that: 1) 
take place in the phylogenetically determined limits of intensity, inter-coordination and 
integrity of the informational, structural, metabolic and physiological processes, of or-

Human and Medical GeneticsHuman and Medical Genetics



31

Journal of ASM. Life Sciences. No. 2(326) 2015 Human and Medical GeneticsHuman and Medical Genetics

ganogenesis, of the genesis and functions manifestation of organs and vital systems, 
of the activity level, rhythmicity, autonomy, their coordination, and 2) ensure a) the 
achievement of physiological, psychic and social needs at the level, generating sensa-
tions of satisfaction, b) perception and identical reflection of the organism’s internal 
and external environment, c) adequate orientation in the environment and adaptation to 
it, d) conscious and creative realization of daily activities and self-defense, e) opposi-
tion to own and others’ intentions and actions, that may harm the person oneself, the 
society or nature, f) lack of pain sensation, g) reproduction of sanogenic offspring.

This definition is based on the fact that integral human health is determined by 
interrelations between genetic and environmental factors, and the genetic factor consti-
tutes the basis of the organism’s sanogenicity development.

Till now, human genetics have included only research regarding the manifestation 
of hereditary characters or different diseases and no data which would include genetic 
health determinants have been obtained. Therefore, the existing data as well as the 
well-established genetic regularities will be used to elucidate the genetic bases of hu-
man health.

Nowadays, the importance of genetics is well recognized in single gene related 
disorders, where mutation to a single gene results in the expression of clinical disease. 
The inheritance of common diseases is usually polygenic and disease outcome is also 
dependent on environmental factors [20].

The progress in genomics demonstrate immense promise in early prevention, char-
acterization and prognostication for „many Mendelian diseases for sure, but potentially 
for chronic diseases as well” [37, 53]. Genomic medicine, one aspect of personalized 
medicine, „is a way to customize medical care to your body’s unique genetic makeup” 
[22].

Traits determined by a single gene or allele are rare in human beings [21]. The vast 
majority of human diseases (e. g., cancer, heart disease, and diabetes) are complex 
traits affected by a large number of genes [13, 51]. Likewise, almost all human traits of 
interest to social scientists are complex, such as personality, cognition, motivation, and 
health behaviors. These traits are likely the consequence of many genetic and environ-
mental factors, as well as interactions among them [27, 39, 38]. Therefore, it is impor-
tant to incorporate multi-genetic and multi-environmental factors in gene-environment 
interaction (G x E) research on complex social outcomes [43].

Typically, understanding the genetics of human health begins with the identifica-
tion of genetic variants associated with specific diseases. Epidemiologic studies play a 
key role in identifying these associations. Assigning causality can be difficult, however, 
because of the multifactorial nature of most diseases. Even when a genetic mutation 
conferring increased risk is present, health outcomes may be influenced by a variety of 
environmental exposures, behaviors, and other genes, and interaction among some or 
all etiologic factors may occur [42].

The completion of the Human Genome Project in 2003 was a major driver for the 
current period of biomedical discovery, the pace of which continues to accelerate [16]. 
Genetic predisposition plays a central role in most common diseases, and is the primary 
cause of most rare diseases [9]. Enormous advances have been made in the understand-
ing of genetic disease [18], but at the same time remain poorly understood mechanisms 
through which various factors, including genetic ones, determine human health, rather 
than manifestation of a disease.

Prenatal Genetic Programming. Handwerger and Aronow [24] argue that the 
genetic program that directs human placental differentiation is poorly understood. The 
placenta performs many different functions, including 1) exchange of substrates, gases, 
and other factors between the maternal and fetal circulations; and 2) synthesis and 
secretion of protein and steroid hormones, growth factors, and other substances vital 
for regulation of maternal and fetal metabolism and growth [3]. Most of these biologic 
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actions occur at the trophoblast layer of the placental villous that is composed of two 
cell types: syncytiotrophoblasts and cytotrophoblasts [24].

Cytotrophoblast differentiation results from a dynamic genetic program in which 
some genes within specific functional groups are induced, while others within the same 
groups are repressed [24].

Blastocyst is stage of pre-implantation embryo development, when murine embryo 
is composed of 150 compacted blastomeres, arranged in a spherical form [23]. At the 
blastocyst stage, the cells divide into germ cells that form embryoblast (indoors) and 
trophoblast (outdoors). Embryoblast cells are pluripotent stem cells, thus giving rise to 
all the tissues of the body, except those that compose the placenta and fetal envelopes. 
Trophoblast cells can give rise only to the placenta and the fetal envelopes. Embryonic 
stem cells, like embryonic germ cell (EG) may also come from the primordial germ 
cells that form eggs and sperm, can be isolated and cultivated in vitro where continue 
to multiply and maintain their differentiation capacity [60].

These statements demonstrate high differentiation capacity of embryonic cells in 
various tissues and organs, based on the same genetic information, and this allows as-
suming that differentiation can be intentionally controlled and directed by applying of 
external sanogenic factors at the very well identified stages.

There is an increasing recognition that prenatal development is not simply an un-
folding of a genetically determined timetable that is disrupted only in the context of ex-
posure to extreme insults, but rather that the prenatal environment plays a critical role in 
shaping the developing fetus and contributes to individual differences in development. 
Normative changes in the prenatal environment, including variations in the exposure to 
maternal hormones, alter the developmental trajectory and may, in a predictive fashion, 
adapt the fetus for the postnatal environment. This issue of Zero to Three will consider 
new research illustrating the importance of prenatal influences such as maternal stress 
and stress hormones that critically influence the developmental program and the influ-
ence these factors have on adaptation to the postnatal world [14].

Most genes are expressed from both parental chromosomes; however, a small 
number of genes in mammals are imprinted and expressed in a parent-of-origin specific 
manner. These imprinted genes play an important role in embryonic and extraembry-
onic growth and development, as well as in a variety of processes after birth. Many 
imprinted genes are clustered in the genome with the establishment and maintenance 
of imprinted gene expression governed by complex epigenetic mechanisms. Dysregu-
lation of these epigenetic mechanisms as well as genomic mutations at imprinted gene 
clusters can lead to human disease [33].

The ‘fetal origin of disease’ hypothesis proposes that adulthood hypertension, insu-
lin resistance, and dyslipidemia, leading to markedly increased rates of cardiovascular 
disease and non-insulin-dependent diabetes in adult life, originate through adaptation 
that the fetus undergoes when the environment (for example: nutrition) in early life is 
poor, caused by either maternal under-nutrition or placental insufficiency. These func-
tional and structural changes of the newborn develop in likely different time windows, 
mainly during pregnancy, but also in very early childhood [1]. Hocher [28] proposed 
that an event occurring during a critical early period of life might permanently alter the 
organ structure and function in response to environmental factors. Such events may 
lead to cardiovascular / metabolic and renal diseases in later life.

Novel discoveries in the field of molecular epidemiology that can help explain 
susceptibility to exposures and disease will be demonstrated using the multifunctional 
enzyme paraoxonase 1 (PON1) as an example [29].

Paraoxonase 1 is an enzyme involved in oxidant defense by hydrolyzing oxidized 
lipids [41] and also plays a key role in the detoxification of some organophosphate 
pesticides [12]. Thus, individuals with low PON1 levels and activities may be more 
susceptible to organophosphate exposures and oxidative stress, which occurs when 
there is an excess of damaging reactive oxygen species. PON1 genetic variants and 
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lower enzyme levels have been linked to adverse health outcomes including oxidative 
stress-related conditions such as cardio-vascular disease and obesity [25, 6, 17, 40, 
57]. Therefore, it is of considerable clinical interest to characterize the protective role 
of endogenous antioxidant enzymes against the development of obesity and metabolic 
syndrome (MetS) in children. Previous reviews of PON1 research have shown that age 
and genetics are key factors associated with PON1 variability and, thus, susceptibility 
[29].

Monk, Spicer și Champagne (2012) consider that studies of the impact of prenatal 
maternal distress suggest that this form of early life adversity can lead to neurobiologi-
cal, behavioral, and psychological consequences for infants. Moreover, this distress 
can also lead to altered mother-infant interactions during the postpartum period, which 
has been demonstrated to shift developmental trajectories. Thus, it is evident that de-
velopment is a dynamic process during which shifts in the experiences of the fetus and 
infant can have profound consequences. In the case of maternal distress, the psychoso-
cial characteristics of the mother can induce these effects, raising the question of how 
these effects are achieved. An evolving approach that has been applied to address this 
question involves exploring the biological mechanisms through which environmental 
exposures shape the activity of genes within the developing organism. This epigenetic 
perspective has been a significant breakthrough in linking the psychological and physi-
ological experiences of an individual to mechanistic pathways within cells that either 
enhance or reduce gene expression with consequences for multiple biological and be-
havioral outcomes [47].

The same source indicates that the developmental origins of disease risk have been 
established through epidemiological studies in humans and illustrate the profound im-
pact of early life adversity. During prenatal development, the fetus is particularly vul-
nerable to the effects of a broad range of environmental exposures, with consequences 
that can persist into infancy, adolescence, and adulthood. In particular, maternal dis-
tress during pregnancy, in the form of exposure to chronic or acute stressors, depres-
sion, and/or anxiety, can influence both fetal and infant behavioral and physiological 
outcome measures.

Epigenetics, human diseases and health. Every cell in the organism carries an 
identical genome, however, despite the stability of these instructions, the terminal phe-
notype within an organism is not fixed and deviation is caused by gene expression 
changes in response to environmental cues. 

Although there are many possible causes of human disease, family history is often 
one of the strongest risk factors for common disease complexes such as cancer, cardio-
vascular disease, diabetes, autoimmune disorders, and psychiatric illnesses. A person 
inherits a complete set of genes from each parent, as well as a vast array of cultural and 
socioeconomic experiences from his/her family. Family history is thought to be a good 
predictor of an individual’s disease risk because family members most closely repre-
sent the unique genomic and environmental interactions that an individual experiences 
[36]. Inherited genetic variation within families clearly contributes both directly and 
indirectly to the pathogenesis of disease [26].

 Genetic factors affect but do not determine human behavior, and their effect de-
pends largely on the environment in which individuals live [56]. As animal and human 
studies show, changes in environmental conditions can influence expression of genes 
related to various phenotypes [2, 4, 10, 11, 49, 63].

DNA methylation, histone modification and RNA-associated silencing are the ma-
jor ways these changes are controlled [34]. These mechanisms affect the transcription 
rate of certain genes involved in the pathogenesis of cardiovascular diseases. Exam-
ples of epigenetically regulated genes involved in the pathogenesis of cardiovascular 
and metabolic diseases are the genes of the renin-angiotensin system (RAS), the per-
oxisome proliferator-activated receptors (PPAR) system, or the glucocorticoid receptor 
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[7, 31].
Different cell types execute distinctive programs of gene expression that are high-

ly responsive to developmental, physiological, pathological and environmental cues 
[45].

Complex human traits are likely to be affected by many environmental and genetic 
factors, and the interactions among them [43].

Epigenetic modifications are crucial for gene expression regulation during the cell 
cycle, development, differentiation, and in response to environmental or biological 
variations [8]. Epigenetic mechanisms are key regulators of pluripotency maintenance 
and also of cell fate specification [62]. 

Epigenetic factors known to cause such direct and indirect effects are well-docu-
mented but their exact mechanism has not been accurately elucidated.

Epigenetic information regulates the accessibility of chromatin to transcription fac-
tors and thereby coordinates gene expression. Consequently, epigenetic changes in-
fluence various biological processes, including cell differentiation, aging, and cancer 
[61].

Cytosine methylation, one of the best-known epigenetic markers, is often associ-
ated with gene silencing and is generally found at CpG dinucleotide sites in vertebrate 
genomes [61].

The study of gene-environment and gene-gene interactions represents a broad class 
of genetic association studies focused on understanding how human genetic variability 
is associated with differential responses to environmental exposures and with differen-
tial effects depending on variations in other genes [26].

It is known that the epigenome is susceptible to dysregulation throughout life; how-
ever, it is thought to be most vulnerable to environmental factors during embryogen-
esis, which is a period of rapid cell division and epigenetic remodeling [19, 15]. The 
normal timetable for reprogramming of methylation of non-imprinted and imprinted 
genes during early development, begins with the primordial germ cells (PGCs) of each 
of the parents (F0) through gametogenesis, fertilization, the embryonic period of the 
offspring (F1), followed by the maintenance of methylation in somatic cells and the 
development of germ cells that will become F2 [32, 54, 58]. These dynamic stages rep-
resent windows of potential vulnerability to epigenetic dysregulation [32]. While the 
maintenance of imprinted genes throughout the preimplantation period is essential for 
normal embryonic development, demethylation of other genes is needed to make the 
genome broadly available to the developing embryo. Thus, after fertilization and prior 
to implantation, the embryo undergoes genome-wide demethylation, with the excep-
tion of imprinted genes (which retain the methylation profile of the parent-of-origin) 
and some retrotransposable elements [19]. Beginning when the embryo is in the blas-
tocyst stage (starting day 5 post fertilization for humans) and before implantation into 
the uterine wall (about 7 days post fertilization), methylation patterns in non-imprinted 
genes are reestablished de novo by the DNA methyltransferases DNMT3a and DN-
MT3b and their cofactor DNMT3L [54, 50]. DNA methylation patterns are maintained 
by DNMT1, which restores full methylation to hemi-methylated CpG sites following 
DNA replication; this maintenance is critical for normal development [54, 52].

The epigenetic impact of postnatal mother-infant interactions has also been ex-
plored in both humans and animals and, as has been previously described, may be an 
important consideration in studies of prenatal adversity. Deprivation of parental care, 
such as that observed in institutionalized infants, has been found to have broad epige-
netic consequences. Among institution reared (since birth) children aged 7-10 years, 
analysis of blood samples indicates an increased DNA methylation throughout the ge-
nome when compared to age-matched children reared by their biological parents [48]. 
Among the differentially methylated genes are those implicated in brain development, 
including genes within vasopres-sinergic, serotonergic, glutamatergic, and GABAergic 
pathways. The epigenetic effects of childhood abuse have also been observed in human 
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brain tissue [46].
If genes are silent and does not synthesize proteins only when stimulated by en-

vironmental factors, through epigenetic factors, it means that not only genes but also 
epigenetic factors play an important role in the development and phenotypic variability 
of the body [55]. As the H. Wu and Ye Sun [64], show, epigenetics can explain better 
how cell differentiation runs and how stem cells turn into differentiated cells.

Thus, now, health is regarded as a unique dynamic process that is specific to each 
person and depends on a lot of genetic and environmental factors. The specificity of 
influence on health creation manifests itself lifelong starting with the gametogenesis 
period. Especially intensively occurs accumulation of the specific indices of sanogenic-
ity in the organism’s early development period. The source of genetic information on 
health creation is obtained from parents at the time of zygote formation and is mani-
fested according to the principles underlying genetics.

The creation and the maintenance of health take place in accordance with the ge-
netic program of the organism’s development, the achievement of which depends on 
the environment. Action of the genetic and environmental factors is dialectical by its 
nature.

Genes which are included in DNA contain genetic information not only about sa-
nogenic indices of the future organism but also about pathogenic ones. There are ap-
proximately 2,000 genetic diseases; most of which are manifested at birth or during 
human development.

More than 900 indices reflecting sanogenicity and pathogenicity are inherited by 
autosomal dominant type: polydactyly, brachydactyly, disproportionate dwarfism, he-
mochromatosis, night blindness, exostoses, etc. More than 800 indices are transmitted 
by autosomal recessive type: albinism, multiple metabolic diseases such as phenyl-
pyruvic oligophrenia, galactosemia, mucopolysaccharidoses etc. There are about 150 
known indicators of the human organism’s normogenicity and pathogenicity the inher-
itance of which is caused by genes located in X and Y sex chromosomes.

The autosomal dominant, the autosomal recessive types of inheritance as well as 
that coupled with X chromosome and the codominant type are characteristic of mono-
genic indicators, each of which is encoded on chromomere only by the alleles of one 
locus. In case of the autosomal dominant inheritance type, if one parent is homozygous 
according to the gene which controls a dominant index and the other - according to the 
gene which controls a recessive index, then, within the first generation, all the children, 
in accordance with the first Mendel’s law, will possess only dominant clues. If in one 
parent the dominant gene is heterogeneous whereas the second parent is homozygous, 
half of the children will possess the dominant index while the other half – the reces-
sive one. Recessive index is manifested when the gene that controls it is homozygous. 
If both parents are heterozygous for the same indicator, it is possible that 25% of their 
children will possess the indicator which is controlled by a recessive gene.

Conclusions
Health of the integral organism is determined by interrelations between genetic and 

environmental factors. The genetic program constitutes the fundamental basis of the 
human organism’s sanogenicity development. Elucidation of the mechanisms through 
which genes are expressed and how they are influenced by other genes, proteins and 
environment will serve as a basis for developing strategies of creation, maintenance 
and directed strengthening of health. In order to estimate the health level, exploratory 
research for the identification of genetic markers of sanogenicity is needed.
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