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Fig. 2. Genetic approaches to the
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Human genetics has been very successful at
identifying susceptibility genes for rare Mendelian

diseases. However, this strategy has largely been
unsuccessful when applied to identify susceptibility genes
for common complex multifactorial diseases such as
hypertension, diabetes, obesity, atherosclerosis, etc.

Genetic analysis can distinguish between genes
that are causal for a trait and those that may be involved
in secondary responses. This analysis can identify
chromosomal regions associated with particular
quantitative trait loci (QTLs). Advances in molecular
markers, especially microsatelite repeats, and recently
developed computer analysis programs have accelerated
the identification of chromosomal regions associated with
hypertension in the rat (for review see Rapp 2000).
However, the small contributions of individual genes and
the heterogeneity of patients, make genetic studies of
essential hypertension difficult. Up to now, several
different genes have been found to play a role in
Mendelian hypertension in humans (Doris 2002). Studies
on animal models show that there is a diversity of genes
influencing BP, suggesting that a larger number of genes
are likely to be involved in hypertension development.
Therefore, it is more plausible that many genes of small
effect, which display effects modification in the presence
of some environmental factors, are responsible for the
etiology of human hypertension.

Many different rat and mouse models of genetic

hypertension have been developed with different etiology

of hypertension (Rapp 2000, Cicila 2000, Glazier et al.
2002, Svenson et al. 2003). These different genetic
models provide an opportunity to investigate the genetic
determinants of different types of hypertension, but one
must be careful to transfer the results obtained in animal
models to human essential hypertension.

It should be kept in mind that it is not sufficient
to identify a trait difference in two different inbred
strains. Does not matter that this difference has a
physiological relevance to blood pressure regulation, it is
difficult to ascertain that this trait difference is a primary
genetic cause for BP increase. We have several reasons
for such a statement. The observed BP phenotype of
particular inbred strain is the sum of the contributions of
many genes, i.e. both “plus” alleles (leading to higher
BP) and “minus” alleles (leading to lower BP) (Rapp
1983). Moreover, the changes in genes were fixed during
the inbreeding of any particular inbred strain. Therefore,
the association of particular markers or traits with BP
could result from chance rather than being the cause of
genetic difference, in part, for blood pressure differences
inbred

approaches like segregating populations, congenic or

observed between two strains. The genetic
consomic strains, recombinant inbred strains, transgenic
or knock-out animals must be used to evaluate the
meaning of differences between two inbred strains
(Fig. 2).

Because there is more information about genome
than about the gene function, the reverse genetics should



S36 Kunes and Zicha

Vol. 58

P Impact of dietary
Ja A0 F SN . .
i f.,gl,;Tr XA \ evolution on metabolic
o (097 (A ANAE Y A
1 N P syndrome
{8 ﬁ‘-.-"‘ﬁ’:** NSNS d
Lﬂﬂfﬁt?u’ S4B TR e
~—
\

Late paleolitic diet

% (assuming 35 % meat)

Current
american diet

Total dietary energy (%)

Protein 33 12

Carbohydrate 46 46 ISCH

Fat 21 42 .

Hypertension

Polyunsaturated / saturated FA 1.41 yp
Sodium (mg) 690 L NDiabetes
Potassium (mg) 11000 — ObeSlty
K:Na ratio 16:1
Calcium (mg) 1500-2000 740 Atherosclerosis

Fig. 3. The impact of dietary evolution on metabolic syndrome development.

solve this problem (Fig. 2). Therefore the cooperation
between molecular biologists and physiologists is highly
expected. Indeed, the recent big progress in molecular
biology and genomic techniques and its integration with
physiological techniques started the era of functional
(Jacob 1999,
Veerasingham et al. 2004). This is a multidisciplinary

and/or  physiological ~ genomics
approach to facilitate gene identification and to study
their function. It also includes the detection of sequence
variations and characterization of aberrations in gene
functions leading to the disease. As only a small
proportion of the sequence variations in our genomes will
probably have functional impacts, identifying this subset
of sequence variants will be one of the major challenges
of the next decade. Moreover, the follow-up work of
understanding how these and other genetic variations
regulate the phenotypes of human cells, tissues, and
organs may well occupy biomedical researchers for all of
the 21% century. A more recent addition to the functional
genomics is proteomics. Proteins, gene products, are final
tools for the realization of genetic information. Recently,
proteome analysis has been introduced to analyze
differential protein expression and cellular protein
composition even in cardiovascular medicine. The new
techniques for protein analysis were also developed.
While two-dimensional

polyacrylamide gel

electrophoresis (2D-PAGE) was very successful for the
analysis of the abundant and moderately expressed
proteins, at present one struggles to identify proteins
The
spectrometry has increased considerably during recent

expressed at low levels. sensitivity of mass
years to detect low amount of synthesized proteins.
Proteomics now allows to examine global alterations in
protein expression in the diseased tissues, and will
provide new insights into the cellular mechanisms
involved in cardiovascular dysfunction.

Gene-environment interaction

Human genome was originally selected under
different daily living conditions and has remained
unchanged since the agriculture revolution 10,000 years
that the
discrepancies between our Paleolithic genome and

ago. Accumulating evidence suggested
“modern” diet and lifestyle could play a significant role
in the ongoing epidemics of obesity, hypertension,
of

metabolic syndrome (Fig. 3) (Eaton et al. 1988, Eaton

diabetes, atherosclerosis and other symptoms
and Eaton 2003). This was achieved by the changes from
wild and unprocessed food to diet high in fat, sugar and
salt, suggesting that K:Na ratio progressively changed as

changed polyunsaturated:saturated fatty acid ratio. It



2009

S37

Genetic and Environmental Factors in Hypertension

[ Maternal nutrition ]

Abnormal placenta
development

)

-

nutriti

Abnormal fetal

maturation

ion and organ

LIVER
1 gluconeogenesis

PANCREAS
§ insulin secretion

~~

MUSCLE
§ insulin sensitivity § n,

NN\

3 lipid metabolism

KIDNEY + ADRENAL

1 cortisol secretion

HEART
§ myocyte number

VASCULATURE
ephron number  § endothelial function

J dilatation

¢

METABOLIC SYNDROME

dyslipidemia — diabetes — hypertension — atherosclerosis — heart disease
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development in the adulthood.

should be intensively studied if this is the major trigger of
these epidemiological problems. It was also suggested
that sedentary lifestyle and overweight are major clinical
and economical problems in modern societies. The
worldwide epidemic of excess weight is due to imbalance
between physical activity and dietary energy intake.
Sedentary lifestyle, unhealthy diet, and consequent
overweight and obesity markedly increase the risk of
subsequent cardiac events such as non-fatal arrhythmia,
myocardial infarction, sudden cardiac death, etc. (Myers
et al. 2002). Regular physical activity (45-60 min per
day) prevents unhealthy weight gain and obesity, whereas
sedentary behaviors such as watching television promote
them. The best long-term results may be achieved when
physical activity produces an energy expenditure of at
least 200-500 kcal/day. Regular moderate physical
activity (mainly aerobic exercise), a healthy diet, and
avoiding unhealthy weight gain are effective and safe
ways to prevent and treat cardiovascular diseases.
Moreover, there is plenty of proofs that exercise lowers
blood pressure and beneficially influence serum lipids
(Eaton and Eaton 2003). If beneficial effect from exercise
is more effective in some developmental periods, this
should be tested in large epidemiological studies.

It is true that some environmental factors, e.g.
stress, dietary factors (salt, fat), temperature etc. could be
the causal mechanisms leading to a given disease
(Greenland and Rothman 1998, Kune§ and Zicha 2006)

especially if they influence the organism in ,,critical
developmental periods® and/or ,,developmental windows®
(Zicha and Kunes 1999, Kunes and Zicha 2006).

Recently the association between low birth
weight and raised blood pressure in later life has been
studied (Barker et al. 1989, Huxley et al. 2000, de Boo
and Harding 2006, Eriksson et al. 2007). According to
this
intrauterine environment deprives the fetus from its

“programming hypothesis”, an impairment of
optimal development leading to the cardiovascular
complications in later life. Although most clinical and
experimental studies support this fetal programming
hypothesis in relation to adult hypertension, there is still
controversy regarding the cause and mechanisms
underlying this phenomenon. A general schema expects
the changes in maternal nutrition leading to abnormal
fetal nutrition, which directly or indirectly influenced
growth and maturation of various organs (Fig. 4).
However, not all studies support this theory,
suggesting that rather body size in early adolescence than
birth weight is more important (Falkner et al. 2004).
Eriksson et al. (2007) have shown in set of 2003 people
selected from the Helsinki birth cohort that two different
paths of fetal, infant and childhood growth precede the
development of hypertension in adult life. In one that was
associated with more severe hypertension in people who
tended to be obese, small body size at birth and during

infancy were followed by rapid growth. In the other,
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which was associated with less severe hypertension, slow
linear growth in utero and during infancy were followed
by persisting small body size. This is in a good agreement
with the idea that particular environmental stimuli might
affect the expression of genetic information in distinct
developmental windows (Kune$ and Zicha 2006). By
using of recombinant inbred (RI) strains we have even
demonstrated that some phenotypic abnormalities (e.g.
relative kidney weight) related to the development of
hypertension may really precede the blood pressure
changes (Hamet ef al. 1998). More recently, animal
studies and indirect human studies support the hypothesis
that congenital deficit in nephron number could be one of
a possible common pathophysiologic denominators
between low birth weight and adult
hypertension (Zandi-Nejad et al. 2006).

The link between two distinct developmental

subsequent

periods (birth and adulthood) should involve changes in
gene expression involving epigenetic phenomena. Thus,
environmental changes in the intrauterine period or
shortly after birth may ultimately lead to altered gene
expression via epigenetic mechanisms resulting in an
increased susceptibility to chronic disease in adulthood
(Waterland and Jirtle 2004). This epigenetic process of
imprinting is thought to particularly affect many of the
genes regulating fetal and placental growth (Reik et al.
2001).

Epigenetic control of gene expression

It is well known that gene expression patterns in
the process of differentiation are controlled through the
DNA sequence. However, the second mechanism which
is not directly related to the sequence of DNA, and
termed “epigenetic”, is intensively studied (Egger et al.
2004, Nafee et al. 2007, Burdge et al. 2007). Four main
types of epigenetic inheritance - DNA methylation,
chromatin remodeling, genomic imprinting and long-
range control of chromatin structure have been described
(see Nafee et al. 2007). It was even demonstrated that
although the epigenectic pattern is not a part of DNA
sequence itself, is heritably transmitted during cell
division (Reik ez al. 2001, Surani 2001).

The particular types of epigenetic inheritance are
a complex process that depends on the participation of
numerous components  of

epigenetic  machinery.

Transitions between different chromatin states are
dynamic and seem to depend on a balance between

factors that sustain a transcriptionally silent state and

those that promote a transcriptionally active state
(Jaenisch and Bird 2003). Some mammalian genes are
expressed preferentially from the paternal or maternal
allele and are said to be genomically imprinted. Most
imprinted genes are found in clusters, and the best-
characterized imprinted domain comprises the paternally
expressed insulin-like growth factor 2 (IGF2) gene. This
gene shares regulatory element with the maternally
expressed HI19 gene, which is located only 100 kb
downstream. Recently we have demonstrated strong
segregation of /GF?2 genotype with plasma triglycerides
in population of F, hybrids derived from Prague
hypertriglyceridemic and Lewis progenitors (Kadlecova
et al. 2008). There was also segregation between this
genotype and blood pressure changes after blockade of
either renin-angiotensin system or NO synthase. One
could speculate that any epigenetic modification of /GF2
gene might be involved in these regulatory processes.

Typical example of epigenetic inheritance is the
inheritance of the coat color gene agouti in the mouse
(Wolff ef al. 1998, Morgan et al. 1999). Several agouti
viable yellow alleles (4™ or 4"F) regulate the alternative
production of black and yellow pigment in individual hair
follicles. The coat color of mice with such an allele varies
mottled
Transcription of this gene occurs in the skin during short

from yellow over to wild-type agouti.
period when the yellow subapical band is formed at the
beginning of each hair growth cycle. When methylated,
the agouti gene is expressed only in the hair follicles as in
wild-type mice. On the other hand, unmethylated gene
causes the yellow coat color. It was demonstrated that
dietary methyl supplementation of a/a dams with extra
folic acid, vitamin Bj,, choline and betaine alters the
phenotype of their 4™/a offspring (Waterland et al.
2003). Thus A™ expression, already known to be
modulated by imprinting, maternal epigenetic inheritance
and strain-specific modifications, might also be
modulated by maternal diet. These results also suggested
that through maternal epigenetic inheritance the diet
might positively affect health and longevity of the
offspring (Wolff et al.

become also obese and develop tumor with age.

1998) because yellow mice

Perspectives

There is no doubt that not only genetic but also

environmental factors are very important for the

regulation and maintenance of blood pressure. There is
growing evidence that complex interactions among
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multiple genes and multiple environmental factors play
an important role in determining an individual’s risk of
various common diseases including hypertension.
Because of complex trait it is still not simple to recognize
individual genes, which should be a simple target for
Although

results suggested certain possibilities, it is difficult to

genetic manipulation. some experimental
apply these techniques in humans. For example, gene
therapy of 5-day-old SHR resulting in the long-term
of AT1
successfully prevented the development of this type of

expression receptor antisense transcript
genetic hypertension (Iyer et al. 1996, Martens et al.
1998), but the effect of such treatment in adult animals
was only transient (Katovich et al. 1999).

Probably more perspective and effective should
be the recommendation for the modification of lifestyle.

Salt restriction to less than 6 g/day, maintenance of

consumption, etc. should be a standard recommendation
of each physicians to their patients. Not only patients but
the whole population must be motivated for lifestyle
changes because most of “civilization” diseases including
hypertension have their roots in the earlier stages of
ontogeny. Finally one can say that if “sensitive” genome
enters “toxic” environment during particular -critical
developmental period, there is very high probability that
disease will develop.
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