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Gene Therapy in Hypertension
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Gene therapy is emerging out as an important trend in the pathophysiology and treatment of hyperten-
sion. Several gene targets have been Identified in recent years. They include renin, angiotensin
converting enzyme, angliotensin receptors, kallikrein, endothelin, nitric oxide, adrenomedullin,
glucocorticoid- suppressible hyperaldosteronism and several peptides including atrial natriuretic
factor. Clinically, there are several problems before gene therapy is actually available. Once gene
therapy becomes areality, it will be a significant breakthrough in the field of treatment of hypertension.

ADVANCES in molecular and cellular biology
= \have described the proteins that mediate many
disease processes, while DNA technology provides
ready access to the genes that control these events.
The size, complexity and cellular inaccessibility of
these proteins make their delivery or modification
by conventional pharmacological means impossible.
Gene therapy overcomes these barriers by the se-
lective introduction of recombinant DNA into tissues
so that the biologically active proteins can be syn-
thesized within the cells whose function is to be
altered. Gene therapy is a medical/surgical interven-
tion in which a functional gene is introduced or a
defective gene is replaced in a cell of an organism
suffering from an acquired or a genetic disease so
as to treat or cure a wide variety of diseases. It is
a pharmaceutical therapy with DNA as a drug mol-
ecule to be targeted to a specific site,

There are two main approaches to gene therapy.
Somatic gene therapy and germ cell therapy. So-

matic gene therapy involves the insertion of a gene
into a cell other than a germ cell, viz. hematopoietic

stem cells of the bone marrow, hypatocytes (liver
cells), keratinocytes (skin cells) and endothelial cells.
Genes inserted into cell populations of this type are
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not passed onto future generations. Germ cell ther-
apy, which has not yet been carried out in humans,
involves the injection of genes into germ cells viz.
sperm, egg or early embryo. Inserted genes would
be distributed among the somatic and germ cells and
the genetic change will then be transmitted to future
generations. For successful delivery of DNA to host
cells, either virus is used as the vector'23 orthe DNA
material is inserted directly into the cells by physical
(microinjection, electroporation),4 chemical (eg. cal-
cium phosphate co-precipitate method) or fusion
(protoplast4, RBC ghosts, liposomes') techniques.

Genetherapy was previously thoughtto be useful
for genetic diseases providing the missing protein in
a therapeutic fashion. It has also been extended to
the correction of acquired diseases like Cancer, AIDS
and Viral diseases (Table 1). In this article we have
described some of the emerging trends in the patho-
physiology and treatment of hypertension with gene
as the target.

Gene targeting in hypertension

Essential hypertension is now considered as a
genetic disease caused primarily by a combination of
quantitative genetic variants that individually have
only modest effects. Attempts are now being made
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Table 1 : Disease targets for Gene Therapy

DISEASE APPROACHES OBJECTIVES
Gene encoding:
1. Cancer Cytokines Potentiation of antitumor response.
Tumor suppressor genes Induction of apoptosis
Promote immunological recog- Tumor destroyed by T cells
inition of tumor '
Sensitivity genes Tumor cell destroygd by prodrug
A derivative
Oncogene expression inhibited Induction of apoptosis.
2. AIDS Intracellular immunization Inhibition of HIV replication and
its spread
Use of suicide gene Elimination of HIV infected cells
HSV-TK gene transfer Depletion of HIV infected cells
3. Cystic Fibrosis Cystic Fibrosis Normalization of camp regulated
Transport Regulator chloride channel
4. Familial Emphysema Alpha-1 antitrypsin Correction/restoration of alpha-1
antitrypsin levels.
5. Adenosine Deaminase Introduction of ADA gene Overcome the deficiency
Deficiency (ADA)
6. Haemophilia Factor Vil or IX Overcome the deficiency

Alzheimers Dementia

Neurotropic Factor

Prevention of neuronal degeneration

to investigate various genes that are involved in the
pathophysiology of hypertension. This provides mod-
els for study of new drug molecules acting on these
targets and thereby control blood pressure, athero-
sclerosis and hypertrophy. Some of the genetic tar-
gets identified recently are as follows:-

(1) Renin-Angiotensin System (RAS)

Renin has long been known as a key enzyme of
RAS which plays an important role in the regulation
of blood pressure. The renin gene locus has been
_linked to hypertension in Dahl salt sensitive rats with
low renin hypertension. Yu et al® have identified a
specific renin intron-1 binding protein (RIBP1) that
binds to E> site. This gene is believed to be involved
in the regulation of renin gene expression. Nishimura

216 Indian Journal of Pharmaceutical Sciences

et al® réported that gene expression of renin in
hypothalamus does not depend on circulating RAS
butis regulated by tissue specific mechanisms. High
salt diet stimulates gene expression of renin in hypo-
thalamus which plays an important role in pressure
control mechanisms. In yet another study, Holmer et
al’ reported that beta-adrenoceptor activation is one
of the most powerful stimuli for renin secretion and
renin gene expression in vivo, albeit, the time course

~of activation is substantially different. Further, the

ability of adrenergic agonists to stimulate the renin
system appears to be dependent on the rate of salt
intake.

- Aninsertion (l)/deletion (D) polymorphism of the
angiotensin converting enzyme (ACE) gene has
been associated as well as -an increased risk for
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myocardial infarction, left ventricular hypertrophy,
and coronary artery disease. Shieh et al® reported
that in Chinese population,|/D polymorphism of the
ACE gene is associated with hypertension. It was
however, apparently not associated to insulin resis-
tance in hypertensive subjects. Ishigami et al® re-
ported a decrease in D-allele of ACE gene
polymorphism in older Japanese patients with hyper-
tension suggesting that D-allele my be associated
with mortality and morbidity in the sub-group of pa-
tients. Pinto et al.'® found that DD genotype is asso-
ciated with increased insulin resistance.

Polymorphism of the angotensin ll type 1 recep-
tor (AT1R) gene has been reported in five positions
(T573.>C, AI%62__5 G, AT166 5 C, G575
T.A'®®.._>G).The allelic frequency of C''®® poly-
morphism of AT1R gene has been reported to be
increased in Caucasians with hypertension.
Miyamoto et al.''reported that C'1%¢ polymorphism
is also observed in Japanese population.

ATz receptors are implicated in growth inhibition,
vasorelaxation and apoptosis. Goto et al.'? reported
that there is low expression of ATz receptors in the
kidney of SHRSP (Stroke-prone SH rats) during early
development and this may be involved in the patho-
genesis of hypertension.

(2) Kallikreins:-

Kallkreins are a family of serine proteases in-
volved in the post- translational processing of poly-
peptides to their bioactive or inactive forms. They are
encoded by a highly conserved multigene family
(KLK) in several species, of which thirteen genes
have been characterised in the rats but just three
genes in the humans.

The tissue kallikrein-kinin system has been im-
plicated in the pathogenesis of hypertension.‘s'14
Decreased kallikrein levels have been associated
with hypertension, family history of hypertension,in-
creased blood pressure, increased sodium intake
and decreased potassium intake in multiple case-
control and dietary intervention studies. Recently
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Table 2

PROSPECTIVE GENE TARGETS IN HYPERTENSION
Renin intron 1 binding protein

Angiotensin Converting enzyme (D-allele)
Angiotensin |l type 1 receptor gene

Acidic fibroblast growth factor

Endothelin converting enzyme |

Kallikrein

Nitric oxide synthase

Adrenomedullin gene

Hybrid CYPII/CYPII gene
(Gluco corticoid suppressible hyperaldosteronism)

11--hydroxydehydrogenase type |
Atrial Natriuretic factor A

Atrial Natriuretic factor B
Carditrophin |

Calcium regulated gene

NPrC gene in adipose tissue

Wang et al.'® reported that direct delivery of human
kallkrein gene caused a sustained reduction in
systolic blood pressure in spontaneously hyperten-
sive rats. Preliminary gene seggregation analysis
suggested that a common major gene explained a
large percentage of the variation in urinary kallikrein
excretion. Reduced urinary kallikrein excretion has
been described in a number of genetically hyperten-
siverats.'® Low kallikrein may contribute to hyperten-
sion and high urinary kallikrein may have protective
effects against hypertension. Clinical studies have
shown that the blood pressure of hypertensive
patients may be temporarily lowered by oral admin-
istration of pig pancreatic kallikrein, 718

This is one of the promising venture in gene
therapy offering a non-invasive and a potential clinical
alternative for treating human hypertensive disease.

(3) Endothelins and nitric oxide:-

Endothelial cells that line the blood vessels are
a source of several substances that regulate
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vascular smooth muscle (VSM) tone. Recently much
attention has been on endothelins and nitric oxide
(NO) which are the most potent vasoconstrictors and
" vasodilator substances released from the endothe-
lium and are responsible not only for the regulation
of VSM tone but also atherosclerosis. Genetic alter-
ation of these cells might be useful to alter or prevent
the process of atherosclerosis or to provide local
delivery of anticoagulants.

A variety of genes have been expressed by in
vivo gene transfer for the purpose of developing
useful clinical applications and for developing models
of pathogenic mechanisms. Acidic fibroblast growth
factor (FGF-1) when expressed in procine arteries,
causes vessel wall thickness (intimal hyperplasia)
where as another factor TGF-beta; when expressed
ectopically inthe vessel results in extracellular matrix
synthesis and thereby thickening of intima.

Maemura etal.'® presented an ETy over express-
ing transgenic mice model. This will be a new exper-
imental model to study the physiological role of ET1
in hypertension, atherosclerosis and cardiomy-
opathy. ‘

The conversion of big endothelin precursors to
the active mature peptides is catalysed by endothelin
converting enzyme-1 (ECE-1) which exists in two
isoforms;-1-alpha and -1-beta. Orzechowsk«i et al.?°
reported that ECE-1 alpha is widely expressed in
human tissues.

Nitric oxide has also been reported to play an
important role in the pathophysiology of various car-
diovascular disease. Three types of NO synthase
(NOS) as key enzymes for NO have been isolated.
Prostagland in D2 has been reported to reduce NO
formation in inducible NOS-induced VSM cells with
decrease in NOS mRNA. NO in the brain affects
central regulation of cardiovascular responses in
rats. Nanbu et al?! reported that gene expression of
~ constitutive NOS in hypothalamus strongly correlates
with systemic hypertension in rats. Attenuated gene
expression of constitutive NOS in hypothalamus may
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be one of the reasons for increased vasopressin
secretion and accelerated sympathetic activity in
DOCA salt hypertension.

(4) Adrenomedullin:-

It is a potent vasoactive peptide which causes
hypotension. It has been reported that ad-
renomedullin gene delivery causes a long lasting
reduction in blood pressure in genetically hypertensive
rats??,

(5) Glucocorticoid suppressible Hyperaldoste-
ronism gene:-

Glucocdrticoid suppressible hyperaldosteronism
is a dominantly inherited form of hypertension be-
lieved to be caused by the presence of a hybrid
CYPIIB1/CYPIIB2 gene. Kotelevtsev etal.? reported
a role of 11-B-hydrosydehydrogenase type | (11-0H
SDI) in the regulation of glucocorticoid access to
glucocorticoid and mineralocorticoid receptors. This
enzyme may be involved in glucocorticoid mediated
processes specially in enhancement of sensitivity of
targét tissues to insulin and noradrenaline.

(6) Atrial Natriuretic Factor:

Kawakami et al?* reported that gene expres-
sion of Atrial Natriuretic factor type A (ANF-A) and
type B (ANF-B) play an important role in the pro-
cesses of progression and regression of cardiovas-
cular hypertrophy in zenovascular hypertensive rats.

Besides several other genes have been cloned
which elucidates augmented gene expression and
thereby cause hypertension and hypertrophy of the
heart. Notably among them are cardiotrophin- 125,
calcium regulated gene26, alphai beta adrenoceptor
mRNA in kidney?’ and NPrC gene in adipose tis-
sue'. Attempts are also being made to study the
genes that may lead to insulin resistance,
hyperinsulinaemia and obesity which are some ofthe
most common risk factors in cardiovascuijar
diseases.
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The dream of gene therapy, being available clin-
ically, is still far from realization. This is essentially
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