
INTRODUCTION

Human body has two major groups of factors that regulate
sodium and water balance: humoral and neurogene factors.
One of the main factor groups is the natriuretic peptide fam-
ily, which consists of four molecule groups that share sig-
nificant amino acid sequence homological characteristics
and a looped motif. In 1981, de Bold and colleagues made
the seminal observation that infusion of extracts of atrial tis-
sue into rats caused a copious natriuresis (de Bold et al.,
1981). Natriuretic peptides (NP) are classified into three
groups: A, B and C (Rosenzweig and Seidman, 1991). All
of them contain a 17-amino acid ring closed by a disulfide
bond between two cysteine residues. Group A consists of an
atrial natriuretic peptide (ANP) and urodilatine, secreted in
waterworks. Group B contains brain natriuretic peptide
(BNP), also known as ventricular natriuretic peptide (Fig.
1), which is a cardiac hormone secreted predominantly from
the ventricle, and aldosterone-inhibiting factor (ASIF)

(Lang et al., 1990). Group C consists of a C natriuretic pep-
tide (CNP) with 22-aminoacid rings. ANP appears to have a
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Atrial natriuretic peptide (ANP) appears to have a physiological role in volume and pressure ho-
meostasis. Increased cardiac expression and synthesis of ANP suggest a possible local paracrine
function in a number of tissues including the eye. Therefore, the identification of genetic markers
may prove to be an important advance in the diagnosis of patients with glaucoma and hyperten-
sion. Plasma pro-ANP concentration was measured in 30 clinical patients. A significant elevated
level of prehormone was observed in glaucoma patients with blood hypertension. Also, the distri-
bution of the genotypes and alleles of the HpaII, SmaI and ScaI polymorphisms of the ANP gene
was examined in 20 hypertensive patients with glaucoma and normotensive controls. The fre-
quencies of the ANP genotypes and alleles did not differ significantly between controls and hyper-
tensive patients. PCR-RFLP (polymerase chain reaction—restriction fragment length

polymorphism) analysis shows a T2238�C transition in three hypertensive patients within the
stop codon leading to the translation of ANP with an additional arginine. In the current study we
also searched for any alterations in the 5` proximal promoter region of the ANP gene (-595 bp –
-384 bp) in 20 glaucoma patients with hypertension using PCR-based SSCP (single-strand con-
formation polymorphism) analysis. No significant alterations in the 5` proximal promoter region of
the ANP gene were observed among hypertensive patients. The structure of the ANP hormone
encoded gene suggests potential importance in various diseases, but the regulatory function of
ANP in the eye requires further investigations.
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Fig. 1. ANP (1–28), atrial natriuretic peptide, the biologically active hor-
mone.
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physiological role in volume and pressure homeostasis in
humans.

In 1956, two separate experiments established the heart as
an endocrine organ that synthesises ANP (Henry and
Pearce, 1956; Kisch, 1956). Increased cardiac expression
and synthesis of ANP or ANP receptors was later found,
which suggested a possible local paracrine function in a
number of tissues including the eye (Gutkowska and
Nemer, 1989; Sales et al., 1991). Primary open-angle glau-
coma (POAG) is a public health problem, which is the sec-
ond leading cause of blindness worldwide (Coleman, 1999).
The percentage of affected individuals increases with age
(e.g., 1.9% of Americans � 40-year-old affected, 7% �80
years) and differs between populations (e.g., 3.6% Japanese
�40 years affected) (Libby et al., 2005). The aetiology of
POAG is unknown. Several risk factors have been found to
be associated with the development of glaucoma. In the
1990s, the first major gene loci for POAG, GLC1A and
GLC1B, were described (Gaspar et al., 1991; Dielemans et

al., 1994). The GLC1A gene encodes myocilin, the
trabecular meshwork-induced glucocorticoid response pro-
tein. GLC1A is located on chromosome 1. Mutations in this
gene cause raised eye pressure and damage to the optic
nerve, but the underlying mechanisms are unknown
(Dielemans et al., 1994). Although raised intraocular pres-
sure levels are usually associated with POAG, prediction of
the progression from hypertension to glaucoma is difficult
(Chauhan and Drance, 1992; Sheffield et al., 1993; Ruben
et al., 1994; 1995). Therefore, the identification of genetic
markers may prove to be an important advance in the early
diagnosis of glaucoma.

POAG is a heterogeneous disease, and elucidation of the
underlying genetic mechanisms contributing to phenotypic
expression is required for earlier diagnosis of individuals at
risk and specific medical treatment. A positive family his-
tory of glaucoma is a risk factor. Autosomal dominant pedi-
grees have linked familial glaucoma to a region on chromo-
some 1 (1q21–1q 31) (Sheffield et al., 1993; Wiggs et al.,
1994), which contains the candidate gene, ANP-receptor A.
Several studies have suggested that the ANP system plays a
physiological role in the regulation of intraocular fluid ho-
meostasis and intraocular pressure levels in the eye (Mittag
et al., 1987; Nathanson, 1987; Diestelhorst and Kriegestein,
1989; Wolfensberger et al., 1994, Tunny et al., 1996).
Immunohistochemical studies have localised ANP and BNP
to the anterior segment of the eye (ciliary processes, ante-
rior ciliary muscle) (Yamamoto et al., 1991; Palm et al.,

1994). The functional significance of the type B (ANP (B))
and type C (ANP (C)) natriuretic peptide receptors has been
investigated in vivo in the rabbit eye by evaluating the effect
of intracameral administration of C-type natriuretic peptide
(CNP) and C-ANP-(4 -23) on intraocular pressure, and the
action of CNP on guanylate cyclase activity in rabbit cili-
ary-process membranes (Fernandez-Durango et al., 1999).
ANP and BNP were also examined for comparison. This
study demonstrated that the natriuretic peptides decrease
intraocular pressure and stimulate guanylate cyclase activ-

ity, CNP being most potent. The expression of natriuretic
peptides along with natriuretic peptides receptor transcripts
in neural retinal, glial, and vascular elements of the normal
adult retina suggests a role for these peptides in maintaining
both the neural and vascular integrity of the mature retina
(Rollin et al., 2004).

The human ANP gene is localised on chromosome 1 (1p36)
(Yang-Feng et al., 1985). The gene is composed of three
exons (Exon 1, Exon 2, and Exon 3) and two introns (Intron
A and Intron B). Exon 1 (122 bp) contains the 5`-noncoding
region, codon (AUG), 25 amino acid signal peptide se-
quence and pro-ANP 16 amino acid residues. Exon 2 (327
bp) contains the pro-ANP coding region, which is
125-amino acids long, and Exon 3 encodes the last
pro-ANP aminoacid (Tyr). Exon 3 (302 bp) consists also of
codon (UGA), the 3`-noncoding region and signal
(AAUAAA). The six-nucleotide sequence of the
pro-mRNA is recognised by a specific endonuclease. After
cleavage of endonucleases, poly (A) polymerase synthesises
an additional ~250 adenine (A) residues. The ANP gene is
2710 nucleotide (nt)-long including Intron A (9122 bp) and
Intron B (1110 bp) (Fig. 2). Pro-ANP is stored in mem-
brane-bound granules in atrial cardiocytes. Upon stimula-
tion, these granules move to the cell surface, releasing the
stored pro-ANP (1–126). The precise location and identity
of this mechanism is still open to debate. This prohormone
is cleaved into the mature 28 amino acid ANP, also known
as ANP (1–28) or �-ANP, and the amino terminal fragment
ANP (1–98). The 98 aminoacid N-terminus is further pro-
cessed proteolytically within the circulation to form
pro-ANP (1–30), pro-ANP (31-67) and pro-ANP (79–98)
(Fig. 3).

The main goals of the present study were to identify altera-
tions in the ANP gene (genetic variations and promoter

Fig. 2. Biosynthesis of ANP (atrial natriuretic peptide).
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Fig. 3. Human ANP gene structure.
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structure) and to evaluate the pro-ANP level in the blood, in
the search for a role of ANP in pathophysiological changes
in patients with POAG. Additional aim of our research was
to examine the relation between the level of hormone and
increased intraocular pressure. We examined the ANP gene
using a long-PCR based technique including PCR-RFLP
analysis with various restriction endonucleases and PCR-
SSCP to examine the 5` proximal promoter region of the
gene (-595 to transcription start site), which is known to
contain regulatory elements affecting gene transcription.

MATERIALS AND METHODS

We examined 27 patients with primary open-angle glau-
coma (essential hypertension in 14 patients and normal
blood pressure in 13 patients) and three patients without
glaucoma and without blood hypertension as a control. In-
formed consent of all examined patients was obtained.

Intraocular pressure was measured in all patients on at least
three separate occasions by calibrated Goldmann Applana-
tion tonometry. The optic nerve head was examined by di-
rect ophthalmoscopy and Volk 90 binocular slit lamp ex-
amination. Computerised visual field assessment was
performed by Humphrey perimetry utilising the 30-2 pro-
gramme.

Genomic DNA was extracted from peripheral blood leuco-
cytes using the standard phenol-chloroform method as de-
scribed in Sambrook et al. (1989).

PCR-RFLP analysis of ANP gene. 1344 bp fragment of
ANP gene was amplified by a long-PCR based method em-
ploying 50 ng of genomic DNA. For 1344 bp fragment am-
plification a 10 �M forward primer 5`-
GGAAGTCAGCCCAGCCCAGAGAGAT -3` and 10 �M
reverse primer 5`-GCAGTCTGTCCCTAGGCCCA-3`were
used. The ANP gene sequence was taken from Gene Bank
(code: K02043). PCR run times were: 2 min at 93 °C, 1 min
at 93 °C, 1 min at 58 °C, 1 min at 72 °C, 30 cycles, and 10
minutes at 72 °C. Amplification products were electro-
phoresed on 1% agarose gel and viewed under UV illumina-
tion. A negative control lane containing all reagents except
DNA was run under identical PCR conditions for all gels.

Amplified products were digested at 37 °C overnight using
restriction enzymes SmaI and HpaII (Fermentas, Lithuania).
Allelic frequencies at the RFLP sites in the ANP gene pro-
duced by SmaI and HpaII were analysed on 6%
polyacrylamide gel. Besides PCR-RFLP analysis with re-
striction enzymes SmaI and HpaII, allelic frequencies at
RFLP site in the ANP gene produced by ScaI were exam-
ined (Table 1). For 478 bp fragment amplification the fol-
lowing primers were used: 10 �M forward primer 5’-
TGAGGCAGGAGAATGGCGTGAA-3` and 10 �M re-
verse primer 5`-GCAGTCTGTCCCTAGGCCCA-3`.

PCR-SSCP analysis of the proximal promoter region of

the ANP gene. For PCR-SSCP analysis the 211 bp
fragment was amplified using forward primer

5`-CAGGTGTGAGGCCAGCTT-3` and reverse primer
5`-GGTTATCTCACCGCCGTG-3`. PCR conditions were:
initial denaturation 5 min at 94 °C, denaturation 1 min at
94 °C, hybridisation 1 min at 62 °C, elongation 90 s at
72 °C, 30 cycles, final elongation 10 min at 72 °C.

PCR product sequencing. 211 bp PCR fragments before
sequencing reaction were purified from agarose gel with a
DNA Extraction kit (Fermentas, Lithuania). Purified 211 bp
PCR fragments were sequenced using the Cycle ReaderTM

DNA Sequencing kit (Fermentas, Lithuania) according to
the manufacter’s protocol on a ABI PRISM 310 genetic
analyser (Applied Biosystems, USA).

Plasma pro-ANP concentration in patients with primary

open-angle glaucoma. The pro-ANP level in plasma of
POAG patients was determined by enzyme immunoassay
(ELISA). This method is simple, safe and sensitive (~5 ×
10-16 mol – 1 × 10-17 mol). We used Competitive Enzyme
Immunoassay for the quantitative determination of pro-
ANP in biological fluids (Biomedica). According to the
manufacter’s protocol, characteristic sizes of pro-ANP level
were found to be lower than 1.32 nmol/ml with fluctuation
0–5 nmol/ml. Blood samples were collected from 30 pa-
tients: 14 patients had POAG and essential hypertension, 13
patients had POAG and normal blood pressure, and three
patients were without glaucoma and with normal blood
pressure.

RESULTS

Diagnosis of primary glaucoma was confirmed to all 27 pa-
tients, since two of three variables occurred simultaneously:
intraocular pressure was consistently greater than or equal
to 21 mm Hg, the optic nerve head cup: disc ratio was
greather than or equal to 0.6, or glaucomatous visual field
loss was characteristic.

T a b l e 1

INVESTIGATIONS OF ATRIAL NATRIURETIC PEPTIDE (ANP)
GENE POLYMORPHISMS

Restriction
endonuclease

Location of restriction site Author, publishing year

KpnI Polymorphism of two alleles
(1,1; 1,8)

Nemer et al., 1984

TaqI Polymorphism of two alleles
(1,2; 2,8)

Nemer et al., 1986

XhoI Polymorphism of two alleles
(1,6; 2,2)

Nemer et al., 1986

BglI Polymorphism of two alleles
(1,3; 1,5)

Frossard et al., 1987

BsmI Polymorphism of two alleles
(1,5; 1,7)

Frossard et al., 1987

ScaI, NsiI Polymorphism of two alleles
(2235 pos.)

Masharami et al., 1988

SmaI, HpaII Polymorphism of two alleles
(1834 pos.)

Ramasawmy et al., 1992

XhoI, BglI Polymorphism of two alleles
(1,6; 1,8)

Berge et al., 1994
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Of 27 glaucoma patients studied, to 24 (~90%) was ob-
served elevated level of pro-ANP in plasma— 2.3–42
nmol/ml (normal level is below 1.32 nmol/ml). Hovewer,
14 patients had POAG and essential hypertension. At the
same time, there was elevated pro-ANP level in PAOG pa-
tients with normal haemodynamic indices. All patients
without PAOG and hypertension were with a normal level
of pro-ANP.

Successful amplification of 1344 bp structural gene and 478
bp promoter fragments of ANP gene have been performed
and suitable for restriction cleavage pure amplicones ob-
tained (Figs. 4 and 5).

The produced fragments after digestion of the 1344 bp long
fragments with HpaII are shown in Figure 6. As it can be

seen, no significant difference was observed in the
frequency of the polymorphisms of ANP gene alleles and
genotypes between the hypertensive patients and the control
group. The PCR-RFLP analysis using Sca I restriction
endonuclease and nucleotide sequencing of the ANP gene
revealed a T2238�C transition within a stop codon in three
hypertensive patients. No significant alterations in the 5`
proximal promoter region of the ANP gene were observed
also among hyperternsive patients.

DISCUSSION

The obtained results about pro-ANP level in blood and in-
traocular pressure suggest associations between POAG and
natriuretic peptides (NP). More clearly such association
may be evaluated by analysis of BNP and ANP in human
aqueous humour, however this is an invasive method and
therefore is not widely used (Salzmann et al., 1998). Well-
documented increase of NP levels in hypertension and car-
diac insufficiency from the other side limits using of pep-
tide blood tests, but analysis of natriutretic peptides in nor-
motensive patients should be recommended for introduction
in ophthalmologic clinic. The immunoenzymatic methods
(ELISA) are well suited for the determination of NP in pa-
tients with glaucoma, heart diseases and increased blood
pressure, and it can be also used to diagnose the general
condition of organism (Rubattu et al., 2006; 2007; Jeoung
et al., 2007).

Moreover, registered lowering of intraocular pressure upon
intravitreally injected natriuretic peptide in rabbits strongly
suggest that NP plays an important role in the control of
intraocular pressure (Takashima et al., 1996). Observed in
our studies normal level of NP in blood of POAG patients
may be considered as indication for using of NP in therapy
hence. Mechanisms of NP level regulation in organism are
still enigma, where gene structure or expression problems
may be suspected. Our studies allow express such specula-
tions, since T2238�C mutation within a stop codon of the
ANP precursor gene was found in hypertensive patients.
Anlysis of the promoter region, however, did not show any
mutations or polymorphisms and our findings may suggest
that the expression regulated elements in this promoter
-595bp – -384bp region are not connected with the develop-
ment of hypertension and increased intraocular pressure.
Therefore, our studies indicate the prospectivity of natri-
uretic peptide studies in glaucoma patients in order to get
additional information about glaucoma pathogenesis and
possible application of these peptides in therapy.

In conclusion:

� Using the PCR-RFLP method with ScaI restriction
endonucleasis and sequencing analysis of the appropriate
products, for three hypertensive samples, a mutation
forming an arginine residue was found and localised in
STOP codone (T2238�C).

Fig. 4. Electrophoreses analysis of 1344 bp and 478 bp amplified products
in 1.2% agarose gel. Tracks 1–4 – 478 bp PCR products; tracks 5–6 – 1344
bp PCR products; track 7 – pU19 DNA/MspI size marker; track 8 –100 bp
DNA ladder plus size marker.

Fig. 5. Polymorphic sites of the ANP gene.

Fig. 6. PCR-RFLP analysis of the 1344 bp products digested with HpaII in
6% polyacrylamide gel. Track 1 – ÖX174 DNA/HaeIII size marker; track
2 – heterozygote genotype; tracks 3–7 – homozygote genotypes; track 8 –
pUC19 DNA/MspI size marker.
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� PCR-SSCP method for polymorphism detection was em-
ployed using the 5’proximal promoter region of the gene.
Mutations were not found among the 30 clinical samples.
It can be assumed that this region is not connected with
the development of glaucoma

� Studies of natriuretic peptides in glaucoma patients
should be recommended in ophthalmologic clinics.
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ÂTRIJA NATRIURÇTISKAIS PEPTÎDA GÇNS, PLAZMAS pro-ANP KONCENTRÂCIJA PACIENTIEM AR PRIMÂRU ATVÇRTA
KAKTA GLAUKOMU

Âtrija natriurçtiskais peptîds (ANP) piedalâs ðíidrumu un spiediena homeostâzes regulâcijâ, veicot natriurçzi, diurçzi un inhibçjot
renîna-angiotenzîna-aldosterona sistçmu. ANP ekspresçjas un sintezçjas ne tikai sirdî, bet arî citos audos – hormons veic parakrîno funkciju
vairâkos orgânos, tajâ skaitâ acîs. Tâdçï ìençtisko maríieru identificçðana var noderçt par bûtisku glaukomas un hipertenzijas
diagnosticçðanas veidu. Plazmas pro-ANP koncentrâcija tika noteikta 30 klîniskiem paraugiem. Prehormona paaugstinâts lîmenis tika
novçrots pacientiem ar glaukomu un hipertensiju. Tika veikti ANP gçna polimorfisma pçtîjumi, lai noteiktu genotipu un alçïu frekvences 20
hipertensîviem un normotensîviem klîniskiem paraugiem, izmantojot restrikciju fragmentu garumu polimorfisma metodi (RFLP), ðíeïot ar
ScaI, HpaII un SmaI restriktâzçm. Starp hipertensîviem un normotensîviem klîniskiem paraugiem genotipu un alçïu frekvenèu atðíirîbas
netika novçrotas. Pçc ðíelðanas ar ScaI restriktâzi, izmantojot RFLP analîzi un nukleotîdu sekvençðanu, trim hipertensîviem pacientiem tika
lokalizçta mutâcija ANP gçna stop-kodonâ. PCR produktu sekvençðana norâdîja, ka ScaI restrikcijas saita zudums ir saistîts ar nukleotîdu
nomaiòu (T2238�C), kuras rezultâtâ veidojas arginîna atlikums. Ðajâ pçtîjumâ tika arî analizçts ANP gçna 5’proksimâlais promotera
rajons 20 normotensîviem un hipertensîviem pacientiem. Ðim nolûkam tika izmantota PCR – SSCP (single strand conformation polymor-

phism) metode, lai konstatçtu iespçjamâs punktveida mutâcijas ANP gçna 5’proksimâlâ promotera rajonâ (-595 bp – -384 bp), kas satur
gçna transkripcijas regulçjoðus elementus. Divdesmit klîniskajiem paraugiem ðajâ promotera rajonâ netika konstatçtas mutâcijas. Mûsu
ANP hormona gçna struktûras pçtîjumi parâdîja tâ potenciâlo nozîmi daþâdu patoloìisko procesu izcelsmç, bet par tâ ietekmi uz acîm
nepiecieðami turpmâki pçtîjumi.
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