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Summary

Cardiac natriuretic hormones consist of a family of six peptide hormones that are synthesized by three different
genes and then stored as three different prohormones. Within the 126-amino acid atrial natriuretic peptide (ANP)
prohormone are four peptide hormones i.e., long-acting natriuretic peptide (LANP), vessel dilator, kaliuretic
peptide, and ANP, whose main known biologic properties are blood pressure regulation and maintenance of plasma
volume. The newest discovered property of these peptide hormones is their anticancer effects. These four peptide
hormones decrease up to 97 % of human prostate, breast, pancreatic and colon adenocarcinoma as well as small-cell
and squamous cell lung cancer cells within 24 hours in vifro. Their effects are specific as demonstrated with their
respective antibodies blocking all of their anticancer effects. These cardiac hormones mechanism(s) of action
involve localizing to the nucleus of cancer cells where they inhibit 83% or greater of DNA synthesis mediated via
the intracellular messenger cyclic GMP. In addition to strong DNA inhibitory properties, they inhibit the activation
of Extracellular Receptor Kinase (ERK) 1,2, a cancer growth-promoting peptide, and inhibit activation of an
intracellular mediator of growth, Nuclear Factor Kappa Beta (NFkB). These peptide hormones effects are even
more impressive in vivo. When given subcutaneously via osmotic pumps to athymic mice with human pancreatic
adenocarcinomas they completely stop the growth of these adenocarcinomas after one week. Vessel dilator, LANP,
and kaliuretic peptide within one week decrease the volume of human pancreatic adenocarcinomas by 49%, 28 %
and 11%.

1. Introduction: cardiac peptide numbered by their a.a. sequences beginning at the N-
hormones terminal end of the ANP prohormone, consist of the first

Cardi .. ide h . ¢ 30 a.a. of the prohormone i.e., long acting natriuretic

_Cardiac natriuretic peptide hormones consist of a o iqe (LANP), a.a. 31-67 (vessel dilator), a.a. 79-98
fgmlly of peptide hormones that are synthesized b?f three (kaliuretic peptide) and a.a. 99-126 (ANP) (Vesely 1992;
different genes and then stored as three different 5445y o BNP and CNP genes, on the other hand, appear
proh'ormones [ie., 126 amino acid '(a.a.') atrlal'natrluretlc to each synthesize only one peptide hormone within their
peptide (ANP), 108 a.a. brain n'atrlu'retlc peppde (BNP), respective prohormones, i.e., BNP and CNP (Gardner et
a“dh 103 o C-type et peptide | (]CNP) al, 1997; Lainchbury et al, 1997; Scotland et al, 2005).
prgh(?rmznes]]zg renne/; e;a, 390’ Gardner fet al, 99,7)' Each of these peptide hormones circulates in healthy
Within the a.a. ANP prohormone are four peptide humans with vessel dilator and LANP’s concentrations in

hormones  (Figure 1) whose main known biologic — .¢1o being 17- to 24-fold higher than ANP, 33 to 48-
properties are blood pressure regulation and maintenance fold higher than BNP and 124 to 177-fold higher than
of plasma volume in animals (Martin et al, 1990; Gunning CNP (Winters et al, 1989 Vesely et al, 1989; Hunter et al,

et al, 1992; Benjamin and Peterson, 1995; Ziedel, 1995;
, 1992; , 1995; - 19950 1998: DePalo et al, 2000; Franz et al, 2000, 2001: Vesely,
Villarreal et al, 1999; Dietz et al, 2001) and humans 500 cralocta ranzeta esely

(Vesely et al, 1994 a,b, 1998). These peptide hormones,

253



Vesely: Cardiac hormones: dramatic anticancer effects

ANP has growth-regulatory properties (Toshimori et
al, 1987; Abell et al, 1989; Itoh et al, 1990, 1992). In
vascular smooth muscle, ANP inhibits cell proliferation
(hyperplasia) as well as smooth muscle cell growth
(hypertrophy) (Toshimori et al, 1987; Abell et al, 1989;
Itoh et al, 1990, 1992). Atrial natriuretic peptide has
growth-regulatory properties in a variety of other tissues

including brain, bone, myocytes, red blood cell precursors,
and endothelial cells (Johnson et al, 1998; Appel, 1988,
1990, 1992; Haneda et al, 1993; Pedram et al, 1997; Yu et
al, 1997; Calderone et al, 1998). In the kidney, ANP
causes antimitogneic and antiproliferative effects in
glomerular mesangial cells (Appel 1988, 1990, 1992;
Haneda et al, 1993).
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Figure. 1. Atrial natriuretic peptide (ANP) gene synthesizes a 126 amino acid (a.a.) prohormone which contains four peptide hormones
consisting of amino acids 1-30 (i.e., long acting natriuretic peptide, LANP) a.a. 31-67 (vessel dilator), a.a. 79-98 (kaliuretic peptide) and
atrial natriuretic peptide (ANP, a.a. 99-126 of this prohormone). Reproduced from Vesely et al, 2006 with kind permission from Atrial
Natriuretic Hormones, 1* Edition 1992, Pearson Education, Inc., Upper Saddle River, NJ.
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II. Cardiac natriuretic hormones
decrease the number and DNA synthesis

of human pancreatic adenocarcinomas

The first cancer studied both in vitro and in vivo was
human pancreatic adenocarcinomas which have the lowest
5-year survival rate of all common cancers (Pitchumoni,
1998; Wolff et al, 2000). The 5-year survival rate of
persons with adenocarcinoma of the pancreas is 1% with a
median survival of only four months (Pitchumoni, 1998;
Wolff et al, 2000). Current cancer chemotherapy and
surgery prolong survival by a few months but the above-
mentioned survival rates are for persons treated with
surgery and/or current cancer chemotherapeutic agents
(Pitchumoni, 1998; Wolff et al, 2000).

Vessel dilator, LANP, kaliuretic peptide and ANP
(each at a relatively low concentration of 1 uM) decrease
the number of human pancreatic adenocarcinoma cells in
culture by 65% (P<0.001), 47% (P<0.01), 37% and 34%
(both at P<0.05), respectively, within 24 hours (Vesely et
al, 2003). This decrease was sustained without any
proliferation of the adenocarcinoma cells occurring in the
three days following this decrease in number (Vesely et al,
2003). Thus, when exposed to vessel dilator, LANP,
kaliuretic peptide and ANP for 48 hours the inhibition of
the number of cancer cells compared to controls was 68%
(P<0.001), 43%, 40% and 33% (P<0.05 for these three
peptides), respectively (Vesely et al, 2003). At both 72
hours and 96 hours, the decrease in number of
adenocarcinoma cells secondary to vessel dilator was 70%
(P<0.001) (Vesely et al, 2003). LANP for 72 and 96 hours
resulted in the number of adenocarcinoma cells being
reduced 47% and 48% (P<0.01 for both), respectively
(Vesely et al, 2003). At 72 and 96 hours, the number of
cancer cells with kaliuretic peptide present was decreased
by 39% and 42% compared to untreated control cells
(P<0.05 for each) (Vesely et al, 2003). The number of
adenocarcinoma cells at 72 and 96 hours was decreased
secondary to ANP by 37% and 35% (P<0.05 for both)
(Vesely et al, 2003). At least part of the mechanism of
these peptide hormones’ decrease in cancer cell number
and antiproliferative effects was a 83% or greater
inhibition of DNA synthesis (Vesely et al, 2003). Thus,
vessel dilator, LANP, kaliuretic peptide and ANP each at
their 1 uM concentrations inhibited DNA synthesis when
incubated with adenocarcinoma cells for 24 hours by 91%,
84%, 86% and 83%, respectively (P<0.001 for each). One
of the known mediators (Waldman et al, 1984; Vesely
1997) of these peptide hormones’ mechanism(s) of action,
i.e., cyclic GMP, inhibited DNA synthesis in these
adenocarcinoma cells by 51%. Dose-response curves
revealed that 8-bromo- cyclic GMP, the cell permeable
analog of cyclic GMP, decreased DNA synthesis in these
cancer cells 46%, 42%, 39%, and 34% (all P<0.05) at its 3
mM, 1 mM, 100 uM, and 1 uM concentrations,
respectively (Vesely et al, 2003). Even at 1 nM (i.e., 10”
M) of 8-bromo-cyclic GMP there was a 25% decrease in
DNA synthesis in the adenocarcinoma cells (P<0.05)
(Vesely et al, 2003). At 100 pM of 8-bromo cyclic GMP,
its effects on DNA synthesis in these adenocarcinoma
cells became not significant (14% decrease).
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III. Cardiac natriuretic hormones stop
the growth of human pancreatic

adenocarcinomas in vivo

In vivo, these peptide hormones’ effects as anticancer
agents were even more impressive. Vessel dilator (139
ng/min/kg of body weight) infused subcutaneously for 14
days via osmotic pumps completely stopped the growth of
human pancreatic adenocarcinomas in athymic mice
(n=14) with a decrease in their tumor volume, even when
the tumor volume was large i.e., 60-fold increase in size
over basal palpable tumor before peptide infusion was
begun, to mimic what occurs in humans, i.e., the
pancreatic adenocarcinomas in humans are usually large
before they are discovered (Vesely et al, 2004). The tumor
volume increased 69-fold in this two-week period
(P<0.001) when measured with electronic Vernier calipers
in the placebo (n=30)-treated mice (Vesely et al, 2004).
Dose-response studies revealed that at concentrations as
low as 1.7 ng/ min/20 gram mouse, vessel dilator could
completely stop the growth of the human pancreatic
adenocarcinomas, but at this concentration there was no
decrease in the volume of the tumor by vessel dilator
(Vesely et al, 2004). The tumor volume of the untreated
human pancreatic adenocarcinoma increased 172-fold in
three weeks and was almost 300-fold increased four weeks
after the tumors first became palpable (Vesely et al, 2004).
After two months, the volume of this untreated aggressive
adenocarcinoma was 1306-fold greater than when the
tumors first became palpable (Vesely et al, 2004). When
these peptide hormones at 10-fold higher concentrations
(i.e., at 1.4 ug/min/kg body weight) were infused for four
weeks, in addition to completely stopping the growth of
this aggressive adenocarcinoma, vessel dilator, long acting
natriuretic peptide and kaliuretic peptide decreased human
pancreatic adenocarcinomas’ tumor volume after one
week by 49%, 28%, and 11%, respectively, with a one-
and 20-fold increase in the tumor volume in ANP- and
placebo-treated mice (Vesely et al, 2004). Cyclic GMP
(0.05 ug/ min/20 gram mouse body weight) inhibited after
one week the growth of this cancer 95% (Vesely et al,
2004). There was no evidence of cytotoxicity in any of the
normal tissues during the infusion of these peptide
hormones.

IV. Localization of the cardiac
natriuretic hormones within the human

pancreatic adenocarcinomas
Immunocytochemical evaluation after removal of the
human pancreatic adenocarcinomas revealed that vessel
dilator, LANP, kaliuretic peptide and ANP each localized
to the nucleus and cytoplasm of the cancer cells and to the
endothelium of the capillaries growing into these tumors
(Figure 2) (Saba et al, 2005). These cardiac hormones also
localized to the fibroblasts within the adenocarcinomas
(Figure 2) (Saba et al, 2005). This investigation was the
first demonstration of any anti-growth peptide hormone
localizing to the nucleus where they could directly inhibit
DNA synthesis (Saba et al, 2005). It is, thus, of interest
that all four of these peptide hormones, which inhibit
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DNA synthesis, localized to the nucleus. Growth
promoting peptides such as Extracellular Receptor Kinase
(ERK)-1 have been shown to move from the plasma
membrane to the nucleus to cause proliferation. A slightly
modified kaliuretic peptide for nanotechnology can
substantially decrease the activation ERK-1/2 (Mohapatra

et al, 2004). These peptide hormones may, thus, inhibit the
growth of cancer cells not only by directly inhibiting DNA
synthesis in the nucleus but by also decreasing the
activation of growth promoting substances like ERK-1/2
which promote the growth of cancer cells (Mohapatra et
al, 2004).

Figure 2. Immunoperoxidase localization of vessel dilator, LANP, kaliuretic peptide, and ANP within human pancreatic
adenocarcinomas with each of these peptide hormones strongly localizing to cytoplasm (Cy), nucleus (N), endothelium (E), and
fibroblasts (F). The light blue stain in the fibroblasts is the nuclei of the fibroblasts. (A) Vessel dilator treated, (B) LANP treated, (C)
kaliuretic peptide treated, and (D) ANP treated. Primary antibody of each peptide was diluted 1:800. Original magnification x 60. The
inset in (A) is an isolated nuclei illustrating that vessel dilator has immunoperoxidase staining within the nucleus. The inset in (D) is a
negative control using the human pancreatic adenocarcinoma with substitution of the primary antibodies with normal rabbit serum.
Reproduced from Saba et al, 2006 with kind permission from Journal of Histochemistry and Cytochemistry.
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V. Four cardiac hormones eliminate
up to 97% of human prostate, breast and
colon adenocarcinoma cells as well as
small-cell and squamous carcinoma of the

lung cells

Dose-response curves have revealed that there is a
significantly greater (P<0.05) decrease in the number of
cancer cells at each 10-fold increase in concentration of
the four peptide hormones synthesized by the ANP gene in
human breast, colon, and prostate adenocarcinomas as
well as in small-cell and squamous carcinoma of the lung
cells (Vesely et al, 2005a,b,c, 2006; Gower et al, 2005).
Table 1 is an example of this with colon adenocarcinoma
cells. At 1 mM of these respective hormones up to 97% of
the above human cancer cells were eliminated, i.e., only 3
to 4 + 0.6 cells were not killed. Thus, with vessel dilator
nearly all of the human cancer cells were eliminated
(Vesely et al, 2005a,b,c, 2006; Gower et al, 2005). In
several fields there were no cancer cells at all, i.e., vessel
dilator had killed 100% of the cancer cells within 24
hours. In none of the human cancers is there a proliferation
of the remaining cancer cells after the initial decrease in
cancer cell number secondary to these peptide hormones.
Dose-response investigations have further revealed that
brain natriuretic peptide (BNP) has no anticancer effects in
any concentration and that CNP, from the third cardiac
gene, has anticancer effects only at 100-fold higher
concentrations than that observed with the above four
cardiac hormones (Vesely et al, 2005a,b,c, 2006; Gower et
al, 2005).
breast

V1. Elimination of human

adenocarcinomas in vivo

We have infused subcutaneously 100 uM and 1 mM
of vessel dilator and LANP for four weeks with a weekly
change in the osmotic pumps in athymic mice harboring
human breast adenocarcinomas. After three weeks, in the
majority of the mice, the human breast cancers
disappeared and no evidence of breast cancer was present
in any tissue or organ at necropsy two months later (BA
Vesely, et al. unpublished observation). There were no

side effects of the 100 uM or 1 mM concentrations of
these peptide hormones in vivo during their one month of
infusion or in the two months post-infusion follow-up (BA
Vesely, et al, unpublished observation).

VIIL Cell-cycle arrest of
adenocarcinoma cells with cardiac
hormones

Cell-cycle progression was directly affected by
several of the cardiac hormones. The majority of the
cardiac hormones had their strongest modification of cell-
cycle progression in the synthetic (S) phase of the cell
cycle. Vessel dilator, long acting natriuretic peptide,
kaliuretic peptide and 8-bromo-cyclic GMP (each at 1
uM) decreased the number of breast cancer cells in the S
phase of the cell cycle by 62%, 33%, 50%, and 39%,
respectively (all P<0.05) (Vesely et al, 2005b). ANP
caused a 40% decrease in the G,-M proliferative phase the
cell cycle. There was an accumulation of cells in the
resting G,-G, phase secondary to LANP, vessel dilator,
kaliuretic peptide and ANP (Vesely et al, 2005b). Vessel
dilator, which caused the largest decrease in cells in the S
phase, had the largest accumulation of cells in the G,-G,
phase (Vesely et al, 2005b). BNP had no effect on the S
phase or any other portion of the cell cycle (Vesely et al,
2005b).

VIII. Natriuretic peptide receptors
(NPR) A and C are present in human

cancers

Each of the human cancer cells listed above have
natriuretic peptide receptors to mediate these peptide
hormones’ effects (Vesely et al, 2005a,b,c, 2006; Gower et
al 2005). Thus, when human breast adenocarcinoma cells
were evaluated by Western blots, natriuretic peptide
receptors (NPR)-A and -C were demonstrated to be
present (Vesely et al, 2005b). It is of interest that the
breast adenocarcinoma cells have developed an NPR-A-
and -C receptors to mediate ANP’s effects via membrane-

Table 1. Percent Decrease in Human Colon Adenocarcinoma Cells Within 24 Hours: Dose-Response Relationships.

% Decrease

Dose Vessel Dilator LANP Kaliuretic Peptide ANP BNP CNP Cyclic GMP
1 mM 97 89 89 89 5 6 84
100 uM 90 68 72 69 4 4 65
10 uM 72 55 55 54 2 3 57
1 uM 60 31 30 35 1 1 33

LANP = Long acting natriuretic peptide; ANP = Atrial natriuretic peptide, BNP = Brain natriuretic peptide, CNP = C-natriuretic peptide;
Cyclic GMP = cyclic 3°,5’-guanosine monophosphate. The decrease in colon cancer cells with 1 mM of vessel dilator, LANP, kaliuretic
peptide, ANP and cyclic GMP was significant at P<0.001 while BNP and CNP’s effects were not significant when evaluated by repeated
analysis of variance (ANOVA), (n = 60 for each group). Reproduced from Gower et al Jr, 2005 with kind permission from International

Journal of Gastrointestinal Cancer.
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bound guanylate cyclase which is part of the NPR-A
receptor and via NPR-C receptor mediated mechanisms,
respectively. The NPR-C receptor does not contain
guanylate cyclase which catalyzes the formation of the
intracellular cyclic GMP. ANP’s signaling via the NPR-C
receptor is thought to involve a cascade of Ca** influx,
activation of endothelial nitric oxide synthase with
resulting formation of nitric oxide activating cytosolic
guanylate cyclase, which in turn, increases the
concentration of cyclic GMP (Murthy et al, 1998). The
presence of these receptors helps to explain why ANP, but
not BNP and CNP, has effects at its 1 uM concentration as
ANP binds to both receptors with a stronger affinity than
BNP or CNP and, thus, a lower concentration of ANP is
needed to have effects (Vesely et al, 2005a). When the
concentrations of CNP and BNP are increased 100-fold, in
dose-response curves, CNP but not BNP has effects of
decreasing the number of cancer cells (Vesely et al,
2005c). This is consistent with CNP’s binding to NPR-C
receptor with a stronger affinity than BNP but not as
strong as ANP i.e., binding to NPR-C receptors is ANP >
CNP > BNP (Suga et al, 1992).

IX. Cardiac hormones anticancer

effects are specific

To determine if the effects of these peptide hormones
to decrease the number of human cancer cells were
specific these peptides hormones’ respective antibodies
(Ab) were utilized in a 1:5 concentration of peptide
hormone to their respective antibody in the examination of
human prostate adenocarcinomas. When these peptide
hormones (each at 1 uM) were incubated with their
specific antibodies (5 uM) the decrease in cancer cell
number secondary to vessel dilator alone of 63% (89 = 2
to 33 = 2 cancer cells) was reduced to 2% only (89 = 2
cells in control vs 87 = 2 cancer cells with Ab plus vessel
dilator) (Vesely et al, 2005a). There was no decrease in
cell number with LANP plus its antibody (89 + 2 control
cancer cells vs 89 + 2 cells with LANP and Ab) (Vesely et
al, 2005a). Kaliuretic peptide plus its antibody resulted in
a 0.4% (89 = 2 control cells vs 88 + 2 cancer cells with
kaliuretic peptide plus Ab) decrease versus a 30%
decrease (62 + 3 cells vs 89 = 2 control cells) with
kaliuretic peptide alone (Vesely et al, 2005a). These
antibodies studies also indicated that ANP’s effects were
specific with the 37% decrease (to 56 = 3 cells) in cell
number with ANP alone decreased to 2% (87 = 2 cells vs
89 + 2 control cancer cells) when its antibody was added
(Vesely et al, 2005a). The addition of specific antibody
blocked each of these peptides ability to decrease cancer
cells at P<0.0001.

When these specificity experiments were extended to
48, 72, and 96 hours of incubation of antibody plus
peptide hormones, for vessel dilator plus antibody, the
decrease in number of cancer cells was 1%, 0%, and 1%,
respectively (versus untreated control prostate cancer cells
at these three time points) (P<0.0001). LANP plus its
antibody resulted in 0%, 1%, 1% decrease in cancer cells
at 48, 72, and 96 hours (Vesely et al, 2005a). With
kaliuretic peptide plus its antibody there was a 0%, 0%,

258

and 1% decrease in prostate cancer cell number at 48, 72,
and 96 hours, respectively (Vesely et al, 2005a). When
ANP’s antibody plus ANP were incubated for 48, 72, and
96 hours there was a 0%, 0%, and 0% decrease in prostate
cancer cells at each time period (Vesely et al, 2005a).

When the antibodies alone (same concentration) were
incubated for 24 hours without the addition of any of the
peptide hormones, the vessel dilator antibody resulted in a
5% increase (rather than decrease) (i.e., 93.4 = 1.5 cells vs
88 + 6 control cancer cells) in prostate cancer cell number
while the ANP antibody resulted in a 3% increase (92 = 2
cells) in prostate adenocarcinoma cells (Vesely et al,
2005a). With the LANP and kaliuretic peptide antibodies
alone for 24 hours there was a 0% (89 = 2 cells) and 2%
increase (91 2 cells), respectively versus 89 2
untreated prostate cancer cells (Vesely et al, 2005a). Thus,
there was no significant decrease in cancer number with
the antibodies alone, but rather 3 of the 4 antibodies
caused a small increase in cancer cell number within 24
hours.

+

+

X. These cardiac hormones’ ability to
inhibit DNA synthesis is specifically
mediated by cyclic GMP

With respect to the mechanism of how these peptide
hormones inhibit DNA synthesis, one of the second
messengers of their biologic effects i.e., cyclic GMP was
found using 8-bromo-cyclic GMP (1 uM) to inhibit DNA
synthesis 57% in the human colon cancer cells (Gower et
al, 2005). Cyclic GMP’s mimicking the effects of these
peptide hormones on DNA synthesis in the same cells
suggests that cyclic GMP is one of the mediators of these
peptide hormones’ ability to decrease cancer cell number
and to inhibit DNA synthesis in colon adenocarcinoma
cells. This was further defined when utilizing a cyclic
GMP antibody it was demonstrated that this antibody
could essentially block all of cyclic GMP’s effects on
decreasing colon cancer cell number and DNA synthesis
(Gower et al, 2005). Utilizing this antibody suggests that
cyclic GMP’s effects on cancer cells are specific, i.e., not
due to some other mediator. Further, the cyclic GMP
antibody almost completely blocked each of the cardiac
peptide hormones’ ability to inhibit DNA synthesis which
strongly suggests that their ability to inhibit DNA is
almost exclusively mediated by cyclic GMP (Gower et al,
2005).

XI. Mechanism of action of -cardiac
hormones decreasing the number of cancer

cells

When the cyclic GMP antibody was incubated with
vessel dilator, LANP, kaliuretic peptide and ANP it
blocked 75 to 80% of their effects on decreasing colon
cancer number (Gower et al, 2005). This would suggest
that these peptide’s mechanism(s) of action as anticancer
agents is mediated partially but not completely by cyclic
GMP (Gower et al, 2005). This information is compatible
with the information that one of these peptides, i.e.,
kaliuretic peptide’s ability to decrease activation of
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extracellular receptor kinase (ERK) 1/2, a cancer growth
promoting peptide which translates from the extracellular
membrane to the nucleus of the cell to promote growth
(Mohapatra et al, 2004). Thus, one additional mechanism
of these peptides’ antigrowth effects is their ability to
decrease the activation of growth promoting peptides
(Mohapatra et al, 2004) as well as directly inhibiting DNA
synthesis within the nucleus (Saba et al, 2005). Kaliuretic
peptide and ANP also significantly decrease the activation
of NFkB, an intracellular mediator of growth (Mohapatra
et al, 2004).

XII. Cardiac hormones’ effects

sarcomas

These cardiac hormones decrease the number of
sarcoma cells and their DNA synthesis (Vesely et al,
2006) as well as in the cancer cells outlined above. About
one-fourth of all primary cardiac tumors are malignant and
usually are invasive (Colucci and Schoen, 2001). These
malignant tumors of the heart can occur at any age but are
most common in the third to fifth decades of life (Colucci
and Schoen, 2001). The malignant tumors of the heart
have an equal incidence in women and men and can occur
in children and infants (Chahinian et al, 2003). The most
common primary malignant cardiac tumors are
angiosarcomas (Chahinian et al, 2003). From a clinical
standpoint, primary malignant tumors of the heart cause a
rapid downhill course with death occurring from a few
weeks to two years after the onset of symptoms (Donsbeck
et al, 1999; Colucci and Schoen, 2001). Complete surgical
resection of cardiac angiosarcomas is usually impossible
(Chahinian et al, 2003). The combination of surgery
followed by radiotherapy and chemotherapy based upon
doxorubicin has resulted in no cures and usually a failure
to alter the course leading to death (Colucci and Schoen,
2001). Within 24 hours, vessel dilator, LANP, kaliuretic
peptide, ANP and their intracellular mediator cyclic GMP
each at relatively low concentration of 1 uM decreased the
number of angiosarcoma cells in vitro 61%, 30%, 29%,
36%, and 32%, respectively, and its DNA synthesis 68%
to 85% (Vesely et al, 2006). BNP and CNP had no
effect(s) at the same concentration (Vesely et al, 2006).

on

XIII. Natriuretic peptides do not have

side effects of current anticancer agents

The above four cardiovascular peptide hormones do
not cause nausea, vomiting, alopecia, or myleosuppression
that is common with current cancer chemotherapy or the
more severe toxicity of permanent ovarian dysfunction and
leukemia and/or secondary tumors that occurs with
currently utilized anticancer agents (Pitchumoni 1998;
Wolff et al, 2000). The lack of these side effects and their
beneficial effects of decreasing the number of cancer cells
suggests that the cardiovascular hormones synthesized by
the ANP prohormone gene may have use in the future as
anticancer agents.
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