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Abstract

Background: Several peptides act in kidney, being the angiotensins of the renin-angiotensin-aldosterone system the best described. However, other lesser known
include vasopressin, oxytocin, gonadotrophin releasing hormone or tyrotrophin releasing homone, with renal functions mainly unresolved. We had described changes
in several circulating and tissue aminopeptidase activities both in women and rats with breast cancer. These changes have been involved not only in breast disease, but
also in other functions of concomintantly affected tissues.

Aim of the study: To analyze renal functions mediated by biologically active peptides in animals with breast cancer through the analysis of their regulatory
aminopeptidases.

Methods: Soluble and membrane-bound forms of aminopeptidase N, aminopeptidase B, aspartyl aminopeptidase, aminopeptidase A, insulin-regulated
aminopeptidase, cystinyl aminopeptidase and pyroglutamyl aminopeptidase specific activities are measured in renal cortex and medulla of rats with mammary
tumors induced by N-methyl-N-nitrosourea (NMU). Plasma and urine electrolytes (sodium, potassium, chloride, calcium, phosphorus), non-protein nitrogenous
compounds (urea, creatinine, uric acid), albumin and total protein, are measured as markers of renal function.

Results: We found that rats with breast cancer show hypo- proteinemia and albuminemia, proteinuria and albuminuria, but no other changes in plasma and urine
chemistry parameters. Also, changes in soluble and membrane-bound aminopeptidases are found in renal cortex and medulla.

Conclusions: Although the mechanism by which breast cancer promotes renal damage remains unknown, we suggest that early events during the illnes alter the

funtions mediated by certain bioactive peptides and could make the kidney more sensitive to future damage.

Introduction

Aminopeptidases are proteolytic regulatory enzymes that play
critical roles in the regulation of several peptide hormones such as
angiotensins, oxytocin, vasopressin, gonadotrophin releasing hormone
(GnRH) or tyrotrophin releasing hormone (TRH), among others. Our
laboratory has described modifications in several circulating and tissue
aminopeptidase activities in breast cancer, both in women [1-4] and in
the animal model of breast cancer induced by N-methyl nitrosourea
(NMU) [5-10]. These activities could reflect the status of their peptides
substrates, which may be implied in the initiation, promotion and/or
progresion of this disease, or reflect concomitant changes in several
functions regulated by them in other affected tissues. In this way,
altered functions have been described in the pineal gland [11], the
ovary [12] and the hypothalamus-pituitary tyroid axis [13,14].

In kidney, several aminopeptidases also regulate important
physiological functions, such as those mediated by the well known
renin-angiotensin-aldosterone system (RAAS), but also by other less
known peptide hormones such as oxytocin, vasopressin, GnRH or TRH.

Regarding the RAAS, all their components are present within the
kidney, including renin, renin receptor, angiotensinogen, angiotensins,
angiotensin receptors and aldosterone synthase mRNA and protein,
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which are present in close proximity to the renal vasculature and
tubules [15]. This system is a well known regulator of blood pressure
and hydroelectrolytic balance [16], being angiotensin peptides
their main effectors, which are formed via the activity of several
aminopeptidases, also called angiotensinases [17]. Angiotensinases are
peptidases that generate active or inactive angiotensin peptides that
alter the ratios between their bioactive forms. To this category belong
aspartyl aminopeptidase (ASAP) and aminopeptidase A (APA) [18],
aminopeptidase B (APB) and aminopeptidase N (APN), involved in
the removal of the first amino acid of the peptide chain of AnglI for
the formation of AnglIl and AngIV. Thus, Angll degradation begins
with the action of APA, which removes the N-terminal Asp to produce
AnglII. AnglITis further converted to AngI'V by APN or APB. Anglland
AnglII mediates their action through AT1 and AT2 receptor subtypes
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[19,20], whereas AngIV seem to acts at the AT4 receptor subtype [21],
which has been identified as the enzyme leucine aminopeptidase, also
called insulin-regulated aminopeptidase (IRAP) or more recently, as
the hepatocyte growth factor (HGF)/c-Met receptor system [22]. On
the other hand, tissue carboxypeptidases and other proteolytic enzymes
(such as trypsin, chymotrypsin, pepsin and others) contribute to the
inactivation of the active forms of angiotensins, transforming them
into inactive fragments and amino acid constituents [21,23]. A separate
pathway for the synthesis of AnglII, independent of AngII formation,
is via the nonapeptide [des-Aspl]Angl, formed from Angl by ASAP
[24]. This nonapeptide is converted directly to AngIII via ACE.

By other hand, cystinyl aminopeptidase activity, also called
vasopressinase or oxytocinase, hydrolyzes amino-terminal cysteine
residues of various peptides and polypeptides including oxytocin,
vasopressin and opioid peptides [25,26]. Cystinyl aminopeptidase is a
protein involved in a large variety of functions including parturition,
milk ejection, blood pressure, water balance, local blood flows, glucose
homeostasis, and cognitive functions [27-29]. In kidney, a close
relationship between CysAP and the RAAS has been also described
[27], and the enzyme has been immunolocalized in the renal tubules [28].

In kidney it has been also located binding points for GnRH related
to estrogens and progesterone receptors [30]. Furthermore, Heber,
et al. [31] had described down affinity specific points for the GnRH
in renal cortex. Also, thyroid hormones influence renal development,
kidney hemodynamic, glomerular filtration rate and sodium and water
homeostasis [32]. The enzyme pyroglutamyl aminopeptidase (PAP) is
involved in the inactivation of GnRH and TRH [33-35]. PAP enzyme
has been also described as a renal damage marker [36], together with
IRAP [37].

In this context, the aim of the present work was to analyze several
aminopeptidase activities in their soluble and membrane-bound
forms in renal cortex and medulla of rats with breast cancer induced
by N-methyl nitrosourea (NMU) to analyze if this pathology could
alter renal functions in which their corresponding peptide-hormone
substrates may be involved.

Materials and methods

Animals and treatment

Forty female virgin Wistar rats (164.7 + 4.7 g body weight) were
used in this work. The animals were provided from the animal house
care of the University of Jaén, and maintained in an environment
controlled under constant temperature (25°C) with a 12h light /
12h dark cycle. Animals were allowed access to water and food ad
libitum. The experimental procedures for animal use and care were in
accordance with the European Community Council directive (2010/63/
EU) and approved by the ethical committee of the University of Jaén.
The rats were randomly divided into two groups. One group were
injected intraperitoneally with three doses of 50 mg/Kg body weight
of NMU dissolved in distilled water (10 mg/ml) at 50, 80 and 110 days
after birth, as previously described [9,10]. All rats were at estrus at the
first NMU injection, verified by daily vaginal smears. Animals treated
with NMU but which did not develop mammary tumors were also
considered for analysis of the putative concomitant effects of NMU.
Control group received the vehicle only.

Sample preparation

After 122 days of first NMU injection, animals were sacrificed under
equithesin anesthesia (2 ml/kg body weight) and their right kidney
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removed. To obtain soluble fraction, tissue samples were homogenized
in 10 volumes of 10 mM HCI-Tris buffer (pH 7.4) and ultracentrifuged
at 100,000 xg for 30 min (4 °C). The supernatants were used to measure
soluble enzymatic activity and protein content in triplicate. To
solubilize membrane proteins, the pellets were homogenized again in
HCI-Tris buffer (pH 7.4) plus 1% Triton X-100. After centrifugation
(100,000xg, 30 min, 4 °C), the supernatants was used to determinate
solubilized membrane-bound activity and proteins in triplicate.

Aminopeptidase activity assays

Aspartyl aminopeptidase (ASAP) activity assay: ASAP was
measured fluorometrically using aspartyl-f3-naphthylamide (AspNNap)
as the substrate. Briefly, ten microlitres of each sample was incubated in
triplicate for 30 min at 37°C with 100 microlitres of the substrate solution
containing 100 uM AspNNap, 1.3 pM ethylenediaminetetraacetic acid
(EDTA) and 2 mM MnCl, in 50 mM of phosphate buffer, pH 7.4.

Aminopeptidase A (APA) activity assay

APA activity was measured in the same way using glutamyl-
B-naphthylamide (GIuNNap) as the substrate. Ten microlitres of
each sample was incubated in triplicate for 30 min at 37°C with 100
microlitres of the substrate solution containing 100 pM GluNNap, 0.65
mM dithiothreitol (DTT) and 50 mM CaCl, in 50 mM of phosphate
buffer, pH 7.4.

Aminopeptidase N (APN) activity assay

APN was measured fluorometrically using alanyl-8-naphthylamide
(AlaNNap) as substrate. Ten microlitres of each sample were incubated
by triplicate for 30 minutes at 37°C with 100 pL of the substrate solution
containing 100 uM of AlaNNap and 0.65 mM dithiothreitol (DTT) in
50 mM phosphate buffer, pH 7.4.

Aminopeptidase B (APB) activity assay

APBwasmeasured fluorometrically using arginyl-3-naphthylamide
(ArgNNap) as substrate. Ten microlitres of each sample were incubated
by triplicate for 30 minutes at 37°C with 100 pL of the substrate solution
containing 100 uM of ArgNNap and 0.65 mM dithiothreitol (DTT) in
50 mM phosphate buffer, pH 7.4.

Insulin-regulated aminopeptidase (IRAP) activity assay

IRAP activity was measured fluorometrically using leucyl-8-
naphthylamide (LeuNNap) as substrate. Ten microlitres of each
sample were incubated by triplicate for 30 minutes at 37°C with 100 puL
of the substrate solution containing 100 M of LeuNNap and 0.65 mM
dithiothreitol (DTT) in 50 mM phosphate bufter, pH 7.4.

Cystinyl aminopeptidase (CysAP) activity Assay

CysAP activity was measured fluorometrically using cystinyl-f3-
naphthylamide (CysNNap) as the substrate. Ten microlitres of each
sample were incubated by triplicate for 30 min at 37°C with 100 pL
of the substrate solution containing 100 uM CysNNap and 0.65 mM
dithiothreitol (DTT) in 50 mM of phosphate buffer, pH 6.0.

Pyroglutamyl aminopeptidase (PAP) Activity Assay

PAP activity was measured fluorometrically using pyroglutamyl-£3-
naphthylamide (pGLUNNap) as the substrate. Ten microlitres of each
sample were incubated by triplicate for 30 minutes at 37°C with 100
uL of the substrate solution containing 100 uM of pGLUNNap, 0.65
mM dithiothreitol (DTT) and 1.3 pM ethylenediaminetetraacetic acid
(EDTA) in 50 mM of phosphate buffer, pH 7.4.
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All the reactions were stopped by adding 100 uL of 0.1 M acetate
buffer, pH 4.2. The amount of §3 naphthylamine released as the
result of the enzymatic activities was measured fluorometrically
at 412 nm emission wavelength with and excitation wavelength of
345 nm. Proteins were quantified also in triplicate by the method of
Bradford, using bovine serum albumin (BSA) as standard. Specific
enzyme activities were expressed as picomoles of the corresponding
aminoacyl-p-naphthylamide hydrolyzed per min per mg of protein,
by using a standard curve prepared with the latter compound under
corresponding assay conditions.

Blood and urine chemistry measurements

Blood and urine chemistry measurements were performed as
previously described [38]. Briefly, electrolytes (sodium, potassium and
chloride), calcium and phosphorus were assayed using selective ion
electrodes. Results are expressed in mEq/L; calcium and phosphorus
were assayed by colorimetric methods. Results are expressed in mg/
dL. The non-protein nitrogenous compounds, uric acid, urea and
creatinine were assessed using commercial kits. Results are expressed in
mg/dL. The albumin content was determined by a colorimetric method
using a commercial kit. Results are expressed in g/dL for plasma and in
mg/dL for urine. All kits were obtained from Boehringer Mannheim,
to be used with the automated Roche-Hitachi 917 system. Total protein
was determined by the colorimetric method of Bradford. Results are
expressed in g/dL for plasma and in mg/dL for urine.

Statistical analysis

To analyze the differences between groups, we used one way
analysis of variance (ANOVA) plus Dunnett post-hoc test, using IBM
SPSS V.19 software. All comparisons with P values below 0.05 were
considered significant.

Results

Figure 1 shows soluble and membrane-bound aminopeptidase
specific activities of the RAAS in the renal cortex of controls and NMU
treated rats with or without mammary tumors. No statistical differences
were observed between groups either in soluble or membrane-bound
fractions on APN (Figure 1A), APB (Figure 1B), ASAP (Figure 1C)
or APA (Figure 1D) activities. IRAP (Figure 2A) and CysAP (Figure
2B) activities were not also modified either in soluble or membrane-
bound fractions in renal cortex of NMU-treated rats with or without
mammary tumors. On the contrary, we found a highly significant
decrease (P<0.001) by 51 % in PAP activity in soluble fraction of
rats with NMU-induced mammary tumors when compared with
the control group or NMU-treated rats without tumors (Figure 2C).
However, no changes were found in PAP activity in membrane-bound
fraction.

Figure 3 shows soluble and membrane-bound aminopeptidase
specific activities of the RAAS in the renal medulla of controls and
NMU treated rats with or without mammary tumors. No significant
differences were found between groups either in soluble or membrane-
bound fractions on APN (Figure 3A), APB (Figure 3B) and APA
(Figure 3D). On the contrary, a highly significant increase (P<0.001)
by 115 % were found in ASAP activity (Figure 3C) in soluble fraction
of rats with NMU-induced mammary tumors when compared with
the control group or NMU-treated rats without tumors, whereas no
changes were found in membrane-bound fraction. Specific IRAP
activity in renal medulla is shown in Figure 4A. We found a significant
(P<0.05) decrease (35 %) in this specific activity in soluble fraction of
rats with NMU-induced mammary tumors when compared with the
control group or NMU-treated rats without tumors. On the contrary,
membrane-bound specific IRAP activity significantly increased
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Figure 1. Soluble and membrane bound (A) aminopeptidase N, (B) aminopeptidase B, (C) aspartyl aminopeptidase and (D) aminopeptidase A specific activities in renal cortex of
control animals and animals treated with N-methyl-N-nitrosourea (NMU) which developed or not mammary tumors. Results are expressed as picomoles of the corresponding aminoacyl-

B-naphthylamide hydrolyzed per min and per mg of protein (Mean = SEM).
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Figure 2. Soluble and membrane bound (A) insulin-regulated aminopeptidase, (B) cystinyl
aminopeptidase and (C) pyroglutamyl aminopeptidase specific activities in renal cortex of
control animals and animals treated with N-methyl-N-nitrosourea (NMU) which developed
or not mammary tumors. Results are expressed as picomoles of the corresponding
aminoacyl--naphthylamide hydrolyzed per min and per mg of protein (Mean + SEM;
*#4P<0.001).
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(P>0.001) by 118% in renal medulla of rats with NMU-induced
mammary tumors when compared with the control group or NMU-
treated rats without tumors (Figure 4A). CysAP (Figure 4B) activity
was not modified either in soluble or membrane-bound fractions in
renal medulla of NMU-treated rats with or without mammary tumors.
On the contrary, we found a highly significant increase (P<0.001) by
357 % in PAP activity in soluble fraction of rats with NMU-induced
mammary tumors when compared with the control group or NMU-
treated rats without tumors (Figure 4C). However, no changes were
found in PAP activity in membrane-bound fraction of renal medulla.

Regarding plasma and urine chemistry measurements, Tables
1 and 2 show plasma and urine levels of electrolytes, non-protein
nitrogenous compounds, albumin and total protein in control animals
and animals treated with NMU that developed or not mammary
tumors. No significant changes were found in plasma calcium,
phosphorus, sodium, potassium, chloride, urea, creatinine or uric acid
levels. On the contrary, slightly significant (P>0.05) decreased levels of
albumin by 17 % and total protein by 15.6 % were found in animals
with mammary tumors when compared with the control group or with
NMU-treated rats without tumors (Table 1). Finally, no significant
changes were found in urine calcium, phosphorus, sodium, potassium,
chloride, urea, creatinine or uric acid levels. On the contrary, significant
(P>0.01) increased levels of albumin by 134 % and total protein by 98
% were found in animals with mammary tumors when compared with
the control group or with NMU-treated rats without tumors (Table 2).

Discussion

To our knowledge, the present work describes for the first time
in the literature changes in renal aminopeptidase specific activities
promoted by breast cancer, using an animal model induced by NMU.
Breast cancer induced in rat by NMU is used for the study of mammary
carcinogenesis because it closely mimics human breast disease [39].
NMU-induced tumors are exclusively localised in the mammary
gland, are hormone-dependent, highly aggresive, transplantable and
show metastasis to other organs [40]. Our results show changes in
proteolytic regulatory enzymes involved in several peptide hormones
regulation in both renal cortex and medulla. However, little signs
of renal failure appears, with a slight plasma hypoalbuminemia
and hypoproteinemia, but without changes in the plasma levels of
electrolytes (sodium, potassium, calcium, chloride or phosphorous) or
non-protein nitrogenous compounds (urea, creatinine or uric acid).
In the same way, in urine, certain proteinurie and albuminurie were
found, whereas no differences were found in electrolytes and non-
protein nitrogenous compounds. Therefore, the changes found in
renal aminopeptidase specific activities could be considered as parallel
effects to breast cancer development in the specific functions regulated
by these enzymes, and/or early clues of subsequent processes related
to renal damage that could occur in the more advanced stages of the
disease.

Regarding the proteolityc regulatory enzymes of the RAAS, we
have not found differences either in ASAP, APA, APN, APB or IRAP
specific activities in renal cortex, but significant increases were found in
soluble ASAP and membrane-bound IRAP in renal medulla. However,
we have not found changes in the electrolytic balance, which support
the idea that other functions not related to the electrolytic homeostasis
could be altered. In this way, it has been recently described that Chloride
channel CIC-5 binds to ASAP to regulate renal albumin endocytosis
[41]. CIC-5is a chloride/proton exchanger that plays an obligate role in
albumin uptake by the renal proximal tubule that forms an endocytic
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Figure 3. Soluble and membrane bound (A) aminopeptidase N, (B) aminopeptidase B, (C) aspartyl aminopeptidase and (D) aminopeptidase A specific activities in renal medulla of
control animals and animals treated with N-methyl-N-nitrosourea (NMU) which developed or not mammary tumors. Results are expressed as picomoles of the corresponding aminoacyl-
B-naphthylamide hydrolyzed per min and per mg of protein (Mean + SEM; P<0.001).

Table 1. Plasma levels of electrolytes, non-protein nitrogenous compounds and albumin in control animals and animals treated with N-methyl-N-nitrosourea (NMU) that developed or not
mammary tumors.

Parameter Control Non-tumor NMU NMU Significance level

Calcium (mg/dL) 10.7740.10 10.75+0.20 10.65+0.26 ns.
Phosphorus (mg/dL) 5.0£0.35 4.75+0.34 5.07+0.77 n.s.
Sodium (mEq/L) 140.75+0.59 141.00+1.35 140.75+0.85 ns.
Potassium (mEq/L) 5.26+0.18 4.62+0.19 4.65+0.23 n.s.
Chloride (mEq/L) 99.38+0.59 100.75+0.75 101.25+0.47 ns.
Urea (mg/dL) 48.13£2.07 45.7542.62 49.00+4.37 n.s.
Creatinine (mg/dL) 0.67+0.025 0.65+0.028 0.65+0.028 n.s.
Uric acid (mg/dL) 1.23+0.15 1.15+0.086 1.60+0.23 n.s.

Albumin (g/dL) 3.65+0.078 3.58+0.19 2.97+0.36* “P<0.05

Total protein (g/dL) 7.08+0.23 7.16+0.12 6.01+0.20° 7P<0.05

Data are expressed in the indicated units as mean + SEM.

Table 2. Urine levels of electrolytes, non-protein nitrogenous compounds and albumin in control animals and animals treated with N-methyl-N-nitrosourea (NMU) that developed or not
mammary tumors.

Parameter Control Non-tumor NMU NMU Significance level

Calcium (mg/dL) 20.23+1.48 20.47+1.31 20.51£1.96 ns.
Phosphorus (mg/dL) 16.77+4.50 16.68+4.31 16.85+4.77 n.s.
Sodium (mEq/L) 76.81+7.59 76.01+7.11 76.00+7.94 ns.
Potassium (mEq/L) 125.80+12.3 125.51+11.7 127.31+12.8 ns.
Chloride (mEq/L) 93.7249.95 92.24+9.75 91.04+10.01 ns.
Urea (mg/dL) 2927.7+£328.7 2930.1+341.4 2950.7+£359.7 ns.
Creatinine (mg/dL) 82.34+8.85 84.23+9.17 86.9+11.4 n.s.
Uric acid (mg/dL) 15.46+1.92 16.80+1.70 16.12+1.97 ns.

Albumin (mg/dL) 0.410.078 0.42+0.069 0.97£0.16* 1P<0.01

Total protein (mg/dL) 42.36+3.69 42.84+3.63 84.39+14.16* 1P<0.01

Data are expressed in the indicated units as mean + SEM.
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Figure 4. Soluble and membrane bound (A) insulin-regulated aminopeptidase, (B) cystinyl
aminopeptidase and (C) pyroglutamyl aminopeptidase specific activities in renal medulla of
control animals and animals treated with N-methyl-N-nitrosourea (NMU) which developed
or not mammary tumors. Results are expressed as picomoles of the corresponding
aminoacyl--naphthylamide hydrolyzed per min and per mg of protein (Mean + SEM;
*P<0.05; ***¥P<0.001).
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complex with the albumin receptor megalin/cubilin which has ASAP as
binding partner, being the two proteins bound directly to each other.
Overexpression of wild-type ASAP increased cell-surface levels of
CIC-5 and albumin uptake [41]. Due to the physiological role of ASAP
remains largely unresolved, the changes found here showing increased
ASAP specific activity could be related with the hypoalbuminemia
found in animals with mammary tumors and indicate a response
mechanism from kidney to avoid the loss of albumin. However, it has
been also described a role for ASAP in cytoskeletal maintenance related to
endocytosis of albumin in kidney cells that must be also taken into account.

Regarding IRAP specific activity, it has been proposed that in renal
cortex this enzyme together with the other peptidases present in the
brush border of the proximal tubules are involved in the generation
of free amino acids for reabsorption [42,43]. However, in the inner
medulla, IRAP enzyme appears in the principal cells of the collecting
duct and in interstitial cells. In the principal cells of the collecting duct,
vasopressin (a substrate of IRAP) induces the translocation of the
vasopressin responsive water channel aquaporin-2 from specialized
vesicles to the apical membrane [44]. Therefore, our results may also
indicate an alteration in water reabsortion through the modulation of
Vasopressin functions. However, water movements are not reflected
in plasma electrolyte levels. It must be also considered that IRAP has
been also described as leucyl aminopeptidase, which has been shown
as a sensitive indicator of early renal damage [45,46]. Therefore, the
increase found in animals with breast cancer could also be an early sign
of the renal damage that could occur in the more advanced stages of
the disease.

Regarding PAP activity, we have observed a significant decrease
in renal cortex and a significant increase in renal medulla, both in the
soluble fraction, whereas no changes were observed in the membrane-
bound fraction either in renal cortex or medulla. In this sense,
inmunohistochemical studies in rats have also demonstrated a PAP
localization specifically in the renal proximal convoluted tubules, lesser
in the distal tubules and that was not present in renal glomeruli [33].

The precise mechanism of action and functional roles for PAP in
kidney remains unclear. It is thought that PAP modulates the activity
of peptide local factors and their access to adjacent cells by converting
pro-peptides to their active forms or inactivating them. Moreover,
accumulating data suggest that peptidase activity on bioactive peptides
converts these active molecules into fragments with retained but
modified biological effects [47]. Not only do changes in peptidase
activities reflect tissue damage in cancer, but also the functional status
of their peptide substrates, due to their involvement in the control of
these local factors that act through intracrine, autocrine, or paracrine
mechanisms [1]. In fact, evidence has accumulated in favor of the
intracellular trafficking and action of certain peptide hormones and
proteolytic enzymes, known as intracrine action. Peptides degraded
by PAP are included among those reported to have intracrine action.
Intracrine functionality can serve to link trophic events with ribosomal
regulation, and growth regulation with ribosomal synthesis. Cell
proliferation or differentiation in a great variety of tissues, are influenced
by the intracrine action of peptides and peptidases [48]. The changes in
the activity of soluble PAP in kidney found here is compatible with the
idea that a relevant action of this enzyme activity during breast cancer
development may be intracrine, acting within the cell. In this way,
GnRH and TRH are the main peptides processed by PAP, and both
peptides have been described to have certain functions in peripheral
tissues including the kidney [30]. Thus, it has been described in renal
tissue GnRH receptors [30] and GnRH mRNA expression [49] which
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suggest that both elements have functional roles in the regulation of the
cellular functions in an intracrine, autocrine or paracrine way, besides
its regulatory function in the secretion of pituitary gonadotrophins.

It is also well known the direct effects of TRH on renal function,
promoting a significant reduction in salt and water outputs, glomerular
filtration rate and renal plasma flow [50]. However, to our knowledge,
little information is available about renal TRH or TRH-like peptides,
the distribution of TRH receptors in kidney [51], their functions or
mechanisms of action. Therefore, changes found in PAP activity could
also be related with the regulation of these processes.

Other peptides susceptible to be regulated by PAP are bombesin-
like peptides. These peptides have been related to the maintaining of
renal function promoting a potent antidiuretic effect, and have been
also related with several type of cancers [52]. In the same way, gastrin
releasing peptide (GRP), the mammalian homolog of bombesin, has
been described as an autocrine or endocrine growth factor in a wide
range of cancers, including carcinoma of breast, prostate and colon
[52]. More recently, Dumesny et al. have described the presence in
rat kidney of GRP mRNA and peptide, and the expression of the
two mayor GRP receptor subtypes, suggesting that GRP can also be
an autocrine/intracrine regulatory factor in the kidney associated to
several renal function and dysfunctions [53].

Finally, the changes observed in PAP activity could also reflect an
early renal damage promoted by the development of the disease. In
fact, Balupuri, et al. have proposed PAP activity, besides LeuAP (IRAP)
activity, as a putative marker of renal damage [36].

Conclusions

Our results demonstrate that animals with breast cancer induced by
NMU administration show changes in several renal functions regulated
by proteolytic regulatory enzymes such as those involved in RAAS,
GnRH, TRH, among other peptide metabolism. The mechanisms by
which breast cancer promotes renal damage remains unknown and
needs further research, but this allows us to suggest that the damage
caused by breast cancer in the kidney could make this organ more
sensitive to future damage such as the nephrotoxicity induced by the
various chemotherapy treatments currently available against cancer,
and that the knowledge of the mechanisms by which breast cancer
causes this initial damage in the kidney could allow the development of
new strategies that avoid the nephrotoxicity of antitumor drugs.
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