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Atrial Natriuretic Factor Downregulation During Breast Cancer Progression
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Abstract: We researched in a series of human breast cancers of different stages the presence and the
expression of Atrial Natriuretic Factor (ANF) and Oxytocin (OX), by immunochistochemistry and RT-PCR. We
found a reduction of expression of ANF during cancer progression. By contrast, OX resulted lightly expressed
by immunohistochemistry and negative at RT-PCR. We hypothesize that ANF could be considered a novel
marker to predict breast cancer progression; by contrast, OX expression should be better investigated, to clarify
also the putative role of oxytocinases in human breast carcinogenesis.
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INTRODUCTION

The breast gland i1s composed of between 15 and 25
lobes each empting into a separate major duct terminating
in the nipple. Each lobe is surrounded of connective
tissue and 18 divided into many lobules. The lobules are
subdivided mto 10-100 alveoli which are enveloped by a
true basal lamina (Haagensen, 1986). Under hormonal
influence, especially sex steroids, the
epithelium specializes nto A, B and myoepithelial cells.
B cells are thought to be precursors of columnar,
basophilic luminal A cells. Myoepithelial cells, located in
close contact with plasma membrane of alveolar
epithelium, are 10-20 times more sensitive to Oxytocin
(OX) than myometrial cells (Vorherr, 1974).

An  epithelial-stromal junction surrounds the
epithelium, delimiting it from a fibroblast-rich connective
tissue (McCarty ef al., 1983). Histologic features vary with
development and menstrual cycling, as well as
menopause. Indeed, the declining levels of sexual
associated with microenviromental
meodification in mammary cell trophism that 1s proved by
breast mvolution (Vorher, 1980).

Breast Cancer (BC) is one of the most commonly
diaghosed carcinomas in the World and one of the
leading causes of cancer-related death in women. BC are
divided into in situ and mvasive carcinomas. Both are
classified as ductal and lobular on the basis of their
histologic features (Wellings, 1980). Because of the
growth of BC 1s often regulated by the female sex steroids,
the immunohistochemical determination of their cellular
concentration is used to predict which patients may
benefit from antihormonal therapy (Elledge and Fuqua,
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2000). Nevertheless, the roles of other paracrine factors
that may dwectly or indwectly modulate signal
transduction pathways during breast carcinogenesis have
not been widely studied to date (Dickon and Russo, 2000).

0¥ is a cyclic nonapeptide synthesized as a larger
precursor molecule that 18 rapidly converted by
proteolysis to the active hormone (Zingg et al, 1998).
Well demonstrated sites of OX synthesis include
hypothalamic supraoptic nucleus, ovarian luteal cells,
endometrium and placenta (McCracken et al,, 1999,
Egarter and Husslein, 1992). OX plays many important
physiological roles in uterus during pregnancy and breast
during lactation (O Brien, 1995). Moreover, we found OX
presence i human prostate gland, simultaneously to
Atrial Natriuretic Factor (ANF), and postulated that OX
and ANF may have paracrine effects in the homeostasis
of this gland (Farina-Laipari et al., 2003). Indeed, ANF has
endocrine/paracrine functions in many districts, acting on
renal excretion of sodium and water and relaxation of
vascular smooth muscle cells (Currie et al., 1983).
Moreover, ANF inhibits of aldosterone synthesis from
adrenal cortical cells (Atarashn et al., 1984), vasopressin
release from posterior pituitary gland (Samsen, 1985) and
renin production from renal cortical cells (Burnett ef al.,
1984), interestingly, ANF has also paracrine/autocrine
functions, 1.e., during spermatogenesis m rats (Pandey,
1991).

We have already demonstrated the presence of ANF
in the excretory ducts of the rabbit parotid gland
(Valentino ef al., 1999), postulating the possible paracrine
role of this peptide in cell homeostasis mechanisms, as the
regulation of the salivary composition. Moreover, a
number of papers have already postulated the functional
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interaction between OX and ANF in several organs, as
heart (Faveretto et al., 1997), kidney (Scares ef af., 1999),
myometrium (Carrajal et al., 2001) and prostate (Farina-
Laipan et al., 2003). In addition, we recently showed the
presence of both ANF and OX in non-lactating breast
gland of rabbit (Valentino et al., 2005), hypothesizing also
that these hormones may be involved in homeostasis of
breast parenchyma.

In the present study, we researched the presence and
the expression of OX and ANF by immunolistochemical
and biomolecular techniques in a series of BCs of different
stages of progression, to mvestigate the mvolvement of
these hormones during mammalian carcinogenesis.

MATERIALS AND METHODS

Specimen collection: We collected from the Department
of General Surgery of the "Policlinico P. Giaccone™ of the
University of Palermo 24 specimens of ductal carcinoma
of different stages. In particular, 6 specimens were of in
situ ductal Carcinoma (CTS), 13 specimens of NO ductal
carcinoma (NO) and 11 specimens of N1 ductal carcinoma
(N1). Moreover, we collected 10 biopsies of Non-tumoral
Breast tissue (NB). Tissues were in part formalin-fixed and
paraffin-embedded for immunohistochemical analyses;
moreover, a small specimen of each NB, NO and N1 was
frozen for western blotting and RT-PCR studies, as
described below.

Immunohistochemistry: Immunostaimng by streptavidin-
biotin complex method (LSAB2 kit peroxidase, DAKO
Corporation, Carpinteria CA, Cat. No KO0677) was
performed, using monoclonal antibodies against ANF at
the dilution of 1:500 (Cymbus Biotechnology L.TD, Cat.
No. CBL66) and OX at the dilution of 1:1000 (Chemicon,
Cat. No. AB911) and 1sotype-matched control on 5-micra
formalin-fixed paraffin-embedded sections.  After
mcubation for 10 min with protein block serum-free
(DAK O Corporation, Carpinteria CA, Cat. No X0909), the
primary antibody was added to the sections. DAB was
used as develop chromogen (DAKO Corporation,
Carpmteria CA, Cat. No K3467). Results were
semiquantitated by 2 independent observers (FR and FC),
accordng to the cell percentage presenting
immunopositivity on 10 HPF. The mean of the values were
considered as data. We analysed the sigmificance of the
data using the Student “t” test (p<0.03). A one-way
Analysis of Variance (ANOVA) was used to determine the
correlation between either ANF and OX expression and
tumour stage.

Total RNA extraction: Total RNA extraction was
accomplished using the QuickPrep Total RNA Extraction
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Kit (Amersham Biosciences, Milan) following the
manufacturer’s mstructions. RNA yield was evaluated
spectrophotometrically (A260/A280) and RNA aliquots
were stored at -80°C until use. Total RNA fractions were
used for subsequent experiments only if the A260/280
ratio was in excess than 1.6.

RT-PCR: RT-PCR was performed using the Ready To Go
RT-PCR beads (Amersham Biosciences). The reaction was
carried out using the two step protocol provided with the
kit, with a MyCycler thermal Cycler with gradient module
(Bio-Rad, Milan). RT-PCR was carried out mixing 1 pg of
total RNA, 0.5 pg of pd (T)12-18, 1 pg of pd ()6, with
RNAse free water. The reaction comprised a reverse
transcription step of 30 min (42°C), followed by
nactivation of the enzyme at 95°C (5 min). Then 100 pM
of specific primers were added and the reactions were
cycled for 95°C, 2 min, then 35 cycles of 95°C, 605, 47°C,
60s, 72°C, 60 s, with a final extension at 72°C, 10 min.
Primers used m this study were as follows:

Oxytoem Forward: 5°-TTGCTGTCTGCTCGGCCT-37;
Oxytocin Reverse: 5°-TTTCACCATTTCTGGGGTGG-3
product size 284bp;

ANF Forward: 5°-CGCAGACCTGATGGATTTCA-3,
ANF Reverse: 5°-GCAGCTTAGATGGGATGATCAC-3
product size 486bp;

Beta2 Microglobulin Forward: 5°-CGTCATCCAGCAGA
GAATGGAA-3,

BetaZ DMicroglobulin  Reverse: 5-CCAGATTAA
CCACAACCATGCC-3 product size 774bp;
GAPDHForward:5’-AAGGTGAAGGTCGGAGTCAA-3,
GAPDH Reverse: 5’-AAGTGGTCGTTGAGGGCAAT-3,
product size 914bp

Beta Actin Forward: 5-AAACTGGAACGGTGAAGG TG-
3

Beta Actin Reverse: 5’-TCAAGTTGGGGGACAAAAAG-
3", product size 350bp

Beta? Microglobulin (B2M) was preferred as
housekeeping gene, over GAPDH and beta Actin, for the
better hinearity of expression in all the experimental
conditions.

The 1dentity of PCR products has been confirmed by
incubation with the appropriate restriction enzyme and
subsequent visualisation of the cleavage products on 2%
agarose gel.

Densitometric and statistical analysis: Densitometric
analysis of RT-PCR gels has been performed using the
software package 1DScan EX (Scanalytics). The
expression levels of genes were normalised for the
expression of the housekeeping gene, B2M. Statistical
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analysis was performed vsing GraphPad Prism 4.0
Aoftware package. Signdficance of differences has been
assessed by forrparametric Krugka Wallis test. Data
were considered sigrificant if p0.05.

RESULT S AND DISCU 5510

Immunchistochemistry: Table | summarizes imimio-
histochemical results. In particilar, ANF was positive in
42+12% epithelial cells of ME, 40£9% of CT3, 1584% of HO
and 53% of M1 (Fig 1), statistical analyses showed
sigrificant differences during BC progression, as showed
inTable 2. By contrast, we fownd a light positivity for O
oty in inter stitiam in all specimens without sgnificant
differences. As dismussed in the text ANF reduces its
expression duritng caricer progresslon.

CL3 : Carcitiom as i Sif.

MO : Dwuctal  carcinoemas withoot  pmph noda
metastases.

M1 : Dwucta carcinomas with Iymph nodal metastases.

AWE ¢ Atrial Matrhwretic Factor, Original magrification
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RT-PCR: ET-PCE confirmed the immunobi stochemica
data indeed, the expression of ANF mBNA redoced from
HE through MO to N1 (Fig 24) statistical analyses of
guatitificaion confismed immunohistochemical results
(Fig. 2%. By contrast, OX resulted negative in all
exatnitied specimens. Data are represented as mean with
the indication of standard deviation, of three replicates
Expressionvadues are represented as 0. D Ag of total BIA
retrotranscribed, normalized for the expression of the
Beta? MMicrogobulin 3ignificance of differenceshas been
assessed by vsing the Forskal TWallis test.

HNE : Won-twnoral Breasts.

MO Ductal  ecatcitothas  withoot  Dpnph noda
metastases,

M1 Ductal carcinotmas with Iymph noddl metastases.

AMF : Atrial Matriwretic Factor.

B2M : Betad Lieroglobulin, as control housekeeping

getie.

& munber of evidences support an interaction
between ANF and orytocin, paracrine wa in differertd
sites. Hasnwinckel of al. (1995 showed that crytocin
released from newolsrpoplirsis increases the plasmatic
coticentration of ANF that, in tn induces natrivvesiz
atnd divresiz. Guthowska ef ol (19977 showed that
oxytocin binds its receptors in the moyocardiocytes and
induaces the release of ANF with a cGMP mediated
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Tabk 1: Feoutte of cermiquardific stion of #rovamobistochernical sabeees
HE % CIS % MO % H1 %

AHF 4212 400 154 ke

02E S£3 S+3 e 42

HE: Hov-bomeral Breasts; OIS Carcinoshas #2 5 HO: Dnactal catc wothas
withongt Brrrph riodal metactaces: 1 Dnictal carcinoenas with brorph nodal
metactaces; HHF Siri] Matrimetic Factor; 03 0 xetocin

Table 2: Batictic 3l avuabyees Tesalke chovare d sigrificard differerice s et e
OHF expre ssion  varith the e ax eption of HEws CIS

HEw: CIS p=055 CISwe HO p=001
HEw= HO p=002 CIGwsH1 p=0001
HEw: H1 o= 0004 Hiwes H1 o =0005

HE: Hon-boreral Breasts; OIS Carcincsnas g2 50 HO: Dnactal catc fwthas
withongt brrrph riodal metactaces: H1: Dnactal carcioenas with horph rodal
Ihetactace s

Fig 1: This panel shows tepresertative results of
immunahistochemistry for ANF in 5) CIZ, W) HO
atd ) M1 breast catwcer

mechardam, determining a rapid reduction of ciredating
blood wolume. Soares of . (199% demonstrated an
oxytocitrmedisted natriuretic action of ANF in renal
bl es, with incremett of eGP concentr ation.
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Fig.2: & RT-PCE analysis of the expression of the
mEHNA cofirmed ANF reductionfrom NE through
MO to M1 breast cancer. b)) Seti- quantitative
analyses of RT-PCE  resalts corfirmed the
teduction of ANF expression as showed a
itmunobdstochemistey

We recettly demonstrated the presence of ANF and
O in the prostate gland, we postdated that both
heormones may play a role in the acinary cell function,
suggesting its itvolvement in the composition and
fluidity of ot ostatic fluid (Farina-Lipar ef ol 2003,

Inthe present study, we showed that ANF decteases
its expression dwing BC progressionn Thiz data may be
due with the loss of differentiation of ductal epithelia
cells during catcinogenesis. Since, we supposed a
paractine role of ANWF in homeostasizs of normal beeast
cells, this hypothesis cold be supported from the finding
of a reduction of its levels during a de-differenti ative
process, as cancet.

Finaly, since AWF was recently proposed as an
atticanicet agent (¥ esely, 2003), its reduction codd ke
related to BC jrogression. By contrast, the light
immunokistochemical expression of OX and its negativity
at RT-PCE confirm that this molecde should not be
gyrthesized in both noma and tamoral gland; indeed,
this hormone could be implicated abowve al duing
lactation baat less during homeostasis of mammal issue
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In summary, ow results encourage to investigate
mote on presence of ANF and OX in normal and tomoral
breast tissue, indeed, a reduction of ANF expression
seems  to cotrelate with BC  progression. As a
cotwsecuenice, if confirmed in clinical studies on larger
series, AWNF could become a novel prognostic matker in
BC managemert. By cottrast, differently than in rats
(Cattera ef al, 20047, O showld not be inrolved i b east
carcinogenesis, also whether oxytocinase expression
should also be considered in these tizsues to firther
cotifittn these data; at the zame time, molecular and
proteomic analyses might exclude (or notf) a paracrine
interaction hetrreen these horthones in hreast tissue, as
already shown in other anatomical districts
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