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Nitric Oxide (NO) is involved in many physiological and pathological processes. It is generated by a family of NO
synthases (NOS), being the inducible isoform, iNOS, responsible for higher amounts of NO. Here, we report that

INOS pharmacological inhibition of NO production by .-NAME reduces both viability and MAPK activated signalling

Nitric oxide
Fibroblast

pathways in iNOS positive human and murine cancer cell lines. In vivo, using syngeneic models, in parallel with
tumor reduction induced by 1.-NAME, collagen deposition and a-SMA positive stromal cells are observed. This

observation takes place only when tumor cells express iNOS. In vitro, .-NAME induces viability and differ-
entiation on fibroblast. Our results reveal that NO inhibition contributes to stimulate proliferation and activation
of fibroblasts in parallel with tumor reduction of iNOS positive breast cancer.

1. Introduction

Breast cancer is the most common type of cancer in women in the
entire world. In Argentina, breast cancer is the one with the highest
death incidence, also. More than 19,300 new cases per year have been
estimated and 6,000 deaths show that breast cancer research is very
relevant worldwide and locally [1].

About 70% of breast cancers are sensitive to estrogen or proges-
terone hormones. Due to that, this type of cancer is treated with an-
tagonists such as tamoxifen or aromatase inhibitors. Among tumors that
are negative for hormone receptors, we can find the positive HER2 and
the triple negative (TNBC) (negative for hormone receptors and HER2)
subtypes [2]. Chemotherapy combined with anti-HER2 therapy may be
of benefit for patients whose tumor belongs to the HER2 subtype. Un-
fortunately, there is no additional treatment for TNBC subtypes.
Therefore, the identification of new therapeutic targets is essential in
this oncological pathology.

Nitric Oxide (NO) is a free radical signaling molecule, involved in
different biological processes. NO is produced by nitric oxide synthases.
Two of them that are constitutively expressed (neuronal, nNOS and

endothelial, eNOS) produce nano molar NO levels. On the other hand,
the inducible isoform (iNOS) produces higher NO levels, in a micro
molar order [3]. This intracellular second messenger can promote ei-
ther cell death or cell survival depending on cell type. Low con-
centrations of NO participate in physiological processes involving
c¢GMP, such as neurotransmission and vascular dilatation. However,
high concentrations of NO show results that are more controversial.
They can modify cell signaling at different levels, such as oxidation of
sphingolipids, inactivation of metal-dependent enzymes, mutations in
p53 and/or damage in the DNA among others [040].

In tumor biology, NO also has a controversial role. There is evidence
that NO can both inhibit and stimulate tumor cell growth [5]. This
response depends on tumor type, genetic background, NO levels and
sensibility in the target cells [6]. Most of NO biological effects are
mediated through modulation of signaling pathways. Tumor progres-
sion was linked to the NO ability to induce EGFR-dependent ERK
phosphorylation, that promotes cell migration and invasion [7].

Correlation between iNOS expression and clinical outcome asso-
ciated to worse prognosis, was evaluated in breast, bladder, gastric and
oral squamous cell carcinoma, among other types of tumors [7-9].
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Inhibition of iNOS has been proposed as a targeted therapy in several
types of tumors, including breast cancer [10,11]. Moreover, in TNBC,
iNOS expression was correlated with aggressiveness, poor survival, and
treatment resistance [11-14].

The functionality of NO as a proangiogenic factor is well char-
acterized [15]. In a tumoral microenvironment, not only are vascu-
lature cells associated with NO modulation, inflammatory cells such as
macrophages and neutrophils carry out their role through the induction
of the expression of iNOS and consequently through NO production
[16,17]. Fibroblast, the cell type that synthetizes the extracellular
matrix, mainly collagen, has been linked to tumor progression. Acti-
vated fibroblasts secrete and activate several growth factors and are
responsible for cancer associated desmoplasia [18]. Their role in cancer
depends on tumor type. Even though collagen deposition is often as-
sociated with tumor progression [19], sometimes it does not seem to be
the case [20-22]. The role of fibroblasts in breast cancer associated to
NO inhibition has not been yet elucidated.

In this work, we use murine and human breast cancer cell lines to
evaluate the impact of NO inhibition in tumor progression. LM3 a cell
line, derived from a murine mammary adenocarcinoma and LMM3, a
more aggressive variant that express iNOS, as well as the human MDA-
MB-231 cells, and, murine LM2 and human MCF10DCIS.com, with
negligible levels of enzyme are included. We focus on both, tumor and
fibroblast as NO-inhibition-target cells during tumor growth rate de-
cline. Our findings indicate that .1-NAME, a competitive inhibitor for
iNOS, induces tumor growth reduction only when cancer cells express
iNOS. When this is the case, activation and differentiation of fibroblast
are observed concurrently. Our findings suggest that inhibition of NO
production does not only offer a benefit by blocking tumor cell growth
but also by activating components of the stroma such as fibroblasts.

2. Results

1-NAME inhibits in vitro proliferation and MAPK signaling pathway
activation.

With the aim of analyzing NOS status and its own product in breast
cancer cells, we evaluated the expression of the enzyme and nitrite
production. The mouse mammary tumor cells line, LM3 and its more
aggressive variant LMM3 expressed iNOS at basal levels that were not
modified under the nitric oxide inhibitor, .-NAME, treatment. On the
other hand, LM2, another mouse mammary tumor cell line did not
express iNOS (Fig. 1A). iNOS mRNA was also evaluated. LM3 and
LMMS3 present higher levels of iNOS mRNA compared to LM2. We ob-
served higher levels of iNOS mRNA in LMM3 compared to LM3 and no
difference was observed in cells treated with .-NAME (Fig. 1B). More-
over, none of the three cell lines expressed neither nNOS nor eNOS
(Fig. 1A). Consistent with iNOS expression, both LM3 and LMM3 pro-
duced NO, which was reduced by .-NAME (Fig. 1C).

When cell viability was evaluated, NO inhibition on iNOS-positive
cells induced a reduction in cell viability. Different from what we ob-
served on LM3 and LMM3, the iNOS-negative cell line, LM2, did not
produce NO and its viability was not affected under .-NAME treatment
(Fig. 1C and D). To analyze the impact of NO over the cells, we tested
the viability after treatment with DETA/NO, a NO donor. DETA/NO
induced cell viability in both, LM3 and LMM3, but not in LM2 cells,
indicating that LM3 and LMM3 expressing iNOS, produced NO and
were affected to it at 60 and 125 uM (Fig. 1E). Higher concentration,
such as 250 pM of DETA/NO did not increase cell viability, suggesting
that higher levels of NO may affect negatively in the cell proliferation
machinery.

Since it is known that NO is involved in ERK phosphorylation, we
wonder if .-NAME treatment could modify this activation. A serum
starvation experiment was made. LM3, LMM3 and LM2 monolayers
were treated overnight with 2mM of .-NAME in absence of serum.
Then, cells were stimulated for 5, 10 and 20 min with serum, with or
without 1-NAME, whole-cell lysates were prepared, and
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immunoblotting was performed. Our results showed that serum in-
duced ERK phosphorylation at 5 and 10 min for LM3 and LMM3. This
effect was inhibited when the cells were treated with 1L-NAME
(Fig. 2A-D). Interestingly, 1-NAME was able to block serum-induced
ERK phosphorylation only in iNOS positive cells, LM3 and LMM3. In
contrast, in iNOS negative cell line, LM2, serum induced ERK phos-
phorylation even though 1-NAME was not able to reverse this effect
(Fig. 2E and F).

With the idea of extending these findings, human cells were also
analyzed. We evaluated iNOS expression in two different breast cancer
cell lines. MDA-MB-231 expressed higher levels of the enzyme com-
pared to MCF10DCIS.com cells (Fig. 3A). Like what we observed in
murine iNOS positive cells, NO inhibition by 1.-NAME reduced and
DETA/NO induced cell viability in MDA-MB-231 cells, but none of them
affected cell viability in MCF10DCIS.com cells (Fig. 3B). In the same
line, .-NAME blocked serum-induced ERK phosphorylation in MDA-MB-
231 (Fig. 3C and D) but was not able to reverse this effect in
MCF10DCIS.com cell line (Fig. 3E and F).

These results indicate that inhibition of MAPK signaling pathway is,
at least in part, one of the mechanisms involved during tumor cell
proliferation blockade by .-NAME and that endogenous NO production
may contribute to serum-induced MAPK molecular pathway in iNOS
positive cells.

2.1. 1-NAME inhibits iNOS positive tumor growth

To analyze the effect of NO inhibition in breast cancer progression,
the three murine cell lines were injected in the fat pad tissue of BALB/c
females. Mice were then randomized into two groups and one of them
received .-NAME in the drinking water. Analysis of tumor volume in
both LM3 and LMM3 tumors revealed, significantly smaller tumors
arising from .-NAME treated mice compared to control (CRL) group
(Fig. 4A). Interestingly, no difference was observed in M2 tumors. Thus,
only iNOS expressing cells such as LM3 and LMM3 were able to respond
to L-NAME, while iNOS negative LM2 cell line did not show differences
in tumor growth.

Histopathological studies revealed that LM3 and LMMS3 cells fat pad
inoculation fostered the development of epithelial tumors, where cells
were compactly arranged in a syncytial sheet manner, without a de-
fined pattern (Fig. 4B c and f). Large necrotic area (Fig. 4B a and d) and
inflammatory infiltrate were observed (Fig. 4B b and e). Tumors treated
with 1.-NAME were characterized by the presence of more scattered
cells. In some sectors the neoplastic cells formed nests and cords de-
limited by connective tissue (Fig. 4B 1 and o). LM2 tumors were also
characterized by compactly arranged cells with less necrotic area and
inflammatory infiltration compared to LM3 or LMM3 ones (Fig. 4B i, g
and h respectively). In this case, no difference was observed when tu-
mors received .-NAME (Fig. 4B p, q and r).

iNOS expression was tested in tumors growing in fat pad. We ob-
served that LM3 and LMM3 tumors were positive for iNOS. No sig-
nificant changes were observed under .-NAME treatment. Consistent
with the result observed in vitro, LM2 tumors were negative for the
enzyme (Fig. 4C).

2.2. 1-NAME induce collagen deposition in breast tumors

Changes in stroma remodeling induced by L-NAME in bladder
cancer have already been described [21]. In order to analyze collagen
deposition associated to tumor growth inhibition by NO blockade in
breast cancer in vivo models, we performed a Trichrome Masson
staining of LM3, LMM3 and LM2 tumor sections from tumor-bearing
mice under or not .-NAME treatment. In LM3 and LMM3 tumors re-
ceiving 1.-NAME, cruciform and stellated shaped collagen positive cells
compatible with activated fibroblast were observed. Globally, our re-
sults showed that .-NAME was able to induce a stroma reaction with
collagen deposition only in iNOS positive tumors (Fig. SA). In order to
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Fig. 1. Effect of NO on tumor breast murine cells. (A) Expression of NOS isoforms were determined in LM3, LMM3 and LM2 mouse breast cancer cells by Western
Blot in presence or absence of .-NAME and B-actin or Tubulin was used as a loading control. Mouse heart lysate was used as a positive control. (B) RT-qPCR for iNOS
mRNA expression level in cells treated or not with .-NAME. Values are means = SEM, n = 3 independent experiments of relative amounts of amplified iNOS mRNA
normalized against GAPDH. *p < 0.05; ***p < 0,001 by two-way ANOVA, Bonferroni post-test vs LM3. No statistical difference was found between CRL vs L-
NAME. (C) NO production was determined in the supernatants of three cell lines by Griess reagent in presence or absence of .-NAME (2 mM) for 24 h. ***p < 0.001
vs CRL. (D) Cells were treated with .-NAME (2 mM) for 48 h, cell viability was evaluated by MTS. (E) Cells were treated with DETA/NO (62, 125 and 250 pM) for 24 h

and cell viability was evaluated by MTS. ***p < 0.001 by two-way ANOVA, Bonferroni post-test vs CRL.

further analyze stroma remodeling, Picrosirious Red, another fibrillar stimulated for 5, 10 and 20 min with serum, with or without .-NAME,
collagen staining was also performed in paraffin sections. Our results whole-cell lysates were prepared, and immunoblotting was performed.
showed that collagen fibers deposition was significatively increased in We observed that serum induced ERK phosphorylation at 5min. Con-

LM3 and LMM3 tumors from mice treated with .-NAME compared to trary to iNOS positive tumor cells, .-NAME did not modulate this in-
CRL (Fig. 5B and C). No difference was observed in LM2 tumors. Since duction on fibroblast (Fig. 6C and D). All together data indicate that NO

fibroblasts are the main collagen source, all together, this result in- inhibition induced viability and activation of fibroblast without af-
dicates that NO produced by tumor cells could act as a negative reg- fecting MAPK signaling pathway.
ulator of fibroblast activation in breast cancer. Finally, a-SMA expression was also analyzed in vivo. Concomitant

to what we observed in vitro; .-NAME treated tumors showed an im-
portant phenotype of activated fibroblast in iNOS positive tumors

2.3. 1-NAME induces fibroblast activation (Fig. 6E).
Concurrently while tumor growth declined, our results showed that
NO inhibition induced collagen fibers deposition. To analyze whether - 3. Discussion
NAME was able to induce fibroblast activation, NIH-3T3 cells were
treated with .-NAME 2 mM and viability (MTS) and activation (Smooth Adjuvant treatment for breast cancer has improved patient's sur-
Muscle Actin-a -aSMA-expression) were analyzed. We observed that vival [23]. Nevertheless, it is the first cause of death in women,
viability of cells under .-NAME treatment was higher compared to CRL worldwide [24]. Hormone receptor negative-tumor patients have fewer
condition. In contrast, treatment with the NO-donor, DETA/NO, re- treatment options, which highlights the need to contribute with new
duced viability on the fibroblasts (Fig. 6A). Furthermore, we could therapeutic targets to improve clinical parameters.
observe that a-SMA expression was increased when cells received t- Tumors are complex entities formed by cancer cells in a continuous
NAME (Fig. 6B), indicating that besides cell viability, NO inhibition dialogue with tumoral microenvironment [18]. Endothelial, immune,
induced cell differentiation. adipocytes and fibroblast cells are-either by direct interaction or
Since 1-NAME abolished serum-induced ERK activation in tumor through soluble factors-intimately related during initiation and tumor
cells (Fig. 2A and C), we wondered whether fibroblast could respond to progression [21].
serum stimulus and .-NAME treatment. NIH-3T3 monolayer was treated Nitric oxide is a free radical with a fundamental role as a biological
overnight with .-NAME (2 mM) in absence of serum. Then, cells were messenger. It is produced as an enzymatic product from NOS enzymes,
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Fig. 2. Role of .-NAME on serum induced ERK
activation in murine cells. Representative
Western blot images of p-ERK and total ERK on (A)
LM3 (C) LMM3 and (E) LM2 cells. LM3, LMM3 and
LM2 monolayers were treated overnight with 2 mM
of .-NAME in absence of serum. Then, cells were
stimulated for 5, 10 and 20 min with serum, without
(CRL) or with L-NAME. Tubulin was used as a
loading control. Values are means * SEM, n =3
independent experiment. Relative ERK-phosphor-
ylation levels were normalized to total protein and
referred as a fold change of control (B, D and F).
*p < 0.05; **P < 0.01 by two-way ANOVA,
Bonferroni post-test vs Control 10 min.

Fig. 3. Effect of 1-NAME on tumor human cell
viability. (A) RT-qPCR for iNOS mRNA expres-
sion level in MDA-MB-231 and MCF10DCIS.com
cells treated or not with .-NAME. Values are
means = SEM, n = 3 independent experiments
of relative amounts of amplified iNOS mRNA
normalized against GAPDH. ***p < 0,001 by
two-way ANOVA, Bonferroni post-test vs CRL
MDA-MB-231. (B) Cells were treated with i-
NAME (2mM) or DETA/NO (62 uM) for 48 h
and 24h respectively. Viability was evaluated
by MTS. *p < 0.05; **p < 0,01 by two-way
ANOVA, Bonferroni post-test vs CRL MDA-MB-
231. Human cell monolayers were treated
overnight with 2 mM of .-NAME in absence of
serum. Then, cells were stimulated for 15, 30
and 45 min with serum, without (CRL) or with v-
NAME. Representative Western blot images of p-
ERK and total ERK on (C) MDA-MB-231 and (E)
MCF10DCIS.com. Tubulin was used as a loading
control. Values are means + SEM, n = 3 in-
dependent experiment. Relative ERK-phosphor-
ylation levels were normalized to total protein
and referred as a fold change of control for (D)
MDA-MB-231 or (F) MCF10DCIS.com
*p < 0.05 by two-way ANOVA, Bonferroni
post-test vs CRL 30 min.
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--CRL
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Fig. 4. In vivo assay of tumor growth under .-NAME treatment. (A) Curve of LM3, LMM3 and LM2 fat pad tumor growth. Tumors were treated with normal water
(CRL) or .-NAME (0.5 g/L in drinking water). Values are means + SD. ***p < 0.001 vs CRL by Student's t-test. (B) H&E staining of representative tumors. (a, c, g, j,
m, p) H&E staining to illustrate TIL, orange arrows. (b, e, h, k, n, q) H&E stainings to illustrate necrosis area. N: necrosis; T: tumors. (c, f, i, 1, o, r) H&E stainings to

illustrate tumor phenotype. Scale bar: 25 pm. (C) iNOS expression in fat pad tumors (green) is illustrated in paraffin tissue section. Nuclei were stained with 4’,6-
diamidino-2-phenylindole DAPI (blue). Scale bar: 5 um.
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Fig. 5. In vivo collagen deposition is associated with tumor inhibition by 1-NAME. (A) Masson's Trichrome staining (collagen in blue). Scale bar: 50 pm. (B)
Collagen was also analyzed by labeling with Picrosirius Red (PR) and (C) quantified (Collagen in red). *p < 0.05; **p < 0.01, .--NAME vs CRL by Student's t-test.

Scale bar: 100 pm.

by several types of cells, where the inducible isoform is responsible for
the production of the higher levels of this small molecule [3]. Its role in
tumor biology is complex. We believe that nitric oxide carries out its
protumoral activity mainly as a product from the tumor cell. To analyze
this hypothesis, we used both murine and human breast cancer lines
with different pattern of NOS expression. LM3 and its more aggressive
variant, LMM3 as well as MDA-MB-231 expresses iNOS while LM2 and
MCF10DCIS.com express low level of the enzyme. We showed here that
only iNOS-positive and therefore producing NO tumor cells, were sen-
sitive to .-NAME treatment, since it reduced cell viability and tumor
growth in LM3, LMM3 and MDA-MB-231 but not in LM2 or

39

MCF10DCIS.com cells. It has been already demonstrated that NO donor
DETA/NO activates MAPK signaling pathways on tumor cells [25] and
that NO stimulates tyrosine phosphorylation of proteins of the signal-
ling pathways initiated by EGFR activation [26]. Our present results
show that a NO-donor increased cell viability only in iNOS positive cells
and 1-NAME reduced serum-induced ERK activation only in the cell
lines expressing high level of iNOS, reinforcing that in these cells, NO is
acting as a survival factor.

The association between protein S-nitrosylation and protein phos-
phorylation has been established. [27,28]. For example, in endothelial
cells, transnitrosation of p21Ras, and activation of the Ras-ERK1/2
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Fig. 6. Proliferation and differentiation of fibroblast under 1-NAME treatment. (A) Cells were treated with .-NAME (2 mM) or DETA/NO for 48 h and viability
was evaluated by MTS. *p < 0.05 by two-way ANOVA, Bonferroni post-test vs CRL. (B) NIH-3T3 fibroblasts were treated with .-NAME 2 mM for 48 h and a-SMA
(green) was analyzed by Immunofluorescence. Scale bar: 3 pm. (C) NIH-3T3 cells were treated overnight without (CRL) or with 2 mM of .-NAME in absence of serum.
Then, cells were stimulated for 5, 10 and 20 min with serum, without (CRL) or with .-NAME. Representative Western blot images of p-ERK and total ERK. Tubulin
was used as a loading control (D) Values are means *+ SEM, n = 3 independent experiment. Relative ERK-phosphorylation levels were normalized to total protein
and referred as a fold change of control. (E) a-SMA (green) expression in fat pad tumors is illustrated in paraffin tissue section with DAPI (blue). Scale bar: 5 pm.

MAP kinases signaling pathway has been suggested [41]. In addition,
Switzer and col. demonstrated that S-Nitrosylation of EGFR activates a
signaling pathway in human basal-like breast cancer [26]. Thus, we
think that iNOS positive cells (ie LM3, LMM3 and MDA-MD-231) have
evolved into an active mechanism associated with nitrosylation. We
speculate that nitrosylation of MAPK signalling pathways take place in
these cells. Although other post-translational modifications associated

40

with NO cannot be ruled out. On the other hand, in cells that do not
express the NOS enzymes, only the NO-independent mechanisms take
place and therefore both the inhibition of NO production and its exo-
genous stimulation do not provide significant changes.

Several studies revealed that iNOS expression is associated with
aggressive cancer and with worse prognosis in different types of tumor
[4]. These results turn the enzymatic inhibition of iNOS as a promising
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candidate to improve anticancer therapy [13]. In this sense, it has al-
ready been described that NOS inhibition suppresses tumor growth in
breast, bladder and lung cancer models [10,14,29]. Using a bladder
cancer model, we have previously revealed that .-NAME treatment was
able to improve BCG-induced tumor inhibition. This bladder tumor
reduction induced by 1-NAME was associated with stroma activation
[20,21]. According to our knowledge, how NO inhibition affects breast
tumor stroma has been less addressed in research. To go further with
this, the characteristic of the fibroblast-related stroma has been ana-
lyzed in mouse breast cancer models. Our result shows that .-NAME
administration reduced tumor size together with activation of fibro-
blasts, showed as a-SMA expression, and collagen deposition only in
iNOS positive tumors.

The administration of a NO donor, DETA/NO induced cytotoxicity
in the NIH-3T3 fibroblasts line [30]. Furthermore, our results showed
that NO inhibition increased proliferation of these fibroblasts. These
results suggest that NO produced by cancer cells may inhibit the des-
moplastic reaction by blocking proliferation and activation of fibro-
blasts. In this sense, it has been described that NO acts as a mediator
regulating mitochondrial function. NO can activate a pro-tumoral fi-
broblast. In support of this notion, treatment with .-NAME was enough
to reverse the pro-tumoral functions of associated fibroblast. (Ubaldo e
[31].

There is information giving reference about the plasticity of the fi-
broblasts in the homeostasis of mammalian development. The resting
fibroblasts serve as precursors of activated fibroblasts. The activated
fibroblasts can differentiate in myofibroblasts, which can be involved in
scar healing process, transform into fibroblasts synthetically active
generating growth factors and extra cellular matrix, and also regulate
tumor immunity and angiogenesis [32]. As a function of this plasticity,
during the last years, several tumor fibroblast populations have been
identified [18,33]. For example, one of four subsets, described by Costa
et all, induced infiltration of immune suppressor regulatory T cells in
breast tumors [33]. On the other hand, some evidence has been high-
lighted showing tumors with reduced desmoplasia accelerated tumor
growth [34]. Therefore, we can assume that, depending on the status of
the fibroblasts and the stage of tumor progression, that some of these
populations behave either anti or pro tumoral [18]. Understanding the
characteristics of activated fibroblasts population induced by .-NAME
will contribute to the proposal to use pharmacological inhibitors as
antitumor therapy.

In our syngenic model, inhibition of tumor growth induced by t-
NAME is accompanied with activation of fibroblast. In vitro, .-NAME
directly impacts on cancer cells and on fibroblast cells. It is also possible
that .-NAME interferes in a dialogue in between both populations. In
this sense, Martinez-Outschoorn and col, have demonstrated that NO
over-production, secondary to Caveolin-1 loss, is the root cause for
mitochondrial dysfunction in cancer associated fibroblasts. The treat-
ment with .-NAME over co-culture of cancer cells and fibroblasts was
enough) to abolish DNA double strand breaks on cancer cells [31].
These results suggest that .-NAME, reverses tumor cell mutations in-
duced by protumoral fibroblasts. In other words, reduction of NO re-
verses the malignization of cancer cells induced by fibroblast. To
deepen on this point, we have exposed LM3 or LMM3 cancer cells to the
conditioned media collected from both NIH-3T3 or embryonic fibro-
blast treated or not with 1-NAME. Conditioned media from L-NAME
treated fibroblast did not modified LM3 or LMM3 cell viability. How-
ever, a reduction in the migratory capacity of LM3 cancer cells in
contact with this conditioned media was observed (data not shown).
This result suggests that NO inhibition could be affecting the secretion
of soluble factors, which would affect cancer cells. Major efforts should
be made to better understanding the dialogue between cancer and fi-
broblasts cells, particularly when NO is inhibited.

From the results presented and discussed here, we can assert that
NO inhibition stimulates proliferation and activation of fibroblasts
concurrently with the abrogation of iNOS-positive tumor cells growth.
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Hence, determination of iNOS expression in breast tumors and its
pharmacological inhibition could be considered as new therapeutic
targets to be added to conventional therapies.

4. Materials and methods
4.1. Cell culture

Murine hormone independent mammary cancer cell lines LM3,
LMM3 [35] and LM2 [36] established in our Research Area were used.
LM3 and LMM3 were maintained in MEM medium (Gibco). LM2 cell
line was cultured in RPMI (Gibco). MDA-MB-231 were MCF10DCIS.com
cell line was obtained from P. Chavrier's lab. and maintained in DMEM
F12 supplemented with 2mM 1-glutamine, 80 pg/ml gentamycin and
5% horse serum (Gibco).

Fibroblasts NIH-3T3 (ATCC) cell line was maintained in DMEM low
glucose (Gibco). All cultured media were supplemented with 2mM t-
glutamine, 80 pg/ml gentamycin and 5-10% fetal bovine serum (FBS)
(Internegocios, Argentina) in a humidified atmosphere with 5% CO2 at
37 °C. Serial passages of confluent monolayers were performed by de-
taching cells with trypsin (0.25% trypsin and 0.075% EDTA in CA* "
and Mg* * free PBS).

4.2. Cell viability assay

3 x 10°cells/100 pul were cultured in 96-well plates. After 24 h in-
cubation, :-NAME (N L-NG-Nitroarginine Methyl Ester, Santa Cruz)
(2mM) or DETA/NO (250, 125 and 62 pM) was added and cells were
cultured for 48 h or 24 h respectively. Cell viability was determined by
the MTS assay (Promega).

4.3. NO production

NO production in tumor cell line supernatants was determined after
24 h either with or without the addition of .-NAME. Since NO is
spontaneously transformed to nitrite, NO release was estimated as ni-
trite accumulation in the conditioned medium, compared to a sodium
nitrite standard curve, using a modification of the Griess method [37].

4.4. Quantitative real time PCR

Total RNA from murine or human cell lines, were isolated with
TRIZol Reagent (Invitrogen) as described [38]. Briefly, cDNA was
synthesized using iScript-cDNA Synthesis-Kit (BioRad) and using as
template for PCR and reactions were carried out in the CFX96 Real-
Time System, C1000-Thermal-Cycler with TransStart Green qPCR Su-
perMix. Specific primers for mouse, iNOS Forward: 5-TCAACACCAA
GGTTGTCTGC-3’, Reverse: 5-AAGGCCAAACACAGCATACC-3’, was
normalized to GAPDH expression Forward: 5-CAAAATGGTGAAGGTC
GGTG-3’, Reverse: 5-CAATGAAGGGG TCGTTGATG-3’. Human pri-
mers: iNOS Forward: 5-ACAACAAATTCAGGTACGCTGTG-3; Reverse
5’-TCTGATCAATGTCATGAGCAAAGG-3 was normalized to GAPDH
expression Forward: 5-CAAAATGGTGAAGGTCGGTG-3’, Reverse:
5’-CAATGAAGGGGTCGTTGATG-3.

4.5. Western blot assay

Subconfluently monolayer of tumoral (LM3, LMM3, LM2, MDA-MB-
231 or MCF10DCIS.com) or NIH-3T3 cells lines were treated with or
without .-NAME 2 mM for 16 h without FBS. Then, cells were stimu-
lated with 5% of FBS (with or without .-NAME) for 5, 10 and 20 min
and processed for Western blot. Cells were gently washed with PBS and
lysed using protein extraction lysis buffer (50 mM Tris-HCl (pH 8.0);
100mM NaCl; 1% Triton, 1mM/ml aprotinin, 1mM phe-
nylmethylsulfonyl fluoride, 2mg/ml leupeptin and 10mM EDTA/
EGTA). Protein concentration was determined by Bradford method
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according to the manufacturer's instruction (Merk). Aliquots from the
cell lysates were separated by electrophoresis and analyzed in 10%
sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) and transferred
onto a PVDF membrane. After blotting, the membrane was incubated
with primary antibody p-ERK (sc-7383), iNOS (abcam, ab15323) nNOS
(sc-5302), eNOS (sc-376751) and incubated with horseradish perox-
idase conjugated secondary antibody (Sigma A9169; Millipore
AP308P), for 1h at room temperature. The blots were developed using
the ECL detection kit and ImageQuant LAS 500 imager (GE Life sci-
ences). Then, membranes were stripped and incubated over with ERK 1
(sc-93), tubulin (Ab 4074) or Beta-actin (Sigma, A5441), used as a
loading control.

4.6. Immunofluorescence assay in culture cells

NIH-3T3 cells growing in chamber slides with complete medium
were treated with .-NAME 2mM. Sub confluent monolayers were
gently washed in cold saline buffer and processed for immuno-
fluorescence. Slides were fixed with PAF 4% in PBS for 15min and
permeabilized with Tritén X-100 0,3% Nonspecific antibody binding
was blocked with a blocking solution containing 5% FBS plus Tween-20
0.1% in PBS for 60 min at room temperature. Fixed cells were incubated
overnight with an antibody anti-a-SMA (Sigma). Rabbit IgG was used as
isotype control. Goat anti-rabbit A488 (abcam, ab150077) or anti
mouse A488 (abcam, ab150113) conjugate in PBS, served as the sec-
ondary antibody. Nuclei were counterstained with DAPI, slides were
observed in a Nikon EclipseTM E400 fluorescence microscope and
photographed with a CoolpixH 995 digital camera.

Histological and immunofluorescence of mouse tumor sections.

For immunofluorescence analysis on tissue sections, the following
primary antibodies were used: iNOS (abcam, ab15323), E-cadherin
(abcam, ab76055), anti-a-SMA (Sigma, A2547). Secondary antibodies
anti-mouse IgG-Alexa488 (abcam, ab150113) and anti-rabbit- IgG-
Alexa488 (abcam, ab150077) were used. To retrieve antigens on par-
affin-embedded tissue samples, sections were incubated for 20 min in
10 mM sodium citrate buffer, pH 6.0 at 90 °C. Then, after 60-min in-
cubation in 5% fetal calf serum, sections were incubated overnight with
primary antibodies, washed and further incubated for 2h at room
temperature with appropriate secondary antibodies. Conventional
Hematoxylin and Eosin staining was carried out and Masson's
Trichrome (Biopack) and Picrosirious Red staining was performed ac-
cording to manufacturer's instructions (NovaUltra, Woodstock, MD,
USA). Quantification of collagen was analyzed using Image J software.
Necrosis is defined as tissue area characterized by an increase in eosi-
nophilia (hypereosinophilia) and homogeneous appearance, product of
the denaturation of proteins; with phantom cellular figures by disin-
tegration of cell membrane and pyknotic nuclei (of smaller size), with
phenomena of caryolysis (rupture of nuclei), and karyorrhexis (nuclear
fragmentation). Lymphocytes in H&E-stained sections were estimated
according to the recommendations by the International TILs Working
Group [39].

4.7. Fat pad tumor growth

Female BALB/c mice of 9 weeks old were inoculated in the fourth
mammary gland with 2.5 x 10° LM3, LMM3 or LM2 cells. Then mice
were randomized into 2 groups: Control and 1-NAME (n = 8/group).
Tumor growth was recorded twice weekly by measuring 2 perpendi-
cular diameters. To calculate tumor size, the formula Volume = 3/
4xmxDxd* was used, where D and d represent the longer and shorter
diameters, respectively. .-NAME (2 mM) was added to drinking water.
The whole experiment was performed twice, obtaining the same result.

Ethics statement

BALB/c female mice (8 weeks old), were obtained from our Institute
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Animal Care Division.

Mice were handled in accordance with the international procedure
for Care and Use of Laboratory Animals. Protocols were approved by
the Institutional Review Board CICUAL, protocol number 2017/03,
Institute of Oncology Angel H. Roffo.

Statistical analysis

All experiments were repeated three times independently. For MTS
data is expressed as mean + SD, n = 6; one representative experiment
is showing. For WB quantification values correspond to means + SEM,
n = 3 independent experiment.

Student's t-test or Two-way ANOVA test and Bonferroni's contrast,
employing Graph Pad InStat statistical package (version 6), was used.
p < 0.05 was considered statistically significant.
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