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Introduction. The roles of angiotensin II (Ang II) in the brain are still under investigation. In this study, we investigated if Ang II
inﬂuences diﬀerentiation of human neuroblastoma cells with simultaneous activation of NADPH oxidase and reactive oxygen
species (ROS). Moreover, we investigated the Ang II receptor type involved during diﬀerentiation. Methods. Human
neuroblastoma cells (SH-SY5Y; 5 × 105 cells) were exposed to Ang II (600 nM) for 24 h. Diﬀerentiation was monitored by
measuring MAP2 and NF-H levels. Cell size and ROS were analyzed by ﬂow cytometry, and NADPH oxidase activation was
assayed using apocynin (500 μM). Ang II receptors (ATR) activation was assayed using ATR blockers or Ang II metabolism
inhibitors (10-7 M). Results. (1) Cell size decreased signiﬁcantly in Ang II-treated cells; (2) MAP2 and ROS increased
signiﬁcantly in Ang II-treated cells with no changes in viability; (3) MAP2 and ROS decreased signiﬁcantly in cells incubated
with Ang II plus apocynin. (4) A signiﬁcant decrease in MAP2 was observed in cells exposed to Ang II plus PD123.319 (AT2R
blocker). Conclusion. Our ﬁndings suggest that Ang II inﬂuences diﬀerentiation of SH-SY5Y by increasing MAP2 through the
AT2R. The increase in MAP2 and ROS were also mediated through NADPH oxidase with no cell death.

1. Introduction
The renin angiotensin system (RAS) in the brain has been
highlighted as having a role in the pathophysiology of several
neurodegenerative diseases. It is known that Ang II, its major
eﬀector peptide, plays an important role in oxidative stress,
CNS inﬂammation, neuronal injury, cellular senescence,
and cell diﬀerentiation [1–4]. Emerging evidence supports
that Ang II is an important mediator of cellular diﬀerentiation in diﬀerent mammalian cells [5–9]. Wu et al. and Zheng
et al. showed that Ang II promotes mouse embryonic stem
cell diﬀerentiation into cardiomyocytes as determined by
increased expression levels of cardiac markers such as
GATA4 and troponin-T [5], or into smooth muscle cells as
determined by increased expression levels of smooth muscle
markers such as calponin [6]. In addition, Kim et al. revealed

that Ang II acts as a diﬀerentiator factor of mice hematopoietic stem cells into myeloid cells analyzed by increased
expression levels of chemokine receptor type 2 (CCR2) [7].
Ang II can also induce neuronal diﬀerentiation with neurite
outgrowth on PC12W cells, a clone derived from a pheochromocytoma tumor of the rat adrenal medulla (PC12) used in
several studies to monitor neuronal diﬀerentiation [8, 9]. Cell
diﬀerentiation was conﬁrmed by increased levels of MAP2
and β-tubulin proteins induced by Ang II.
It is also well known that Ang II induces ROS production
in diﬀerent mammalian cells [10–12]. El Bekay et al. found
that Ang II enhances ROS production in human neutrophils
when incubated with concentrations ranging from 10 to
1000 nM for a period of 1 to 10 min [10]. Other reports have
documented that Ang II increases superoxide levels in rat
mesangial cells exposed to Ang II (10-8-10-5 M) and in
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human astrocytes at 100 nM [11, 12]. Although these studies
support that Ang II has a role in oxidative stress activation,
the relationship between ROS production and diﬀerentiation
induced by the peptide in human neuroblastoma cells
remains to be elucidated. It is known that ROS themselves
are able to promote diﬀerentiation in many mammalian cells.
Tsatmali et al. revealed that embryonic rat cortical cells
expressing higher levels of ROS induced by ﬁbroblast growth
factor 2 (FGF2) diﬀerentiate into two types, large pyramidallike neurons and smaller neurons expressing nuclear calretinin; however, neurons with low levels of ROS after FGF2
removal diﬀerentiate into neurons, oligodendrocytes, and
astrocytes in clonal cultures [13, 14]. In addition, Katoh
et al. showed that hypoxia enhances the signal for neuronal
diﬀerentiation by producing ROS in PC12 cells [15].
Another important aspect to consider in ROS activation
induced by Ang II is the possible mechanism employed by
the peptide that enhances the production of these oxidative
stress mediators. Several studies revealed that Ang II stimulates the production of ROS through the activation of
NADPH oxidase in skeletal muscle [16], cardiovascular system [17], and brain [18, 19]. Kazama et al. reported that
Ang II increases ROS production in isolated mice cerebral
microvessels via a gp91phox containing NADPH oxidase
[18]. Moreover, Sun et al. found that Ang II increases ROS
levels through NADPH oxidase activation in rat neuronal
cells from the hypothalamus and brain stem areas [19].
Although these reports support that NADPH oxidase is
involved in Ang II-induced ROS production in diﬀerent cells,
no clear data exist about their possible role in diﬀerentiation
of human neuroblastoma cells.
Based on these observations, we decided ﬁrst to investigate if Ang II inﬂuences the morphology and diﬀerentiation
of human neuroblastoma cells and the production of intracellular ROS without aﬀecting the cell viability. In addition,
we analyzed if the generation of neuroblastoma MAP2
expression and ROS levels were mediated through the activation of NADPH oxidase. Furthermore, we investigated the
type of angiotensin II receptor (ATR) involved in the Ang
II-induced neuroblastoma diﬀerentiation.

2. Methods
2.1. Cell Size Analysis by Microscopy and Flow Cytometry.
Human neuroblastoma cells (SH-SY5Y) were cultured
(5 × 105 cells) in Minimum Essential Medium (MEM) supplemented with 10% fetal bovine serum at 37°C with 5%
CO2. When the cells reached a 70% conﬂuence, they were
exposed to Ang II (600 nM), and cell size was visualized using
the EVOS® FLoid Cell Imaging Station (Life Technologies,
San Juan, PR) equipped with a 20x ﬁxed objective and a
monochrome high-sensitivity interline CCD camera. The
images were captured in bright-ﬁeld mode using the FLoid
software version 1.4 (Life Technologies, San Juan, PR). Cell
size was also analyzed by ﬂow cytometry.
2.2. Analysis of MAP2 and NF-H Levels in Cells Exposed to
Ang II. Neuroblastoma cells were incubated with Ang II
(600 nM) for 24 h and MAP2 and NF-H were labeled with
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monoclonal ﬂuorescent antibodies speciﬁc for those cytoskeletal protein markers in dendrites and axons, respectively.
Brieﬂy, cells were permeabilized using BD Cytoﬁx/Cytoperm™ Fixation/Permeabilization Solution Kit (BD Biosciences, San Jose, CA) and then incubated with Alexa Fluor
488 anti-MAP2 (1 : 1000) or Alexa Fluor 647 anti-NF-H (1 :
1000) for 1 h. Both antibodies were purchased from BioLegend
(San Diego, CA). Samples were analyzed by ﬂow cytometry.
2.3. Eﬀects of Ang II in ROS Production and Apoptosis Assay.
Neuroblastoma cells were exposed to Ang II (600 nM) for 24 h.
ROS were stained using the Oxidative Stress Detection
Reagent (Green Fluorescent) as described by the manufacturer
(ENZO Life Sciences, Farmingdale, NY). For the apoptosis
assay, SH-SY5Y were resuspended in annexin-binding buﬀer
(10 mM HEPES, 140 mM NaCl, and 2.5 mM CaCl2, pH 7.4)
at a concentration of 1 × 106 cells/mL. Then, 5 μL of
Annexin-V ﬂuorescein isothiocyanate (FITC) conjugate and
5 μL of propidium iodide (PI) (4 mg/mL) were added to
100 μL of cell suspension and incubated for 15 min at room
temperature. Finally, 400 μL of annexin-binding buﬀer were
added and samples were analyzed by ﬂow cytometry.
2.4. MAP2 Expression Levels and ROS Production Induced by
Ang II after NADPH Oxidase Inhibition. Neuroblastoma cells
were incubated with Ang II (600 nM) or Ang II plus apocynin
(500 μM; NADPH oxidase inhibitor) for 24 h in order to
investigate if the neuroblastoma diﬀerentiation and generation of ROS induced by the peptide were mediated through
NADPH oxidase. Untreated cells and those exposed to the
drug alone were used as controls. MAP2 levels or intracellular ROS levels were labeled with a ﬂuorescent monoclonal
antibody or reagent, respectively, as described above and
then analyzed by ﬂow cytometry.
2.5. MAP2 Expression Levels after Ang II Receptors Blockers or
Ang II Metabolism Inhibitors. To investigate if the eﬀects of
Ang II or its metabolites [Ang IV or Ang-(1–7)] on MAP2
were mediated through its binding to the AT1, AT2, AT4,
or Ang-(1–7) receptors, cells were incubated with Ang II
(600 nM) in the presence or absence of Losartan (selective
AT1R blocker; 10-7 M), PD123.319 (selective AT2R
blocker; 10-7 M), AP-N/CD13, 4-tert-butylphenyl hydrogen
1-aminopropylphosphonate (Aminopeptidase N inhibitor;
10-7 M), or MLN-4760 (ACE2 Inhibitor; 10-7 M) for 24 h.
Untreated cells and those exposed to the drugs alone were
used as controls. All drugs were purchased from Millipore
Sigma (Saint Louis, MO). MAP2 levels were analyzed using a
speciﬁc ﬂuorescent monoclonal antibody as described above
and then analyzed by ﬂow cytometry.
2.6. Flow Cytometry. All ﬂow cytometric analyses were carried out using a FACSAria cytometer (BD Biosciences, CA).
The FACSDiva software (BD Biosciences, CA) was used for
data acquisition and multivariate analysis. SH-SY5Y cells
were gated in forward/side scatter (FSC/SSC) dot plots, and
cell size was determined by obtaining the median peak channel from the FSC histogram. Intracellular ROS, MAP2 levels,
or Annexin V were measured in the FL1 (band pass ﬁlter 525
nm), PI was measured in the FL3 (long pass 670 nm), and
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Figure 1: Morphological changes in neuroblastoma cells after Ang II treatment. Cells were incubated with Ang II (600 nM) for 24 h, and cell
size changes were visualized by bright-ﬁeld microscopy. Changes in cell size were also analyzed by ﬂow cytometry. (a) Untreated
neuroblastoma cells visualized in bright-ﬁeld. (b) Ang II-treated neuroblastoma cells visualized in bright ﬁeld. Changes in cell size and
shape (b) were observed in cells exposed to Ang II when compared to untreated (a). (c) Representative ﬂow cytometric histogram of
untreated (dark peak) and Ang II-treated (gray peak) neuroblastoma cells. (d) Cell size signiﬁcantly decreased after incubation with Ang II
(dark bar) when compared to untreated (open bar). Each bar represents the average of ﬁve experiments. Vertical lines at each bar
represent SEM (∗∗∗ p < 0:001). FSC: forward scatter.

NF-H levels were analyzed in the FL4 (bandpass ﬁlter 661
nm) channels. Data on scatter parameters and histograms
were acquired in log mode. Ten thousand events were evaluated for each sample, and the median peak channel obtained
from the FL1 and FL4 histograms was used to determine the
intracellular ROS, MAP2, and NF-H levels from neuroblastoma cells. The percent frequency of healthy, early apoptotic,
late apoptotic, or necrotic cells in dot plots was used to determine the cell viability.
2.7. Statistical Analysis. Data were expressed as mean ± SEM.
Student’s t-test and ANOVA were used. Normality of
populations and homogeneity of variances were tested before
each ANOVA. Diﬀerences were considered signiﬁcant when
p < 0:05. Data were normalized to the mean of the untreated
group.

3. Results
3.1. Visualization of Morphology after Ang II Treatment.
Human neuroblastoma cells exposed to Ang II (600 nM)
for 24 h were visualized in bright-ﬁeld microscopy. Morphological changes in cell size and shape were observed
under the microscope after cells were incubated with Ang
II (Figure 1(b)) when compared to untreated (Figure 1(a)).
The cell soma size was reduced by Ang II treatment with
elongated neurites. Histograms obtained by ﬂow cytometry
showed the diﬀerences in size of neuroblastoma cells prior
to and after incubation with Ang II (Figure 1(c)). A signiﬁcant decrease in size (p < 0:001) was observed after exposure
to Ang II for a period of 24 h (Figure 1(d)).
3.2. MAP2 and NF-H Levels in Ang II-Treated
Neuroblastoma Cells. Cells were incubated with Ang II (600
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Figure 2: Eﬀect of Ang II-treated neuroblastoma cells on MAP2
and NF-H expression levels. Cells were incubated with Ang II
(600 nM) for 24 h, and the levels of MAP2 and NF-H proteins
were measured by ﬂow cytometry using speciﬁc monoclonal
antibodies. (a) MAP2 levels increased signiﬁcantly when the cells
were incubated with Ang II compared to untreated. (b) No
signiﬁcant diﬀerences were observed in the levels of NF-H when
the cells were incubated with Ang II compared to untreated. Each
bar represents the average of four experiments. Vertical lines at
each bar represent SEM (∗ p < 0:05). MFI: mean ﬂuorescence
intensity.

nM) for 24 h, and MAP2 and NF-H levels were measured by
ﬂow cytometry to monitor neuroblastoma diﬀerentiation.
Our data revealed that MAP2 levels increased signiﬁcantly
when the cells were exposed to Ang II (1:36 ± 0:11 MFI;
p < 0:05) compared to untreated (1:00 ± 0:05 MFI)
(Figure 2(a)). No signiﬁcant diﬀerences were observed in
the levels of NF-H (0:62 ± 0:06 MFI) when the cells were
exposed to Ang II compared to untreated (1:00 ± 0:26
MFI) (Figure 2(b)).
3.3. Ang II-Induced ROS Levels and Cell Viability. Neuroblastoma cells were incubated with Ang II at 600 nM for 24 h, and
the levels of intracellular ROS and the percentage of healthy,
apoptotic, or necrotic cells were quantiﬁed by ﬂow cytometry. Our data revealed a signiﬁcant increase in ROS levels
when cells were exposed to Ang II at 600 nM (1:22 ± 0:06
MFI; p < 0:05) compared to untreated (1:00 ± 0:04 MFI)

(b)

Figure 3: Eﬀect of Ang II in the generation of intracellular ROS and
cell viability. Human neuroblastoma cells were cultured in the
presence of Ang II (600 nM) for 24 h, and intracellular ROS levels
and the percentage of healthy, apoptotic, or necrotic cells were
analyzed by ﬂow cytometry. (a) Ang II increased signiﬁcantly the
intracellular ROS levels in neuroblastoma cells when compared to
untreated. (b) No signiﬁcant diﬀerences were observed in the
percentage of healthy, apoptotic, or necrotic cells in Ang II-treated
neuroblastoma cells when compared to untreated. Each bar
represents the average of three experiments. Vertical lines at each
bar represent SEM (∗ p < 0:05). MFI: mean ﬂuorescence intensity.

(Figure 3(a)). On the other hand, our results showed that
the percentage of healthy, apoptotic, or necrotic cells were
similar in Ang II-treated cells and nontreated groups
(Figure 3(b)).
3.4. Eﬀect of NADPH Oxidase Inhibition in Ang II-Induced
MAP2 Expression Levels and ROS Production. Cells were
incubated with Ang II (600 nM) in the presence or absence
of apocynin (500 μM) for 24 h, and MAP2 or intracellular
ROS levels were measured by ﬂow cytometry. Our data
revealed that MAP2 levels increased signiﬁcantly when the
neuroblastoma cells were exposed to Ang II alone
(1:14 ± 0:01 MFI) compared to untreated (1:00 ± 0:02
MFI). On the other hand, a signiﬁcant decrease was observed
in MAP2 levels when the cells were incubated with Ang II
plus apocynin (0:99 ± 0:02 MFI; p < 0:001) compared to cells
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Figure 4: Eﬀect of apocynin on neuroblastoma MAP2 expression
levels and ROS production induced by Ang II. Cells were
incubated with Ang II (600 nM) alone or Ang II plus apocynin
(500 μM) for 24 h, and the levels of MAP2 and intracellular ROS
were quantiﬁed by ﬂow cytometry. A signiﬁcant increase was
observed on MAP2 (a) and intracellular ROS levels (b) when the
cells were incubated with Ang II alone (dark gray bar) compared
to untreated (open bar). Both MAP2 and intracellular ROS levels
decreased signiﬁcantly when the cells were exposed to Ang II plus
apocynin (dark bar) compared to those exposed to Ang II alone
(dark gray bar). No signiﬁcant diﬀerences were observed in the
levels of MAP2 (a) or intracellular ROS (b) between cells that were
exposed to Ang II plus apocynin (dark bar) and untreated (open
bar) or apocynin alone (light gray bar). Each bar represents the
average of four experiments. Vertical lines at each bar represent
SEM (∗∗∗ p < 0:001; ∗∗∗∗ p < 0:0001). MFI: mean ﬂuorescence
intensity.

incubated with Ang II alone. No signiﬁcant changes were
observed in MAP2 levels between neuroblastoma cells incubated with Ang II plus apocynin (0:99 ± 0:02 MFI) and apocynin alone (0:99 ± 0:02 MFI) (Figure 4(a)). Similarly, ROS
levels increased signiﬁcantly when the cells were incubated
with Ang II alone (1:19 ± 0:02 MFI) compared to untreated
(1:00 ± 0:01 MFI), and a signiﬁcant decrease was observed
when the cells were exposed to Ang II plus apocynin

3.5. Eﬀect of Ang II Receptors Antagonism on MAP2 Levels.
We investigated ﬁrst if the eﬀects of Ang II on MAP2 were
mediated through its binding to the AT1 or AT2 receptors.
For this, cells were incubated with Ang II (600 nM) in
the presence or absence of Losartan (10-7 M) or PD123.319
(10-7 M) for 24 h, and MAP2 levels were measured by ﬂow
cytometry. Our results showed that MAP2 levels decreased
signiﬁcantly when the cells were incubated with Ang II plus
PD123.319 (0:97 ± 0:01 MFI; p < 0:0001) compared to cells
incubated with Ang II alone. However, no signiﬁcant changes
were observed in MAP2 levels between neuroblastoma cells
incubated with Ang II alone (1:22 ± 0:01 MFI) and Ang II
plus Losartan (1:18 ± 0:03 MFI) (Figure 5).
In other experiments, we investigated if the eﬀects of Ang
II or its metabolites on MAP2 were mediated through its
binding to the AT4 or Ang-(1–7) receptors using inhibitors
of Ang II metabolism. For this, cells were exposed to Ang II
(600 nM) in the presence or absence of the AP-N/CD13
inhibitor (10-7 M) or MLN-4760 (10-7 M) for 24 h. No significant changes were observed in MAP2 levels when cells were
exposed to Ang II alone (1:22 ± 0:01 MFI) compared to those
with Ang II plus AP-N/CD13 inhibitor (1:17 ± 0:01 MFI) or
Ang II plus an MLN-4760 (1:18 ± 0:02 MFI) (Figure 6).

4. Discussion
The many roles of Ang II in the brain remain unclear. The
peptide is considered a mediator of oxidative stress activation
that may contribute to neuroinﬂammation, but its actions in
other systems can go from vasoconstriction, sympathetic
activation, sodium and ﬂuid retention, cardiac remodeling,
cell growth, and cell diﬀerentiation [20–22]. Although the
activation of oxidative stress induced by Ang II has been
studied in diﬀerent mammalian cells, there is no clear data
about the mechanism employed by Ang II during neuroblastoma diﬀerentiation and their relationship with ROS
generation.
In our study, we exposed human neuroblastoma cells to
Ang II at 600 nM, and morphological changes in size and
shape were interestingly observed under the microscope
and conﬁrmed by ﬂow cytometry when the cells were incubated with Ang II for a period of 24 h. The cell soma size
was reduced by Ang II treatment, but also, neurites extending
from the cell body were observed, suggesting an activation of
cell diﬀerentiation. To conﬁrm that Ang II was able to induce
neuroblastoma diﬀerentiation, we analyzed the expression of
MAP2 (a marker of neuronal diﬀerentiation that stabilizes
microtubules in the dendrites of postmitotic neurons) [23,
24] and NF-H subunit (a marker of neuronal diﬀerentiation
required for the radial growth of axons) [25, 26]. Our data
revealed a signiﬁcant increase in MAP2 expression levels
when neuroblastoma cells were incubated with Ang II for
24 h; however, no signiﬁcant changes were observed in NF-
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Figure 5: Eﬀect of selective AT1 or AT2 receptor blockers on neuroblastoma MAP2 expression levels induced by Ang II. Cells were incubated
with Ang II (600 nM) alone, Ang II plus Losartan (10-7 M), or Ang II plus PD123.319 (10-7 M) for 24 h, and the levels of MAP2 were
quantiﬁed by ﬂow cytometry. A signiﬁcant increase was observed in MAP2 levels when the cells were incubated with Ang II alone
compared to untreated. The levels of MAP2 decreased signiﬁcantly when the cells were exposed to Ang II plus PD123.319 compared to
those exposed to Ang II alone. However, no signiﬁcant diﬀerences were observed when the cells were incubated with Ang II plus Losartan
compared to those exposed to Ang II alone. Each bar represents the average of four experiments. Vertical lines at each bar represent SEM
(∗∗∗∗ p < 0:0001). MFI: mean ﬂuorescence intensity.
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Figure 6: Eﬀect of Ang II metabolism inhibitors on neuroblastoma MAP2 expression levels. Cells were incubated with Ang II (600 nM) alone,
Ang II plus AP-N inhibitor (10-7 M), or Ang II plus MLN-4760 (10-7 M) for 24 h, and the levels of MAP2 were quantiﬁed by ﬂow cytometry. A
signiﬁcant increase was observed on MAP2 levels when the cells were incubated with Ang II alone compared to untreated. However, no
signiﬁcant diﬀerences were observed in the levels of MAP2 when the cells were exposed to Ang II alone or Ang II plus AP-N inhibitor or
MLN-4760. Each bar represents the average of four experiments. Vertical lines at each bar represent SEM (∗∗∗∗ p < 0:0001). MFI: mean
ﬂuorescence intensity.

H levels when compared to untreated cells. These results are
consistent with other studies that use MAP2 levels to monitor the eﬀects of Ang II in neuronal diﬀerentiation. As an
example, Ang II was able to promote neuronal diﬀerentiation
in PC12W cells, a clone of the pheochromocytoma tumor of
the rat adrenal medulla used in several studies to monitor
neuronal diﬀerentiation. Diﬀerentiation of rat PC12W cells
to neurons was conﬁrmed by increased neurite elongation
[27] and polymerized β-tubulin and MAP2 levels [9].

In addition, we observed that Ang II at 600 nM increased
signiﬁcantly the intracellular ROS levels during diﬀerentiation of neuroblastoma cells after incubation for 24 h. It is
important also to say that no cell death was observed during
this period. Thus, the possibility that ROS may act as secondary messengers responsible for the diﬀerentiation of neuroblastoma cells cannot be ruled out [28, 29]. Li et al.
reported that ROS produced by NADPH oxidase isoform
Nox4 activate p38-MAPK and drive nuclear translocation
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of the cardiac transcription factor myocyte enhancer factor
2C (MEF2C) leading to cardiomyocyte diﬀerentiation in
CGR8 cells [28]. Moreover, Xiao et al. demonstrated that
Nox4-derived ROS mediate the diﬀerentiation of ES-D3 cells,
a clonal embryonic mouse stem cells derived from blastocysts, into smooth muscle cells by promoting upregulation
of the expression and phosphorylation of serum response element (SRF) and driving the translocation of SRF into nucleus
for gene transcription [29].
In our study, we also investigated if the neuroblastoma
ROS production induced by Ang II was mediated through
NADPH oxidase. We observed that the levels of ROS
induced by Ang II decreased when the cells were incubated
with the NADPH oxidase inhibitor, apocynin. Numerous
studies have focused on the role of the NADPH oxidase in
intracellular ROS production. Studies in vascular cells have
shown that ROS generation induced by Ang II involves the
activation of signaling pathways that include the NADPH
oxidase [30], protein kinase C (PKC) [31], and Rac-1 [32].
Lijnen et al. also demonstrated that Ang II increases superoxide anion and ROS production in cardiac ﬁbroblasts through
NADPH oxidase activation, an eﬀect that was abrogated by
apocynin as well [33]. In addition, Thakur et al. showed that
acute Ang II stimulation (100 nM for 30 min) promotes ROS
production by NADPH oxidase isoform Nox2 in endothelial
cells isolated from mice [34]. Other studies in astrocyte cells
revealed that Ang II increases ROS and superoxide levels via
NADPH oxidase in a concentration- and time-dependent
manner [12]. Our results are comparable with those studies
due to the fact that NADPH oxidase inhibition with apocynin reduced the ROS levels that were increased by Ang II in
diﬀerentiated neuroblastoma cells.
Our data also supports that activation of NADPH oxidase by Ang II was involved in the diﬀerentiation of neuroblastoma cells. This was conﬁrmed when we analyzed the
levels of MAP2 in cells exposed to Ang II plus the drug apocynin. Although we found that ROS and MAP2 levels were
increased simultaneously by Ang II through the activation
of NADPH oxidase, the mechanism employed by ROS during neuroblastoma diﬀerentiation needs more investigation.
In our study, we also investigated the type of angiotensin
II receptor (ATR) involved in neuroblastoma diﬀerentiation.
For this, we used AT1 or AT2 receptor blockers or Ang II
metabolism inhibitors to antagonize the possible eﬀects of
the peptide or its metabolites to their corresponding receptors. We observed that the levels of MAP2 induced by Ang
II decreased when the cells were incubated with the AT2
receptor blocker (PD123.319) with no changes when they
were exposed to the peptide plus Losartan (AT1R blocker),
AP-N inhibitor, or ACE2 inhibitor. Although most of the
known biochemical and cellular responses to Ang II in
numerous tissues have been found to be mediated by the
AT1 receptor, the actions of the peptide and its metabolites
in the brain have not yet been deﬁned. Studies have shown
that the AT2 receptor is widely expressed in the fetoplacental
unit, but is found at very low levels in adult tissues [35]. The
high abundance of this receptor is also transiently expressed
in rodent fetus, suggesting that Ang II could have a role in the
AT2 receptor during development and cell diﬀerentiation
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[36]. For example, activation of this receptor can induce
neurite formation and neuronal diﬀerentiation in vitro from
rat pheochromocytoma cell line PC12W and fetal rat neurons [9, 37],revin [38]. In humans, mutations of the AT2
receptor have been found in female or male patients with
mental retardation and have been implicated in brain development and maturation [39, 40].

5. Conclusion
Our ﬁndings support the importance of understanding the
mechanisms employed by Ang II on neuroblastoma diﬀerentiation and ROS generation that may contribute to develop
new therapeutic approaches to promote neuroregeneration
in pathological conditions.
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