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Abstract. Neonatal Nav1.5 (nNav1.5) is the alternative splice
variant of Nav1.5 and it has been widely associated with the
progression of breast cancer. The immunological context of
nNav1.5 with respect to breast cancer metastases remains
unexplored. The presence of antibodies against nNav1.5 may
highlight the immunogenicity of nNav1.5. Hence, the aim of
the present study was to detect the presence of antineonatal
Nav1.5 antibodies (antinNav1.5‑Ab) in the serum of patients
with breast cancer and to elucidate the effects of breast cancer
therapy on its expression. A total of 32 healthy female volunteers
and 64 patients with breast cancer were randomly recruited
into the present study as the control and breast cancer group,
respectively. Patients with breast cancer were divided equally
based on their pre‑ and ongoing‑treatment status. Serum
samples were tested with in‑house indirect enzyme‑linked
immunosorbent assay (ELISA) to detect antinNav1.5‑Ab,
CD25 (T regulatory cell marker) using an ELISA kit and
Luminex assay to detect the expression of metastasis‑associated
cytokines, such as vascular endothelial growth factor (VEGF),
interleukin (IL)‑6, IL‑10, IL‑8, chemokine (C‑C motif) ligand 2
and tumor necrosis factor‑alpha (TNF‑α) The mean difference
in the expression of antinNav1.5‑Ab among the three groups
(control, pretreatment and ongoing‑treatment) was significant
(P=0.0005) and the pretreatment breast cancer group exhib‑
ited the highest expression. The concentration of CD25 was
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highest in the pretreatment breast cancer group compared with
the control and ongoing‑treatment groups. There was a signifi‑
cant positive correlation between antinNav1.5‑Ab and IL‑6 in
the pretreatment group (r=0.7260; P=0.0210) and a significant
negative correlation between antinNav1.5‑Ab and VEGF in the
ongoing‑treatment group (r=‑0.842; P‑value=0.0040). The high
expression of antinNav1.5‑Ab in the pretreatment group was in
accordance with the uninterrupted presence of metastasis and
highlighted the immunogenicity of nNav1.5 whereas the low
expression of antinNav1.5‑Ab in the ongoing‑treatment group
reflected the efficacy of breast cancer therapy in eliminating
metastases. The augmented manifestation of T regulatory cells
in the pretreatment group highlighted the functional role of
nNav1.5 in promoting metastasis. The parallel expression of
antinNav1.5‑Ab with the imbalanced expression of cytokines
promoting metastasis (IL‑8, IL‑6 and TNF‑α) and cytokines
that prevent metastasis (IL‑10) indicated the role of nNav1.5
in breast cancer growth. The expression of antinNav1.5‑Ab in
accordance to the metastatic microenvironment indicates the
immunogenicity of the protein and highlights the influence of
breast cancer therapy on its expression level.
Introduction
In 2018, breast cancer was one of the leading causes of death
for women worldwide, apart from other types of cancer, such
as lung and colorectal cancer (1). Of the most resourceful
organizations that have updated breast cancer data are
the World Health Organization's International Agency for
Research on Cancer (IARC) and the Centers for Disease
Control and Prevention (CDC). In 2018, IARC compiled a
brief study known as GLOBOCAN 2018 (1) that highlighted
the prevalence, mortality and incidence rates of different
cancer forms. According to the aforementioned study, breast
cancer has the highest incidence (24.2%), mortality (15.0%),
and prevalence (30.1%) rates among female patients world‑
wide (1). GLOBOCAN 2018 also reported that Asia has the
most significant number of breast cancer cases, followed by
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Europe and North America (1). According to a report released
by the CDC in 2019, there has been no change in the incidence
of breast cancer acquisition over the last decade (2). In spite
this, the trend has risen for black, Asian and Pacific Islander
women (2).
Breast cancer occurs when healthy breast cells begin to
develop rapidly without the completion of their regular cell
cycle (3). Much of the initial cancer growth occurs within
the breast lobules and ducts (2) However, the progression
of cancer development can cause cancer to spread beyond
the breast (4,5). Such an occurrence is called metastasis (6)
Metastasis is caused by the dissociation of cancer cells from
the primary tumor site, accompanied by the breakdown of the
extracellular membrane allowing the cancer cells to enter the
bloodstream or lymphatic vessels, creating a secondary tumor
in other parts of the body which includes primary organs, such
as lungs and liver (6,7).
The presence of voltage‑gated sodium channels (VGSCs)
has been identified over the last decade to increase the progres‑
sion of metastases (8,9). The functional overexpression of
VGSCs has been documented in different types of carcinomas
(cancers of epithelial origin), such as breast, ovarian and
cervical cancers (10‑17). The VGSC structure consists of one
α‑subunit (pore‑forming) and smaller β‑subunits (10). There is
a total of 9 separate subunits of α (Nav1.1‑Nav1.9) and four β
subunits (β1‑β4) (10). The neonatal alternative splice variant
of Nav1.5 (nNav1.5) has been widely recognized as one of
the culprits in cancerous breast cells that metastasize (10‑12).
Nav1.5 is encoded by the SCN5A gene and generally suppresses
the action mechanism of most sodium channels within the
VGSC family (18). The Nav1.5 channel typically carries an
inward sodium ion current which depolarizes the membrane
potential during a heart attack (19).
The neonatal isoform of Nav1.5 has developed as a result
of epigenetic dysregulation through the VGSCα alternative
splicing at D1:S3 (20). The upregulation of nNav1.5 in breast
cancer is suggestive of onco‑foetal gene expression since
nNav1.5 would typically be expressed during the foetal stage
of human development (21,22). The distinction between Nav1.5
and nNav1.5 in terms of molecular characteristics are the
distinguishable 7 amino acid substitutions in the extracellular
region and the alternatively spliced exons (D1:S3 5'denotes
neonatal Nav1.5 while D1:S3 3'denotes adult Nav1.5) that
allow the recognition of these two isoforms (20,23).
The link between Nav1.5 and nNav1.5 with metastasis in
breast cancer has been highlighted in several high‑quality
publications (10‑12). The aforementioned studies demonstrated
that by enhancing metastasis, functional upregulation of these
proteins in breast cancer can contribute to breast cancer
progression (10‑12). Numerous in vitro studies have suggested
that overexpression of these proteins can be observed in
highly metastatic breast cancer cells, such as MDA‑MB‑231
compared with less metastatic breast cancer cell lines, such
as MCF‑7 (11,23‑25). An extensive in vivo study performed
by Nelson et al (26) provided a model in 2015, which further
solidified that Nav1.5 serves a significant role in fostering
breast cancer metastasis. The aforementioned study demon‑
strated that the downregulation of Nav1.5 expression achieved
using lentiviral shRNA led to significantly reduced tumor
development, decreased local invasion of the surrounding

tissue and mitigated the progression of tumor metastasis to the
liver, lungs and spleen in an orthotopic breast tumor mouse
model (26). In a clinical study by Fraser et al (12), the expres‑
sion of nNav1.5 in human breast cancer biopsy sections was
significantly upregulated compared with healthy breast tissue.
In addition, in the aforementioned study it was demonstrated
that the expression of nNav1.5 tested in these tissues of breast
cancer was closely associated with metastasis to the lymph
nodes (12).
Since metastasis requires blood circulation and lymphatic
systems as conventional pathways for progression, it was
hypothesized in the present study that the immune system
may target the presence of nNav1.5 antigen on the circulating
metastasizing cancer cells in the blood system and produce
antibodies against it. The evasion of the immune system was
identified as one of the ‘Hallmarks of Cancer̓ in 2011 (27),
making the investigation of the immune system essential for
identification of the existence of antibodies against nNav1.5
and reducing the development of breast cancer metastasis in the
present study. To the best of our knowledge, the present study
is the first study that aimed to detect the presence of naturally
produced antinNav1.5‑Ab in the serum of patients with breast
cancer. In addition, the present study also elucidated the effect
of breast cancer therapy on the expression of antinNav1.5‑Ab
to provide insight into its role as an immune‑surveillance
marker in monitoring treatment outcomes. In addition, the
expression of T regulatory (Treg) cells and metastasis‑related
cytokines, such as interleukin (IL)‑6 and vascular endothelial
growth factor (VEGF) were investigated in the present study
to support and validate the association of antinNav1.5‑Ab with
breast cancer metastasis.
Materials and methods
Recruitment of patients. The present study was conducted at
the Hospital Universiti Sains Malaysia (HUSM) in collabora‑
tion with the USM Breast Cancer Awareness and Research
Unit (BestARi) (Kubang Kerian, Malaysia). Ethical approval
was granted by the Human Research Ethics Committee of
USM (JEPeM) (approval no. USM/JEPeM/18100518). A total
of 96 participants were recruited in the present study from
March 2019‑March 2020. Of these, 32 participants were
healthy females (controls), while the remaining 64 partici‑
pants were patients with breast cancer. These breast cancer
patients were classified into two groups (n=32 each) based
on their treatment status: Pretreatment (treatments were not
performed) and ongoing‑treatment (multiple forms of treat‑
ment were performed, such as chemotherapy, radiotherapy and
surgery). The age range for the subjects in the present study
was 23‑70 years old. The mean ± SEM of age for the breast
cancer group was 49.160±2.243 [95% confidence interval (CI),
44.58‑53.73] whereas for the control group it was 36.59±1.377
(95% CI, 33.78‑39.40). The inclusion criteria for patients with
breast cancer were as follows: i) Early‑invasive or advanced
stage breast cancer; ii) no past history of other types of cancer,
iii) having received treatments; and iv) no chronic diseases,
such as immune disorders, severe diabetes and chronic hyper‑
tension. The inclusion criteria for healthy participants were
as follows: i) No history of breast cancer, ii) absence of other
types of cancer; and no iii) chronic diseases such as immune
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disorders, severe diabetes and chronic hypertension. Written
informed consent was obtained from all subjects prior to blood
collection.
Serum collection. In total ~3 ml of blood was collected from
the participants with the assistance of certified nurses or
medical officers. Serum samples were extracted from whole
blood by centrifugation at 1,800 x g for 15 min and stored at
‑80˚C.
In‑house indirect enzyme‑linked immunosorbent assay
(ELISA). To the best of our knowledge, there is no commer‑
cial ELISA kit available at present for the detection of
antinNav1.5‑Ab, an optimized in‑house indirect ELISA was
performed to detect the presence of antibodies produced
against nNav1.5 antigen found in the serum. The Nunc
Maxisorp ELISA plate (Thermo Fisher Scientific Inc.) was
coated with 100 µl of nNav1.5 peptide (GenScript Biotech
Corp.) working solution (5 µg/ml) and was left to rest at 4˚C
overnight. Following overnight incubation, the plate was
washed thrice with PBS. Next, the plate was blocked at 4˚C
with 200 µl of 5% skim milk for 2 h. Following brief washing
3 times, 100 µl of serum samples were added at a dilution
of 1:400 and the plates were left to rest at 4˚C overnight. On
the third day, the same washing process was repeated with
PBS‑TWEEN 20 (0.05%), and the plate was then incubated
with 100 µl of rabbit anti‑human IgG, HRP conjugated
secondary antibody (1:5,000; cat. no. CSB‑PA00120F1Rb;
Cusabio Technology LLC) at 4˚C for 2 h. Following incuba‑
tion, the plate was washed thrice with PBS‑TWEEN 20.
Subsequently, 100 µl of 3,3', 5,5'‑Tetramethylbenzidine (TMB)
substrate (Sigma‑Aldrich; Merck KgaA) was added to each
well for 30 min at room temperature Sulfuric acid was added
to stop the reaction and the absorbances were read spectro‑
photometrically at 450 nm. The optical density of each sample
was scanned using the Varioskan Flash spectral scanning
multimode reader (Thermo Fisher Scientific Inc.). Pooled
positive and negative sera were used as positive and negative
controls, respectively. There was no standard reagent (standard
value) available since to the best of our knowledge this is the
first time such an assay was developed. All the values were
normalized using the blank value.
CD25 sandwich ELISA. A commercial Human Interleukin 2
Receptor α (IL‑2Rα /CD25) kit (Elabscience) was used
according to the manufacturer's instructions. In total, ~100 µl
of standard and samples were added to the precoated ELISA
plate. The plate was precoated with an antibody specific to
CD25. In total, ~100 µl of biotinylated detection antibodies
specific to human CD25 and 100 µl of avidin‑horseradish
peroxidase (HRP) conjugates which were part of the kit were
successively added to each microplate well and incubated
for 90 min respectively at 37˚C. Next, the unbound compo‑
nents were washed away, and the substrate was added. The
enzyme‑substrate reaction was stopped by the addition of
50 µl of stop solution. The optical densities were measured
spectrophotometrically at a wavelength of 450 nm using the
Varioskan Flash spectral scanning multimode reader (Thermo
Fisher Scientific Inc.). The CD25 concentration was calculated
using the standard curve.
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Magnetic luminex assay. An additional method to indicate
the presence of metastases in the serum of the participants
was included in the study. A custom‑made magnetic Luminex
assay kit, Human Magnetic Luminex Screening Assay‑10
PLEX (R&D Systems, Inc.) was produced based on a selec‑
tion of 10 cytokines. However, only 6 cytokines were selected:
Pro‑inflammatory cytokines, such as IL‑8, IL‑6, TNF‑ α,
VEGF, chemokine (C‑C motif) ligand 2 (CCL2) and antiin‑
flammatory cytokines, such as IL‑10. The other four cytokines
depicted low expressions below the detection range, thus were
not reported here. About 20 serum samples were utilized to
represent the control group whereas for pretreatment and
ongoing‑treatment groups, 10 serum samples were utilized for
each group.
The Luminex assay was performed according to the manu‑
facturer's instructions. In brief, ~50 µl of standard or sample
was pipetted into the respective wells followed by 50 µl of
diluted microparticle cocktail. Incubation took place in a
shaker at 72 x g for 2 h at room temperature. After washing,
50 µl of the diluted biotin antibody cocktail was added to
each well (plate was covered) for 1 h at room temperature on
the shaker at 72 x g. The same washing process was repeated
before adding 50 µl of diluted streptavidin‑PE substrate to each
well for 30 min at room temperature on the shaker at 72 x g.
The washing process was repeated, followed by additional
washing, which involved adding 100 µl of wash buffer to
each well at room temperature at 72 x g for 2 min. The plate
was read within 1.5 h using a Luminex® analyzer (Luminex
Corporation).
Statistical analysis. GraphPad Prism version 8 (GraphPad Inc.)
was used for all the statistical analyses. For all the tests, duplicate
biological replicates were performed. Multiple comparisons
that were parametric were analyzed using one‑way ANOVA
followed by the post hoc Tukey's whereas Kruskal‑Wallis test
was used for non‑parametric multiple comparisons followed
by the post hoc Dunn's multiple comparison test. Spearman
correlation was used for the correlation analysis between cyto‑
kines and antinNav1.5‑Ab expression. Error bars represent
either standard error of mean (SEM) or interquartile range
(IQR). The strength of the r‑value correlation was interpreted
based on a previous study (28): Poor‑correlation (r≤0.25);
fair‑correlation (r=0.26‑0.50); good correlation (r=0.51‑0.75)
and excellent correlation (r=0.76‑1.00). Normality of the data
(skewness and kurtosis) was determined based on the guide‑
lines by George and Mallery (29) and Schmider et al (30).
P<0.05 was considered to indicate a statistically significant
difference.
Results
Optical density of antinNav1.5‑Ab in the serum samples.
AntinNav1.5‑Ab expression in the serum of control,
pretreatment and ongoing‑treatment groups were compared.
Considering the mean expression of antinNav1.5‑Ab expres‑
sion of the control group as a baseline, it was demonstrated
that the expression of antinNav1.5‑Ab were upregulated in
patients with breast cancer regardless of their treatment status.
When examining the effect of breast cancer treatment on the
antibodies, the expression of antinNav1.5‑Ab was higher in
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Figure 1. Difference in antinNav1.5‑Ab expression in the serum of control,
pretreatment and ongoing‑treatment patients with breast cancer. A compar‑
ison of antinNav1.5‑Ab expression levels between the control, pretreatment
and ongoing‑treatment groups (n=32 in each group) using one‑way ANOVA
test and the post hoc Tukey's multiple comparison test. The error bars repre‑
sent the SEM. Comparison between the means of control and pretreatment
groups (a; P=0.0004). Comparison between the means of pretreatment and
ongoing‑treatment groups (b; P=0.0184). Comparison between the means
of control and ongoing‑treatment groups (c; P=0.4449). ***a=0.0001‑0.0010;
*
b=0.0100‑0.0490; and nsc= 0.4449 (P≥0.05), ns. NS, not significant; antineo‑
natal Nav1.5 antibodies (antinNav1.5‑Ab).

the pretreatment group compared with the ongoing‑treatment
group (Fig. 1). The mean ± SEM for control, pretreatment and
ongoing‑treatment groups were 0.1139±0.0225, 0.3869±0.0787
and 0.1973±0.0180, respectively (Fig. 1). The optical densities
of antinNav1.5‑Ab in the serum of control, pretreatment and
ongoing‑treatment groups were compared using one‑way
ANOVA test and the difference between the means of the three
groups were significant (P= 0.0005). Further analysis using the
post hoc Tukey's test demonstrated that the mean differences
between two pairs: Control vs. pretreatment and pretreatment
vs. ongoing‑treatment were significant (Fig. 1). However,
the mean difference between control and ongoing‑treatment
groups was not significant (Fig. 1).
Concentration of CD25 a Treg cell marker in the serum
samples. A commercial sandwich ELISA kit was used to detect
the concentration of CD25 in the serum samples of control,
pre‑treatment and ongoing‑treatment groups. Concentrations
of unknown samples were interpreted from the standard curve
plotted based on the known concentrations of the standards
(Fig. 2). The standard curve presented was used to calculate the
actual concentration of CD25 by inserting the optical densities
into the equation. The concentrations of CD25 in the serum
of control, pretreatment, and ongoing‑treatment groups were
compared using the Kruskal Wallis test and the median differ‑
ences between these groups were not significant (P= 0.6390).
However, based on the median comparison of the CD25
concentrations between the three groups, it was evident that
the expression of T reg cells was increased in the pretreatment
group and reduced in the ongoing‑treatment group (Fig. 3).
Expression of cytokines associated with breast cancer
metastasis. Upregulation and downregulation of cytokines
in the pretreatment and ongoing‑treatment groups were
determined by considering the cytokine profile of the control

Figure 2. Standard curve for CD25 concentration. Standard curve of CD25
absorbance (obtained using sandwich ELISA) plotted against known concen‑
trations used to interpolate the unknown concentrations of the samples. OD,
optical density.

Figure 3. Differences in the expression of CD25 in the serum of control,
pretreatment and ongoing‑treatment groups. Comparison of CD25 concen‑
tration levels between the control, pretreatment and ongoing‑treatment
groups using Kruskal Wallis test (P=0.6390). The error bars represent the
interquartile range. IQR, interquartile range.

as a baseline. The pretreatment group exhibited the highest
concentration of IL‑8 compared with the other two groups
(Table I). There were minute differences in the concentration
levels of VEGF and CCL2 cytokines among the three groups
(Table I). The control group exhibited the highest concentra‑
tion of VEGF and CCL2 followed by the pretreatment group.
As anticipated, the ongoing‑treatment group had the lowest
concentrations of VEGF and CCL2 compared with the other
two groups (Table I).
Comparison of net median fluorescence intensity (MFI)
values of IL‑6, IL‑10 and TNF‑ α cytokines in the serum
samples. MFI values were used to analyze the trend between
three study groups, as the concentration of the analytes in the
samples were relatively low (Table II). A similar method has
also been published, which supports the use of MFI as valu‑
able data for statistical analysis (31). The serum samples from
patients with breast cancer in the pretreatment group had a
higher intensity of IL‑6 and TNF‑α compared with the other
groups. However, the downregulation of IL‑6 and TNF‑α in
the ongoing‑treatment group was notable as the serum samples
from this group exhibited the lowest expression of IL‑6, IL‑10
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Table I. Concentration of IL‑8, VEGF and CCL2 in control (n=20), pretreatment and ongoing‑treatment groups (n=10 each).
Cytokines
IL‑8
VEGF
CCL2

Control

Pretreatment

Ongoing‑treatment

P‑value

4.074±0.392
70.33±12.07
269.8±30.08

8.557±2.269
64.59±18.65
249.6±34.53

5.159±0.594
60.75±13.89
240.7±31.13

0.0490a
0.9250
0.8020

Data values are expressed as mean ± SEM. Kruskal Wallis test was conducted to compare the median difference between the three groups.
a
P<0.05 is statistically significant. IL, interleukin; VEGF, vascular endothelial growth factor; CCL‑2, C‑C motif chemokine ligand 2.

Table II. Expression (net MFI values) of IL‑6, IL‑10 and TNF‑α in control (n=20), pretreatment and ongoing‑treatment groups
(n=10 each).
Cytokines
IL‑6
IL‑10
TNF‑α

Control

Pretreatment

Ongoing‑treatment

P‑value

5.313±0.656
4.163±0.361
9.300±0.609

16.13±7.905
3.875±0.582
9.525±1.570

5.025±0.797
3.900±0.404
7.075±0.822

0.3570
0.8080
0.1340

Data values are expressed as mean ± SEM. Kruskal Wallis test was conducted to compare the median difference between the three groups. IL,
interleukin; MFI, median fluorescence intensity.

and TNF‑α compared with the other groups. In contrast, the
intensity of IL‑10 was the lowest in the serum of the pretreat‑
ment group compared with the other two groups (Table II).
Correlation between the expression levels of cytokines
and antinNav1.5‑Ab in the serum samples. Correlation
between the expression levels of antinNav1.5‑Ab and the six
cytokines among the three groups were analyzed using the
Spearman correlation (Fig. 4). There was a significant posi‑
tive correlation between the expression of antinNav1.5‑Ab
and IL‑6 in the pre‑treatment group. The other cytokines
however, only showed poor to fair correlations when paired
with antinNav1.5‑Ab in the pretreatment group. In the
ongoing‑treatment group, the correlation between VEGF and
the expression of antinNav1.5‑Ab had a statistically significant
inverse relationship. The other 5 cytokines, IL‑8, IL‑6, CCL2,
IL‑10 and TNF‑ α demonstrated good to poor correlations
when paired with antinNav1.5‑Ab in the ongoing‑treatment
group. However, these correlations were not significant. In
the control group, all the cytokines exhibited poor to fair
non‑significant correlations with antinNav1.5‑Ab.
Discussion
The metastatic potential of breast cancer cells increases with
the degree of cell aggressiveness (32). Cells that originate from
metastatic tumors are known to have unique genetic alterations
to maintain their malignant characteristics, such as the ability
to invade and metastasize (32). These genetic alterations may
lead to the development of unique markers or antigens that
contribute to the progression of metastases (32). The involve‑
ment of VGSCs was attributed to the metastatic capacity of
breast cancer cells (23). Studies have demonstrated that the

aberrant expression of a member of the VGSC family, Nav1.5
and its neonatal splice variant, nNav1.5, has established a
mechanism to support the advancement of the disease (10‑12).
nNav1.5 has demonstrated onco‑foetal upregulation in highly
metastatic breast cancer cells as established in various
in vitro (23,24) and in vivo (26) studies. However, clinical
studies involving nNav1.5 expression are only limited to breast
tissues and biopsy samples (12,21). Hence, the present study
used serum samples collected from patients with breast cancer
to discover the presence of antinNav1.5‑Ab that were naturally
present in the samples. The assessment of antinNav1.5‑Ab
in the present study reflected the expression level of nNav1.5
antigen carried by the circulating cancer cells present within
the body systems of the participants.
As predicted, in the current study the serum samples of
the breast cancer pre‑treatment group exhibited the highest
antinNav1.5‑Ab expression compared with the other two groups
tested. The pretreatment group did not receive any prior treat‑
ment, which contributed to the high level of antibodies present
in the samples which may be due to the uninterrupted expres‑
sion of nNav1.5 antigen carried by the metastatic or circulating
breast cancer cells. The presence of antinNav1.5‑Ab detected
in the serum in the present study indicated the vulnerability
and immunogenicity of the protein towards the actions of the
immune system. The expression of antinNav1.5‑Ab in the
controls in the present study was somewhat surprising and
indicated the natural presence of antinNav1.5‑Ab in the serum
of healthy female participants. Yamaci et al (21) demonstrated
that some healthy epithelial breast ductal cells showed nNav1.5
immunoreactivity to a certain degree compared with breast
cancer biopsies. In addition, in the aforementioned study
immunoreactivity‑staining was performed and the findings
indicated that nNav1.5 expression appeared diffuse and less
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Figure 4. Correlation between cytokines and antinNav1.5‑Ab expression. Correlations between antinNav1.5‑Ab expression and cytokine levels of IL‑8, VEGF,
CCL2, IL‑6, IL‑10 and TNF‑ α among the three groups, control (n=20), pre‑treatment (n=10) and ongoing‑treatment (n=10). *P=0.01‑0.049, **P≤0.01. IL,
interleukin; VEGF, vascular endothelial growth factor; CCL‑2, C‑C motif chemokine ligand 2; antineonatal Nav1.5 antibodies (antinNav1.5‑Ab).
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intense in healthy breast tissues compared with breast cancer
tissues.
Metastatic breast disease can be treated or controlled
by implementing various treatment strategies to achieve
long‑lasting remission and potentially cure (33). Breast cancer
patients are often treated with chemotherapy (34,35), radiation
therapy (36), hormonal therapy (37), molecular therapy (38),
immunotherapy (39) and surgery, such as mastectomy (40).
In the present study, the expression of antinNav1.5‑Ab in
the serum of the ongoing‑treatment group was much lower
compared with the pre‑treatment group. The lower expression
of antinNav1.5‑Ab in the ongoing treatment group in the present
study was consistent with the declined state of metastasis due
to treatment. Hence, it can be postulated that patients receiving
treatment have a more stable disease control with respect to
the downregulation of metastases compared with those who
have not received any treatment, which may reflect the reduced
state of nNav1.5 expression that favors metastasis. However,
there is another perspective that suggests that breast cancer
treatment may reduce the expression of antibodies produced
against nNav1.5, indicating the side effects of therapy that
require further investigation. A study by Evans et al (41) found
that the combination of two forms of treatment, which includes
chemotherapy, radiotherapy or hormonal therapy tends to
reduce the expression of autoantibodies produced against
tumor‑associated antigens in patients with breast cancer.
The difference in the pattern of antinNav1.5‑Ab expression
demonstrated between the three groups in the present study
highlights the capacity of this antibody to act as an immuno‑
surveillance marker during breast cancer treatment that can
be used to monitor the efficacy of breast cancer treatment in
eliminating breast cancer metastasis.
CD25 is the α‑chain of the heterotrimeric IL‑2 receptor
complex (42). According to Lundin et al (43), in comparison
to the γ‑chain, considerable amounts of the α‑chain can be
found in serum. Hence, serum samples are reliable biological
sources that can be used to measure the concentration of
CD25 (44). CD25 is a well‑established T cell activation
marker that is widely used to measure Treg cell expression
levels (44). Established immune evasion has been identified as
one of the critical factors for tumor development and cancer
progression (27). Over time, Treg cells have been studied in
association with tumor progression. Studies have demon‑
strated that Treg cells promote the initiation and progression of
tumors as well as the induce neo‑angiogenesis (45‑47). In the
case of cancer, Treg cells compromise the antitumor response
by reducing the efficiency of T cells. For instance in a study by
Shang et al (48), there was increased Treg tumor infiltration and
a low T‑effector cell ratio was associated with poor prognosis
in cases of solid tumors including cervical, renal, melanomas,
and breast cancers. CD25 was the first surface marker identi‑
fied to distinguish Treg cells (49) prior to the discovery of their
master regulator known as Fork‑head box P3 (Foxp3). C‑C
chemokine receptor 4 on Treg cells allow the recruitment of
cells to the microenvironment of the tumor after the release of
CCL22 by tumor associated macrophages (50). Studies have
found that Treg cells impart immunosuppression by blocking
the production of interferon‑gamma (IFN‑γ) and IL‑2 cells
by T‑effector cells (51,52). In the present study as predicted,
the CD25 concentration was the highest in the pretreatment
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group followed by the control and ongoing treatment groups.
The elevated presence of metastases in the pretreatment
group indicated by antinNav1.5‑Ab expression appeared to
be validated by the high concentration of CD25, representing
the Treg population. This finding is consistent with a study
by Nishikawa et al (53) in which it was assumed that the
promotion of metastases could result from the immunosup‑
pressive effects of Treg cells. However, in the present study
the CD25 concentration in the serum of the ongoing‑treatment
group was lower compared with the pretreatment and control
groups, highlighting the effects of breast cancer treatment on
metastatic breast cancer by indirectly lowering the expression
of Treg cells. Treg cells have been found to have been reduced
following a single intravenous infusion of daclizumab in
patients with metastatic breast cancer (54). In 2011, an in vivo
mouse mesothelioma model study found that the repopulation
of tumor cells between cycles of chemotherapy was inhibited
by the depletion of Treg cells (55). Lissoni et al (56) reported
that the induction of chemotherapy (irrespective of the
regimen) led to a decrease in number of Treg cells in patients
with stable disease or tumor regression as compared with
those with progressive disease which suggested that metastatic
cancer disease is characterized by an upregulation in the Treg
cell count.
The presence of metastases may interfere with the expres‑
sion levels of the immune system's vital components, such as
cytokines (57). The assessment of the levels of pro‑inflamma‑
tory and antiinflammatory cytokines associated with breast
cancer metastases provides a picture of the progression of
cancer in the body system (57). Cytokines are secreted proteins
that may be induced to mediate intercellular communication
within the immune system (57). Cytokines may be grouped
into several categories, such as TNF, IL, IFN, chemokines and
colony‑stimulating factors (57). The cytokine levels of IL‑8,
VEGF, CCL2, IL‑6, IL‑10 and TNF‑α were examined in the
present study on the basis of their association with metastases
for breast cancer.
In the present study, the pre‑treatment group had the highest
expression levels of IL‑8, IL‑6 and TNF‑α compared to the
control and ongoing‑treatment groups. These findings indicated
the presence of metastases among pre‑treatment patients with
breast cancer as these 3 cytokines are well‑known contributors
to the progression of metastases. IL‑8 is generally associ‑
ated with lymph node metastases (58) and it promotes breast
cancer stem cell activity via its cognate receptors, chemokine
receptors (CXCR)1/2 (59) whereas IL‑6 promotes metastases
by favoring signal transducer and activator of transcription 3
(STAT3) pathway activation (60). The ligation of IL‑6 to its
receptor stimulates Janus kinase (JAK) tyrosine kinases leads
to the phosphorylation of STAT3 (61). The homodimerization
and entrance of STAT3 in cancer cells modulates the prolif‑
eration, survival and transformation (61). Increased level of
IL‑6 is often associated with poor survival and prognosis in
patients with breast cancer (62,63). The positive correlation
between the expression of IL‑6 and antinNav1.5‑Ab in the
pre‑treatment group in the present study further validates that
the provocation of the immune system to produce antibodies
against nNav1.5 happens in parallel with the progression
of metastases reflected by the upregulation of IL‑6. On the
other hand, TNF‑ α enhances the process of metastases by
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promoting the inflammatory microenvironment and enhances
the expressions of matrix metalloproteinases (64), IL‑8 (65)
and CXCR (66). In the present study, the pretreatment group
conversely had the lowest expression of IL‑10. IL‑10 is a pleio‑
tropic immunoregulatory cytokine that exhibits both pro‑ and
antitumor activities (67). In spite of the contrasting opinions
regarding the IL‑10 expression in breast cancer (67), the find‑
ings of the present study are in concert of those of Li et al (68).
Li et al (68) discovered that the low expression of IL‑10 leads
to poor survival outcome in patients with breast cancer and
is also associated with disease‑free survival (recovered from
breast cancer) which explains why the pre‑treatment group
in the present study had the lowest expression of IL‑10. In
summary, the imbalance between metastasis‑favoring (IL‑8,
IL‑6 and TNF‑α) and metastasis‑opposing cytokines (IL‑10) is
beneficial to the progression of metastases. Based on the find‑
ings of the present study, antinNav1.5‑Ab expression and its
association with metastasis‑favoring cytokines in the pretreat‑
ment group, antinNav1.5‑Ab may be a metastasis marker with
immune‑surveillance properties capable of monitoring the
progression of metastasis among patients with breast cancer.
The ongoing‑treatment group in the present study had the
lowest expression levels of CCL2, VEGF, IL‑6 and TNF‑ α
compared with the other tested groups. The low expressions
of these cytokines indicated that the breast cancer therapies
conducted had productively overcome metastases to a certain
extent and may be able to provide a good treatment prognosis.
CCL2, also known as monocyte chemoattractant protein‑1
(MCP‑1) is implicated in the progression of cancer where it
enhances cell invasion via the modulation of the MAP kinase
pathway (MCP‑1‑CCR2 axis) (69). CCL2 binds to its cognate
receptor, CCR2 and promotes multiple pro‑tumorigenic roles
which include intravasation, extravasation and angiogen‑
esis (70) and formation of metastasis foci (71). The upregulation
transcription factor, Twist1 in human mammary cells favors
angiogenesis via the induction of CCL2 (72). Conversely, the
downregulation of CCL2 leads to an improved outcome and
lower metastasis in patients with breast cancer as suggested by
Qian et al (73).
VEGF is a pro‑angiogenic protein that triggers the ‘angio‑
genic switch̓ to promote the formation of endothelial‑mediated
blood vessels (57). Tumor development is often associated with
a decrease in the oxygen tension which is mainly due to poor
vascularization (57). To overcome this, the process of tumor
angiogenesis is stimulated to provide nutrients and oxygen
for the tumor sites that have reached a state of hypoxia (57).
Nav1.5, the adult isoform of nNav1.5 was discovered as one of
the significant VGSCα isoforms (91% of total VGSCα) present
in HUVEC cells (74). In 2011, Andrikopoulos et al (74),
found that Nav1.5 potentiates angiogenesis via VEGF‑induced
ERK1/2 activation through the protein kinase C α‑B‑RAF
signaling axis. In addition, the aforementioned study demon‑
strated that the potentiation takes place through the modulation
of VEGF‑induced HUVEC depolarization and by altering the
kinetics of calcium ions (74). The involvement of calcium
ions in different phases of angiogenesis and the modulation
of VEGF was highlighted in another study (75). The inflow of
calcium ions via the reverse mode sodium‑calcium exchanger
is necessary for the activation of PKC, VEGF‑induced ERK1/2
phosphorylation and the downstream role of endothelial

cells in angiogenesis (76). The findings of the current study
may indicate that the neonatal isoform also has the capacity
to initiate VEGF‑induced endothelial angiogenesis as the
increased production of antibodies targeting nNav1.5 was
parallel to the decrease in the level of VEGF.
As a metastatic preferring cytokine, it was anticipated
that IL‑8 will be reduced after treatment in the present study.
Surprisingly, IL‑8 was upregulated in the serum samples of
the ongoing treatment group in the present study. This is in
concert with the findings of Ginestier et al (77). The aforemen‑
tioned study postulated that chemotherapy‑induced cell injury
may lead to the upregulation of IL‑8 which could stimulate
cancer stem cells to replicate to resume the progression of
cancer (77). Another study also demonstrated the produc‑
tion of IL‑8 by injured cancer cells, which reinitiates cancer
progression (78). The findings of this study were in agreement
with those of Ginestier et al (77).
The limitations of the present study included the absence
of a positive control to validate the antinNav1.5‑Ab indirect
ELISA assay and the absence of a standard curve to evaluate
the concentration of antinNav1.5‑Ab in the serum of patients
with breast cancer. In the upcoming studies, the availability of
these positive controls and standards will further validate the
efficiency of the in‑house assay.
In conclusion, the detection of antinNav1.5‑Ab in the
serum of the present study clearly indicated the crosstalk
between breast cancer metastasis and immune cells, adding
another layer of complexity to the understanding of metastasis
formation while opening new therapeutic opportunities for
patients with breast cancer. The consistency of antinNav1.5‑Ab
expression with the manifestation of other immune system
components such as Tregs and cytokines in the present study
provides a promising opportunity to promote the function of
nNav1.5 as a metastasis marker as well as an immune‑surveil‑
lance tool in breast cancer therapy as such therapy does affect
the expression of antinNav1.5‑Ab.
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