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Abstract

Objective: This study aimed to evaluate the expression of nNavi.5 mRNA and its association with clinicopathological
features in triple-negative breast cancer (TNBC) and non-TNBC patients treated at Hospital Pakar Universiti Sains
Malaysia (HPUSM), Kelantan. Methods: Tumor tissue samples were collected from TNBC (n = 43) and non-TNBC
(n = 19) patients. Real-time PCR was performed to measure nNavi.5 mRNA expression levels. Clinicopathological
parameters assessed included tumor size, histological grade, cancer stage, hormone receptor status, HER?2 expression,
and lymph node involvement. Sanger sequencing was carried out to verify the identity of the amplified nNavi.5
transcripts. Results: nNavl.5 mRNA expression was significantly higher in TNBC compared to non-TNBC tumors (p
=0.007). Sanger sequencing confirmed >99% sequence identity with the canonical human nNav.5 transcript. Elevated
nNavl.5 expression was significantly associated with TNBC subtype (p = 0.007), advanced tumor stage (p = 0.007),
and distant lymph node metastasis (p = 0.002). Conclusion: High expression of nNavi.5 mRNA in breast tumors is

significantly associated with the TNBC subtype and aggressive clinical features.
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Introduction

The expression of the neonatal splice variant Nav1.5
(nNavl.5) in breast cancer has emerged as a potent marker
of aggressiveness and metastasis. Its significance lies in
its multifaceted role in driving breast cancer progression,
influencing a myriad of cellular and molecular processes
as demonstrated in vitro [1-4], and in animal models
[5, 6]. Early insights into how nNavl.5 contributes to
breast cancer progression reveal its role in promoting
extracellular matrix degradation through increased
protease activation [7—9] and facilitating cell death in the
surrounding microenvironment by increasing glutamate
secretion, akin to neuronal excitotoxicity [10—13].

Elevated expression of nNavI.5 mRNA in breast tumor
tissues compared to normal, non-cancerous tissues was
first reported by Fraser et al. [1]. Subsequent research
reinforced its clinical significance, revealing a strong
correlation between high nNavi.5 expression and poor
prognostic outcomes such as lymph node metastasis,
tumor recurrence, and five-year mortality [1, 14]. Due to

its consistent association with aggressive tumor behavior,
elevated nNavl.5 expression has been logically linked
to triple-negative breast cancer (TNBC). However,
existing studies examining this relationship have been
limited to in vitro models, primarily using the MDA-
MB-231 TNBC cell line, or in vivo models involving
orthotopic implantation of these cells in mice [1, 15]. This
underscores a critical gap in the current literature, namely,
the lack of clinical data on nNavl.5 expression in TNBC
patient tumor samples.

Understanding tumor biomarker expression across
diverse populations is crucial for the development,
validation, and successful clinical integration of novel
biomarkers. To date, studies on nNavl.5 expression have
been largely confined to specific cohorts, primarily from
the United Kingdom [1, 14], limiting the generalizability
of findings. Furthermore, there remains a notable gap in
the literature regarding the association between nNavli.5
mRNA expression and clinicopathological parameters,
particularly in distinguishing between breast cancer
subtypes such as TNBC and non-triple-negative breast
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cancer (non-TNBC). Exploring these relationships within
a local patient cohort from Hospital Pakar Universiti
Sains Malaysia (HPUSM) offers a valuable and timely
opportunity to enhance our understanding of nNavl.5’s
prognostic relevance in a more diverse clinical setting.

Materials and Methods

Sample recruitment, clinicopathological characteristics
and study design

This prospective study was approved by the Human
Research Ethics Committee of Universiti Sains Malaysia
(USM/JEPeM/18120775), which complies with the
Declaration of Helsinki [16, 17]. The study subjects were
recruited from HPUSM while experimental analyses were
carried out at Institute for Research in Molecular Medicine
(INFORMM), Universiti Sains Malaysia, Kelantan.

Ten malignant breast cancer patients (TNBC = 5,
non-TNBC = 5) and five non-cancerous normal samples
were collected from HPUSM after getting informed
consent. The patients were recruited based on inclusion
criteria, which include: i) female breast cancer patients,
ii) histopathologically confirmed breast cancer
patients who were negative for estrogen receptor (ER),
progesterone receptor (PR) and human epidermal
growth factor receptor-2 (HER2) (TNBC group), and iii)
histopathologically confirmed breast cancer patients who
were positive for any combination of the ER, PR and HER?2
(non-TNBC group). Males and those with incomplete or
missing clinicopathological data were excluded from this
study. The clinical and pathological variables including
age at diagnosis, histology type, molecular subtype,
staging according to TNM classification, lymph node
involvement, menopausal status, presence and location
of metastases were retrieved from the patient’s medical
records.

nNavl.5 mRNA expression analysis

Total RNA was extracted from 100 mg of the breast
tissues using Sepasol-RNA I Super G reagent (Nacalai
Tesque, Japan). A Nanodrop ND-1000 spectrophotometer
(Thermo Fisher Scientific, USA) was used to assess RNA
concentrations and quality. 1000 ng of purified RNA was
reverse transcribed to cDNA using QuantiNova® Reverse
Transcription Kit following the manufacturer’s protocol
(Qiagen, Germany). The mRNA expression of the target
gene, nNavl.5, and a housekeeping gene, -actin, was
assessed through real-time PCR. The real-time PCR master-
mix reagent used was the SensiFAST™ SYBR® Hi-ROX
Mix according to the manufacturers’ protocol (Bioline,
UK). Accordingly, the master-mix contained 0.8 pl of
0.4 uM forward and reverse primers for the nNav1.5 gene
(forward: 5 -TGATTATCATGGCGTATGTATCAGA-3’
and reverse: 5'-TGAGGGCAAAGACGCTGAG-3")
and the housekeeping gene B-actin (forward:
5"-ATTGCCGACAGGATGCAGAAG-3" and
reverse: 5'-TAGAAGCATTTGCGGTGGACG-3"),
10 pul of SensiFAST SYBR Hi-ROX Mix (1X working
concentration) and 4.4 pl of RNase-free water. A total
of 4.0 pl of 2.5X diluted cDNA template was added to
the master mix, making up a total volume of 20 pl. The
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PCR cycling conditions used include an initial activation
step for 5 minutes at 95°C, followed by 40 cycles of
denaturation at 95°C for 10 seconds and combined
annealing/extension at 60°C for 30 seconds. A pre-set
thermal dissociation analysis at 95°C for 30 seconds, 65°C
for 30 seconds and 95°C for 30 seconds was included.
The thermal dissociation or melting curve analysis was
performed with a resolution of 0.5°C and soak time of 5
seconds. The housekeeping gene was used in the same
preparation of RNA/cDNA as the target sequence. The
use of the housekeeping gene, B-actin as the internal
control was required to compensate for any errors in the
cDNA conversion step or pipetting errors to ensure more
accurate comparative quantification of gene expression.
Comparison of gene expression between TNBC,
non-TNBC and normal tissues were analyzed using 24
method by using the average Ct values of target gene.

Sanger sequencing

Amplified PCR products undergo the purification
process through the Isopropanol PCR Purification
method. The method was optimized accordingly to
remove residual primers, nucleotides, and enzymes. The
quality and quantity confirmation of purified product
was identified by subjecting the product to the gel
electrophoresis run. Subsequently, the sequence profile
of the purified PCR product was amplified through the
PCR Sanger Sequencing using the BigDye® Terminator
v3.1 Sequencing kit (Applied Biosystems). The reaction
of 10pL PCR master mix containing 0.5 pL of BigDye
reagent, 1.75 pL of 5x sequencing buffer, 3.3 pmol of
sequencing primer (Forward or Reverse), and ~50 ng of
purified PCR product. The thermal cycling conditions
of 96 °C for 1 minute, followed by 25 cycles of 96 °C
for 10 seconds, 50 °C for 5 seconds, and 60 °C for 4
minutes. Afterwards, the sequencing reaction product
was clean-up using Ethanol Precipitation method. The
final product of Sanger purification was re-suspended
in Hi-Di™ Formamide (Applied Biosystems, USA) and
denatured at 95 °C for 2 minutes before loading onto an
Applied Biosystems 3130x1 Genetic Analyzer for capillary
electrophoresis. Raw sequence data were analyzed using
Sequencing Analysis Software v6.0 (Applied Biosystems,
USA) and aligned with reference sequences using BioEdit
for base calling and were compared to the reference gene
(Homo sapiens partial mRNA for voltage gated sodium
channel Nav1.5 (SCNS5A gene), D1 neonatal splice variant,
cell line MDA-MB-231 (GenBank: AJ310886.1)) using
BLAST (NCBI) to confirm specificity and alignment
accuracy.

Clinicopathological parameters were analyzed using
descriptive statistics [17-19]. Categorical data are
presented as counts and corresponding percentages while
continuous data are presented as median and ranges.
Comparison of categorical data between the two groups
of patients (high nNav1.5 expression versus low nNavi.5
expression) was performed using the Fisher’s exact test or
y>-test while continuous data were compared between the
groups using Mann—Whitney U-test or the Kruskal-Wallis
test, in case of more than two groups. Variables with a
p-value < 0.05 were considered statistically significant.
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Statistical analyses were performed, and graphics were  Association between nNavil.5 mRNA expression with
generated using IBM SPSS v.22 and GraphPad Prism  clinicopathological characteristics

v.7 software. All statistical tests were two-sided, and the The association between nNavi.5 expression in tumour
significance level was set at 0.05. tissues with clinicopathologic variables were assessed
using the median as the optimal cut-off point [16, 20,
Results 21]. In the group of malignant breast cancer patients,
there was a statistically significant association between
nNavl.5 mRNA expression in TNBC and non-TNBC the level of nNavi.5 mRNA expression (high versus low)

nNavl.5 mRNA were detected in breast cancer  and clinically detected distant metastases (MO versus
tissues, both in TNBC and non-TNBC samples whilst ~ M1), with high nNavi.5 expression occurring only in
not detected in non-cancerous normal tissue samples. Ml cases (p = 0.002). Moreover, there was a statistically
Accordingly, nNavi.5 mRNA expression level in TNBC significant correlation between nNavl.5 expression and
was significantly greater in comparison to non-TNBC location of metastases, with high nNavi.5 expression (p
(p = 0.009, n = 5) and non-cancerous normal samples = 0.007). Similarly, a statistically significant association
(p=0.005,n=5) (Figure 1). Similarly, the nNavi.5 mRNA was observed between the level of nNavi.5 expression
expression level in non-TNBC samples was significantly  (high versus low) with TNM stage (Stage VIV/III/IV), with
higher than in non-cancerous normal samples (p = 0.005, high nNav1.5 expression associated with Stage IV disease
n=15) (Figure 1). (p = 0.007) and finally, molecular subtype (Luminal A/

DNA sequence identity of the product amplicons
The qPCR amplicons were subjected to Sanger  Table 1. Degrees of Similarities against Reference

sequencing to determine their sequence identity. All Changes in the 31 Degree of similarities
six query sequences (3 TNBC and 3 non-TNBC) had nucleotides for nNav1.5 (%)

high degrees of similarities (PN1 = 96.8%, PN2 and PNI 10 96.8

PN4 = 100%, PT1 = 90.3%, PT2 = 96.8% and PT4 = P2 NC 100

100%) (Figure 2 and Table 1). The sequence matches

with the reference deposited by Fraser et al. (2005), Homo PN4 NC 100

sapiens partial mRNA for voltage gated sodium channel PTI1 12, 13,30 90.3
Nav1.5 (SCNS5A gene), D1 neonatal splice variant, cell PT2 27 96.8

line MDA-MB-231 (GenBank: AJ310886.1). PT4 NC 100
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Figure 1. Comparison of the mRNA Expression Level of nNav!.5 in TNBC, non-TNBC and Normal Tissues Measured
by qPCR. 272 was used for the semi-quantitative analysis. The expression of nNav1.5 mRNA in TNBC (N = 5) and
non-TNBC (N = 5) group was significantly higher compared to the normal group (N = 5) (p < 0.05). The expression
of nNav1l.5 mRNA in TNBC group was also significantly higher than in the non-TNBC group (p < 0.05). The top
and bottom of the box represent the third quartile (Q3) and first quartile (Q1), respectively. The box covers the
interquartile interval, where 50% of the data is found. The vertical line that splits the box into two is the median of the
RUs. The mean relative unit (RU) is indicated by a cross (+) on the box plot. The two lines outside the box, called the
whiskers, go from each quartile to the maximum or minimum RU. The shapes (o, ¢, A) represent the RU for each
individual sample. Data were collected from n = 3 independent experiments, presented as mean + standard error of
the mean (SEM) and were compared between groups using the Mann Whitney U-test. (**) indicates significance level
atp <0.05.
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Luminal B/HER2-enriched/TNBC), with high nNavi.5

mRNA expression was associated with TNBC subtype (p

=0.007) (Table 2).

Discussion

The foundation for elevated expression of neonatal
Navl.5 (nNavl.5) mRNA in breast cancer has been
primarily characterized using two widely studied

Table 2. Association between nNavi.5 Expression (High vs Low) and Clinicopathological Characteristics in Malignant

Breast Cancer Patients (n = 10).

Patient characteristics

All patients (N = 10)

nNavl.5 high expression nNavl.5 low expression p-value
N (%) N (%)
Total 5(50.0) 5(50.0)
Histology
Invasive ductal carcinoma/no special type 5(100.0) 5(100.0) b
Invasive lobular carcinoma - -
Metaplastic carcinoma (Squamous cell type) - -
Histological grade
Grade I (Well differentiated) - 1 (20.0) 0.656
Grade II (Moderately differentiated) 1 (20.0) 1 (20.0)
Grade 111 (poorly differentiated) 4 (80.0) 3 (60.0)
Tumour size
T1 (0-2 cm) 1(20.0) - 0.446
T2 (2-5 cm) 2 (40.0) 4 (80.0)
T3 (>5 cm) 1 (20.0) -
T4 (attached to chest wall) 1 (20.0) 1 (20.0)
Lymph node metastases (N)
NO (0) 1 (20.0) 1 (20.0) 0.261
N1 (<3) - 2 (40.0)
N2 (4-9) 2 (40.0) 2 (40.0)
N3 (>10) 2 (40.0) -
Lymphovascular invasion
Yes 4 (80.0) 3 (60.0) 0.49
No 1 (20.0) 2 (40.0)
Distant metastases
MO (No) - 5(100.0) 0.002¢
MI (Yes) 5(100.0) -
Location of metastases
Visceral (soft organ) 4 (80.0) -2 0.007¢
Non-visceral 1(20.0) -2
None -2 5(100.0)
TNM Stage
Stage | - -
Stage II - 2 (40.0) 0.007¢
Stage 111 -2 3 (60.0)
Stage IV 5(100.0) -
Molecular subtype
Luminal A (ER+/ PR+/ HER2-) - 4 (80.0) 0.007¢
Luminal B (ER+/ PR-/ HER2-) - 1(20.0)
HER?2-enriched - -
(ER-/PR-/HER2+)
TNBC 5(100.0) -

N, number; TNBC, Triple negative breast cancer; “No cases were recorded; "No statistics are computed as the independent variable is a constant;

cSignificant when p-value is less than 0.05.
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Figure 2. Dot Conservation Plot for All Samples (PN1, PN2, PN4, PT1, PT2, PT4) using the Homo sapiens partial
mRNA for voltage gated sodium channel Nav1.5 (SCN5A gene), D1 neonatal splice variant, cell line MDA-MB-231
(AJ310886.1) as the reference sequence. The stars (*) indicate the residues that are 100% matched among all sequences.
The nucleotides highlighted in yellow indicate the 31-nucleotide difference between adult and neonatal Nav1.5. PN-

non-TNBC samples; PT - TNBC samples; NC — no change.

human breast cancer cell lines: the highly aggressive,
triple-negative breast cancer (TNBC) MDA-MB-231 and
the less aggressive, hormone receptor—positive MCF-7
[1, 4, 22-24]. Notably, nNavi.5 mRNA expression is
over 1000-fold higher in MDA-MB-231 cells, which
lack estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor 2
(HER2), compared to MCF-7 cells, which express all
three receptors [1]. In contrast, nNavl.5 expression is
undetectable in non-cancerous mammary epithelial cells
such as MCF-10A [25], supporting its tumor-specific
expression. More recently, significant upregulation of
nNavl.5 mRNA has also been reported in the murine 4T1
mammary carcinoma cell line, another model associated
with TNBC [15].

The earliest report of nNavi.5 mRNA expression in
breast tumor biopsies was by Fraser et al. [1], employing
real-time PCR followed by DNA sequencing. The findings
revealed that 10 out of 11 (91%) tumor samples expressed
nNavl.5 . Subsequent studies have further evaluated
nNavl.5 mRNA expression in breast cancer tissues [22,
25], reinforcing its role in tumor aggressiveness and
metastatic potential. However, to date, no study has
explicitly investigated the association between nNavli.5
expression and the triple-negative breast cancer (TNBC)
subtype, underscoring a critical gap in the current
literature.

This study compared nNavi.5 mRNA expression
levels between TNBC and non-TNBC patient samples.
While both subtypes exhibited detectable expression,
TNBC samples showed a markedly higher expression,
approximately 137.5-fold compared to non-TNBC
samples. In contrast, nNavl.5 mRNA was undetectable
in non-cancerous breast tissue, supporting its cancer-
specific expression pattern. These findings are consistent
with previous in vitro studies; however, this is the first

clinical study to establish a significant association between
elevated nNavl.5 mRNA expression in the TNBC subtype
of patient-derived tumor tissues.

DNA sequencing confirmed that the amplified nNav1.5
products from both TNBC and non-TNBC tumor tissues
closely aligned with the sequence reported by Fraser et
al. [1] for the Homo sapiens partial mRNA of the voltage-
gated sodium channel Nav1.5 (SCN5A gene), D1 neonatal
splice variant, originally derived from the MDA-MB-231
breast cancer cell line (GenBank: AJ310886.1). Sequence
alignment within the 31-nucleotide region specific to
nNavli.5 demonstrated a high degree of conservation,
ranging from 97-100% in TNBC samples and 90-100%
in non-TNBC samples. These results confirm the presence
of nNavl.5 in clinical breast cancer tissues and support
its relevance across molecular subtypes. However, the
observed sequence variations between TNBC and non-
TNBC samples warrant further investigation to determine
their biological significance. Such differences may reflect
underlying subtype-specific molecular heterogeneity and
could potentially influence the functional behavior of the
channel in the tumor microenvironment.

Fraser et al. [1] were not only the first to employ
DNA sequencing to confirm the identity of nNavl.5
mRNA in human breast tumor biopsies, but importantly,
the first to demonstrate the clinical relevance of nNavli.5
expression. Accordingly, increased nNavl.5 mRNA
expression was shown to strongly associated with lymph
node metastasis, disease recurrence, and mortality
within five years. Building on this foundational work,
the present study extends the molecular profiling of
nNavl.5 in a distinct patient cohort and across breast
cancer molecular subtypes. Notably, multivariate analysis
of clinicopathological parameters revealed a significant
association between elevated nNavi.5 mRNA expression
and the triple-negative breast cancer (TNBC) subtype (p
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=0.007). In addition, high nNav!.5 expression correlated
with distant metastasis (p = 0.002) and advanced tumor
stage IV (p =0.007). These findings are in line with those
reported by Fraser et al. (2005), further supporting the
role of nNavi.5 mRNA as a potential molecular marker
of aggressive breast cancer phenotypes.

nNavl.5 in breast cancer is typically expressed
alongside an adult isoform, Navl.5, although, nNavi.5
is the predominant form expressed [1]. In vitro studies
have shown that both isoforms contribute similarly to
tumor progression by promoting cellular invasiveness
and metastatic potential. Due to the availability of
commercial antibodies targeting the adult Nav1.5 protein,
most studies examining clinical relevance have focused
on Navl.5 protein expression. A recent study by Leslie
et al. [26] reported that Navl.5 protein expression in
breast cancer was significantly associated with adverse
clinicopathological features, including larger tumor
size, lymph node metastasis, distant metastasis, and
higher tumor stage . Moreover, Navl.5 expression
demonstrated a negative correlation with estrogen
receptor (ER) and progesterone receptor (PR) status, and
apositive correlation with human epidermal growth factor
receptor 2 (HER?2) expression. Nevertheless, the study
did not find a direct association between Nav1.5 protein
expression and the triple-negative breast cancer (TNBC)
subtype. In contrast, the lack of antibodies specific to
nNavl.5 has hindered the clinical translation and broader
investigation of this variant.

The primary limitation of this study is the relatively
small sample size, which may limit the generalizability of
the findings. Nonetheless, the results provide a valuable
foundation for future investigations, and larger-scale
studies are warranted to validate and expand upon these
preliminary observations.

In conclusion, the present study reveals that nNavl.5
mRNA expression was exclusively detected in cancerous
breast tissues, with no presence in normal, non-cancerous
tissues. High nNav1.5 mRNA expression was significantly
associated with TNBC subtype, distant metastasis and
Stage IV disease. These findings suggest the potential
value of nNavl.5 as a prognostic marker and therapeutic
target in breast cancer, underscoring its association with
aggressive tumor phenotypes and unfavorable clinical
outcomes.
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