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REVIEW ARTICLE 

Exploring Neonatal NaV1.5 Voltage-Gated Sodium 
Channel as a Therapeutic Target in Cancer  

ABSTRACT  
 
Voltage-gated sodium channels (VGSCs) play pivotal roles in cancer progression and 

have emerged as promising therapeutic targets and biomarkers. VGSCs comprise 

multiple subtypes with distinct tissue distributions, influencing tumour characteristics in 

different ways. Among these, the tetrodotoxin-sensitive α-subunits and the β1 subunit, 

commonly found in breast cancer, have been implicated in metastasis and tumour 

aggressiveness. The NaV1.5 channel and its neonatal variant (nNaV1.5) are 

overexpressed in aggressive cancers such as breast, prostate, colorectal, and lung cancers, 

thereby enhancing their invasive capacity. nNaV1.5 is particularly significant due to its 

tumour-specific expression and strong association with poor prognosis, especially                 

in breast cancer, where it regulates cell proliferation, invasion, and tumour 

microenvironment remodelling. This review highlights nNaV1.5 as a critical ion channel 

that drives metastasis through ion regulation, extracellular acidification, and cytoskeletal 

remodelling. We further evaluate current therapeutic strategies, including siRNA, 

monoclonal antibodies, and small-molecule inhibitors, while addressing translational 

challenges such as tumour heterogeneity, drug delivery limitations, and off-target 

cardiotoxicity due to its similarity with the adult isoform. In addition, we explore the 

potential of  nNaV1.5 as a biomarker subject to epigenetic regulations by factors 

including RE1-silencing transcription factor (REST) and histone deacetylase 2 (HDAC2), 

which may facilitate patient stratification and treatment optimization. By integrating 

mechanistic insights, therapeutic opportunities, and translational challenges, this review 

goes beyond descriptive summaries to provide a framework for advancing nNaV1.5 

research from preclinical studies toward clinical application in cancer therapy. 
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INTRODUCTION TO VOLTAGE-GATED SODIUM 
CHANNELS (VGSCS) AND CANCER 
 
Voltage-gated sodium channels (VGSCs) are essential for 

the generation and conduction of electrical signals in 

excitable cells, including neurons and muscle cells. These 

channels consist of pore-forming α-subunits and auxiliary 

β-subunits, which regulate channel activity. VGSCs 

belong to a wider superfamily of ion channels that also 

includes voltage-gated potassium and calcium channels. 

The α-subunits of VGSCs are classified according to their 

tetrodotoxin (TTX) sensitivity and tissue-specific 

characteristics.1 The β1 subunit, highly expressed in breast 

cancer tissues, can be a significant modulator of tumour 

cell behaviour and interactions within the tumour 

microenvironment.2 VGSCs exist in three conformational 

states: open, closed, and inactivated, which control Na+ 

ion conductance and enable fast inactivation within 

milliseconds.3 

 

Structural research has significantly improved our 

knowledge of VGSCs, demonstrating how voltage sensors 

regulate gating charge movements, while the selectivity 

filter mediates Na+ conductance through a water-lined 

channel.4 Furthermore, it was unravelled that slow 
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inactivation mechanisms are controlled by 

conformational changes on the intracellular side of 

VGSC, and are crucial in cellular excitability and 

physiological activities.5 VGSCs possess multiple toxin- 

and drug-binding sites, which differently influence the 

channel function.6 This structural and functional diversity 

highlights the therapeutic value of VGSCs. To date, nine 

functional α-subunits and four β-subunits have been 

characterized in mammals.7 The subtypes of α-subunits 

are shown in Table 1. 

α- 
Subunits 

Gene  
Symbol 

Chromo-
somal 
Location 

TTX-
S/R 

Predomi-
nant 
Location 

Expression 
in DRG 

Effect of  
Mutation 

NaV₁.₁ SCN1A M:2, 
H:2q24 TTX-S PNS +++ Epilepsy 

NaV₁.₂ SCN2A 
M:2 

H:2q23-
24 

TTX-S CNS + Epilepsy 

NaV₁.₃ SCN3A M:2, 
H:2q24 TTX-S 

CNS 
(embryoni

c) 
  

Upregulated 
after 

axotomy 

None   
reported 

NaV₁.₄ SCN4A 
M:11, 

H:17q23-
25 

TTX-S 
Skeletal 
muscle 

  
- 

Myotonia, 
periodic 
paralysis 

NaV₁.₅ SCN5A M:9, 
H:3p21 

TTX-
R 

Heart 
muscle - 

Long-QT, 
Brugada 

‘syndrome, 
Progressive 

familial heart 
block 

NaV₁.₆ SCN8A M:15, 
H:12q13 TTX-S 

CNS, 
PNS, glia 
nodes of 
Ranvier 

+++ Cerebellar 
atrophy 

NaV₁.₇ SCN9A M:2, 
H:2q24 TTX-S 

PNS 
Schwann 

cell 
+++ 

Increased and 
decreased pain  

sensitivity 

NaV₁.₈ SCN10A 
M:9, 

H:3p22-
24 

TTX-
R 

PNS 
(sensory 
neurons) 

+++ None  
reported 

NaV₁.₉ SCN11A 
M:9, 

H:3p21-
24 

TTX-
R PNS +++ None  

reported 

PNS: Peripheral Nervous System, CNS: Central Nervous System, Tetrodotoxin-Sensitive: 
TTX-S, Tetrodotoxin-Resistant: TTX-R, DRG: Dorsal Root Ganglion 

Table 1: The list of Subtypes of VGSCs6 

In the last two decades, VGSCs have been a focus of 

attention as therapeutic targets because of their 

involvement in cancer metastasis. According to a study, 

VGSC expression was found to be greater in tumours 

than in normal tissues.8 The tumour microenvironment 

also showed higher levels of K+ and Na+ and a reduced 

pH.9 Hence, VGSCs have been reported to be upregulated 

in multiple studies concerning numerous carcinomas, 

including prostate, breast, lung, colon, cervical, brain, and 

ovarian cancers .10-16 VGSC expression has also been 

identified in gliomas, with specific subtypes that are 

prevalent in tumours, such as NaV1.1, 1.2, and 1.3.17 In 

general, high-grade gliomas exhibit fewer Na+ channel 

subtypes. NaV1.6, which is strongly expressed in pilocytic 

astrocytomas, is almost absent in glioblastomas, 

highlighting the potential of VGSCs as diagnostic 

markers. 

 

 Additionally, VGSCs have been linked to the metastatic 

potential of various cancers. Studies have demonstrated 

that VGSC activity promotes cancer cell migration and 

invadopodia formation, which are critical metastatic 

processes.18,19 Several studies have associated VGSCs with 

poor prognosis in breast cancer.1 The overexpression of 

NaV1.5 in breast cancer has also been linked to poor 

prognosis and increased invasiveness.20 Moreover, VGSCs 

enhance the invasiveness of lung cancer cells, and highly 

metastatic cell lines express functional sodium channels, 

where sodium influx disrupts sodium homeostasis and its 

signalling pathways.12 In another analysis, VGSC activity 

was found to facilitate prostate cancer metastasis in vivo14 

via Na+ channel proteins expressed in malignant prostate 

cells. Hence, elevated Na+ channel expression is thought 

to correlate with increased invasiveness.21  

 

Different VGSC subtypes are overexpressed in different 

cancer cells, with NaV1.5 and 1.7 being the dominant 

isoforms. The upregulation of these subtypes influences 

the migration and invasion of cells, hence increasing 

metastatic potential.22 VGSCs are also functionally 

expressed in cervical cancer with differential expression of 

NaV 1.2 and 1.7,11 suggesting their utility as prognostic 

markers for cervical cancer.  

 

VGSC Mechanism of Invasiveness in Cancer 
 
VGSC activity promotes cancer cell migration and 

invasion by increasing the influx of Na⁺, which leads to 

the formation of invadopodia, which are cellular 

protrusions that secrete proteolytic enzymes, such as 

metalloproteases and cathepsins, to break down the 

extracellular matrix (ECM) and enable metastasis (refer to 

Figure 1).16,19,23 In breast cancer, the association between 

neonatal NaV1.5 (nNaV1.5) and sodium/hydrogen 

exchanger-1 (NHE-1) escalate this invasive mechanism. 

Additionally, VGSC expression enhances endocytic 

membrane activity, as observed in small-cell lung cancer 

(SCLC), where uptake of horseradish peroxidase (HRP) is 

more than four times higher than in normal cells and 

correlates strongly with metastatic potential.24 VGSCs are 
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controlled by hormones and growth factors, such as             

the epidermal growth factor (EGF), which increases           

the channel expression and metastatic behaviour at            

both transcriptional and post-translational levels.25 

Moreover, VGSCs affect signalling pathways via abnormal                     

ion transport mechanisms and cause depolarization               

of cancer cells.26 This, in turn, activates Rac1                         

and initiates cytoskeletal reorganization.27 Rac1 is 

intracellularly anchored to the plasma membrane and 

functions as a protein that controls cell shape and 

movement.26 As a result, VGSCs promote cancer by 

regulating ion flux, membrane dynamics, and intracellular 

signalling, which ultimately leads to metastasis. 

Figure 1: Schematic of invadopodia formation in breast cancer cells. Neonatal 

NaV1.5 (nNaV1.5) regulates Na+ influx, which activates sodium/hydrogen 

exchanger-1 (NHE-1), leading to extracellular acidification and protease activity 

that degrades the extracellular matrix.20 

VGSC Inhibitors and Blockers in Cancer Therapy 
 
Ion channel inhibitors, especially VGSC blockers, are 

gaining traction in oncology for their potential to suppress 

tumour progression. In vitro studies have demonstrated 

that inhibiting VGSC expression reduces cancer cell 

invasiveness. For example, phenytoin and riluzole 

significantly suppressed proliferation in prostate cancer 

cell lines.27 Some VGSC inhibitors not only suppress 

tumour growth but also enhance immune responses.9 

Specific subtypes like NaV1.5 and its neonatal variant 

(nNaV1.5) have been targeted in breast cancer, where           

NP siRNA and monoclonal antibody mAb-nNaV1.5 

effectively reduced invasion and metastasis.28,29 

 

However, achieving tumour specificity remains a 

challenge. Combination therapies such as tamoxifen with 

VGSC inhibitors or si-NaV1.6 to block TNF-α, have 

shown promise in targeting both hormonal and ion 

channel pathways.30-32 Nonetheless, not all combinations 

are effective; for instance, both propranolol and 

ranolazine failed to demonstrate synergistic effects.33 

 

Other VGSC blockers include tramadol, which reversibly 

inhibits NaV1.7 and NaV1.5;34 lidocaine, which induces 

apoptosis in ovarian cancer cells; and DHA,35 which 

reduced migration in MDA-MB-231 breast cancer cells 

by 26%.10 Agents like phenytoin and ranolazine have 

shown anti-metastatic properties, with the latter                 

also providing cardio-neuroprotection.26,37 Additionally, 

naringenin reduces NaV1.7 expression and suppresses 

cancer cell motility.38 

 

In conclusion, VGSC inhibitors hold significant 

therapeutic promise, but their roles in modulating 

chemoresistance and driving tumour progression warrant 

further studies.8 

 

Exploring the Uniqueness of Neonatal NaV1.5 
 
nNaV1.5 Structure and Expression 

 
The nNaV1.5 is a splice isoform identified in humans, 

rats, and mice, which features a sequence distinct from 

the adult NaV1.5 primarily found in cardiac tissues.39 

Unlike the adult form, nNaV1.5 is selectively expressed in 

various cancers but not in normal tissues, making it a 

promising candidate for early cancer diagnosis and 

targeted anti-metastatic therapies.23 This cancer-specific 

expression pattern sets nNaV1.5 apart from other sodium 

channels, whose splice variants differ only slightly, 

limiting their therapeutic selectivity. Although there may 

be apparent homogeneity between the adult and neonatal 

forms, they are pharmacologically different, allowing for 

the design of drugs that specifically target nNaV1.5 

without affecting the adult form.28 

 

The transition from the adult to the neonatal form results 

from alternative splicing of exon 6, leading to the 

substitution of seven amino acids within the S3–S4 

segment of the voltage sensor domain I (VSDI).40 

Notably, this includes the replacement of a negatively 

charged aspartate at position 211 with a positively 

charged lysine in nNaV1.5. This lysine is located in a helix

-turn-helix motif in the voltage-sensing region, which is 

exposed on the cell surface. This particular site is a 
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potential target for peptide toxins from animal venoms, 

which can selectively bind with and modify gating 

behaviour in a subtype-specific manner,41 thus adding to 

the therapeutic benefit of nNaV1.5. 

 

nNaV1.5 Roles  
 
The nNaV1.5 is highly expressed in neonates and is           

re-expressed in various cancers, especially breast cancer, 

where it is associated with metastasis. In contrast to           

the adult variant, nNaV1.5 is capable of promoting             

cancer cell invasion, particularly in acidic tumour 

microenvironments, because of its higher acid 

resistance.23,42 nNaV1.5 activity is regulated by Protein 

Kinase A (PKA); inhibition with KT5720 has been shown 

to reduce nNaV1.5-mediated expression and metastasis.2 

In breast cancer, nNaV1.5 expression is associated with 

oestrogen receptor (ER) status and increased levels of 

glutamate, which further promote metastasis.28,43  

 

Epigenetic control by RE1-silencing transcription factor 

(REST) and histone deacetylase 2 (HDAC2) also has been 

established, where they repress nNaV1.5 expression at low 

levels. In MCF-7 cells,  and histone deacetylase (HDAC) 

inhibitors such as Trichostatin A (TSA) decrease the level 

of REST and HDAC2, thereby increasing the expression 

of nNaV1.5, making it more aggressive.44 In colorectal 

cancer, the levels of nNaV1.5 correlate with the 

progression-free survival and the Tumour-Node-

Metastasis (TNM) breast cancer stage.45  

 

Outside cancer, nNaV1.5 is also present in dorsal root 

ganglia (DRG) neurons where it is responsible for causing 

neuropathic pain.46 Compared to the adult isoform, 

nNaV1.5 has a 50% greater Na⁺ influx, activates at more 

positive voltages, and exhibits slower activation and 

recovery kinetics.40 These properties reinforce its value as 

a cancer-specific therapeutic target.28,47  Figure 2 shows a 

comparison of the protein sequences, illustrating the 

functional architecture of the general α-subunit of the 

voltage-gated sodium channel and the VSDI S3–S4 region 

of adult and neonatal NaV1.5. 

Figure 2: Protein sequence comparison of (a) functional architecture of the general   
α-subunit voltage-gated sodium channel; (b) Adult (aNaV1.5) and Neonatal (nNaV1.5) 
isoforms in the voltage-sensing domain (VSDI): S3-S4 region with important residues 
highlighted in blue and red23,40 

 

Expression Patterns of nNaV1.5 in Cancers 
 
The nNaV1.5 has emerged as a critical contributor to 

cancer progression, particularly in breast, colorectal, and 

brain cancers. In triple-negative breast cancer (TNBC), 

nNaV1.5 is significantly upregulated and strongly 

associated with metastasis.28,29,42 Elevated anti-nNaV1.5 

antibody levels in advanced breast cancer patients suggest 

its potential as a biomarker.20 These antibodies may 

influence immune responses, possibly contributing to 

tumour progression. Functionally, inhibition of nNaV1.5 

reduces lymph node metastasis, reinforcing its role in 

invasiveness.39 To date, most supporting evidence comes 

from in vitro studies using models such as MDA-MB-231 

cells and limited serum antibody analyses. While these 

findings indicate strong clinical relevance, validation in 

larger patient cohorts is still lacking. In particular, the 

prognostic value of circulating anti-nNaV1.5 antibodies 

needs to be tested against established clinical markers such 

as ER, progesterone receptor (PR), and human epidermal 

growth factor receptor 2 (HER2). Future research should 

focus on integrating nNaV1.5 expression data with clinical 

outcomes in well-annotated cohorts to determine its 

reliability as a prognostic and predictive biomarker. 

 

In colorectal cancer, nNaV1.5 expression is significantly 

elevated in advanced conditions and correlates with poor 

prognosis, highlighting its potential as a biomarker and 
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therapeutic target in resistant cases.45  However, much of 

the data relies on immunohistochemistry with relatively 

small sample sizes, and mechanistic insights into how 

nNaV1.5 drives invasion under hypoxia or chemotherapy 

resistance remain incomplete. Expanding studies to multi-

center cohorts and integrating transcriptomic analyses is 

crucial for validating nNaV1.5 as a clinically useful 

biomarker in colorectal cancer. Meanwhile, in brain 

cancer, nNaV1.5 was initially identified via exon 6A,48 with 

later studies confirming its high expression in 

astrocytomas and correlation with tumour grade.15,49-51 

Several NaV1.5 isoforms have been identified in the 

human brain.46,52 Additionally, NaV1.6 expression in 

gliomas offers broader therapeutic avenues.32 Using ion 

channel gene (iCG) signatures, including NaV1.5 and 

NaV1.6, studies have shown that higher expression levels 

predicted poorer glioma survival and aided risk 

stratification.53 

 

In addition, NaV1.5 increases NHE-1 pH sensitivity, 

which increases Li+ uptake in acidic tumour 

microenvironments.54 nNaV1.5-driven extracellular 

acidification may modulate immune evasion by increasing 

regulatory T cell (Treg) activity and suppressing cytotoxic 

responses.55 Additionally, nNaV1.5 was associated with 

enhanced glutamate secretion in TNBC cells, which 

facilitates a pro-metastatic state. This effect was later 

abolished by TTX treatment, supporting the functional 

role of nNaV1.5 in metastasis.28 Evidence for nNaV1.5 in 

gliomas highlights its association with higher tumour 

grade and poorer survival, but these studies are largely 

observational and often lack functional validation in vivo. 

A major barrier to translation is drug delivery across the 

blood-brain barrier, which remains poorly addressed in 

current preclinical work. Innovative delivery systems such 

as nanobody- or nanoparticle-based approaches should be 

tested in animal models to establish the feasibility of 

targeting nNaV1.5 in brain cancers.  Table 2 presents a 

summary of the expression patterns and clinical 

associations of nNaV1.5 across various cancer types. 

Cancer Type Expression Pattern of nNaV1.5 References 

Breast Cancer (esp. 
Triple-Negative) 

Strong upregulation in invasive and 
metastatic cells; detectable circulating 
antibodies in advanced disease 

Brisson et al., 2013; Azahar et 
al., 2022; Rajaratinam et al., 
2022; Sharudin et al., 2022 

Colorectal Cancer Elevated in advanced disease stages; 
expression correlates with TNM 
stage progression 

Lastraioli et al., 2021; Guzel et 
al., 2019 

Brain Tumours 
(Gliomas,  
Astrocytomas, Glio-
blastoma) 

Overexpression in high-grade           
gliomas and astrocytomas; exon 6A 
isoform/nNaV1.5 confirmed in brain 
tissue. 

Xing et al., 2014; Wang et al., 
2015; Schrey et al., 2002 

Prostate Cancer NaV1.5 and nNaV1.5 functionally 
expressed in malignant prostate cells. 

Yildirim et al., 2012; Smith et 
al., 1998 

Ovarian Cancer Functional contribution of NaV1.5/
nNaV1.5 in tumour cells. 

Liu et al., 2021 

Cervical Cancer Functional VGSC expression, includ-
ing NaV1.5 and nNaV1.5 

Díaz et al., 2007 

Lung Cancer (non-
small cell, small cell) 

Functional NaV1.5 expression in 
highly metastatic cell lines 

Roger et al., 2007; Onganer & 
Djamgoz, 2005 

Table 2: Expression patterns and clinical associations of nNaV1.5 across cancer types 

Therapeutic Targeting of nNaV1.5 
 
Targeting nNaV1.5 to Prevent Breast Cancer Invasion 

 
In breast cancer, particularly in aggressive subtypes such 

TNBC, nNaV1.5 contributes to a distinct set of pro-

metastatic processes. Its activity enhances glycolysis, 

drives extracellular acidification that activates proteases, 

and alters ion dynamics to promote cell migration. 

Inhibition of nNaV1.5 disrupts these pathways, thereby 

reducing the invasive behaviour of breast cancer cells and 

offering a rationale for therapeutic intervention.1 

Moreover, antibodies specifically targeting nNaV1.5 have 

shown promise as therapeutic agents and have been 

demonstrated to effectively inhibit its function, thereby 

limiting metastatic behaviour.56 Their efficacy has also 

been tested using 3D spheroid invasion assays, providing 

more physiologically relevant models of breast cancer 

metastasis. 

 

Preclinical studies support the anti-metastatic potential      

of targeting nNaV1.5. For instance, siRNA-mediated 

knockdown of the SCN5A gene, which encodes nNaV1.5, 

significantly reduced breast cancer cell migration            

and invasion.47 Pharmacological agents like ranolazine, 

originally developed to treat angina, have demonstrated 

strong inhibitory effects on VGSC activity, particularly 

against NaV1.5 and its neonatal variant. In addition, 
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ranolazine significantly reduced invasiveness in both 2D 

and 3D models of breast cancer, especially within acidic 

tumour microenvironments, where nNaV1.5 expression is 

elevated.42 Combination therapies have also shown 

potential; for example propranolol, a β-blocker, inhibited 

lateral motility and invasion in MDA-MB-231 cells and 

exhibited enhanced anti-metastatic effects when 

combined with ranolazine.57 

 

Epigenetic mechanisms also regulate nNaV1.5 expression. 

HDAC inhibitors such as TSA have been found to 

modulate NaV1.5 expression, reducing its oncogenic 

activity in metastatic breast cancer.44 Since treatment with 

TSA led to a reduction in nNaV1.5 levels and metastatic 

potential in cancer cells, this suggests that epigenetic 

therapies may represent a viable strategy for controlling 

metastasis. 

 

Other inhibitors with distinct pharmacological 

characteristics, such as phenytoin and DAPT (N-[N-(3,5-

difluorophenacetyl)-L-alanyl]-S-phenylglycine-t-butyl 

ester), have been found to inhibit the proliferation, 

migration, and invasion of MDA-MB-231 breast cancer 

cells.33,58 These results strengthen the therapeutic potential 

of nNaV1.5. However, more research is needed to fully 

understand the genetic and epigenetic regulation of 

nNaV1.5 and to translate these findings into targeted 

clinical approaches for metastatic breast cancer. 

 

Targeting nNaV1.5 to Inhibit Brain Tumour Invasion 
 
Different research works have emphasised the 

significance of nNaV1.5 in cancer cell motility, 

highlighting its role in regulating ion exchange that drives 

migration and invasion within the tumour 

microenvironment.31 In brain tumours such as 

glioblastoma, nNaV1.5 overexpression is strongly 

associated with extracellular matrix degradation and is 

correlated with higher tumour grade and aggressiveness. 

This close link to malignancy underscores its value as a 

therapeutic target.15 Thus, blocking this channel can 

potentially reduce cancer cell invasion and metastasis. 

 

Inhibition of nNaV1.5 and other ion channels as a 

therapeutic strategy in glioblastoma has been explored.31 

A study has demonstrated that inhibition of nNaV1.5 

reduced the motility of glioblastoma cells, a key 

characteristic of this very invasive cancer. Drug delivery 

systems that employ nanobodies have also shown 

increased specificity and efficacy. Nanobodies are small 

single-domain antibody fragments derived from camelid 

antibodies, noted for their ability to penetrate tissues and 

cross the blood-brain barrier (BBB), making them 

promising for targeting CNS tumours.59 Nanobodies 

present a new therapeutic approach by delivering drugs 

directly to tumour cells that express nNaV1.5, thereby 

attenuating off-target effects and enhancing therapeutic 

precision. This strategy can be particularly valuable in the 

management of aggressive cancers like glioblastoma, 

where the BBB is a limiting factor to effective drug 

delivery. 

 

Potential Role of nNaV1.5 as a Diagnostic Marker 
 
Beyond its therapeutic potential, nNaV1.5 can also serve 

as an early diagnostic marker of aggressive cancers. 

Upregulation of nNaV1.5 has been associated with poor 

prognosis and high metastatic potential in breast and 

colorectal cancers.23 Screening of nNaV1.5 expression 

may allow early detection of metastatic disease and the 

timely initiation of treatments targeting VGSC activity. In 

addition, the search for anti-metastatic agents that 

selectively block nNaV1.5 function is a potentially 

rewarding approach for developing novel therapeutics.  

 

The possibility of using anti-nNaV1.5 antibodies as 

biomarkers of breast cancer progression has been 

investigated.55 In the study, the detection of neonatal 

NaV1.5 antigens in the blood samples enabled the 

identification of antibodies that correlated with breast 

cancer metastasis. Pro-inflammatory cytokines (IL-6) and 

anti-nNaV1.5 antibodies could also be used as biomarkers 

for monitoring tumour development and immune system 

functioning. Furthermore, it was suggested that the 

immunogenicity of nNaV1.5 may be used as a marker of 

immune surveillance, associating nNaV1.5 with the triad 

interplay between breast cancer, metastasis, and the 

immune system.20 These findings highlight the potential 

of nNaV1.5 as a cancer immunotherapy target and a 

promising direction for further studies. 
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LIMITATIONS AND FUTURE PERSPECTIVES 
 
Despite the promising therapeutic potential of targeting 

nNaV1.5 in cancer metastasis, several significant 

challenges remain. First, most studies on nNaV1.5-

targeted therapies have been conducted in preclinical 

models, and only a few clinical trials have evaluated their 

effectiveness in cancer patients. Currently, nNaV1.5-

targeted strategies remain at the preclinical stage. 

Monoclonal antibodies (mAb-nNaV1.5) and siRNA 

approaches have shown promise in vitro and animal 

models, but no registered clinical trials have yet advanced 

beyond exploratory preclinical work. The translation of 

these preclinical findings into clinical application is 

challenging due to the heterogeneity of tumour biology 

and patient-specific responses. Moreover, considering that 

anti-nNaV1.5 antibodies and VGSC inhibitors (including 

TTX and ranolazine) primarily demonstrate in vitro 

activity, their off-target effects and potential toxicity in 

humans are of concern because of the essential roles of 

VGSCs in cardiac and neural function. 

 

Another major limitation is the heterogeneity of VGSC 

expression in various types of cancers, as well as the 

variability of nNaV1.5 expression within tumours. Such 

diversity complicates the development of therapeutic 

approaches that are broadly applicable. Furthermore, the 

mechanisms underlying epigenetic regulation of nNaV1.5 

expression is poorly understood, and thus, more studies 

are required to clarify how HDACs and other epigenetic 

therapies can be leveraged in cancer treatment. 

 

Future research should address these limitations by 

conducting well-designed clinical trials to demonstrate the 

safety and efficacy of NaV1.5–targeted therapies. A key 

obstacle that needs to be overcome is drug delivery, 

especially in brain cancers such as glioblastoma, where the 

BBB restricts access of large molecules like antibodies. In 

addition, the high homology between the neonatal and 

adult isoforms poses a risk of off-target cardiac toxicity, 

underscoring the urgent need for highly selective 

therapeutic agents. Tumour heterogeneity represents 

another challenge, as intra-tumoural differences in 

nNaV1.5 expression and inter-patient variability may 

reduce therapeutic consistency and complicate biomarker 

validation.  

 

The development of more specific VGSC inhibitors and 

improved delivery systems, such as nanobody- or 

nanoparticle-based platforms, could enhance therapeutic 

precision and minimize systemic side effects. 

Furthermore, exploring combination strategies that 

integrate nNaV1.5-targeted therapies with immunotherapy 

or chemotherapy may provide synergistic benefits in 

metastatic cancers. Finally, advancing this field will 

require defining the role of nNaV1.5 across cancer types 

and establishing its application as a clinically reliable 

biomarker for early diagnosis, prognosis, and treatment 

stratification. 

 

CONCLUSION 
 
The neonatal isoform of NaV1.5 plays a critical role in 

cancer metastasis, particularly in breast, colorectal, and 

brain tumours. With its ability to promote cancer cell 

migration, invasion, and survival, it represents a unique 

and highly promising therapeutic target. Preclinical studies 

have demonstrated that inhibition of nNaV1.5 through 

specific antibodies, VGSC inhibitors, or epigenetic 

regulators can reduce invasiveness and metastatic 

potential, underscoring its value as both a therapeutic 

target and a biomarker of aggressive cancers. 

Nonetheless, major challenges remain in advancing this 

approach to the clinical stage. Future research should 

focus on developing highly selective inhibitors, validating 

their efficacy in clinical trials, and investigating strategic 

combination therapies. Advancing the understanding of 

nNaV1.5’s role in cancer biology may ultimately enable 

new and effective treatment strategies for metastatic 

tumours and improve survival outcomes for cancer 

patients. 
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