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Neuropathic pain remains a major therapeutic 

challenge, largely due to the translational 

disconnect between preclinical animal models and 

clinical efficacy in humans. This review critically 

evaluates the differentiated F-11 cell line, a 

hybridoma of mouse neuroblastoma and rat 

embryonic dorsal root ganglion (DRG) neurons, as a 

scalable, reproducible, and physiologically relevant 

in vitro platform for neuropathic pain research and 

analgesic drug screening. A detailed analysis of 

differentiation strategies highlights the critical 

interplay of neurotrophic factors (notably NGF), 

intracellular signaling modulators (such as cAMP 

elevators), and extracellular matrix cues in driving 

neuronal maturation. Functional validation via 

calcium imaging and electrophysiology confirms 

capsaicin responsiveness and action potential 

generation, mirroring native nociceptors. Its 

compatibility with medium-to-high-throughput 

screening and mechanistic studies including 

investigation of silent nociceptor sensitization in 

chronic pain conditions along with emerging 

applications in neuropathy models, makes it a 

valuable tool for de-risking drug candidates before 

animal studies. 
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H I G H L I G H T S 

❖​ The differentiated F-11 cell line is a scalable, 

mid-fidelity model positioned between 

simplistic lines and complex primary cultures 

❖​ A synergistic protocol using NGF and cAMP 

enhancers robustly generates a functional 

nociceptive neuron phenotype 

❖​ The model's validated nociceptive features offer 

a medium-throughput tool for early analgesic 

discovery 
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INTRODUCTION 

Neuropathic pain constitutes a significant and escalating global health challenge, with a high 

prevalence arising from diverse etiologies, including diabetes, herpes zoster, nerve trauma, and 

chemotherapy (Leoni et al., 2025; Rosenberger et al., 2020). The clinical burden of this condition is 

profound; patients frequently experience refractory symptoms that severely diminish their quality of life. 

The underlying pathophysiology is exceptionally complex, involving a cascade of peripheral and central 

mechanisms, including peripheral sensitization, central disinhibition, glial cell activation, and ion channel 

modulation (Karcz et al., 2024). It is important to clarify that the term "pain" inherently denotes a subjective 

sensory and emotional experience processed within the central nervous system (Raja et al., 2020). In the 

context of the in vitro models discussed herein, the more precise terms “nociception” or “activation of 

nociceptive neurons” will be employed to refer specifically to the detection and transmission of noxious 

stimuli at the peripheral level (Salzer et al., 2019). 

This pathophysiological complexity directly contributes to the severe limitations of existing 

pharmacotherapies. Conventional analgesics, such as NSAIDs and opioids, are largely ineffective against 

neuropathic pain and carry significant risk profiles. Meanwhile, first-line treatments including 

gabapentinoids and antidepressants provide only partial relief for a subset of patients, creating a critical 

bottleneck in effective clinical management (Cao et al., 2024). This therapeutic impasse is further 

compounded by a major translational gap in pain research. The development of novel analgesics remains 

heavily reliant on animal models; however, high costs, ethical constraints, and inherent species differences 

often lead promising drug candidates to fail to translate from preclinical efficacy to human clinical trials 

(Mouraux et al., 2021). 

One emerging candidate platform is the differentiated F-11 cell line, a hybridoma of mouse 

neuroblastoma and rat embryonic dorsal root ganglion (DRG) neurons, which offers significant potential as a 

scalable and reproducible sensory neuron model (Haberberger et al., 2020). 

This review provides a narrative synthesis of the current literature concerning differentiated F-11 

cells. As this is not a systematic review, we acknowledge the potential for selection bias inherent in a 

narrative approach; however, efforts have been made to encompass both seminal and contemporary 

studies to provide a balanced assessment. This study assesses the current state of the field by comparing 

and contrasting published findings, with particular attention to methodological heterogeneity and its impact 

on reported neuronal phenotypes. This approach allows us to identify key knowledge gaps and evaluate 

whether claims regarding F-11 cells are substantiated by the available evidence. Specifically, this review 

aims to: (i) critically evaluate differentiation strategies for F-11 cells; (ii) provide a rigorous comparative 

analysis against the current ‘gold standard’, primary DRG neurons; and (iii) outline a clear roadmap for the 

integration of this platform into next-generation analgesic drug discovery pipelines. 

Sensory neurons and primary dorsal root ganglion (DRG) as the gold standard 

Primary sensory neurons, whose cell bodies reside in the Dorsal Root Ganglion (DRG), are the 

critical first responders of the peripheral nervous system, responsible for detecting and transmitting diverse 

stimuli from gentle touch to painful insults to the central nervous system (Jang & Garraway, 2024). Their 

functional specialization is reflected in a complex classification of subtypes, broadly categorized by cell 

diameter, molecular signature, and physiological role. Major populations include peptidergic nociceptors 

expressing the Nerve Growth Factor receptor TrkA and releasing neuropeptides such as CGRP; 

non-peptidergic nociceptors identified by IB4 binding; and various low-threshold mechanoreceptors 
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(Barabas et al., 2012; Lawson et al., 2019; Saeed & Ribeiro-da-Silva, 2012). This cellular heterogeneity 

underlies their ability to encode the multidimensional nature of sensory perception, particularly pain. 

Because of their physiological relevance, primary DRG neurons isolated from animal models, 

especially rodents, are widely regarded as the gold standard in pain research (Chrysostomidou et al., 2021). 

These ex vivo cultures preserve the native expression of critical ion channels (e.g., Nav1.7, Nav1.8, TRPV1), 

receptors, and intracellular signaling pathways necessary for nociceptive transduction (Hutchings et al., 

2019). However, despite their translational value, their use is constrained by limited tissue availability, 

donor variability, technically demanding culture protocols, low yield, and ethical concerns related to animal 

experimentation (Khosrowshahi et al., 2025). 

Accordingly, the development of alternative in vitro models requires demonstration that key 

phenotypic and functional characteristics of primary DRG neurons are faithfully recapitulated (Chen et al., 

2026). Validation typically involves assessing the expression of established neuronal and nociceptive 

markers, including TrkA (NGF responsiveness), MAP-2 (neuronal maturation and neurite development), 

CGRP and Substance P (peptidergic identity), Nav1.7/1.8 (pain-associated sodium channels), TRPV1 

(capsaicin sensitivity), and IB4 binding (non-peptidergic phenotype) (Amaya-Rodriguez et al., 2024). The 

coordinated expression of these markers serves as a benchmark for evaluating the fidelity of emerging 

cell-based pain models. 

In vitro cellular models 

The F-11 cell line represents a pragmatic in vitro model that bridges the scalability of immortalized 

neuroblastoma lines with selected functional properties of dorsal root ganglion (DRG) neurons (Pastori et 

al., 2019). Derived from a hybridization of mouse neuroblastoma and embryonic rat DRG neurons, F-11 cells 

possess an inherent neuronal identity that distinguishes them from conventional cancer-derived lines. 

However, the acquisition of a mature sensory-like phenotype depends on appropriate differentiation 

protocols, which promote neurite outgrowth and the expression of functionally relevant ion channels and 

receptors (Bennison et al., 2020). 

Following differentiation, F-11 cells provide a genetically stable and experimentally accessible 

platform exhibiting key nociceptive features, making them suitable for medium-throughput analgesic 

screening (Haberberger et al., 2020). Thus, they occupy an intermediate position between primary DRG 

cultures and immortalized cell lines, offering a practical balance between physiological relevance and 

experimental scalability (Orozco Morato et al., 2022). 

F-11 cell differentiation strategies: A critical analysis of determinant factors 

The F-11 cell line is a well-characterized hybrid derived from rat dorsal root ganglion (DRG) neurons 

and the mouse neuroblastoma cell line N18TG2 (Fan et al., 1992). This origin confers a dual phenotype: a 

proliferative, undifferentiated state suitable for routine expansion and a post-mitotic, neuron-like 

differentiated state marked by neurite outgrowth, electrophysiological excitability, and expression of 

sensory neuronal markers. Owing to this plasticity, F-11 cells are widely used as an in vitro model for 

neuropathic pain research, neuronal development studies, and neuropharmacological screening (Martínez 

et al., 2019). 

Importantly, the physiological relevance of differentiated F-11 cells depends on the robustness and 

optimization of the differentiation protocol. Rather than being an intrinsic property, the mature sensory-like 

phenotype emerges only when key biological cues are appropriately replicated in vitro. These cues are 
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grounded in developmental neurobiology and can be grouped into three interconnected pillars (Blasa et al., 

2021): 

Growth factors 

Neurotrophic factors such as Nerve Growth Factor (NGF), Brain-Derived Neurotrophic Factor 

(BDNF), and Glial Cell Line-Derived Neurotrophic Factor (GDNF) function as extracellular ligands that bind to 

specific tyrosine kinase receptors (e.g., TrkA, TrkB) on the neuronal membrane (Erickson et al., 2001). 

Receptor activation triggers intracellular signaling cascades, including MAPK/ERK and PI3K/Akt pathways, 

ultimately modulating gene expression programs that promote neuronal survival, cell-cycle exit, 

neuritogenesis, and synaptic maturation (Artim et al., 2020). 

Intracellular signaling modulators 

The effectiveness of neurotrophic signaling is strongly influenced by intracellular second 

messengers, particularly cyclic AMP (cAMP) (Yan et al., 2016). Elevated cAMP levels activate Protein Kinase 

A (PKA), which phosphorylates transcription factors such as CREB. Activated CREB drives the transcription of 

genes encoding structural proteins, ion channels, and synaptic components required for neuronal 

maturation. In many neuronal precursor systems, sufficient cAMP signaling acts as a permissive trigger for 

differentiation. 

Substrate and extracellular matrix cues 

Neuronal differentiation is also shaped by the physical and biochemical properties of the culture 

substrate. Extracellular matrix proteins such as Laminin and Poly-D-Lysine enhance adhesion while 

simultaneously engaging integrins and other cell adhesion molecules (Morwood et al., 2023). These 

interactions initiate cytoskeletal remodeling, growth cone dynamics, and neuronal polarization processes 

essential for functional maturation (Dent et al., 2011). 

Primary differentiation factors  

Growth factors: NGF, GDNF, and BDNF 

Nerve Growth Factor (NGF) is the central driver of most published F-11 differentiation protocols, 

and its absence generally results in minimal spontaneous neuronal maturation (Baldassarro et al., 2023). 

The primary variables influencing its efficacy are concentration and timing. Reported doses range widely 

(5–100 ng/mL), although concentrations between 10–50 ng/mL most consistently promote robust neurite 

outgrowth.  Timing is equally important. Immediate NGF exposure at the time of plating when cells are still 

adapting and proliferating may be suboptimal. A more effective strategy allows 24 hours for cell adhesion in 

serum-containing medium before switching to a low-serum, NGF-supplemented differentiation medium 

(Gunning et al., 1981). This sequential approach prioritizes population stability before introducing the 

differentiation cue. Despite broad agreement on NGF’s indispensability, direct comparative studies 

evaluating dosing regimens remain limited. It is unclear whether a single initial bolus is sufficient or whether 

NGF degradation necessitates replenishment. While many protocols rely on one-time supplementation, 

evidence from primary sensory neuron cultures suggests that sustained exposure enhances maturation 

(Katzenell et al., 2017). The absence of standardized dosing schedules likely contributes to inter-laboratory 

variability. Although NGF predominantly targets TrkA-expressing nociceptive neurons, F-11 cells may exhibit 

phenotypic heterogeneity. Other neurotrophic factors, such as Glial Cell Line-Derived Neurotrophic Factor 

(GDNF) signaling via Ret/GFRα receptors and Brain-Derived Neurotrophic Factor (BDNF) acting through TrkB 

are well-established modulators of distinct sensory neuron subpopulations (Zhang et al., 2014). However, 
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compared with NGF, systematic investigations of GDNF or BDNF in F-11 differentiation remain limited, 

representing a notable gap in protocol optimization and subtype-specific modeling. 

Several studies have reported that brain-derived neurotrophic factor (BDNF) is capable of inducing 

differentiation in F-11 cells (Bathina & Das, 2015; Chen et al., 2013; Colucci-D’Amato et al., 2020); however, 

the resultant morphology is often distinct from that observed with nerve growth factor (NGF)-mediated 

differentiation (Camerino et al., 2016). This raises important questions regarding the specificity of 

neurotrophic factor signaling and the potential heterogeneity of cellular responses. It is plausible that a 

subpopulation of F-11 cells exhibits preferential responsiveness to glial cell line-derived neurotrophic factor 

(GDNF) or BDNF (Ferrini et al., 2021). Moreover, the potential synergistic effects of combinatorial 

neurotrophin treatment particularly the concomitant administration of NGF with other neurotrophic factors 

remain largely unexplored (Xiong et al., 2025). Accordingly, a systematic investigation comparing the 

morphological, electrophysiological, and transcriptomic profiles of F-11 cells differentiated under each 

condition, both alone and in combination, would be of considerable value in establishing the validity and 

optimizing the utility of this model system (Pastori et al., 2019). 

Intracellular signaling enhancers 

​ The observation that NGF alone may be insufficient to induce robust F-11 differentiation led to the 

incorporation of intracellular cAMP–elevating agents, most commonly forskolin and dibutyryl-cAMP 

(dbcAMP) (Sharma et al., 1990). Forskolin activates adenylate cyclase to increase endogenous cAMP 

production, whereas dbcAMP is a membrane-permeable, phosphodiesterase-resistant analog that directly 

elevates intracellular cAMP levels. By amplifying cAMP signaling, both agents potentiate the downstream 

transcriptional programs required for neuronal maturation (Wang et al., 2024). Experimental evidence 

consistently shows that combining NGF with forskolin or dbcAMP significantly increases the proportion of 

neurite-bearing cells, enhances neurite length and growth rate, and accelerates the functional maturation 

of voltage-gated sodium and potassium channels, resulting in more robust action potential firing 

(Richter-Landsberg & Jastorff, 1986). Despite their shared target pathway, important distinctions exist. 

Forskolin relies on cellular adenylate cyclase activity and may produce more transient cAMP elevation, 

whereas dbcAMP provides a more stable intracellular signal. Although dbcAMP is sometimes reported to 

yield stronger differentiation effects, it may also exhibit greater cytotoxicity at higher concentrations. Thus, 

the choice between these agents represents a balance between differentiation efficiency and cell viability. 

Collectively, the combination of NGF and a cAMP-elevating compound is now regarded as the operational 

standard for high-yield F-11 differentiation (Martínez et al., 2019). Mechanistically, this synergy is coherent: 

NGF supplies the trophic TrkA-mediated signal, while elevated cAMP functions as a permissive amplifier of 

the differentiation program (Yan et al., 2017). 

Optimization parameters 

The biochemical induction is only part of the equation. Physical and environmental parameters are 

equally critical for a successful outcome. Initial cell seeding density is a frequently underestimated yet 

critical variable. Plating cells too densely leads to overcrowding, intense competition for nutrients, and a 

buildup of metabolic waste, all of which stifle neurite outgrowth and can cause cells to cluster rather than 

differentiate as isolated, functional units. Conversely, seeding too sparsely deprives cells of vital autocrine 

and paracrine survival signals, resulting in poor viability and increased apoptosis (Kim et al., 2009).  

Media composition, particularly serum concentration, is equally decisive. Standard growth media 

for F-11 cells (e.g., DMEM or Ham’s F-12) are typically supplemented with 10–15% Fetal Bovine Serum 
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(FBS), a complex and undefined mixture of both growth promoters and inhibitors. Reducing serum 

concentration to 1–2% or employing serum-free conditions acts as a classic and potent trigger for 

differentiation across many neuronal cell lines. In F-11 cells, high serum sustains proliferation, while its 

withdrawal signals a decisive switch to a post-mitotic, differentiated state. Thus, combining serum reduction 

with specific differentiation agents such as NGF and forskolin creates a powerful "differentiation cocktail" 

that halts the cell cycle and actively drives the acquisition of a mature neuronal phenotype. 

Culture substrate: laminin, poly-D-lysine, collagen 

The choice of substrate is a decisive factor for neurite initiation and elongation. Poly-D-lysine (PDL) 

serves as a foundational, positively charged polymer that facilitates strong, non-specific electrostatic 

adhesion of cells to the culture surface (Stil et al., 2023). However, its role is largely mechanical, providing a 

sticky base with minimal inherent bioactive signaling. In contrast, laminin, a natural extracellular matrix 

(ECM) protein of the basal lamina, offers a far more dynamic interface. Cells adhere to laminin through 

specific integrin receptors, which in turn activate crucial pro-differentiation signaling pathways such as PI3K 

and FAK. For neurite outgrowth, laminin is unequivocally superior to PDL alone, particularly in promoting 

extensive, stable, and complex arbors (Perera et al., 2020). Consequently, the most effective and widely 

adopted strategy is sequential coating: a primary layer of PDL to establish strong adhesive anchorage, 

followed by a laminin overlay to present a bioactive surface. This combination leverages the mechanical 

reliability of PDL alongside the specific, growth-promoting signals of laminin. Other substrates, such as 

collagen, are used less frequently and are generally considered less effective than laminin for this 

application. 

Impact of differentiation protocols on cell viability: The cytotoxicity tightrope 

Perhaps the most critical consideration in optimizing an F-11 differentiation protocol is navigating 

the inherent tension between induction potency and cellular health (Martínez et al., 2019). The powerful 

differentiating agents required are, by their nature, potent signaling modulators that can place significant 

stress on the cells. This cytotoxicity is most evident with cAMP-elevating agents. While a concentration of 

5–10 µM forskolin acts synergistically with other factors, exceeding 20–25 µM often becomes markedly 

cytotoxic, leading to cell rounding, detachment, and death over several days (Ho & Raw, 1992; Laurenza et 

al., 1989; Martínez et al., 2019). Similarly, high concentrations of dbcAMP (>1 mM) can disrupt osmotic 

balance and induce apoptosis (Honma et al., 1996). 

The differentiation process itself is inherently taxing: cells must halt proliferation, undergo extensive 

cytoskeletal remodeling to extend neurites, and upregulate energy-intensive ion channels. Pushing them 

too aggressively can overwhelm their homeostatic capacity. This risk is compounded by serum reduction, 

which is essential for triggering differentiation, can deprive cells of survival signals and increase 

susceptibility to anoikis if they are not firmly anchored and supported by NGF (Gudbergsson et al., 2016). 

Thus, a successful protocol is not defined by the highest possible concentrations of inducers, but by the 

optimal window in which a maximal proportion of cells differentiates robustly while preserving long-term 

viability—a necessity for applications such as electrophysiology or chronic drug studies. Achieving this 

balance requires careful empirical titration. Accordingly, a key metric of success extends beyond neurite 

counts at 24–48 hours; it must include assessment of overall viability and morphological integrity after 5–7 

days (Ramani et al., 2024). 
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Biomolecular and functional validation: A critical appraisal of F-11 cell differentiation as a model of DRG 

neuron phenotype 

The utility of the F-11 cell line as a model system for pain research hinges upon its ability to function 

as a sensory neuron. While morphological and biomolecular characterization are essential for establishing 

cellular identity, the ultimate standard for validation lies in functional capacity. A rigorous validation of this 

model must, therefore, demonstrate that differentiated F-11 cells can transduce nociceptive signals, with 

biomolecular evidence serving to confirm the identity of the underlying machinery. 

Morphological validation: The first line of evidence 

The most immediate and visually compelling evidence of F-11 differentiation is a profound 

morphological shift. Undifferentiated cells exhibit a flat, fibroblast-like or polygonal appearance typical of 

proliferating cultures. Upon exposure to an effective differentiation cocktail—such as NGF and forskolin on 

Laminin—they undergo a dramatic transformation (Pastori et al., 2019). Cells cease division, retract 

lamellipodia, and adopt a phase-bright, rounded soma. Subsequently, they extend long, slender processes, 

definitively identifiable as neurites by positive immunostaining for neuronal markers such as β-III-tubulin 

and neurofilament (Morato et al., 2022). Differentiation can be further quantified by neurite length and 

branching complexity. Differentiated F-11 cells routinely extend processes exceeding 200–500 µm, with 

some reports of neurites over 1 mm—rivaling those of primary DRG neurons in culture (Martínez et al., 

2019). While often bipolar, a significant proportion become multipolar, developing complex arbors. Metrics 

such as branch number and total outgrowth, quantifiable using software like ImageJ, provide additional 

measures of maturation (Pemberton et al., 2018). A critical perspective is nonetheless essential: dramatic 

morphological change, while necessary, is not sufficient to claim acquisition of a DRG-like identity. Many 

neuronal cell lines extend neurites upon differentiation. The key question is whether these F-11 neurites 

represent mere cytoskeletal rearrangement or are functionally and molecularly equipped as true dorsal root 

ganglion neurites (Shipley et al., 2016). 

Functional validation: The proof of concept 

The presence of specific molecules alone is not sufficient to establish functional relevance; rigorous 

functional assays therefore serve as the ultimate test of model validity. A primary line of evidence is the 

response to noxious stimuli. Differentiated cells consistently respond to capsaicin, a TRPV1 agonist, with a 

sharp increase in intracellular calcium, a response blocked by the antagonist capsazepine, mirroring native 

peptidergic nociceptors (Bertin et al., 2014). Responses to other algogens such as ATP (via P2X receptors) 

and acidic pH (via ASICs and TRPV1) have also been demonstrated, though they are typically less robust, 

reflecting the receptor expression profile of the line. Electrophysiological activity provides the most direct 

functional validation. Whole-cell patch-clamp recordings have shown that differentiated cells generate both 

tetrodotoxin-sensitive and tetrodotoxin-resistant action potentials, confirming functional integration of 

voltage-gated sodium and potassium channels essential for neuronal signaling (Pastori et al., 2019). 

Voltage-clamp experiments further detail fast-inactivating Na⁺ currents, delayed-rectifier K⁺ currents, and 

multiple Ca²⁺ current subtypes a biophysical profile consistent with immature or small-diameter DRG 

neurons. A critical validation of the model's utility in drug discovery is its predictable response to known 

analgesics. The local anesthetic lidocaine reliably inhibits evoked action potentials and voltage-gated 

sodium currents (Doan et al., 2014). Moreover, as a model for neuropathic pain mechanisms, these cells 

respond to gabapentin, which inhibits high-voltage-activated calcium currents and attenuates calcium 
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responses to various allergens mirroring its suspected mechanism of action in primary neurons (Sutton & 

Schuman, 2006). 

Collectively, these functional data spanning from receptor activation to ion channel currents and 

modulation by clinically relevant drugs provide the definitive proof that differentiated F-11 cells are not 

merely a collection of neurons in name, but are indeed capable of the signal transduction that defines a 

functional nociceptor. This functional competency is the cornerstone of the model's utility in drug discovery. 

Biomolecular validation: The core of cellular identity 

​ Molecular characterization provides the most critical level of validation, offering mechanistic insight 

into the functional identity of differentiated F-11 cells (Zhu et al., 2023). A key biomarker is TrkA, the 

high-affinity NGF receptor and a hallmark of nociceptive DRG neurons (Fang et al., 2005). Differentiated 

F-11 cells consistently express TrkA, as detected by RT-qPCR, Western blot, and immunocytochemistry, with 

expression often increasing following NGF-based protocols and localizing to both the soma and neurites 

(Martínez et al., 2019). Expression levels are lower than in primary adult DRG neurons, as expected for a 

hybridoma line, and the population is skewed toward a TrkA-positive, NGF-responsive phenotype (Morato 

et al., 2022). Another well-established maturation marker is Microtubule-Associated Protein 2 (MAP-2), 

indicative of neuronal dendrites and cell bodies (Dehmelt & Halpain, 2005). Differentiated F-11 cells show 

strong MAP-2 upregulation, with expression intensity tightly correlating with morphological complexity, 

confirming that structural changes are underpinned by genuine neuronal scaffolding (Pastori et al., 2019). 

The most compelling biomolecular evidence, however, is the expression of functional sensory 

neuron-specific proteins. Differentiated F-11 cells express key pain-related ion channels, including the 

capsaicin receptor TRPV1 and the voltage-gated sodium channel isoforms Nav1.7 and Nav1.8 (Deng et al., 

2023; Orozco Morato et al., 2022). They also express and release Calcitonin Gene-Related Peptide (CGRP), a 

neuropeptide quintessentially associated with neurogenic inflammation and pain transmission from DRG 

nociceptors (Haberberger et al., 2020). 

Table 1. Comparison Between Differentiated F-11 Cells and Primary Rodent DRG Neurons 

Characteristics Differentiated F-11 Cells 
Primary Rodent DRG 

Neurons 
Conclusion on F-11 Validity 

Morphology 
Bipolar/Multipolar; long 
neurites (can be >500 µm) 
(Platika et al., 1985). 

Bipolar/Pseudounipolar; 
variable neurite length 
(Lindsay, 1988). 

Good resemblance in 
complexity, though primary 
neurons are 
pseudounipolar in vivo. 

Proliferation 
Post-mitotic after 
differentiation 
(Platika et al., 1985). 

Constitutively 
post-mitotic 
(Scott et al., 1993). 

Faithful mimicry after 
successful differentiation. 

Key Marker: TrkA 
Expressed, upregulated by 
NGF. Level is moderate 
(Francel et al., 1987). 

Highly expressed in a 
large subset (∼40-50%) 
(Averill et al., 1995). 

Qualitatively similar, 
quantitatively lower. 
Represents a TrkA+ 
subpopulation. 

Key Marker: 
MAP-2 

Strongly expressed, 
correlates with morphology 
(Platika et al., 1985). 

Strongly expressed in 
dendrites/soma 
(Averill et al., 1995). 

Excellent match. Indicates 
true neuronal maturation. 

117 



Indonesian Journal of Life Sciences 
Vol. 08 | Number 01 | March 2026 

 

 

 

Characteristics Differentiated F-11 Cells 
Primary Rodent DRG 

Neurons 
Conclusion on F-11 Validity 

Functional 
Channels: TRPV1 

Expressed and functional 
(capsaicin response) 
(Caterina et al., 1997). 

Expressed and 
functional in peptidergic 
nociceptors 
(Caterina et al., 1997). 

Strong functional parallel. A 
key strength of the model. 

Functional 
Channels: Nav 

TTX-S and TTX-R currents 
documented 
(Francel et al., 1987). 

Mix of TTX-S and TTX-R 
currents 
(Caterina et al., 1997). 

Good functional match, 
supporting excitability. 

Neurotransmitter: 
CGRP 

Expressed and released 
upon stimulation 
(Francel et al., 1987). 

Expressed and released 
from peptidergic 
nociceptors 
(Scott et al., 1993). 

Strong similarity in 
neurochemical phenotype. 

Electrophysiology 
Can fire action potentials; 
exhibits key ionic currents 
(North et al., 2022). 

Fire action potentials; 
rich repertoire of 
currents 
(Fang et al., 2005). 

Good fundamental match, 
though primary neurons 
may have greater diversity. 

Heterogeneity 

Skewed toward a 
NGF-responsive, 
peptidergic phenotype 
(Binaschi et al., 2003). 

Highly heterogeneous 
(peptidergic, 
non-peptidergic, 
proprioceptive) 
(Lawson, 2002). 

Major limitation. F-11 is a 
simplified model of a DRG 
subpopulation. 

Applications in drug discovery and toxicology 

The differentiated F-11 cell line serves as a scalable, high-throughput-compatible platform for 

early-stage drug discovery and neurotoxicity assessment, effectively bridging the gap between recombinant 

systems and less tractable primary neuron cultures. Its utility spans large-scale compound library screening, 

typically using functional readouts such as inhibition of capsaicin-induced calcium influx to identify novel 

analgesics and high-content imaging for simultaneous quantification of neurite health and viability in 

models of chemotherapy-induced neuropathy. A paramount advantage is its exceptional suitability for 

mechanistic follow-up: unlike primary sensory neurons, F-11 cells are readily transfectable, enabling 

straightforward gene knockdown or overexpression to deconvolute a compound's mechanism of action and 

link specific molecular targets to functional phenotypes.  

For instance, this platform could be employed to dissect the intracellular pathways that render 

'silent' nociceptors responsive. By overexpressing or knocking down candidates like TRPV1, which is broadly 

distributed (~75%) in human DRG neurons and known to mediate capsaicin responses even in 

mechanically-insensitive afferents, researchers can directly test their necessity for the sensitization induced 

by inflammatory mediators such as prostaglandin E2 (Namer et al., 2019; Schmelz et al., 2000; Shiers et al., 

2020).  
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Table 2. Comparative analysis of studies with therapeutic potential for neuropathic pain 

Reference 

(Author, Year) 
Main Application Potential Key Features / Methodology 

Limitations / 

Important Notes 

(Cao et al., 
2024) 

In vitro model for diabetic 
neuropathy, molecular 
pathophysiology studies, 
and therapy validation (e.g., 
Ascl1 overexpression). 

Differentiation into sensory 
neurons; replication of 
hyperglycemic conditions; 
analysis of pro-inflammatory 
cytokines and ion channels 
(TRPV1, TRPA1, Nav1.8); 
scalable for screening. 

 

(Morato et al., 
2022) 

Early-stage screening 
platform (HTS) for analgesic 
candidates, particularly ion 
channel and cannabinoid 
modulators. 

Low-serum (LSM) 
differentiation increases 
expression of Nav, TRP, and 
cannabinoid receptors; suitable 
for screening thousands of 
compounds. 

Target gene expression 
is lower compared to 
primary DRG neurons; 
more suitable as a 
pre-screening tool. 

(Blasa et al., 
2022) 

Model for nerve 
regeneration studies, 
neuroprotective drug 
screening, and mechanisms 
of hyperexcitability in 
neuropathic pain. 

Thermal stimulation 
(nanoparticle-based) induces 
long-term functional 
differentiation; neurite 
outgrowth; increased firing 
frequency and spontaneous 
activity. 

 

(Martínez et 
al., 2019) 

Translational phenotypic 
model for HTS of new 
analgesic drugs. 

Differentiated cells show 
increased TrkA, neurite 
outgrowth, and response to KCl 
(EC50 5 mM); successfully 
identified analgesic compounds 
from the Prestwick Chemical 
Library. 

Bridges the gap 
between recombinant 
models and preclinical 
assays. 

(Pastori et al., 
2019) 

Study of peripheral 
sensitization mechanisms, 
specifically the phenotypic 
switch of 'silent' 
C-mechanoinsensitive 
afferents, which become 
spontaneously active and 
mechanically sensitive in 
pathological states such as 
painful polyneuropathy 
(Kleggetveit et al., 2012; 
Schmidt et al., 1995; 
Schmidt et al., 2002; Serra 
et al., 2012). 

Response to capsaicin, ATP, and 
acidic pH; can be differentiated 
to resemble mature sensory 
neurons with an algesic profile. 

Lacks T-type calcium 
currents; significant 
transcriptional 
differences compared 
to primary DRG 
neurons; requires 
cross-validation. 
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Reference 

(Author, Year) 
Main Application Potential Key Features / Methodology 

Limitations / 

Important Notes 

(Prucha et al., 
2018) 

Study of therapeutic 
interventions (e.g., 
Low-Frequency 
Electromagnetic Fields, 
LF-EMF) on neuronal 
responses and pain signaling 
pathways. 

Recapitulates spontaneous 
activity and calcium responses 
to bradykinin; used to 
investigate the role of 
voltage-gated calcium channels 
in hyperexcitability. 

 

(Martínez et 
al., 2021) 

High-content 
microscopy-based drug 
screening platform for 
simultaneous measurement 
of dual phenotypes (neurite 
shortening and 
hyperexcitability). 

Identified neuroprotective 
compounds (nitrendipine, 
felodipine); allows for 
simultaneous quantification. 

Immortalized cells may 
not fully recapitulate 
the molecular and 
electrophysiological 
complexity of primary 
sensory neurons; 
needs further 
validation. 

(Ambrosino et 
al., 2019) 

Early-stage screening and 
mechanistic study platform 
for pain therapy, particularly 
targeting Kv7 channels. 

Expresses all Kv7 subtypes; 
responds to bradykinin and 
capsaicin via TRPV1 activation; 
uses [Ca²⁺] i measurements to 
evaluate Kv7 modulators; 
highlights the role of Kv7.4. 

 

Relevance of the F-11 model to specific neuropathic pain mechanisms  

Beyond its general application for analgesic screening, the differentiated F-11 cell line holds 

particular relevance for modeling disease-specific mechanisms underlying neuropathic pain. Neuropathic 

conditions such as diabetic neuropathy and chemotherapy-induced peripheral neuropathy (CIPN) are 

characterized by convergent molecular signatures, including pro-inflammatory cytokine signaling, 

ion-channel dysregulation, and neurotoxic stress, all of which can be experimentally interrogated in F-11 

cells. 

Emerging evidence from sensory-neuron–like in vitro systems indicates that exposure to 

pro-inflammatory cytokines such as TNF-α and IL-1β enhances nociceptor excitability through activation of 

intracellular signaling cascades that sensitize voltage-gated sodium channels and TRP receptors. Because 

differentiated F-11 cells express functional TRPV1, Nav1.7, and Nav1.8 channels and exhibit stimulus-evoked 

calcium influx and action-potential firing, they provide a tractable platform for mechanistic studies 

examining cytokine-induced peripheral sensitization, a hallmark of neuropathic pain. 

This is particularly relevant for understanding the biology of 'silent' nociceptors, a subpopulation 

defined by their lack of response in naive states but whose sensitization is a hallmark of chronic pain 

(Middleton et al., 2021). Using F-11 cells, one could model the transition to hyperexcitability by exposing 

them to inflammatory mediators like prostaglandin E2 and then using transfection tools to probe the role of 

specific ion channels (e.g., Nav1.8, TRPV1) or neuropeptides (e.g., CGRP, whose gene CALCA shows strong 

overlap with P2X3 in human DRG) in this process (Middleton et al., 2021). This approach allows for the 
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deconvolution of mechanisms that are difficult to isolate in the heterogeneous environment of primary 

cultures or in vivo microneurography (Namer et al., 2019). 

The model is also well suited for investigating metabolic and toxic neuropathies. Hyperglycemic stress 

central to diabetic neuropathy has been shown in neuronal cultures to induce oxidative stress, 

mitochondrial dysfunction, and altered ion-channel expression, particularly involving Nav and TRPV1 

pathways. Differentiated F-11 cells, with stable electrophysiological properties and measurable neurite 

integrity, enable controlled simulation of these metabolic insults and quantitative assessment of 

downstream neuronal dysfunction. 

Importantly, the utility of F-11 cells extends to chemotherapy-induced peripheral neuropathy, one 

of the most clinically prevalent forms of neuropathic pain. Neurotoxic agents such as paclitaxel and 

platinum-based compounds trigger axonal degeneration, calcium dysregulation, and inflammatory signaling 

in sensory neurons. High-content imaging of neurite morphology and viability in differentiated F-11 cultures 

provides a scalable approach for toxicity assessment directly linked to CIPN pathogenesis, thereby 

strengthening the translational relevance of this platform beyond generic cytotoxicity screening. 

Although disease-specific studies using F-11 cells remain comparatively limited, the convergence between 

known neuropathic mechanisms and the validated molecular phenotype of differentiated F-11 neurons 

strongly supports their future application as a mechanistic neuropathic-pain model. Systematic integration 

of cytokine exposure paradigms, hyperglycemic culture conditions, and chemotherapeutic neurotoxicity 

assays represents a clear direction for advancing the model from general analgesic screening toward 

pathophysiology-driven neuropathic research. 

Positioning F-11 cells in the modern drug discovery pipeline 

In an era where human-induced pluripotent stem cell (iPSC)-derived neurons are increasingly 

accessible, "scalability" alone is insufficient to justify the use of any model (Dorota et al., 2025). The 

differentiated F-11 cell line must therefore be strategically positioned not as a competitor to human models, 

but as a high-value workhorse in the early, high-volume stages of the pipeline. Its primary utility lies 

in early-stage, medium-throughput screening. Following initial target identification and pure biochemical or 

recombinant assays (HTS), F-11 cells provide an essential first-tier cellular context (Morato et al., 2022). 

They serve as a cost-effective filter to triage "hits" by confirming activity in a neuronal environment before 

committing the significant time and expense required for complex models like iPSC-derived neurons or 

primary cultures. Furthermore, their ease of use makes them ideal for mechanistic lead optimization and 

preliminary safety pharmacology, enabling researchers to rapidly assess a compound's mode of action or 

potential neurotoxicity through high-content imaging, as highlighted in studies on chemotherapy-induced 

neuropathy (Martínez et al., 2021). 

When compared directly to other prevalent models, the niche for F-11 cells becomes clear. Against 

standard neuroblastoma lines like SH-SY5Y or PC12, F-11 cells offer superior physiological relevance for pain 

research due to their DRG heritage, which grants them a native-like expression of key nociceptive ion 

channels (TRPV1, Nav1.8) and neuropeptides (CGRP) (Doran et al., 2015; Morato et al., 2022). Unlike these 

cancer-derived lines, differentiated F-11 cells more faithfully recapitulate the functional signature of a 

sensory neuron. While they cannot fully replicate the heterogeneity of primary cultures, F-11 cells are 

significantly more scalable, genetically consistent, and ethically straightforward, eliminating the issues of 

donor variability and continuous animal use that constrain primary cultures (Wieringa et al., 2012). 

The most important distinction, however, is with human iPSC-derived sensory neurons. Human iPSC 

models are unparalleled for validating "human-relevance" and studying patient-specific genetics, but they 
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are costly, technically demanding, and require lengthy, complex differentiation protocols (Paik et al., 2020). 

The F-11 model, with its well-established protocols and rapid differentiation, occupies a critical and 

complementary position upstream of these sophisticated models. It is a robust, accessible, and reproducible 

platform for generating hypotheses, screening libraries, and refining leads. Promising candidates validated 

in F-11 cells can then be confidently advanced into the more physiologically complex and human-specific 

iPSC or primary culture systems for final preclinical validation, thereby de-risking the pipeline and ensuring 

that expensive late-stage models are used only for the most promising compounds (Ambrosino et al., 2019; 

Cao et al., 2024; Fan et al., 1992; Martínez et al., 2019; Prucha et al., 2018; Wieringa et al., 2012). 

Limitations and physiological relevance 

Despite its utility, the F-11 model possesses inherent limitations. Its hybridoma origin a fusion of 

mouse neuroblastoma and rat DRG neuron confers a residual proliferative and potentially immature genetic 

background that may not fully replicate the post-mitotic state of adult primary neurons. As a rodent-derived 

system, it also fails to capture species-specific nuances of human ion channel pharmacology and pain 

biology, a critical consideration for translational drug discovery. Perhaps the most significant constraint is its 

simplicity as a monoculture: it lacks dynamic interactions with glial and immune cells, now recognized as 

fundamental drivers of neuropathic pain pathogenesis. This absence of a complex microenvironment limits 

its utility for studying the paracrine signaling and neuro-immune crosstalk that define chronic pain states. 

Future directions 

Ongoing efforts aim to overcome these limitations through technological integration and increased 

model complexity. Guided by transcriptomic profiling to refine differentiation protocols, aiming to generate 

F-11 sub-lines that more faithfully recapitulate the molecular profile of human nociceptors, where the 

classical rodent distinction between peptidergic and non-peptidergic neurons is less segregated (Middleton 

et al., 2021). Furthermore, engineering reporter lines with fluorescent tags under pain-related promoters, 

such as TRPV1 or CGRP (CALCA), would enable real-time tracking of the 'silent' nociceptor phenotype and 

its sensitization. This would create a powerful high-content screening platform to identify compounds that 

can prevent or reverse the aberrant activity that correlates with pain reporting in patients, thereby directly 

linking in vitro mechanistic findings to clinical outcomes (Haroutounian et al., 2014; Namer et al., 2019). 

The most ambitious direction involves integrating F-11 cells into microfluidic "organ-on-a-chip" 

devices to create a "DRG-on-a-chip." Such systems could model axonal transport, compartmentalize cell 

bodies from nerve terminals, and expose distinct cellular regions to different chemical 

environments—providing a more physiologically accurate platform for studying pain mechanisms and 

compound effects. Underpinning all these advances must be a commitment to rigorous, standardized 

validation to ensure the reliability and interpretability of data generated with each new iteration of the 

model. 

CONCLUSIONS 

​ The F-11 cell line, upon differentiation, emerges as a robust and pragmatic in vitro model that 

effectively bridges the gap between simplistic cancer lines and complex primary cultures. By recapitulating 

critical morphological, biomolecular, and functional hallmarks of sensory neurons—such as excitability, 

expression of key ion channels (TRPV1, Nav), and neuropeptide release—it provides a physiologically 

relevant yet scalable platform. While it does not fully capture the heterogeneity of native DRG or 

human-specific pharmacology, its utility for medium-throughput analgesic screening and mechanistic 

studies is significant. Future efforts to integrate F-11 cells into co-culture systems or microfluidic 
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organ-on-a-chip platforms will further enhance their physiological relevance, solidifying their role in the 

next generation of neuropathic pain research. 
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