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Abstract
Background—Peripheral neuropathies affect many people worldwide and are caused by or
associated with a wide range of conditions, both genetic and acquired. Current therapies are
directed at symptomatic control because no effective regenerative treatment exists. Primary
challenge is that mechanisms that lead to distal axonal degeneration, a common feature of all
peripheral neuropathies, are largely unknown.

Objective/Methods—To address the role and specific characteristics of dorsal root ganglia
(DRG) derived sensory neuron culture system as a useful model in evaluating the pathogenic
mechanisms of peripheral neuropathies and examination and validation of potential therapeutic
compounds. A thorough review of the recent literature was completed and select examples of the
use of DRG neurons in different peripheral neuropathy models were chosen to highlight the utility
of these cultures.

Conclusion—Many useful models of different peripheral neuropathies have been developed
using DRG neuronal culture and potential therapeutic targets have been examined, but so far none
of the potential therapeutic compounds have succeeded in clinical trials. In recent years, focus has
changed to evaluation of axon degeneration as the primary outcome measure advocating a drug
development strategy starting with phenotypic drug screening, followed by validation in primary
complex co-cultures and animal models.
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I. Introduction
Neuronal cell cultures have been widely and successfully exploited as a powerful tool to
answer relevant questions of neurobiology and neurodevelopment; neurite/axon formation
and elongation, synapse formation and synaptic properties, neurotrophic factor trafficking
and signalling, neurotransmitter release, electrical signalling, and intracellular protein
trafficking have all been studied using primary neuronal cultures from various animals.
Similarly, primary neuronal cultures represent a tightly controlled system to study the basics
of cellular and molecular responses to external or internal disturbances to the nervous
system homeostasis and serve as a powerful in vitro model of pathology.
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In this review, we will address the role of dorsal root ganglia (DRG) derived sensory neuron
culture system as an excellent model in unveiling the pathogenic mechanisms of peripheral
nervous system (PNS) diseases to find potential novel targets for neuroprotection and to test
and validate new therapeutic compounds. The PNS by definition includes sensory, motor
and autonomic nerves that lie outside brain and spinal cord. The afferent branch, i.e. sensory
nerves that originate from DRG neurons, is unique in that instead of a typical axon-dendrite
structure of other neurons, has unipolar neurons with a single axon stem bifurcating into a
peripheral branch that goes to the distal tissues and a central branch that goes to spinal cord.
The efferent arms of the PNS include motor neurons and autonomic neurons that originate in
the spinal cord or autonomic ganglia and send branches to the skeletal muscle and internal
organs, respectively. All components of the PNS can be affected by diseases of the PNS,
commonly known as peripheral neuropathies; but often the sensory neurons are affected
early and more severely. This is often evident in the constellation of symptoms that the
patients experience; sensory symptoms such as pain, paresthesias, loss of perception and gait
imbalance often dominate patients' complaints and occur either in isolation or before
weakness and autonomic symptoms.

Peripheral neuropathies can be caused by or associated with a wide range of conditions, both
genetic and acquired. Common causes consist of diabetes, infections such as leprosy and
human immunodeficiency virus (HIV), toxic including chemotherapeutic agents and
inflammatory-autoimmune conditions. Apart from autoimmune demyelinating or vascular
neuropathies, no effective treatment exist that deal with the underlying axonal degeneration.
Current therapies primarily focus on symptom control. Part of the challenge is that
mechanisms that lead to distal axonal degeneration, a common feature of all peripheral
neuropathies, are largely unknown. Primary DRG neuronal cultures, especially in
association with glial cells of the PNS, Schwann cells, represent an ideal system to study
cellular and molecular pathways that lead to neurodegeneration in order to gain new insights
for drug discovery. Furthermore, the cultures offer a valuable tool for validation of
molecular targets identified in high throughput drug screens for neuroprotection and axonal
regeneration.

II. Primary culture of dorsal root ganglia sensory neurons: cellular
properties and morphological assays

Neurons derived from DRG can be easily grown in culture both from embryonic [1],
postnatal [2] and adult animals [3]. Furthermore, when cultured with Schwann cells, they
can be myelinated in culture [4]. Once carefully dissected, DRG can be either dissociated by
trypsinization or seeded onto culture dishes as explants (Figure 1). Each model offers unique
advantages and disadvantages; the scientific question and experimental design often dictate
the type of culture. Use of embryos allows a high content of cells with a higher efficiency in
isolating neurons in comparison to post-natal animals. They have been shown to be an
adequate and predictive model for studying diabetic, HIV and chemotherapy induced
neuropathies [5-8]. Both neuronal death, a relatively infrequent event in peripheral
neuropathies, and axonal degeneration can be studied in these cultures. Furthermore,
relatively high yield and hardiness of cultures represent a good model for drug screening of
potential neuroprotective agents. Embryonic DRG sensory neurons are also particularly
suitable for compartmentalised cultures. Prototypic compartmentalized culture system was
initially developed by Dr. Robert Campenot and is known as Campenot chambers [9]. This
sophisticated cell culture system where cell bodies and axons grow in physically separated
environments that can be differentially manipulated, allows local study of mechanisms of
axonal degeneration independently from the neuronal soma (Figure 2). In addition to their
traditional use in developmental neurobiology, embryonic DRG neurons in Campenot
chambers have been used successfully to study mechanisms of axonal degeneration in
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disease models [10-12]. Despite these advantages, embryonic DRG neurons do have
potential pitfalls; chief being their dependence on neurotrophins for survival for the first
week in culture. This may hinder evaluation of mechanisms of neurodegeneration. Some
researchers, however, have successfully “aged” embryonic DRG neurons in vitro by
culturing them more than a week and demonstrated that they exhibit properties similar to
adult DRG neurons (e.g. response to hyperglycaemia, see below) [13].

In contrast, dissociated postnatal and adult DRG sensory neurons offer the possibility to
study mature, completely developed neurons that may resemble the in vivo characteristics of
DRG neurons. They have been successfully used to model HIV and diabetic neuropathies
[14-16]. One advantage of adult neurons is that they are not dependent on neurotrophins or
serum for their survival so they can be cultured in defined media.

Explant cultures have also been used to model peripheral neuropathies and study disease
mechanisms. One distinct advantage of DRG explant cultures is that they keep the original
architecture of DRG with preserved relationship among neurons, Schwann cells and resident
macrophages that are lost in dissociated cultures; this might be relevant in studies on the role
of neuronal and glia cell interaction in axonal degeneration and regeneration. The DRG
neuron-Schwann cell interactions can also be reconstituted by use of co-culture methods to
study axon-neuron/glia interactions in both normal state and in disease conditions. For an
example, see below section on hereditary neuropathies.

III. DRG sensory neuronal culture as a model of HIV associated
neuropathies

HIV associated sensory neuropathies are the most common neurological complications in
HIV infection, affecting one-third of patients with AIDS [17]. They include distal symmetric
polyneuropathy (DSP), secondary to HIV infection, and antiretroviral toxic neuropathy
(ATN) associated with the use of antiretroviral agents, particularly nucleoside reverse
transcriptase inhibitors. They are mainly sensory, characterized by painful dysaesthesias in a
length-dependent stocking-and-glove distribution and are clinically indistinguishable from
each other. The pathological changes associated with DSP are distal axonal degeneration of
sensory fibers in the absence of any significant death of DRG sensory neurons [18]. The
pathophysiology of DSP is not completely understood, but most commonly accepted
pathogenic mechanism involves neuronal damage secondary to immune activation. Others
and our group have used DRG sensory neuron-Schwann cell co-cultures to probe the
relationship between the immune mediators and axonal degeneration in vitro. In the DRG
neuron-Schwann cell co-culture, HIV envelope protein gp120 binds to chemokine receptor
CXCR4 on Schwann cells and induce secretion of RANTES (Regulated upon Activation,
Normal T-cell Expressed and Secreted), which in turn binds to CCR5 chemokine receptors
on neurons. This results in a TNF-alpha (tumor necrosis factor-alpha)-mediated activation of
the caspase pathway and axonal degeneration in vitro [19].

In this in vitro model of HIV associated sensory neuropathy, axonal degeneration is partially
blocked by a specific caspase-3 inhibitor, but it is not clear if this effect is a direct action on
the mechanism underlying axonal degeneration or it is an indirect effect due to activation of
apoptotic pathways in the neuronal cell body. One of the hallmarks of many peripheral
neuropathies is distal axonal degeneration without significant cell death at the neuronal
level. Most studies directed at neuronal toxicity or degeneration are focused on events that
are occurring at the cell body level, but local axonal mechanisms may play a bigger role in
mediating distal axonal degeneration and they may be distinct from the intracellular events
at the cell body [20].
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Compartmentalized culture systems, used successfully in developmental biology, offer a
very valuable tool to answer this question. In addition to the ability to manipulate axon and
neuronal cell bodies independently of each other one can ask the role peri-neuronal and peri-
axonal Schwann cells play in pathogenesis of different peripheral neuropathies. Using
Campenot chambers, Melli and colleagues extended the previous work by Keswani et.al.,
and demonstrated that gp120 has direct axonal toxicity mediated by both CCR5 and CXCR4
chemokine receptors on axons [10]. Furthermore, they showed that there was a difference
between peri-neuronal and peri-axonal Schwann cells; peri-neuronal Schwann cells were
key players in inducing the gp120 neurotoxicity but the peri-axonal Schwann cells were
neuroprotective and presence of Schwann cells in the axonal chamber partially ameliorated
the gp120 induced axonal degeneration. This “neuroprotective” role for peri-axonal
Schwann cells may be a common theme for other injury models in the peripheral nervous
system [21].

Although, these in vitro studies shed some light onto potential mechanisms of HIV-induced
axonal degeneration, many unanswered questions remain. For example, how does binding of
gp120 onto the chemokine receptors lead to the activation of the caspase pathway and distal
axonal degeneration? Which intracellular signalling pathways are involved? Do these
pathways share common key elements with other causes of peripheral neuropathies? One
potential answer comes from a study by Bodner and colleagues [22]. In this study
CEP-1347, an inhibitor of the mixed lineage kinases, prevented the neuronal apoptosis
induced by gp120 as well as the neuronal death caused by a nucleoside reverse transcriptase
inhibitor (NRTI), didanosine. Both gp120 and didanosine activated the c-Jun N-terminal
kinase pathway and caused death of DRG neurons. The investigators, however, did not
examine axonal degeneration and it is unclear whether the observation regarding the sensory
neuronal death in vitro could be generalized to the in vivo situation, with very limited death
in the DRG.

In parallel to these studies, in vitro DRG neuron-Schwann cell cultures have been used to
elucidate the mechanism of antiretroviral toxic neuropathy [5]. Nucleoside reverse
transcriptase inhibitors such as didanosine cause direct mitochondrial toxicity in neurons;
resultant energy failure leads to axonal degeneration and, at high doses, non-apoptotic cell
death. This in vitro system was used to demonstrate neuroprotective effects of FK-506 and
suggested a potential therapeutic avenue with non-immunosuppressive analogues of FK-506
[5]. Further studies are needed to validate this observation in animal models.

IV. DRG sensory neuronal culture as a model of chemotherapy induced
neuropathies

Peripheral neuropathy, manifested by neuropathic pain and axonal degeneration, is one of
the major sources of disability in patients following anti-neoplastic therapy [23,24]. The risk
of developing peripheral neuropathy often depends on the cumulative dose of the
chemotherapeutic agent and, therefore, increases with longer duration of therapy [25,26].
The symptoms can be disabling enough that either the dose of chemotherapy is reduced or
completely discontinued altogether, limiting the choice of effective anti-cancer therapies.
Chemotherapy induced neuropathy is usually characterized by length-dependent axonal
degeneration with primary involvement of distal sensory or sensorimotor fibers [27,28].
Sensory neurons are particularly vulnerable to toxic agents because DRG lie outside of the
blood-brain barrier and are supplied with fenestrated capillaries that allow free passage of
circulating substances [24]. Moreover, longer peripheral nerves, such as sensory fibers
carrying touch, temperature and pain sensation from the feet, are particularly susceptible to
any interference with energy metabolism, mitochondrial function, or axonal transport.
However, the underlying molecular and cellular mechanisms of neurotoxicity remain
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unclear for majority of chemotherapeutic compounds and so far no effective regenerative or
protective treatment has been found.

DRG sensory-Schwann cell co-cultures offer a unique opportunity to investigate
mechanisms of chemotherapy-induced neuropathies. For example, Windebank and
colleagues have shown that cisplatin-induced neurotoxicity involves activation of apoptotic
pathways, bax redistribution and cytochrome c release in DRG neurons [29]. Furthermore,
in vitro models of chemotherapy-induced neuropathies can be used to evaluate the efficacy
of potential therapeutic compounds and their mechanisms of action. We have shown that
recombinant human erythropoietin prevents axonal degeneration induced by paclitaxel in
sensory neurons, and that this effect is associated with downregulation of detyrosinated
tubulin [6]. This neuroprotective effect in vitro was further validated in an animal model of
paclitaxel-induced neuropathy, suggesting that recombinant erythropoietin could be a
potential drug to prevent chemotherapy-induced neuropathies.

Same approach was also used in a study evaluating the efficacy of another potential
neuroprotective compound, alpha-lipoic acid [7]. In primary DRG neurons, both cisplatin
and paclitaxel induce early mitochondrial dysfunction with loss of membrane potential and
induction of autophagic vacuoles. Alpha-lipoic acid prevents axonal degeneration induced
by both of these chemotherapeutic drugs. This is mediated by rescue of mitochondrial
changes and induction of expression of frataxin, an essential mitochondrial protein with anti-
oxidant and chaperone properties. This in vitro study using DRG neuronal cultures
demonstrate the importance of early mitochondrial changes in axonal degeneration.
Interestingly, in animal models of paclitaxel-induced neuropathy [30,31] others have found
ultrastructural alterations of mitochondria in C-fibers and myelinated axons of sciatic
nerves, similar to the pathological changes in our in vitro model. Nevertheless, the
neuroprotection observed with alpha-lipoic acid in vitro will need to be validated in the
animal models of chemotherapy-induced neuropathies. If confirmed, these findings suggest
that alpha-lipoic acid may be an effective neuroprotective therapy for chemotherapy-induced
peripheral neuropathies.

V. DRG sensory neuronal culture as a model of diabetic neuropathy
Diabetic neuropathy affects about 60% of diabetic patients [32], and according to some
recent studies, sub-clinical impairment of peripheral nerves can occur in all patients.
Diabetic neuropathy includes several distinct syndromes, among them symmetric mainly
sensory polyneuropathy often accompanied by autonomic neuropathy is the most frequent
form. It is the most common late complication of type I diabetes mellitus; close to 100% of
patients eventually develop it [33]. Since diabetes is a complex, chronic and multifactorial
disease, it is challenging to develop adequate animal models. In vitro, cell culture models
offer the unique possibility to study pathogenic mechanisms of disease and biological
functions of single molecules in a tightly controlled system. The use of DRG sensory
neurons has several advantages: 1) DRG sensory neurons represent the main cellular target
of diabetic neurotoxicity; 2) it is possible to enrich the neuronal population with NGF-
dependent neurons which are often the most vulnerable ones clinically [34] and in animal
models of Type I diabetes [35]; 3) possibility of co-culturing DRG neurons with Schwann
cells that are clearly involved in diabetic neuropathy based on electrophysiology and
ultrastructural pathology. Furthermore, the close relationship between the sensory axon and
the Schwann cell that is established during development and maintained throughout the
adult life is likely to play an important role in the pathogenesis of diabetic neuropathy.
Axon-glia interactions have been shown to play an important role in the pathogenesis of
several neurodegenerative disorders like amyotrophic lateral sclerosis and HIV dementia.
Exposure of sensory neurons and Schwann cells to hyperglycaemic conditions in vitro
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induces morphological and functional abnormalities characteristic of neurotoxicity, such as
impairment of cell viability, neuritic outgrowth, mitochondrial activity and
electrophysiological abnormalities.

In the past twenty years many laboratories have used in vitro culture system to elucidate
mechanisms of neuronal dysfunction in diabetes (reviewed in [36]). To overcome some of
the critiques on whether short-term exposure to high glucose can be an adequate model for
long-term diabetic complications or reflect the complexity and multifactorial nature of the
disease, researchers utilized a variety of culture methods. These include use of dissociated
DRG sensory neurons and DRG explants from diabetic animals like streptozotocin treated
mice and rats [37,38], or from spontaneous diabetic BioBred/Worchester rats (BB/W).
Furthermore, others have shown that non-diabetic DRG sensory neurons treated with serum
from BB/W rats [39] or type II diabetic patients [40] can be used to evaluate the
neurotoxicity of diabetes. For example, DRG sensory neurons isolated from diabetic mice
show an impaired attachment to extracellular matrix [41]; excessive glycation of type IV
collagen and laminin affect attachment, survival and axonal elongation in sensory neurons
[42]. Other examples of mechanistic studies include demonstration of impairment of axonal
transport of NGF [43], abnormalities in calcium homeostasis [44] [45], mitochondrial
dysfunction [46,47] and increased expression of transient receptor potential cation channel,
subfamily V, member 1(TRPV1) in DRG small sensory neurons from diabetic rats [48].
TRPV1 is activated by noxious heat, decreased pH and capsaicin; its increased activity in
diabetes may explain hyperalgesia and pain frequently experienced by diabetic patients with
neuropathy.

Multiple other in vitro DRG neuronal culture studies have shown that high levels of glucose
promote neuronal reactive oxygen species production, leading to loss of mitochondrial
membrane potential, depletion of ATP, and death of DRG neurons [49-51]. These
observations have led to the use of embryonic rat DRG neuronal cultures to develop a
medium-throughput in vitro assay to screen for potential therapeutic compounds for their
ability prevent oxidative stress in neurons exposed to hyperglycaemia [52]. The role of
glucose induced apoptotic cell death in adult neurons has been questioned on the basis of
their independency from neurotrophic support and c-Jun N-terminal kinase (JNK) activation
for survival [53]; glucose induced apoptosis would only be a phenomenon observed in
embryonic sensory neurons in vitro and not relevant for diabetic neuropathy [54]. However,
this issue needs further study because the role of JNK pathways in diabetes is not completely
understood. Previous studies have shown that multiple iso-forms are activated in sensory
neurons exposed to glucose and that it may have neuroprotective function [55] or glucose-
induced neuronal injury stimuli may act through apoptotic pathways independent of JNK.

The use of DRG neuronal cultures to study the effects of hyperglycaemia is not without
disagreements in the field. Many researchers have noted that in vitro culture of embryonic
DRG neurons require relatively high levels of glucose to induce oxidative stress and
apoptosis. In fact, it has been difficult to observe neurotoxicity of hyperglycaemia in
embryonic DRG neurons, either as dissociated cultures or as explants [13,56-58]. However,
others have argued that inclusion of IGF-1 and insulin in the culture media allows DRG
neurons to utilize supra-normal levels of glucose in vitro without evidence of cellular stress
and that in order to observe damaging effects of hyperglycaemia, insulin and IGF-1 needs to
be removed from the culture media or levels be drastically reduced. This is in contrast to
adult DRG neurons, where levels of hyperglycaemia observed in diabetic patients is
neurotoxic to adult DRG neurons in vitro; however, this effect is restricted to the axonal
compartment and is not associated with induction of cell death [58].
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Another important issue in the diabetic neuropathy field is whether apoptosis observed in
vitro has any relevance to neuronal death in vivo. This is a major limitation of the in vitro
models of type 1 diabetes. In patients and in long-term models of type 1 diabetes, there is
very little neuronal death [59] and the small amount of neuronal death observed is greatly
out of proportion to distal axonal loss [60]. Future studies on the mechanisms of
neurotoxicity of hyperglycaemia needs to take these observations into consideration and
perhaps focus on distal axonal loss as the primary pathogenic mechanism of neuropathic
symptoms in patients with diabetic neuropathy.

One advantage of the in vitro models of diabetic neuropathy is that, the in vitro culture
system allows one to evaluate the relative contribution of each cell type in the PNS to the
pathogenesis of diabetic neuropathy. Hyperglycaemia has been shown to affect Schwann
cell proliferation and migration [56], crucial events during axonal regeneration. In fact,
axonal regeneration is impaired in diabetes [61]. This observation, perhaps, explains why
recovery from nerve traumas is worse in diabetic patients.

VI. Myelinated DRG sensory neuronal culture as a model of hereditary
demyelinating neuropathies and inflammatory immune mediated
neuropathies

Myelinated DRG sensory neuron-Schwann cell co-cultures have been successfully used as
in vitro models of hereditary peripheral neuropathies like Charcot Marie Tooth disease type
1A (CMT1A). When DRG sensory neurons and Schwann cells from CMT1A transgenic rat
are grown in culture and induced to myelinate, they exhibit a dysmyelinating phenotype
[62-65]. Many axonal segments remain unmyelinated and myelinated segments reveal
uncompacted myelin and Schwann cell cytoplasmic abnormalities. Furthermore, the axons
that fail to myelinate properly show evidence of degeneration, mimicking the in vivo disease
where prolonged demyelination leads to distal axonal degeneration. This model is a valuable
tool to investigate the molecular mechanisms of axon-glia interaction in myelination and
axon maintenance. Furthermore, the model can be used to test potential neuroprotective
drugs for CMT1A.

The relevance of this model extends to immune mediated demyelinating diseases such as
chronic inflammatory demyelinating polyneuropathy (CIDP) as cultures can be treated with
sera from patients with CIDP or animal models of CIDP. In an in vitro model of Guillain
Barre Syndrome (GBS), an acute demyelinating inflammatory polyneuropathy, nitric oxide
induced axonal injury and secondary demyelination without injury to Schwann cells directly
suggesting that in GBS, the immune attack may be directed at the axon as well [66].

VII. DRG sensory neuronal cultures as tools for drug discovery
As stated above, DRG sensory neuronal cultures, alone or in combination with Schwann
cells, have been used to study molecular mechanisms of a variety of diseases affecting the
peripheral nervous system, genetic or acquired. These studies have yielded important
information about pathogenesis of the disease under study and were useful in identifying
new potential therapeutic targets. Furthermore, many of these studies were directed at
understanding common mechanisms of axon-glia interaction, axon maintenance,
demyelination and axonal degeneration [20].

Although primary DRG neuronal cultures have been used to screen a small library of
potential therapeutic drugs in an in vitro diabetic neuropathy model [52] and in an assay to
identify drugs that upregulate Nociceptin/orphanin FQ (N/OFQ), an opioid-related peptide
[67], they are not suitable for a high-throughput drug screening strategy. Availability of the
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primary cultures and limited numbers severely restrict the throughput of an assay. An
immortalized DRG sensory neuronal line, ideally human, would be more appropriate as long
as it maintains characteristics of a DRG sensory neuronal line. A human DRG sensory
neuronal line had been developed with typical features of a neuron [68], but is no longer
available for use by researchers.

Recently in our lab we immortalized sensory neurons from embryonic rat DRG and further
characterized a specific line, 50B11 [69]. This immortalized DRG sensory neuronal line has
the receptor characteristics of a nociceptive neuron expressing TRPV1 and receptors for
NGF and GDNF. Furthermore, the cells are easy to grow and differentiate, making them
suitable for high-throughput drug screening applications. In limited validation assays, the
50B11 neuronal cells exhibited axonal degeneration and other features of neurotoxicity
when exposed to toxic drugs that cause neuropathy in patients such as didanosine or
paclitaxel. Although, the 50B11 cell line is suitable for high throughput applications, the
results would still need to be validated in primary DRG neuronal cultures, preferably in
assays that utilize DRG neuron-Schwann cell co-cultures, before moving to animal models.

Despite many years of research on peripheral neuropathies, all of our clinical trials for
preventative or regenerative therapies for axonal peripheral neuropathies have failed
(excluding immune mediated neuropathies). Our current therapies are limited to symptom
control and even at that, most of the available drugs offer limited symptom relief, often at
the high cost of side effects. The causes of this failure in developing effective therapies for
peripheral neuropathies are multiple, but perhaps its time to rethink our drug screening
strategies and utilize appropriate cells and assays that include phenotypic screens to evaluate
axonal degeneration as the read-out. Recent advances in automated image analysis systems
have made it feasible to do axon length measurements in 96-well plate format neuronal
cultures [70,71]. We propose that a phenotypic screen that starts with cells that are suitable
for high-throughput assays, like 50B11 cell line, and goes through validation cycles in
primary DRG neuronal cultures and then appropriate animal models, is more likely to yield
drug candidates that may be more successful in clinical trials.

Expert Opinion

Peripheral neuropathies are the most common neurodegenerative diseases affecting
almost 20 million people in the USA alone; more common than the combined prevalence
of other neurodegenerative disorders such as Alzheimer's disease, Parkinson's disease or
multiple sclerosis. Like other neurodegenerative diseases, incidence is higher in an aging
population and like other neurodegenerative diseases we do not have an effective
preventive or regenerative therapy apart from the relatively uncommon inflammatory
autoimmune neuropathies. In the absence of any therapy that can prevent axonal
degeneration or allow efficient regeneration of degenerated axons, current therapies are
directed at symptomatic control. Since, even symptomatic therapies are only partially
effective, there is a significant unmet need to develop preventive and/or regenerative
therapies for peripheral neuropathies.

Development of effective therapies can only be accomplished by advances in
development of in vitro assays and animal models that reflect the underlying mechanisms
of axonal degeneration. Dorsal root ganglion (DRG) neuronal cultures, in association
with Schwann cell cultures, offer a unique opportunity to model the various peripheral
neuropathies in vitro to elucidate underlying molecular mechanisms of axonal
degeneration. Furthermore, the in vitro models utilizing DRG neuronal cultures allow
screening of potential therapeutic drugs. However, use of primary DRG neurons for a
high-throughput drug screening approach is cumbersome and not practical because of
limited availability of cells. Here we review the current literature on the use of primary
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DRG neuronal cultures in drug discovery and propose a phenotypic screen that starts
with cells that are suitable for high-throughput assays, like DRG neuronal cell lines, and
goes through validation cycles in primary DRG neuronal cultures and then appropriate
animal models. This approach is more likely to yield drug candidates that may be more
successful in clinical trials.
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Figure 1.
Schematic view of preparation of dissociated and explant DRG sensory neuronal cultures.
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Figure 2.
Compartmented sensory neuronal cultures. A: schematic and ß-III tubulin immuno-stained
cultures; B: phase contrast images of middle and side chambers (arrow head: growth cone);
C-D: TuJ1 immuno-staining of neurons and distal axons; E: Schwann cells (red colored)
ensheating axons in side chambers.

Melli and Höke Page 14

Expert Opin Drug Discov. Author manuscript; available in PMC 2010 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Melli and Höke Page 15

Table 1
Selection of representative applications of DRG cultures for the study of peripheral
neuropathies

NRTI: Nucleoside reverse transcriptase inhibitors; RANTES: regulated upon activation normal T-cell
expressed and secreted; rc: receptor; JNK: c-Jun N-terminal kinase; STZ: streptozotocin, SC: Schwann cells,
ROS: reactive oxygen species; NO: nitric oxide

Cell culture model Major findings References

HIV-related neuropathies

Anti-retroviral toxic neuropathy (ATN) Rat E15 dissociated DRG
neurons

NRTIs cause direct mitochondrial
damage leading to axonal damage and
non-apoptotic cell death.

Keswani et al.,
2003[5]

Distal symmetric polyneuropathy (DSP) Rat E15 dissociated DRG
neurons

Gp120 induces RANTES in Schwann
cells through CXCR4. RANTES
induce TNF-α in neurons through
CCR5 causing neuronal apoptosis.

Keswani et al,
2003[19]

ATN and DSP Rat Post-natal dissociated
DRG neurons

NRTIs and gp120 cause neuronal
apoptosis through JNK pathway and
inhibitors of the mixed lineage kinases
prevents it.

Bodner et al.,
2004[22]

DSP Rat E15 dissociated DRG
neurons in Campenot
chambers

Gp120 causes neuronal apoptosis
mediated by Schwann cells when
applied to cell bodies and causes local
axonal damage through caspases
activation.

Melli et al.,
2006[10]

Diabetic neuropathies

Diabetic neuropathy Adult STZ treated mice
dissociated DRG neurons

Improvement of neuronal survival and
neurite growth from diabetic mice
when exposed to insulin or high
glucose

Sotelo et al.,
1991[37]

Diabetic neuropathy Rat E15 dissociated DRG
neurons

High glucose induces ROS production,
mitochondrial damage and apoptosis.

Russell et al.,
2002[49]

Diabetic neuropathy Adult STZ treated rat
dissociated DRG neurons

Loss of insulin-dependent neurotrophic
support contributes to mitochondrial
membrane depolarization induced by
diabetes.

Huang et al., 2003
[46]

Diabetic neuropathy Rat E15 dissociated DRG
neurons + rat Schwann cells/
myelination

Myelinated SC/DRG cocultures
provide a physiologically relevant
model for studying demyelination
observed in diabetic nerves in vivo.

Yu et al, 2008 [13]

Diabetic neuropathy Rat sciatic nerve derived SC
and adult mice DRG explants
and dissociated cells

High glucose impairs proliferation and
migration of Schwann cells, higher
glucose impairs neurite elongation, no
substantial apoptosis has been detected.

Gumy et al.,
2008[56]

Diabetic neuropathy Normal or 3-5 month STZ
rats dissociated DRG neurons

Diabetic DRG neurons express low
MnSOD and high ROS in axons,
associated with impaired axonal
outgrowth and aberrant dystrophic
structures.

Zherebitskaya et al,
2009[58]

Chemoterapy-associated neuropathies

Paclitaxel associated neuropathy Rat E15 dissociated DRG
neurons

rhEPO prevents axonal degeneration in
sensory neurons and is associated with
downregulation of detyrosinated
tubulin, further confirmed in the
animal model.

Melli et al., 2006[6]

Paclitaxel and cisplatin associated
neuropathies

Rat E15 dissociated DRG
neurons

Alpha-lipoic acid protects sensory
neurons through its anti-oxidant and

Melli et al., 2008[7]
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Cell culture model Major findings References
mitochondrial regulatory functions,
and induces the expression of frataxin.

Demyelinating neuropathies

CMT1A Transgenic PMP22 rat E15
dissociated neurons/
myelination

Reproduction in vitro of dysmyelinated
internodes and focal myelin swellings,
pathological hallmarks of CMT1A.

Nobbio et al.,
2001[63]

CMTIA Transgenic PMP22 rat E15
dissociated neurons/
myelination

Molecular and morphological signs of
axonal damage following persistent
demyelination.

Nobbio et al.,
2006[65]

Inflammatory neuropathies Rat E15 dissociated DRG
neurons/myelination

NO causes demyelination secondary to
axonal injury, no damage to Schwann
cells viability.

Lehmann et al.,
2007[66]
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