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Chemotherapy causes sensory disturbances in cancer patients that results in
neuropathies and pain. As cancer survivorships has dramatically increased over the
past 10 years, pain management of these patients is becoming clinically more
important. Current analgesic strategies are mainly ineffective and long-term use is
associated with severe side effects. The issue being that common analgesic strategies
are based on ubiquitous pain mediator pathways, so when applied to clinically diverse
neuropathic pain and neurological conditions, are unsuccessful. This is principally due to
the lack of understanding of the driving forces that lead to chemotherapy induced
neuropathies. It is well documented that chemotherapy causes sensory
neurodegeneration through axonal atrophy and intraepidermal fibre degeneration
causing alterations in pain perception. Despite the neuropathological alterations
associated with chemotherapy-induced neuropathic pain being extensively researched,
underlying causes remain elusive. Resent evidence from patient and rodent studies have
indicated a prominent inflammatory cell component in the peripheral sensory nervous
system in effected areas post chemotherapeutic treatment. This is accompanied by
modulation of auxiliary cells of the dorsal root ganglia sensory neurons such as
activation of satellite glia and capillary dysfunction. The presence of a
neuroinflammatory component was supported by transcriptomic analysis of dorsal root
ganglia taken from mice treated with common chemotherapy agents. With key
inflammatory mediators identified, having potent immunoregulatory effects that directly
influences nociception. We aim to evaluate the current understanding of these immune-
neuronal interactions across different cancer therapy drug classes. In the belief this may
lead to better pain management approaches for cancer survivors.
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INTRODUCTION

The continued development of novel therapeutics, and improved diagnostic capabilities have
resulted in drastic improvements in cancer treatment and survival. In 2020, 3 million people
were living with cancer in the United Kingdom, and it is predicted that this number will rise to 5.3
million by 2040 (Maddams et al., 2012). This has been accompanied by a corresponding increase in
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life expectancy from one year in the early 1970s to 10 years in
2011 (Quaresma et al., 2015). This means that morbidity has
become an increasingly important criteria of survivorship. With
this in mind, the ubiquitous nature of cancer treatments, which
not only target malignant cells, but also have significant impact
on the physiological and cellular systems of healthy cells, is
becoming more an issue. It is therefore not surprising that
cancer treatment results in several long-term side effects that
adversely affect the patients’ health. In fact, it has become a
prevalent problem, with 68.1% of patients suffering from
chemotherapy-induced peripheral neuropathy (CIPN) post-
treatment. CIPN encompasses damage to the nervous system
attributable for motor function and autonomic control as well as
sensory disturbances (Paice, 2011). These sensory disturbances,
which include sensory ataxia, painful paraesthesia, and ongoing
pins and needles in limb extremities (also known as stocking-
glove pattern) is associated with metabolic abnormalities in
sensory axons (Seretny et al., 2014; Maihöfner et al., 2021).
This has longitudinal consequences as well, with over 30% of
patients still experiencing the distress of CIPN 6 months plus
after completing chemotherapy cycles (Paice, 2011; Seretny et al.,
2014). This debilitating clinical scenario is not just limited to
adults, as there is increasing awareness of long-lasting
neuropathic pain in survivors of childhood cancer (Lu et al.,
2011; Alberts et al., 2018). The accumulating evidence that CIPN
is a significant clinical problem, is highlighted by the fact that
there is currently no appropriate analgesic treatment for this
condition (Haberberger et al., 2019; Guo et al., 2021), with current
pain relief strategies (Paice, 2009) being of little benefit (Paice,
2011). There is a small proportion of cancer survivors helped in
the short-term by present-day analgesics however, long-term
usage is associated with noteworthy adverse complications
(Paice, 2019). The ineffectiveness of current treatments
highlights our lack of comprehension underpinning
mechanisms that result in CIPN development and pathology.
It is therefore something that warrants immediate attention and
further experimental investigation to help direct novel drug
discovery programs for CIPN management, and hopefully
prevention. In this perspective, we focus on the inflammatory-
driven pathways induced by chemotherapy that led to
perturbations in microvascular homeostasis and integrity. As
minimal attention has focused on how chemotherapy-induced
systemic inflammation causes profound vascular adaptations
which drive sensory neurotoxicity.

CHEMOTHERAPY INDUCED
NEUROPATHIC PAIN

It is well established that there is an extensive panel of
chemotherapeutic agents that causes damage to the peripheral
nervous system leading to CIPN symptoms, although their
mechanisms of action are notably different (Brissot and
Loréal, 2016; Alberts et al., 2018; Branca et al., 2018).
Platinum based drugs interact with DNA to form platinum-
DNA adducts which induce cellular apoptosis (Beggs et al.,
2010; Bodiga et al., 2020), In contrast, vincristine and

paclitaxel impair microtubule formation by promoting their
instability leading to mitotic arrest and cell death (Flatters and
Bennett, 2006; Beggs et al., 2010; Staff et al., 2019; Fumagalli et al.,
2021). Whereas Bortezomib acts as a proteasome inhibitor and
microtubule destabiliser (Greenlee et al., 2017; Gu et al., 2020).
However, all are associated with peripheral hyperalgesia. Over the
past decade, research into CIPN has also identified that dorsal
root ganglia of sensory neurons are particularly susceptible to
platinum-based therapy induced neurotoxicity (Drakesmith
et al., 2015; Domoto et al., 2021). Common symptoms of
sensory neuropathy follow a similar trajectory of events,
initially sensory nerve damage is noted and is accepted to be a
precursor to nociceptor sensitization (Tanner et al., 1998). This is
accompanied by exaggerated pain responses and ongoing
neuronal hyperexcitation which manifests itself as tingling
sensations in the hands and feet and chronic pain (Paice,
2009). This progresses to sensory numbness in the extremities,
due, at least in part, to intraepidermal sensory nerve fibre
regression in the skin (Bosanac et al., 2021). The severity of
CIPN experienced by many patients is also responsible for the
dose-limiting profile of these chemotherapies and can in some
cases lead to cessation of the cancer treatment (Akman et al.,
2015; Brissot and Loréal, 2016; Cataldo et al., 2019). This is of
increasing clinical concern, as suboptimal treatment of cancer
clearly has its own ramifications (Costigan et al., 2009; Brissot and
Loréal, 2016; Demaria, 2017).

INFLAMMATION MEDIATED
CHEMOTHERAPY INDUCED
NEUROPATHIC PAIN
John Hunter (1794), a Scottish surgeon, described inflammation
as a salutary process (Hunter and Home Everard, 1794). In fact, it
is our bodies protective mechanism against challenge from injury,
infection and noxious stimuli. Chemotherapy by its very nature
fits into the noxious stimuli category, and often has many off-
target effects due to its permissive nature leading to an
inflammatory response. Along with the clear positives that the
inflammatory process provides there are detrimental
consequences of persistent or aggressive inflammation that
result in inappropriate wound healing and adaptive changes to
cellular metabolism (Dieli-Conwright et al., 2016). This is
highlighted clinically, with high doses of glucocorticoids often
pre-administrated prior to particularly platinum-based and
taxane chemotherapies (Boulanger et al., 2014). Clinically this
helps circumnavigate inflammation and vascular toxicity
associated with the chronic use of these agents (Herrmann
et al., 2016). The high doses of dexamethasone used suggest
that these chemotherapeutic agents cause a profound systemic
inflammatory response. It is highly likely that this toxin-induced
inflammation contributes significantly to CIPN. In fact, it is
known that there is an increase in inflammatory cell influx
into tissues where neuropathies are experienced (Laumet et al.,
2019), alongside hallmarks of vascular damage (Cameron et al.,
2016) and acute kidney injury (McSweeney et al., 2021). These
characteristics of disease pathology are accompanied by signs of
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systemic inflammation highlighted by mitochondrial dysfunction
(Canta et al., 2015), hypoxia (Kirchmair et al., 2005), oxidative
stress (Shim et al., 2019) and altered metabolism in affected tissue
(Ludman and Melemedjian, 2019).

Understanding the different mechanisms involved in the
pathogenesis of CIPN will assist in the development of novel
therapeutic strategies, not only for treatment, but also as a means
of prevention. Current focus is centred on sensory neuronal
mitochondrial dysfunction (Horowitz and Greenamyre, 2010;
Herrmann et al., 2016; Hohmann et al., 2017). As vincristine
and paclitaxel induce loss of intraepidermal nerve fibres,
specifically Aδ and C fibres, leading to cold and heat allodynia
(Hathway et al., 2017). This arises due to mitochondrial
dysfunction and oxidative stress in sensory neurons, with the
production of reactive oxygen species a causative factor in CIPN
development (Jacobs et al., 1976; Hulse et al., 2015; Hu et al.,

2018a; Jager et al., 2020). This has led unfortunately to a
consensus in opinion that the development of CIPN is
mediated directly through sensory neurotoxicity alone (Kanat
et al., 2017). Clearly this is an important aspect of CIPN however,
the somatosensory nervous system is a heterogenous population
of cells that do not function independently as distinct cellular
systems but act as a dynamic multi-cellular network that
orchestrate the modulation of nociception and pain acuity.

There is increasing evidence that sensory neuroinflammation
is a key component of this CIPN development (Fumagalli et al.,
2021), and it is now widely appreciated that neuropathic pain
originates from sensory neuron damage caused by these agents.
In fact, for platinum-based therapies, which account for 50–70%
of cancer treatments, neurotoxicity as previously highlighted is
the major side effect (Calls et al., 2020). Most work in this area has
centred on DRGs as the source material. DRGs are a

FIGURE 1 | Chemotherapy induced vascular inflammation within mouse dorsal root ganglia (A) In rodent models or in human patients administered
chemotherapeutic agents display an alternation in the inflammatory profile and vascular permeability of the dorsal root ganglia, factors that accompany the presentation
of neuropathic pain behavioural phenotypes following exposure to chemotherapeutic agents such as cisplatin, vincristine or paclitaxel the endothelial cells that form the
luminal wall of the capillaries that reside in the dorsal root ganglia have a reduction in tight junctional proteins (ZO1, Occludin, Claudin 5) and accompanying increase
in adhesion molecules (ICAM1). This promotes the infiltration of immunological cell types into the dorsal root ganglia and sensory nerves through increased vascular
permeability and cell adhesion. (B) Representative images of the increased infiltration of macrophages is displayed following biweekly intraperitoneal injection of Cisplatin
(ip 2 mg/kg for 3 weeks) to C57bl6 mice versus vehicle control group (unpublished data). Accumulation of F4/80 positive inflammatory cells (Red) when compared to
sham treated rodents, in close apposition to the sensory neurons (green NeuN) in the DRG. In addition, (C) Chemotherapy induced sensory neuroinflammation is
represented by the pronounced proinflammatory environment of the peripheral sensory nervous system. To highlight this, here we present the comparison of available
rodent dorsal root ganglia transcriptome datasets, obtained from Gene Expression Omnibus (GEO) following either cisplatin [GSE125003 (Starobova et al., 2020)] or
Paclitaxel [GSE185084 (Lessans et al., 2019)] administration, comparing log 2-fold change of Fragments Per Kilobase Million (FPKM) values from vehicle controls. Our
reanalysis of this data demonstrates an increase in proinflammatory mediator expression in particular IL6. (D) Furthermore, utilising FPKM values to summarise the
transcriptome following cisplatin treatment from two independent rodent studies [GSE64174 (unpublished) and GSE125003 (Starobova et al., 2020)] highlights an
alteration in the dorsal root ganglia transcriptome profile. In both studies797 genes were identified with altered gene expression (FPKM value) greater than 1 log fold
change from controls samples). Additionally, using gene enrichment analysis (STRING) post cisplatin treatment the identified 797 genes had a strong association with the
promotion of pro-inflammatory process [Gene Ontology Biological Process of less than 0.5 Log p-value with False Discovery Rate (FDR)].
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heterogeneous tissue, that not only contain the cell bodies of
sensory nerves, but also incorporate endothelial cells, fibroblasts,
satellite glial cells, and immune cells. A recent transcriptomic
study in rodents treated with platinum-based therapies and
vincristine showed a significant enrichment of genes that are
associated with bone marrow derived cells and granulocytes
(Starobova et al., 2020). The effects of administering these
agents in a number of studies have been shown to elevated
systemic levels of key proinflammatory cytokines that include
TNF-α (Akman et al., 2015), IL-1β (Ma et al., 2022), IL-6 and IL-8
(Kiss et al., 2020; Laino et al., 2020), Figures 1A,C and a decrease
in the tissue protective activity of T-reg/Th17 cells (Li et al., 2016;
Wan et al., 2016). This pro-inflammatory environment observed
in DRG’s is clearly highlighted in two transcriptomic rodent
studies represented in Figure 1C where clear similarities in the
profiles of effected genes, with 6.5 K genes similarly differentially
expressed after platinum-based therapy exposure (Lessans et al.,
2019; Starobova et al., 2020). Interestingly, clinically there is a
direct correlation in circulating levels of acute inflammatory
cytokines IL-6, IL-8 and CCL2 and the magnitude of
perceived pain after surgery (Wang et al., 2009). Suggesting
that these cytokines that are elicited by chemotherapeutic
agents have direct impact on neuropathic pain.

Some discrepancies in the literature are evident. These can be
attributed to the time that measurements were taken. As most in
vivo studies have focused on the pain element of the experiment,
which takes between 1 and 2 weeks to develop. Therefore, often
peaks in the systemic inflammatory response to these agents have
subsided, however hallmarks of the process remain evident within
the CIPN affected tissue. This is apparent from data generated in
our lab and that of others (Figure 1). Analysis of gene expression
data from a similar model revealed profound changes in immune
response, regulation of cellular transport, neuronal and DNA/
RNA repair processes (Starobova et al., 2020). In these murine
cisplatin-induced neuropathy models, there is clear
immunocytochemical staining evidence of neutrophil and
monocyte influx within the DRGs (Figures 1B,D). There are
also clear footprints of several inflammatory processes which
include, hypoxia, oxidative stress and altered cellular metabolism.
As a high number of genes that were highly deferentially
expressed in the DRG tissue were associated with hypoxia,
oxidative stress and mitochondrial metabolism as identified by
networks and pathways analysis (STRING) of differentially
expressed within the two data sets.

Systemic inflammation caused by chemotherapy is known to
cause lesions within the somatosensory nervous system. This
inflammation influences not only nociceptors but also
neighbouring supportive cellular systems, leading to
maladaptive plasticity within the nociceptive system (Costigan
et al., 2009). This along with increased satellite glia expression of
IL-1β, results in changes to vascular permeability (Montague-
Cardoso et al., 2020). These mechanisms both contribute to
CIPN. However, in several studies immune activity is not
recognised (Makker et al., 2017). As a comparative study of
paclitaxel and oxaliplatin in rodents, although pronounced
systemic inflammation was evident there was a lack of
inflammatory cell infiltration into sensory tissues. Further,

depletion of regulatory T-cells in this study failed to impact
upon chemotherapy-induced pain behaviours (Makker et al.,
2017). There are also several studies concluding that
chemotherapy induced sensory neuropathy is peripherally
restricted due to increased accumulation of chemotherapeutic
agents in the PNS (Ta et al., 2006). However, this conclusion
ignores several key factors and makes several assumptions. It
doesn’t consider activation of resident inflammatory cell already
present within PNS tissue and the influence that cytokines
produced by these cells has on nociception (Domoto et al.,
2021). Also, models used in these studies utilise many
differing rodent species and strains (Marmiroli et al., 2017),
which could possibly relate to the clinical demographic that
accompanies CIPN susceptibility (Greenlee et al., 2017).
Similarly, differences in rodent sex can also be implicated in
the discrepancies observed in CIPN outcomes (Luo et al., 2019;
Legakis et al., 2020; Saika et al., 2020). This highlights the
requirement for the alignment of standardised rodent models,
delivery routes, dosing frequencies and regimens to achieve more
parity.

CELLULAR MECHANISMS OF
CHEMOTHERAPY INDUCED
INFLAMMATION
Several classifications of chemotherapy drugs, including
platinum-based chemotherapeutic agents, share a common
mode of action. They induce cell senescence through several
different mechanisms that halt tumour progression and promote
cell death. However, many of these agents lack selectivity between
cancer cells and healthy host cells. This indiscriminate nature of
chemotherapies forms the major basis of side-effect profiles
attributed to these treatments (Demaria, 2017). As discussed,
the toxic nature of cancer therapy induces a profound
inflammatory response in the circulation, CNS and PNS,
resulting in many disparate comorbidities that include innate
and adaptive cell activation, neuropathies, and fatigue (Vichaya
et al., 2015). Alongside these sensory disturbances, a common
side-effect of many chemotherapy treatments that displays
similarities in vascular mediated inflammation in relation is
nephrotoxicity. Chemotherapy-induced kidney dysfunction has
been linked to elevated circulating levels of IL-18, IL-1β, IL-6 and
IL-33 (Miyagi et al., 2014; Nozaki et al., 2015; Ravichandran et al.,
2017), and is reflective of what is occurring systemically with
respect to inflammation. This clearly has repercussions on
metabolism and cell signalling pathways (Portilla et al., 2006),
cumulating in a detrimental impact on survivor morbidity.

CIPN induction is dependent uponmacrophage infiltration, as
macrophage depletion and suppression of monocyte chemotactic
protein 1 (MCP1) inhibits CIPN development (Zhang et al.,
2016). The presence of inflammatory cells in somatosensory
tissues are accompanied by the release of a diverse array of
growth factors and cytokines that can influence nociceptive
circuits. These proinflammatory mediators are known to
stimulate signalling cascades, which have been shown to
heighten activity of fundamental ion channels and known to
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be implicated in nociceptor activity (i.e., activation of Transient
Receptor Potential Vanilloid 1 (TRPV1) (Kuai et al., 2020) and
Transient Receptor Potential Ankryin 1 (TRPA1) (Old et al.,
2014). Vincristine activated CX3CR1 macrophages through
reactive oxygen species, resulting in release of cytokines
known to stimulate TRPA1 in peripheral neurons (Old et al.,
2014; Montague et al., 2018). Cisplatin-induced prostaglandin E2
production drives TRPV1 activity (Poulsen et al., 2014), whilst
oxaliplatin induced CIPN through Toll like Receptor 4 driven
matrix metalloproteinase 9/2 production from macrophages and
neurons (Gu et al., 2020). Other studies show a correlative link
(Figure 1) between levels of TNFα (Liu et al., 2019), CXCL1 (Luo
et al., 2019), IL-1β and IL-6 (Wan et al., 2016; Abdelsameea and
Kabil, 2018; Onk et al., 2018) and nociceptor activation (Black
et al., 2018). Conversely, the addition or presence of anti-
inflammatory cytokines, such as IL-10 can suppress
neuropathic pain (McKelvey et al., 2015) and nociceptor
activation. This is due to a dampening of nociceptor
excitability and leading to a faster recovery from CIPN
(Krukowski et al., 2016). Satellite glia in the DRGs is also
implicated in neuropathic pain development, alongside
migrating of immune cells into PNS tissues with the
maintenance and longevity of neuropathic pain (Jager et al.,
2020).

A major contributor to the systemic inflammatory response is
IL-6, often the predominant cytokine measured in chronic disease
states and is associated by premature aging of numerous systems
(Maggio et al., 2006). Interestingly, elevated levels of this cytokine
have been measured in patients suffering from CIPN (Kiss et al.,
2020) and in spinal cord microglia from rodent studies (Cataldo
et al., 2019). Elevated IL-6 is known to induce local levels of
hepcidin, which intern can downregulate ferroportin, the key
regulator of free iron transporter in and out of the cell
(Drakesmith et al., 2015). Transient levels of IL-6 and
hepcidin may act in regulating homeostatic iron transport
within cells, however persistent elevated levels of IL-6 induced
hepcidin would result in excess intracellular iron and iron-related
toxicity (Brissot and Loréal, 2016; Muckenthaler et al., 2017). This
occurs as ferroportin is the exclusive transporter of free iron in
and out of the cells particularly in macrophages, which are an
important cellular store of iron. Most of the bodies iron is
recycled (90%) and not absorbed therefore this process of free
movement of iron in and out of macrophages plays an important
part in controlling iron homeostasis. Down regulation of
ferroportin in macrophages exerts control of iron’s
distribution within tissues. This occurs as part innate immune
response to infection as a critical mechanism in withholding iron
from bacterial pathogens and maintaining relatively low iron
conditions inhibiting microbial growth (Prentice, 2017).
Excessive iron within cells is known to increase cellular
damage through elevates ROS production catalysed by the
Fenton reaction (Galaris et al., 2019). This disturbance in the
redox balance would also disrupt mitochondrial function (Walter
et al., 2002) and effects macrophage polarisation (Agoro et al.,
2018). This disruption in iron homeostasis has also been linked to
anaemia of chronic disease, where circulating IL-6 levels are
elevated (Madu and Ughasoro, 2017). In patients suffering

with hereditary hemochromatosis, where you get systemic iron
overload, peripheral neuropathies are common (Piperno et al.,
2020). However, although there is evidence that hepcidin and
ferroportin are important in central brain iron homeostasis (Vela,
2018), little is known about the PNS (Levi and Taveggia, 2014).
Reanalysis of the transcriptomic data from the two DRG murine
CIPN models shows a significant downregulation of ferroportin
in both studies, implicating iron handling in the onset of
chemotherapy-induced inflammation (Lessans et al., 2019;
Starobova et al., 2020). This, if sustained would cause
excessive cellular iron overload, leading to elevated ROS
production through the Fenton reaction, mitochondrial
dysfunction and altered neuronal activity (Horowitz and
Greenamyre, 2010). Furthermore, inhibition of iron-induced
ferroptosis inhibited neuropathic pain reactions in peripheral
nerves (Guo et al., 2021). The consequences of iron toxicity and
not just relevant to neurons but have profound effects on
supporting tissue. Excessive iron loading in endothelial cells
induces cholesterol synthesis and also makes them more
susceptible to TNFα induced apoptosis (Fisher et al., 2021).
This would have the functional consequence of increasing
hypoxia within the CIPN affected area as DRGs are highly
vascularised (Jacobs et al., 1976a; Kiernan, 1996). Iron
dysregulation in macrophages also impacts on this cells
metabolic and inflammatory profile increased TNFα and NO
expression while suppressing the anti-inflammatory cytokine
expression of IL-10 (Cronin et al., 2019). This again would
promote the inflammatory cycle further increase damage to
neurons and endothelial cell within the DRG. The mechanism
by which iron induces damage is still highly speculative but has
been suggested being through TGFβ signalling and autophagy.
Evidence of this is present within the global profiling of the two
DRG studies with SMAD1 and 2 (TGFβ signalling) and ATG3
(autophagy) upregulated in both studies (Lessans et al., 2019;
Starobova et al., 2020). With both mechanisms being implicated
in CIPN (Fukuda et al., 2017; Kim et al., 2020).

There is therefore clear evidence that inflammation and its
consequences play an integral part of CIPN. Interestingly,
glucocorticoids are used clinically as the most effective strategy
against inflammatory pain with a possible role on every step of
nociception. There is unfortunately little evidence for their
effectiveness on CIPN in patients and a lack of parity in
animal models (Leppert and Buss, 2012).

DISTURBANCES IN VASCULAR
PERMEABILITY WITHIN THE
SOMATOSENSORY SYSTEM
Dorsal root ganglion are susceptible to the accumulation of
pharmacological agents, which include chemotherapeutic
agents (platinum compounds). This is due to an endothelial
barrier that provides minimal protection (Allen and Kiernan,
1994; Ta et al., 2006; Podratz et al., 2011). Several studies have
characterised the DRG capillary network indicating a highly
vascularized sensory tissue. The DRG capillaries are highly
fenestrated in appearance resulting in high levels of vascular

Frontiers in Pharmacology | www.frontiersin.org June 2022 | Volume 13 | Article 8876085

Valentine et al. Vascular Inflammation Drives Chemotherapeutic Pain

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


permeability (Jacobs et al., 1976; Kiernan, 1996), a process
exacerbated during sensory neuropathology (Hulse et al.,
2015). However, there are disparities in relation to other
vascular neural beds, as the nerve trunk has a markedly
reduced capillary network in comparison (Jimenez-Andrade
et al., 2008; Haberberger et al., 2019). Whereas the blood brain
and blood spinal cord barriers are largely impermeable under
normal physiological conditions (Beggs et al., 2010). Therefore,
there is an abundant accumulation of the chemotherapeutic
agents in the DRG post-administration (Meijer et al., 1999;
McDonald et al., 2005) in comparison to other tissues
including the central nervous system, in particular brain and
spinal cord (McDonald et al., 2005). As a result of this
susceptibility to toxic agents penetrating the PNS, sensory
complications in rodents (Vencappa et al., 2015; Schappacher
et al., 2017; Hu et al., 2018b) and humans (Krarup-Hansen et al.,
2007; Staff et al., 2019) are accompanied by degeneration of the
peripheral sensory nervous system. Hallmarks of sensory
neurodegeneration include diminished sensory nerve
conduction and reduced intraepidermal nerve fibre density
following administration of platinum-based chemotherapy
(Hathway et al., 2017), Taxols (Flatters and Bennett, 2006) or
vinca alkaloids (Boehmerle et al., 2014). This is exacerbated by the
fact the endothelium that forms the lumen of the dorsal root
ganglion capillaries are also susceptible to chemotherapy
exposure (Hohmann et al., 2017b). Cisplatin directly causes
endothelial cell dysfunction by reducing the expression of
vasodilator nitric oxide (NO) in vitro and is associated with
increased intima-media thickening in patients (Sekijima et al.,
2011). In line with increased PNS neuroinflammation in CIPN,
platinum-based agents induce reductions in tight junctional
protein expression of Zona Occludin1 (ZO-1) (Branca et al.,
2018) and reduced transendothelial electrical resistance (Bodiga
et al., 2015). This results in increased vascular permeability
facilitating transmigration of inflammatory cell types across
the endothelial cell wall (Bodiga et al., 2015). Furthermore,
cisplatin (Nuver et al., 2010; Bodiga et al., 2015) and
vincristine (Old et al., 2014) elevate Intercellular Adhesion
Molecule 1 (ICAM-1) expression (as summarised in Figure 1)
in endothelial cells alongside enhancing Akt signalling (Bodiga
et al., 2020), in an NF kappa B dependent manner (Yu et al.,
2008). This initiates inflammatory cell adhesion to the
endothelium promoting trafficking and infiltration of these
cells into peripheral sensory tissues. This disturbance to
capillary function and integrity is mirrored in other
physiological systems, with alterations in blood flow occurring
in cisplatin-induced rodent models of renal failure (Winston and
Safirstein, 1985). Toll-like 4 receptor (TLR4) is an important
innate immune receptor involved in the inflammatory response.

Mice deficient in TLR4 demonstrate reduced accumulation of
leukocytes in cisplatin-induced kidney injury, which was
accompanied by ameliorated levels of inflammatory serum
marker (West et al., 2006; Ramesh et al., 2007; Zhang et al.,
2008; Summers et al., 2011). This evidence contributes to the
evolving fundamental importance of the vasculature within the
somatosensory nervous system in promoting a pro-inflammatory
environment responsible for the development of CIPN. This is
supported by a growing body of data showing extensive
infiltration of circulatory inflammatory cells into the
peripheral sensory nerve trunks and dorsal root ganglion. This
highlights the importance of putative inflammatory derived
mechanisms [CX3CR1 mediated (Old et al., 2014; Montague
et al., 2018), TLR4 (Starobova et al., 2019)] attributable to the
onset of CIPN and supported by a recent study where in a
vincristine rodent model of CIPN increased adhesion and
infiltration of CCR2 positive inflammatory monocytes were
seen. This was accompanied by reductions in endothelial tight
junction proteins (Claudin 5, ZO1), elevated levels of ICAM-1
and vascular leakage which paralleled neuropathic pain
development (Montague-Cardoso et al., 2020).

DISCUSSION

Here we provide evidence for pronounced pro-inflammatory
dependent activation of nociceptor function in CIPN
development. We highlight the fact that recent studies
acknowledge the essential role the capillary network has in
facilitating chemotherapy induced pro-inflammatory
processes. Here we provide strong cohesive pathological
evidence for the role of inflammation and the
microvasculature within nociceptive tissues as significant
components in CIPN development.
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