Medical
Research
Archives

+ESMED

European Society of Medicine

a OPEN ACCESS
Published: February 28, 2023

Citation: Galvin DA, McCrory C,
et al.,, 2022. A Review of the
Role of Lymphocytes in Chronic
Neuropathic Pain: A  Clinical
Perspective, Medical Research
Archives, [online] 11(2).

https: //doi.org/10.18103 /mra.
v11i2.3596

Copyright: © 2022 European
Society of Medicine. This is an
open-access article distributed
under the terms of the Creative
Commons  Attribution License,
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the
original author and source are
credited.

DOI

https://doi.org/10.18103 /mra.
v11i2.3596

ISSN: 2375-1924

REVIEW ARTICLE

A Review of the Role of Lymphocytes in Chronic

Neuropathic Pain: A Clinical Perspective
DA Galvin'2, Connail McCrory'2~

1. Department of Pain Medicine, Hermitage Medical Centre, Old
Lucan Road, Dublin, Ireland. D20 W722

2. Department of Surgery, Trinity Translational Medicine Institute,
Trinity College Dublin, St James's Hospital, Dublin 8, Ireland

*Correspondence: dr.mccrory@padainclinic.ie

ABSTRACT

Chronic neuropathic pain is one of the most common morbidities in
the developed world. It has a lifetime incidence of 80% with females
being affected more than males. Chronic neuropathic pain
pathogenesis and its associated “sickness syndrome” has been poorly
understood but recent research has shown a neuroimmune basis.
Many studies performed to date have been pre-clinical or animal-
based with a lack of human studies in chronic neuropathic pain.
Background: We performed a review of literature with emphasis on
clinical and human studies. The numbers of such studies are low due
to limitations with ethical approval, recruitment and heterogeneity of
humans. We aimed to investigate the most recent studies as well as
important seminal research in this area.

Methods: Literature search was performed using Stella search engine,
Pubmed and National Library of Medicine search engines. Pre-
clinical, animal and human studies were included.

Conclusion: The immune system, in particular the adaptive immune
system, regulates the initiation, progression and resolution of chronic
neuropathic pain in humans. The exact “switch” which mediates
initiation, upregulation and downregulation of the components of the
immune system is not known. Further research in this area is needed
but the challenge of recruiting patients for CNP studies remains.
Study sample sizes tend to be small. However, clinically relevant
findings although small can offer important information to further our
understanding of CNP.
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Introduction

Autoimmune and inflammatory disorders
are caused by physiologically inappropriate
activation of the autoimmune system mediated by
activation of T, B and natural killer (NK) cells.
These disorders are associated with acute
inflammatory episodes which do not cease
completely leading to chronicity, dysregulation
and may result in chronic neuropathy with
neuropathic pain as a major symptom. An effective
immune response requires an inflammatory
response. How this response is mediated depends
on the pathogen or injury presented. !

Chronic pain is the most common morbidity
in the developed world and third most common
morbidity in the developing world. Chronic
neuropathic pain (CNP) has a point prevalence of
8% with a lifetime incidence of almost 80%.2 CNP
is pain caused by a primary lesion or disease of
the somatosensory level, which has been present
for more than 3 months.3 CNP adversely affects a
patients quality of life, reduces their ability to
perform  daily activities, reduces normal
functioning, mental health issues may be amplified
and socioeconomic difficulties such as work
absenteeism may occur.4 A “sickness syndrome” is
observed in these patients with co-existing anxiety,
depression and drug abuse, all of which have a
central immune basis.> These issues are
compounded by resistance of CNP to conservative
pain therapies and inconsistent results. Advanced
pain therapies available include medications with
growing interest in monoclonal antibody therapy,
interventional pain procedures and
neuromodulation. Medications have low efficacy
with numbers needed to treat numbers needed to
harm ratios (NNT: NNH) high, various adverse
effects such as difficulty with tolerability,
addiction, sedation and accidental overdose are
seen. Interventional pain procedures are effective
but costly. Additionally, availability of these
procedures is heterogenous.® Neuromodulation is
an advanced and costly pain treatment which
requires surgical placement of an implantable
device. This device provides moderate analgesia
for specific neuropathic pain conditions such as
failed back surgery syndrome and Complex
regional pain syndrome (CRPS).7:8

The exact pathogenesis of CNP remains to
be definitively elucidated however there s
growing clinical evidence that chronic neuropathic
pain, fibromyalgia and chronic widespread pain
are neuroinflammatory disorders associated with
changes in the neuroimmune interface. 9
Advancements in knowledge of pathways involved
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in chronic pain pathogenesis would allow novel
therapies to be developed as well as offer
alternative therapies to those currently available.
The in a paucity of knowledge in the pathogenesis
of CNP. Immune cells have been shown to play a
role in both the pathogenesis and resolution of
chronic neuropathic pain. Intrinsic components of
the immune system such as neutrophils,
macrophages, and mast cells are activated by
proinflammatory mediators and initiate acute pain
at site of injury peripherally. Centrally, activation
of microglia, astrocytes and macrophages occur in
the dorsal horn dorsal root ganglion promoting
chronic neuroinflammation. These cells have been
shown to be involved in the transition from acute to
chronic pain and its maintenance. Adaptive immune
cells such as T and B cells are mainly involved in
the initiation of chronic pain with T cells
contributing to pain resolution.1213

Peripherally, T cells are directly regulated
by sensory neurons of the dorsal root ganglion
(DRG) and trigeminal ganglion. Local T cell activity
is affected by release of neurotransmitters and
neuropeptides (such as glutamate and calcitonin
gene-related peptides) from sensory neurons. It
has been shown that dendritic cells activate T cells
through antigen presentation and promote T cell
differentiation into T-helper 1 cells (Th1). Th1 cells
accumulate and infiltrate at the site of injury and
the distal end of the nerve and then DRG, where
interferon-gamma (IFN-y) is secreted by Th1 cells.
IFN-y then activates glial cells and initiates chronic
pain.’4

T cells also appear to play a role in pain
suppression and resolution. Subsets of T-cells
produce mediators such as endogenous opioids
and cytokines which can suppress or resolve
pain.15.16

B cells produce antibodies in response to a
foreign antigen and also present antigens to T
cells. This mediates the release of CXCL1 which is
a pro-inflammatory chemokine which activates
neuronal nociceptors in the DRG, further mediating
development of inflammation and pain.'”

Characteristic alterations in neuronally-
activated immune cells such as T and B cells
causing direct activation of pathways are seen in
both activation and resolution of pain.  Both
peripherally activated and centrally activated
immune cells promote a chronic neuroinflammatory
state  which promotes pain chronicity and
resolution.

Inhibiting the pain-promoting functions of T
and B cells or modulating the beneficial effects of
pro-resolution T cells may offer new disease-
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modifying strategies for the treatment of chronic
pain.

Lymphocytes in humans
T cells

T cell progenitors are made in bone
marrow, acting as naive, immature lymph cells.
They are transported to the thymus for maturation,
selection and ultimately transport to the periphery.
Upon activation by antigen presentation in the
periphery, they proliferate in effector cell
subtypes such as T-1, T-2, t-helper and T-
regulatory cells (all CD4+) CD8+ cells
differentiate in cytotoxic T cells or
suppressor/regulatory cells. The majority of these
cells short-lived but a portion remain as memory
cells. Memory cells are important components of
long-term immunity in the human. 18

In a typical healthy central nervous system,
activated CNS-specific T cells are in a quiescent
state. In this state, they patrol the CNS and
become activated for maintenance and repair on
discovery of injury to tissue. Disruption of this role
is contributary to the pathogenesis of
neurodegenerative diseases such as Alzheimer’s,
Parkinson’s, Amyotrophic lateral sclerosis and
Multiple Sclerosis. 1920 Overactivity of these cells
may also result in over-production of pro-
inflammatory mediators resulting in a pathological
rather than protective state.?!

T cells infilirate the CNS in many
neuroinflammatory disorders, in which their
activation plays a critical role on microglial
activation and consequent neuroinflammation. The
immune cell content of healthy CSF is estimated to
consist of approximately 90% T cells, 5% B cells,
5% monocytes, and <1% dendritic cells. 22 Studies
have shown that, during nerve injury, peripheral
dendritic cells activate T cells via antigen
presentation and promote T cell differentiation
into T-helper (Th1) cells. Th1 cells accumulate at
the site of injury and the distal end of the nerve,
then the DRG, where IFN-y is secreted by Th1 cells.
Finally, IFN-y activates glial cells centrally, which
can initiate chronic neuropathic pain. 23

B cells

B cells and the antibodies (mediated by
immunoglobulins) they produce when activated
make up the adaptive immune system. Newly
formed transitional B cells with an intact B cell
receptor (BCR) emigrate from bone marrow into
peripheral circulation and secondary lymphoid
organs. They can encounter and respond to T cell—
dependent foreign antigens bound to follicular
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dendritic cells, proliferate, and either differentiate
into plasma cells or enter germinal cenire
reactions. When B cells are activated, they
produce antibodies in addition to presenting
antigens to T cells and causing a cytokine
response. T cells can activate B cells, which mature
into plasma cells and secrete antibodies. This may
be part of peripheral sensitisation. After an initial
exposure, memory B cells remain in the circulation.
After repeat exposure, an antibody response,
mediated by these memory B cells, is quicker and
prolonged. B cells can also function as cytokine-
producing effector cells that influence T-cell
differentiation.24-26

B cells play a role in many autoimmune
diseases such as MS, Myasthenia Gravis, SLE,
NMO and others and are therapeutic targets for
the future. 27.28 |njection of anti-citrullinated protein
antibodies (ACPA) from RA patients or arthritic
mice into healthy mice was found to cause
persistent pain and increase their nociceptive
sensitivity. This is mediated via expression of
CXCL1 (a chemokine associated with injured tissue
and nociception), causing an associated increase in
excitability and sensitivity of nociceptive neurons
via receptor CCR2. 29

B cells causing impairment or suppression
of immune reactions are known as “regulatory” B
cells. 30 It has been shown that these regulatory B-
cells inhibit excessive inflammation. Specific B reg
cells produce IL-10, a potent anti-inflammatory
interleukin. B reg lacking mice demonstrated
excessive inflammation and a persistently
activated immune system with a decrease in
number and function of B-reg suppressor cells. The
role of B cell activity in chronic neuropathic pain
remains to be elucidated in vivo.

Natural Killer Cells

NK cells are a third distinct subset of
lymphocytes. They were originally thought to
become activated by a pathogen or pathological
process without needing prior exposure (a natural
killing response). It is now understood the effect of
NK cells is mediated by a complex system of
cytotoxicity and cytokine production. 3! This
response plays a critical role in development of
both innate and acquired immunity in various
chronic disease states, such as Systemic Lupus
Erythematosus, T1 Diabetes Mellitus, Sjogrens
syndrome and systemic sclerosis, identifying them
as a link between adaptive and innate immune
system. It has been shown that NK cells have a
regulatory effect on T cell modulation and function.
Early production of IFN-y by NK cells can
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modulate antigen-presenting cell function and
promote direct differentiation of Th1l cells and
indirectly inhibit Th2 cell and Th17 cell
differentiation. NK cell dysregulation may result in
failuore of controlled T cell responses via
dysfunction of  cytokine  dysfunction and
cytotoxicity.32

Clinically, NK-derived cytokines and their
cytotoxic functions through induction of apoptosis
can take part in regulation of the immune
responses and may contribute to pathogenesis of
many  immune-mediated  diseases including
ankylosing spondylitis, Bechet’s disease, multiple
sclerosis, rheumatoid arthritis, psoriasis and type-1
diabetes. A recent study showed that CD56+ NK
cells may contribute to SLE development. 33

Many unanswered questions remain
regarding the specific role NK cells play in the
pathogenesis of autoimmune disease. Further
elucidation of the role NK cells play in initiation,
progression and possible resolution of these
diseases may prove valuable in developing new
therapeutic interventions.

Dorsal Root Ganglion

Dorsal root ganglia (DRG) have unique
physiological and anatomical features. Although
separate from the central nervous system (CNS),
they are covered in meninges and are surrounded
by cerebrospinal fluid but remain outside the
blood-brain barrier. Each DRG possess pro-
nociceptive molecules such as ion channels, glial
cells and neuropeptides. They have the ability to
sequester pain-associated antibodies, allowing for
induction of immune -mediated hyperalgesia.
Essentially, they facilitate modulation of neuro-
immune crosstalk. 34

Each DRG houses both small and large
sensory nerve fibre cell bodies. DRGs have rich,
fenestrated blood supply and are robustly
encapsulated by immunologically active glial cells.
DRGs have a “pseudo-unipolar” structure consisting
of a single axon projecting from the cell body in a
distal direction and is responsible for afferent
signalling. The proximal portion of the axon
extends into the CNS and shows multiple branches
spreading into the spinal cord in the distribution of
multiple anatomical dermatomes. DRG are in
direct connection with the sympathetic nerve chain
via communicating nerves 33

At a cellular level, macrophages and
lymphocytes populate DRGs. T cell level have
been shown to increase at corresponding DRG
shortly after a lesion occurs. Macrophages play a
role in the initiation and propagation of
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mechanical hypersensitivity seen in neuropathic
pain. At the time of peripheral injury,
macrophages proliferate at the corresponding
sensory DRG. DRGs contain particular Na+
channels (Nav1.8 and TPRV1) which are activated
and produce pro-nociceptive mediators resulting in
pain and inflammation. 3¢

Cellular Phenotype in Chronic Pain

Acute injury results in local infiltration of
lymphocytes and macrophages and this response
leads to oedema, colour change and pain.
Macrophages in  particular have shown an
important role in initiation, maintenance and
resolution of acute inflammation. After neural
tissue damage, macrophages peripherally and
microglia centrally in the spinal cord produce
inflammatory mediators including interleukin-1B

(IL1B), tumour necrosis factor (TNF), bradykinin,
and nerve growth factor. These mediators
contribute to acute pain by activating nociceptive
neurons peripherally. 37

Activation of macrophages peripherally
after a distal axonal injury is a key feature of
Woallerian degeneration. A similar picture is seen
with microglia in the dorsal horn of the spinal cord
with microglial activation (and overactivation)
occurring in adjacent injured axons. This neuro-
immune crosstalk causes gradual production and
release of immune mediators via complement
cascade (Clg and C3b complement cascade
proteins) which initiate and play a role in the
development of chronic neuropathic pain by
altering neuronal function. 38

Healthy and injured neurons send different
signals  that determine neuroprotective  or
neurotoxic microglial activities. Activated microglia
produce pro- and anti-inflammatory cytokines
including TNF-a, IL-18, IL-4, IL-6, IL-10, IL-12, IL-
13, IL-15, IL-18, IFN-a, IFN-y, TGF-, M-CSF, and
GM-CSF; chemokines (IL-8, Groa, IP-10, MIP-1q,
MIP-1B); growth factors such as fibroblast growth
factor (FGF), platelet-derived growth factor
(PDGF), brain-derived neurotrophic factor (BDNF),
and nerve growth factor (NGF); reactive oxygen
species (ROS); ; inflammatory markers (C-reactive
protein, amyloid P); proteases (a-
antitrypsin, a-antichemotrypsin); and complement
system protein. 39

serum

T cells

Circulating levels of total T cells in patients
with chronic have provided little diagnostic
information this far however T cell subsets have
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been shown to be more informative. A study
investigating peripheral blood in patients with
migrainous headaches showed a significantly
lower percentage of blood CD3+CD4+ helper T
cels and CD4+CD25+ regulatory T cells,
compared to controls.#0 Other recent studies have
shown imbalances in Th1/Th2 and Treg/Th17 in
patients with chronic neuropathic pain. In a 2010
study quantifying CD4+ sub-populations (Th1 and
Th2) in patients with drug-induced peripheral
neuropathy, an imbalance in Th1 /Th2 ratio with a
shift towards Th2 and associated significant
increase of pro-inflammatory IL-6 levels were
shown.4? A study in 2014 investigated T cell
subsets in patients with chronic non-specific low
back pain and showed significantly increased anti-
inflammatory Tregs and decreased pro-
inflammatory Th17 cells in these patients as
compared to healthy controls. 42 A study
investigating the autoimmune pathogenesis of
Complex regional Pain syndrome (CRPS) showed
expansion and activation of distinct populations of
central memory T lymphocyte in peripheral blood
in patients with CRPS. The number of central
memory CD8* T cells was increased 2.15-fold
compared to healthy controls. Central memory
CD4* T lymphocytes such as number of Thl and
Treg cells was increased 4.98-fold and 2.18-
fold. 43 A similar study showed decreased numbers
of pro-inflammatory Th17 cells in patients with
CRPS as compared to healthy volunteers.44

Interestingly, the phenotype and function
of T cells expressed in patients using particular
analgesics is also affected. In long-term opioid
use, T-cell function, expression of cytokines,
suppression of T-cell apoptosis and T-cell
differentiation are affected. When administered,
morphine binds fo U receptors on T-cells and drives
T-cell proliferation towards Th-2 phenotype. This
intracellular switch towards pro-inflammatory Th2
phenotype may predispose functionally to immune
suppression. 45

Tricyclic antidepressants are first-line
pharmacological therapy for chronic neuropathic
pain. A study from our group investigated the
effect of tricyclic antidepressants on T cell
phenotype in vitro. Cellular quantification of T cell
phenotype 24 and 48 hours post treatment with
either amitriptyline, nortriptyline or both was
performed. No cell death occurred post treatment
in either group. There were significantly lower
frequencies of CD8+ T-cells after treatment with
amitriptyline, nortriptyline and a combination of
both compared to control (p<0.001). The
frequencies of naive CD8+tCD45RA* cells were
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significantly lower after amitriptyline, nortriptyline
and a combination of both (p<0001). The
frequencies of CD27+CD4* and CD27+CD8* T-
cells were also significantly lower
following combination drug treatment, suggesting
reduction of activated effector T cells.
Significantly  lower  frequencies of  pro-
inflammatory IFN-y-producing CD8* T-cells were
observed with all treatment combinations(p<0.05)
and frequencies of IL-17-producing CD4* and
CD8* T-cells were significantly lower following
amitriptyline treatment (p<0.05). Frequencies of
Natural Killer T-cells were significantly higher
following treatment with nortriptyline (p<0.05). 46

Pulsed radiofrequency (PRF) to dorsal root
ganglion (DRG) in patients with lumbar radicular
pain has been demonstrated clinically to result in
cellular and proteomic response post PRF with
reduced total TNF-a concentration and CD3+
count in CSF. CD4+/CD8+ ratio in patients with
CNP was lower than historical controls (1.4 versus
3.0-4.2). The majority of CD3+ cells in the CNP
patients were activated effector memory cells
(80%) versus the surveillance central memory cells
(85%) seen in healthy controls suggesting immune
activation. 47

A mouse study investigating the
collaborative role acetylcholine and T cell
mediation play in pain signalling showed both
cholinergic signalling and T lymphocytes have
established roles in modulating pain phenotypes,
and it is not cholinergic signalling initiated by T
lymphocytes that drive this.48 This further suggests
a neuroimmune crosstalk as main player in pain
perception and signalling.

B cells

The role played by B cells in chronic
neuropathic pain is unclear. In other autoimmune
diseases, B cells have been shown to play a role. It
has been shown that virus-specific IgG is increased
in patients with herpes zoster. Based on this, it is
possible that formation of IgG-antigen complex
(mediated by B cells) on the nociceptive neurons is
involved in chronic herpetic pain.#? Very limited
clinical research on phenotype and role played by
B cells in neuropathic pain is available.

A study looking at immunohistochemical
quantification of infiltrating B-cells in epithelium of
patients with interstitial cystitis showed a clonal
expansion of B cells as a consequence of local
immune response. >°

A more recent study investigated the role
of B cells in CSF of patients with multiple sclerosis,
an autoimmune disease which includes neuropathic
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pain as a symptom. It is thought B cells and more
specifically oligoclonal bands and immunoglobulins
play a large role in MS but the contribution to
pathogenesis and progression of B cells is
unknown. CSF of patients with MS was analysed
and showed significant differences in the CSF B
cell subsets between MS subtypes and patients
with other neurological diseases, but CSF B cells
had no predictive role for disease and end stage
of disease progression or conversion to different
sub-types of MS (relapsing remitting, primary
progressive etc). 5!

Autoantibodies from mice with RA injected
into healthy mice produced pain and increased
nociceptive receptor sensitivity. This is mediated by
release of chemokine CXCL1 (similar to
pronociceptive IL-8 in humans) which acts as a
pronociceptor. 52 In an animal model of CRPS,
wild-type mice lacking B cells were given IgM with
a resulting pronociceptive effect on a fractured
limb possibly mediated by complement C5 and
downstream pro-inflammatory cytokine release.
53,54

Rituximab is a monoclonal antibody which
targets B cells by binding to cell surface receptor
CD 20 (a B-cell specific antibody) and increases
success rate of NK cells for killing B cells. It has
been used to successfully treat Rheumatoid arthritis
with a significant improvement in their pain. 55

Despite what is known about the activity
of B cells, the exact role they in the pathogenesis
of chronic neuropathic pain is unknown with very
little available in the literature.

NK cells

A paper investigating the phenotype of
NK cells in patients with neuropathic pain
performed flow cytometry on 41 patients with
chronic neuropathic pain. Cerebrospinal fluid of
41 patients (10 herpes zoster and 31
Polyneuropathy) was analysed by flow cytometry
identifying lymphocyte subsets. Results showed a
negative correlation between the frequency of NK
cells and mechanical allodynia suggesting central
sensitisation. A high frequency of NK cells
correlated with lower reported levels of allodynia
suggesting reduced central sensitisation. NK cells
appear to play a protective role in the
neuroinflammatory cascade and may be used as a
marker for pain chronicity. 56

Neuropathic pain models
Rodent models

There are significant ethical restrictions
regarding investigation of chronic neuropathic pain
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in vivo despite it being a common clinical problem.
Many pre-clinical models of chronic neuropathic
pain have been developed to provide information
on this condition the most common being the sciatic
nerve transection model. This was mostly used for
investigation of acute nociceptive pain as only
hypersensitivity and response to noxious painful
stimuli were assessed 57:58

Chronic constriction injuries (CCI) in rodent
models produced a peripheral mononeuropathy.
These injury models assessed longer term effects
of injury and assessed the behavioural,
physiological and electrical alterations which
occurred over time. 5°

Partial sciatic nerve ligation (PSL) rodent
models have shown behavioural alterations such as
cold allodynia and mechanical hyperalgesia as
little a one-week post injury. 60

From the physiological point of view,
immune changes occur quite early post nerve
injury. Complement system can be activated as
soon as 6 hours after peripheral nerve injury. ¢!

Upregulation of C3 expression (component
of complement system) following peripheral nerve
injury corresponded with a reduced expression of
cell surface inhibitor of C3, decay accelerating
factor (DAF), a natural regulator of complement
activation in naive animals. 62

Dorsal root ganglia of injured nerves have
also  demonstrated  increased  complement
components after injury. On the ipsilateral DRG,
increased C3b expression is predominantly
located on satellite glial cells and infiltrating
macrophages, whilst there is decreased DAF
expression on the surface of neurons, increasing
their susceptibility complement modulation. 63

Spinal cord activation of complement
components has also been seen in many
neuropathic pain models in particular C5a and its
receptor C5aR. Complement activation has been
associated with macrophage and microglial
activation, as well as regulation of T cell
responses, during both induction and effector
phases of the immune response.

Animal models of chronic constriction injury
(CCI), spinal nerve transection (SNT), complete
Freuds adjuvant (CFA) and partial sciatic nerve
ligation show decreased pain intensity in rodents
with genetically altered T-cell phenotype (usually
T-cell lacking or reduced, wild type). In CCl rodent
models, T cell infiltration was observed were
observed at 7 days and peaked at 21 days at
proximal and distal sites of the injury. Regulatory
T cells (Treg) identified as CD4+ FoxP3+ T cells
was shown to suppress neuropathic pain induced
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by peripheral nerve ligation and inflammatory
pain in a model of neuritis. ¢4

Clinical Evidence in Pain

Cellular Composition of Healthy CSF

Flow cytometric and cellular quantification
of cerebrospinal fluid (CSF) has been performed
on normal CSF. A seminal paper by Svenningsson
in 1995 investigated the lymphocyte phenotype
and quantified the cellular subset distribution in
normal cerebrospinal fluid of healthy CSF in
volunteers. This paper showed a predominance of
T lymphocytes and an almost total lack of B
lymphocytes, an increased CD4:CD8 ratio with
more predominant CD45R0-stained activated
memory cells compared to lower proportion of
naive T cells, suggesting preferential recruitment of
memory T cells to CSF.59 A later paper showed
that normal CSF is predominantly composed of
CD4+ T lymphocytes, mostly with a central
memory phenotype, and in addition contains very
low frequencies of B lymphocytes, NK cells, and
NKT lymphocytes. 65.66

Chemotherapy induced peripheral neuropathy

Paclitaxel is well-known chemotherapeutic
agent  which causes chemotherapy-induced
peripheral neuropathic pain (CIPN). The mechanism
of pathogenesis is unclear. Studies have
investigated the T cell subsets and ratios after
exposure to chemotherapeutic agents. Liv
reported that intrathecal anti-CD8 reduced
mechanical allodynia on day 5 and 6 after
paclitaxel. This study also showed that intrathecal
injection of CD8+ T cells worsened pain
hypersensitivity, while injection of Treg cells briefly
reduced mechanical allodynia.”

Comparatively, resolution of
chemotherapy-induced mechanical allodynia post
cisplatin exposure was significantly delayed in the
absence of T cells.%8:49 Reconstitution with CD8+ T
cells restored the resolution of mechanical
allodynia. A similar response was not seen with
reintroduction of CD4+ T cells. Transfer of
exogenous CD8+ T cells did not produce similar
resolution of pain, suggesting prior of exposure of
CD8+ T cells to cisplatin is required for pain
resolution. 70

Vincristine in  another chemotherapeutic
agent which causes CINP. Rodent studies have
shown SIRT1 activity and expression were
significantly lower in the sciatic nerve, spinal cord,
and DRG of rats in the Vincristine group vs naive
group. 7!
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A study in 2016 investigating minocycline
for prevention of paclitaxel-induced neuropathy in
breast cancer patients showed minocycline did not
reduce the incidence of chemotherapy-induced
peripheral neuropathy but a reduction in acute
pain syndrome quantified by reduced daily use of
opioid was shown. 72

Diabetic Neuropathy

An immunohistochemical study examined
20 sural nerve biopsies from patients with «a
diagnosis of diabetic neuropathy. Results showed
a lymphocytic infiltration in each tissue section with
a significant increase in the number of lymphocytes
present. These T cells were mostly CD8+ cells
which expressed immunoreactive cytokines and
MHC-II antigens, suggestive of activated effector T
cells. This suggests T cell infiltration may
participate in diabetic neuropathy. 73

A recent review article investigated the
role Sirtuins play in chronic neuropathic pain
pathogenesis. Sirtuins (in particular SIRT1) are a
class of nicotinamide adenine dinucleotide
(NAD+)-dependent histone deacetylases that
participate in many important cellular biological
processes. SIRT1 directly colocalizes with Foxp3
and mediates its deacetylation.”4 As noted above,
Foxp3 is one of the main regulators of Treg
differentiation.”576 In vitro data show that removal
of SIRT1 in human CD4+ T cells induces Treg
differentiation and increased Foxp3 mRNA
expression, indicating that a decrease in SIRTI
expression contributes to an increase in Treg cells
in patients with neuropathic pain.”” These studies
indicate that SIRT1 may exert its effects on
neuropathic pain by regulating Treg induction.

Studies investigating the role SIRT1 plays
in diabetic neuropathy also have performed.
Levels of SIRT1 protein, mRNA, and their activity
levels are lower in the spinal cord of diabetic
neuropathic pain rats also.”® These studies suggest
Sirtuins and in particular SIRT1 may be potential
therapeutic target for treatment in the future.

SPRINT Trial

SPRINT trial was published in 2017. It was
a phase 2, multicentre, double-blinded, placebo-
controlled study evaluating the efficacy and safety
of five neublastin doses for treatment for radicular
lower limb  pain  with  radiological or
electromyographic evidence of lower Ilumbar
nerve root irritation. Neublastin was a first-in-class
glial cell-derived neurotrophic factor. The smallest
dose of neublastin showed a statistically significant
differences from placebo in radicular lower limb
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pain at weeks 1, 3, and 5, and in axial back pain
at week 1. Further analysis suggested the greatest
reductions overall were for radicular lower limb
pain, with significant differences from placebo at
weeks 1 and 3. Follow-up extended for 56 days
after last dose. These results further highlight the
neuroimmune role glial cells and other immune cells
play in pain resolution. 79

An exploratory, multicentre, double-blind,
placebo-controlled, two-period, cross-over ftrial
was undertaken to evaluate the effect of
dilmapimod, a selective p38 MAPK inhibitor, on
neuropathic pain symptoms and signs. P38 MAPK
is a mediator involved in regulation and synthesis
of inflammatory mediators. Patients with nerve
trauma, radiculopathy or carpal tunnel syndrome
were randomised to receive dilmapimod or
placebo. After 2 weeks, a statistically significant
reduction in average daily pain scores using NRS
(numerical rating scale) was noted. 80

LIPS Study

A study looking at low-dose IVIG therapy
in the treatment of long standing Complex
Regional Pain Syndrome (CRPS) showed low-dose
immunoglobulin was not effective in relieving pain
in patients with moderate to severe CRPS of 1-5
years' duration. 8! Although this was a negative
study, the need for further studies investigating
other immune therapies in neuropathic pain is
needed.

PD-1

PD-1 is a cell surface protein found on
activated T and B lymphocytes. lts ligand PD-L1 is
commonly found on macrophages and dendritic
cells. When PD-1 binds PD-L1, the resulting
complex reduces the efficacy of T cells in an effort
to ensure the immune system is activated at a
specific time only. This reduces the initiation of the
chronic inflammatory pathway. In particular
cancers such as non-small cell lung cancer and
malignant melanoma, tumours over express PD-L1,
resulting in the binding of PD-1 + T cells and the
subsequent deactivation of the T cell. This allows
development of the tumour unopposed and can
result in late detection and diagnosis of cancer in
the patient. Painless progression of cancer is seen
in these cases which highlights the potential role by
a novel pain pathway involving ligand-bound PD-
1 and analgesia, activated PD-1/PD-L1 pathway
may play in nociception.
A mouse study showed blocking PD-L1 or PD-1
elicits spontaneous pain  and allodynia in
melanoma-bearing mice. This suggests a previously
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unrecognised role of PD-1 as an endogenous pain
inhibitor and a neuromodulator.82

B-cells in neuropathic pain models

B cells and the antibodies they produce
when activated make up the adaptive immune
system. T cells can activate B cells, which mature
into plasma cells and secrete antibodies. This may
be part of peripheral sensitisation. After an initial
exposure, memory B cells remain in the circulation.
After repeat exposure the antibody response is
faster and more prolonged. The role B cells plays
in chronic neuropathic pain is unclear. A study
examining the immunohistochemical quantification
of infiltrating B-cells in the epithelium of patients
with interstitial cystitis showed a clonal expansion
of B cells as a consequence of local immune
response.

In an animal model of CRPS, wild-type
mice lacking B cells were given IgM with a resulting
pronociceptive effect on a fractured limb possibly
mediated by complement C5 and downstream pro-
inflammatory cytokine release. 83

Opioids and the Immune System

Analgesic effects of T cell-producing
endogenous opioids have been investigated in
models of chronic pain as infiltrating T cells and
other leukocytes in the damaged nerve produce
and release opioid peptides.t4 It has been
suggested anti-inflammatory IL-4 production is
mediated by opioid exposure such as fentanyl and
methadone inducing a substantial response IL-4
prioduction by T cells. On the contrary, lowered
levels of IL-4 are produced with morphine and
buprenorphine.85 Long-term morphine exposure on
the circulating T cell population dynamics in rhesus
monkeys showed numbers of circulating Treg cells
and the functional activity of Th17 cells
significantly increased with chronic morphine
administration. The functional result of these
immune alterations needs further investigation. 86

T cells for Resolution of Pain

T cells also promote resolution of pain and
prevent the transition from acute to chronic pain.
The pathways involving T cells to resolve pain are
not fully known, but some mechanisms have been
investigated. Subsets of Treg cells, Th2 cells, and
suppressor CD8+ T cells have been shown to
reduce or resolve pain. This is likely through their
capacity to switch to an anti-inflammatory
environment. 87-89 Many neuroprotective and pain
resolving effects of these T-cells could be
recreated by IL-10 administration and are absent
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in mice lacking IL-10, pointing to IL-10 as a major
player in the pain resolution effects of T cells. 9°
The exact mechanism of IL-10 production is not
known but it is thought T cells mediate production

of IL-10 by activation of other CNS-resident cells.
9

Conclusion

Our knowledge regarding the pathogenesis of
chronic neuropathic pain has evolved over the last
2 decades. It is now accepted that T lymphocyte
differentiation, activation and subset ratio
alteration contributes to chronic neuropathic pain
initiation and maintenance. T lymphocytes also
appear to play a major role in pain resolution. The
role played by B cells is less clear but appears
clinically relevant. B-cell targeted therapies such
as rituximab are in clinical use already for
inflammatory arthropathies. Further investigation in
the area of B cells and CNP are needed also.

T cells also appear to have an anti-inflammatory
effect, in particular Treg cells. Tregs contribute to
resolution of neuropathic pain, but mechanism of

Role of Lymphocytes in Chronic Neuropathic Pain: A Clinical Perspective

initiation and eventual resolution is unknown.
Potential targets for novel therapeutic agents
based on T cells and pain resolution is an area
needing further investigation. Advanced
understating of T cell and B cell subset alterations
and behaviours in response to injury to the central
nervous system will allow identification of the
“switch event” which results in the chronicity of
CNP.

Another area needing further studies is the dorsal
root ganglion. Investigation of changes occurring
at this location pre and post interventional
procedures will allow us to identify a target for
treatment.

A challenging area of in vivo studies is the
difficulty recruiting patients for CNP studies. For
this reason, the sample sizes tend to be small.
However, clinically relevant findings although small
can offer important information to further our
understanding of CNP.
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