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ABSTRACT

Chronic pain, a complex and debilitating con-
dition, involves intricate interactions between
central and peripheral inflammatory processes.
Cytokines, specifically tumor necrosis factor
(TNF) and interleukins (IL), are key mediators in

the initiation and maintenance of chronic pain
states. Sensory neurons expressing receptors for
cytokines like TNF, IL-1, and IL-6 are implicated
in peripheral sensitization, contributing to
increased signaling of painful sensations. The
potential of targeting TNF and IL for therapeutic
intervention in chronic pain states is the focus
of this review, with preclinical and clinical evi-
dence supporting the use of TNF and IL modu-
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lators for pain management. The physiological
and pathological roles of TNF in neuropathic
pain is complex. Experimental evidence high-
lights the effectiveness of TNF modulation in
mitigating pain symptoms in animal models
and displays promising outcomes of clinical
trials with TNF inhibitors, such as infliximab
and etanercept. ILs, a diverse group of cytoki-
nes, including IL-1, IL-6, and IL-17, are dis-
cussed for their contributions to chronic pain
through inflammation and peripheral sensiti-
zation. Specific IL modulators, such as secuk-
inumab and tocilizumab, have shown potential
in managing chronic neuropathic pain, as
demonstrated in various studies and clinical
trials. The pharmacokinetics, safety profiles,
and challenges associated with TNF and IL
modulators highlight the need for cautious
medication monitoring in clinical practice.
Comparative evaluations have revealed distinct
efficacy and safety profiles among different
cytokine modulators, emphasizing the need for
personalized approaches based on the specific
underlying causes of pain. Further research is
necessary to elucidate the intricate mechanisms
by which cytokines contribute to chronic pain,
as well as to understand why they may affect
pain differently in various contexts. Addition-
ally, long-term safety profiles of cytokine mod-
ulators require more thorough investigation.
This continued exploration holds the promise
of enhancing our comprehension of cytokine
modulation in chronic pain and shaping more
potent therapeutic strategies for the future.

Keywords: Cytokine modulation; Chronic
pain; TNF inhibitors; Interleukin modulation;
Peripheral sensitization; Inflammation

Key Summary Points

Chronic pain involves complex
interactions of pro-inflammatory
cytokines, particularly tumor necrosis
factor (TNF) and interleukins (IL),
contributing to increased pain sensation
in the peripheral and central nervous
systems.

TNF and IL modulators show promise in
treating chronic pain states, offering
alternative options for treatment beyond
traditional approaches.

The use of TNF and IL modulators presents
challenges, including potential safety
concerns. Vigilant monitoring and
personalized approaches are necessary in
clinical practice.

Ongoing research focuses on exploring
long-term safety and evaluating the
potential of combination therapies to
deepen our understanding and improve
therapeutic strategies in management of
chronic pain states.

INTRODUCTION

Pathologic pain states encompass a range of
chronic conditions characterized by persistent,
often debilitating pain, where central and
peripheral inflammatory processes play a piv-
otal role. Cytokines, which are secreted proteins
that act on other cells via autocrine, paracrine,
or endocrine pathways, can be anti-inflamma-
tory or pro-inflammatory. Although many cell
types can produce cytokines, the primary
mediators are macrophages and helper T-cells.
Macrophages are responsible for the secretion of
pro-inflammatory cytokines. Pro-inflammatory
cytokines, including the families of tumor
necrosis factor (TNF) and interleukins (IL), are
key mediators in the pathophysiology of
chronic pain, contributing to the initial
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sensitization and maintenance of pain states.
Specifically, TNF-a, IL-1b, IL-6, and IL-17 have
been attributed to the pathology behind pain
[1]. Additionally, increased levels of cytokines
such as TGF-B and CCL19 have been measured
in various neurologic pain pathologies [2].
Conversely, TGF-b1, IL-4, IL-10, IL-11, and IL-13
are key players in ant-inflammatory states
because they can dampen the pro-inflammatory
pathway [1].

Sensory neurons have receptors for TNF, IL-
1, and IL-6, as well as many other pro-inflam-
matory mediators [3]. Research has found that
activation of these cytokine receptors on
peripheral nociceptors of the dorsal root ganglia
occurs in response to pain, bolstering the use of
their inhibition as a potential treatment for
pain management [4]. This peripheral sensiti-
zation can enhance excitatory signaling from
nociceptors in the dorsal horn of the spinal
cord, with subsequent sensitization of sec-
ondary sensory neurons that elicit increased
duration of allodynic and hyperalgesic respon-
ses. This neuroplastic process, called central
sensitization, can also extend the receptive field
for stimuli beyond the injured tissue and facil-
itate the spread of pain (secondary hyperalgesia)
[3]. Activated glial cells in the central nervous
system can secrete pro-inflammatory cytokines,
contributing to neuropathic pain. In the
peripheral nervous system, non-neuronal cells
have the capability to reinforce the pro-inflam-
matory pathway involved in chronic and acute
pain states. Peripheral and central sensitization
can occur synergistically or independently of
one another, but both have major roles in the
maintenance of chronic pain states, making
them a focus of potential therapeutic strategies.
Creating drugs that target TNF and IL can pro-
vide patients experiencing chronic pain with an
alternative medication regimen to those his-
torically used, such as opioids [1]. This review
aims to better understand the intricate roles
that TNF and IL have in chronic pain pathways
with a special focus on the specific cytokines
that offer the most promising avenues for tar-
geted therapeutic interventions.

TUMOR NECROSIS FACTOR

TNF is a pro-inflammatory cytokine that plays a
role physiologically and pathologically [5, 6].
TNF is a 26-kDa 233-amino acid transmembrane
protein expressed on cell surfaces that is pro-
duced mainly by macrophages, and by T and B
lymphocytes, natural killer cells, mast cells,
neutrophils, fibroblasts, and osteoclasts [5].
There is a family of TNF, including alpha (a) and
beta (b) subtypes, among others. TNF also reg-
ulates embryo development, the sleep–wake
cycle, and lymph node formation. Its inflam-
matory mechanism acts as part of the host
defense against bacterial and viral infections,
but, with mutations and alterations, TNF can
also play a role in autoimmune diseases. As part
of the host defense system, TNF can act
throughout the body, for example, the nervous
and gastrointestinal systems, to induce necrosis
and apoptosis, which lead to cell death. The
necrotic pathway involves cell swelling, orga-
nelle destruction, and eventual cell lysis, while
the apoptotic pathway involves cell shrinking,
condensed body formation, and final DNA
fragmentation [6]. There are two receptors that
TNF binds to, TNFR1 and TNFR2; TNFR1 is
expressed on all human tissue cells, while
TNFR2 is expressed in immune cells, neurons,
and endothelial cells [5]. Once TNF binds to
these receptors, a signaling cascade is triggered
that initiates the pathway to activate nuclear
factor-jB (NF-jB), activating protein-1 (AP-1),
and mixed lineage kinase domain-like (MLK-L),
which are transcription factors that initiate
inflammatory and cell destruction pathways [6].
Inflammation and cell destruction pathways
initiated by TNF are implicated in pain.

Experimental evidence demonstrates the
involvement of TNF in amplifying nociceptive
signaling, promoting neuroinflammation, and
inducing hyperalgesia in various pain models.
Neuropathic pain is nerve pain that has the
potential to lead to hypersensitivity to stimuli,
abnormal sensations, and nociceptive responses
to stimuli that would otherwise not be painful;
it often presents after an injury. The origin of
neuropathic pain is unclear, but it appears that
there is both a central and peripheral role at
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play. There is evidence of pro-inflammatory
mediators in both mechanisms of pain. Neuro-
pathic pain is of importance to investigate due
to its complexity in treatment as well as
impairment of quality of life for those who
experience it. Post-injury inflammation
includes mast cell degranulation and recruit-
ment of macrophages and neutrophils; this
inflammatory environment is believed to be
pivotal to the development of neuropathic
pain. TNF-a is thought to be a part of this
inflammatory environment [7]. Evidence in
animal models shows that TNF-a is found at the
site of injury and is still up-regulated post-injury
[8, 9]. Additionally, the TNF receptors, TNFR1
and TNFR2, have been shown to be locally
unregulated in injured neurons that are the
source of neuropathic pain [10]. Upon animal
model testing, injection of TNF-a in rats has
been shown to reproduce the pain hypersensi-
tivity symptom that neuropathic pain induces
[11, 12]. In human studies, nerve biopsies have
been obtained from patients experiencing
painful neuropathy, and these biopsies also
illustrate increased TNF-a expression (13).

Preclinical studies have explored modulation
of TNF for pain management, and efficacy has
been shown in attenuating pain behaviors in
animal models. The structure of the TNF ligand
and its receptor can be modulated to prevent
signaling and further phosphorylation and
expression along the pain pathway. The trans-
membrane portion of the TNF molecule can act
as a receptor to be down-regulated via reverse
signaling [7]. This ‘‘gene therapy’’ has been tri-
aled to reduce pain responses. In rat models
with injured nerves, a fusion protein that
modulates the TNF ligand was developed to
mitigate the levels of TNF-a [14]. In animal
models with neuropathic pain, local or spinal
administration of TNF-a antagonists have also
attenuated pain behaviors [15, 16]. Clinical tri-
als evaluating the use of TNF inhibitors in
conditions like neuropathic pain have demon-
strated promising outcomes in pain manage-
ment. Two specific drugs already on the market,
infliximab and etanercept, have also shown
progress in models for pain control. Systemic
treatment with TNF-a inhibition has not been
proven to be as beneficial in follow-up trials, but

further investigation is necessary since there
have been promising results with other mech-
anisms of delivery [17, 18].

INTERLEUKIN (IL) MODULATORS

ILs are a diverse group of cytokines participating
in the complex intercellular communication
displayed in immune and inflammatory
responses. Numerous cell types can secrete and
bind to cell surface receptors in autocrine and
paracrine fashions [19]. IL can then exert pro-
inflammatory or anti-inflammatory effects by
promoting activation and migration of immune
cells, as well as cause direct damage to the ner-
vous system [19, 20].

IL-6 and IL-17, among others, are pro-in-
flammatory cytokines strongly associated with
the pathogenesis of chronic pain states through
inflammation and the process of peripheral
sensitization [21]. These IL and other inflam-
matory mediators bind to receptors on periph-
eral primary afferent nociceptors and change
the ion channels of the fibers, reducing their
stimulation threshold and amplifying fiber
sensitivity. They also facilitate recruitment of
additional fibers to the injury site, increasing
nociceptive input. These combined effects
manifest as the perception of innocuous stimuli
as painful (allodynia) and a heightened
response to pain (hyperalgesia) [22].

The IL-17 family of cytokines consists of IL-
17A through IL-17F; however, IL-17A is typi-
cally referred to solely as IL-17. It is primarily
released by activated CD4 ? Th17 cells and
binds to IL-17R, expressed by hematopoietic
cells, endothelial cells, epithelial cells, and
fibroblasts [23]. Its downstream signaling effects
contribute to inflammatory pain by promoting
gene expression involving the recruitment of
immune cells and secretion of inflammatory
cytokines, mainly IL-6. Preclinical studies have
shown that IL-17 can also directly contribute to
neuroinflammation and chronic neuropathic
pain via direct neuronal sensitization [24]. IL-17
knockout mice were shown to have decreased
mechanical hypersensitivity and neuroinflam-
matory response following a partial sciatic nerve
ligation in comparison to controls,
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demonstrated by significantly fewer T-cells and
macrophages at the site of nerve injury and in
the dorsal root ganglia of the mice. Further-
more, local IL-17 injections in uninjured mice
produced hyperalgesia and recruitment of
immune cells to the injection site [23]. Another
study showed enhanced nociceptor sensitiza-
tion to mechanical stimuli following IL-17
injection into mice knee joints, but the sensiti-
zation persisted even with neutralization of
inflammatory mediators TNF-a and IL-6. The

cell bodies of the primary sensory neurons
located in the dorsal root ganglia of these mice
were shown to express IL-17R, demonstrating
that IL-17 alone can contribute to mechanisms
involved in chronic pain, even when some of its
inflammatory effects are down-regulated [25].
These data support the emerging IL-17 and IL-
17R targets in the potential treatment of
inflammatory disease and chronic neuropathic
pain.

Table 1 Tumor necrosis factor inhibitors pharmacokinetics and adverse effects

Drug MOA Onset and duration of
action

T� Route of
administration

Adverse effects

Etanercept

[35]

Binds TNF and

blocks its

interaction with

cell surface

receptors

2–3 weeks, with a maximum

effect at 3 months

102–130 h Subcutaneous Infection, skin rash,

diarrhea, positive

anti-nuclear

antibody (ANA)

titer, injection-site

reaction

Infliximab

[36]

Chimeric

monoclonal

antibody to

TNF-a

Can range from 3 to 7 days

for rheumatoid arthritis to

1–2 weeks for Crohn’s,

with a duration of action

of 12–48 weeks depending

on the condition

7–12 days Intravenous

(IV)

Abdominal pain,

anemia, infusion

reaction, abscess,

infection

Adalimumab

[37]

Recombinant

monoclonal

antibody to

TNF-a

Onset: 3–4 months 2 weeks Subcutaneous Skin rash, infection,

injection-site

reaction

Certolizumab

pegol [38]

Pegylated

humanized

antibody Fab’

fragment of

TNF-a

monoclonal

antibody

Onset: 3–4 months 2 weeks Subcutaneous Infection, nausea,

antibody

development

Golimumab

[39]

Human

monoclonal

antibody that

binds TNF-a

2 weeks Subcutaneous,

Intravenous

Positive ANA titer,

antibody

development,

infection
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Secukinumab, a human monoclonal anti-
body against IL-17A, is currently indicated in
the treatment of psoriatic arthritis, ankylosing
spondylosis, and rheumatoid arthritis [24].
Multiple sclerosis (MS) has strong associations
with IL-17 in its pathogenesis. One study
showed that treatment with secukinumab may
reduce brain lesion activity seen on MRI in
patients with MS [26]. Ixekizumab is another
humanized IL-17A neutralizing antibody that
treats psoriasis and psoriatic arthritis. While
there are no direct studies on these IL-17 anti-
body drugs for the treatment of chronic pain
alone, they have been shown to decrease pain
symptoms in patients overall. Brodalumab is a
human monoclonal antibody against IL-17RA
used to treat psoriasis and rheumatoid arthritis,
and evidence has suggested that brodalumab
may be useful for neuropathic pain [24]. In mice
treated with paclitaxel, a chemotherapy agent,
mouse IL-17RA antibodies were shown to

reduce hyperexcitability in chemotherapy-in-
duced peripheral neuropathy [24, 27]. Further
studies are needed to determine the potential
for IL-17 and IL-17RA blockers in the treatment
of chronic pain.

IL-6 is produced by T- and B-lymphocytes,
macrophages, and fibroblasts in response to
inflammatory stimuli like IL-1, IL-17, and TNF-
a. It promotes T- and B-cell differentiation and
induces acute phase protein production. Its
receptor, IL-6R, can be both in a membrane-
bound or soluble form, and it has a gp130 sig-
naling component that is expressed on all cell
membranes [20, 28]. Thus, IL-6 has pleiotropic
effects that characterize it as a key cytokine in
the pathogenesis of numerous conditions like
rheumatoid arthritis, multiple sclerosis, cancer
pain, and neuropathic pain [20]. IL-6 shows
similarities to IL-17 in that it is implicated in
both inflammatory pain and neuronal sensiti-
zation. In rat models of a sciatic nerve injury, a

Table 2 IL modulators pharmacokinetics and adverse effects

Drug MOA Onset
and
duration
of action

T� Route of
administration

Adverse effects

Anakinra

[34]

IL-1 receptor

antagonist

4–6 h Subcutaneous Skin rash, hyperkalemia,

hypernatremia, constipation,

increased gamma-glutamyl

transferase, infection

Sarilumab

[40]

IL-6 receptor

antagonist; binds

both soluble and

membrane-bound

receptors

Concentration-

dependent:

200 mg every

2 weeks, up

to 10 days

150 mg every

2 weeks, up

to 8 days

Subcutaneous Increased serum alanine

aminotransferase, increased

serum aspartate

aminotransferase, infection

Tocilizumab

[41]

IL-6 receptor

antagonist

Onset:

4 h

IV: 11–13 days

Subcutaneous:

5–13 days

Intravenous,

subcutaneous

Increased serum cholesterol,

constipation, increased serum

alanine aminotransferase,

increased serum aspartate

aminotransferase, infusion-

reaction, injection-site reaction
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positive correlation was shown between the
number of IL-6 positive cells and the degree of
mechanical allodynia [20, 29]. Another study
demonstrated central sensitization that was
induced by IL-6. Mice knee joints and spinal
cords were treated with IL-6 and soluble IL-6R,
resulting in hyperresponsiveness by the dorsal
horn neurons upon mechanical stimulation of
the mice knee or ankle joints [20, 30]. IL-6 and
IL-6R levels have also been shown to be
increased in mice models with intervertebral
disc injury. Following injection of an IL-6
inhibitor, the mice showed decreased levels of
calcitonin gene-related peptide, a pain-related
protein, in their dorsal root ganglia. This pro-
vides evidence that targeting IL-6 may amelio-
rate chronic pain symptoms [20, 31].

MECHANISMS OF ACTION
AND PHARMACOLOGY

Both TNF and IL modulators exert their effects
by disrupting cytokine signaling, dampening
neuroinflammation, and modulating synaptic
transmission in pain pathways. TNF inhibitors
block the activation of the NF-kB transcription
factor, thus blocking its downstream response
which releases macrophages, T-cells, B-cells,
and other proinflammatory cytokines including
IL-1 and IL-6 [32]. The IL modulators referenced
in managing various pain types include both IL-
1 and IL-6 receptor antagonists. These block
many facets of the inflammatory response,
including macrophage stimulation, lymphocyte
activation and differentiation, and fever, and
the release of acute phase reactants [19]. While
these drug classes act on different parts of the
pain pathway, both work to limit the inflam-
matory response.

The pharmacokinetics of specific TNF inhi-
bitors and IL modulators are summarized in
Tables 1 and 2. While the half-life (t�) is pro-
vided in addition to onset and duration of
action, these times can be dependent on both
the individual and their condition. Therefore,
the efficacy and utility of these values is unre-
liable in pain management and will be case-
specific [33].

Some of the most common adverse effects of
specific TNF inhibitors and IL modulators are
listed in Tables 1 and 2. Each of the TNF-a
inhibitors referenced in Table 1 has been given a
black-box warning by the FDA noting the dan-
gers of infection risk for patients. As for IL
modulators, referenced in Table 2, sarilumab
and tocilizumab both have black box warnings
for risk of serious infection. While anakinra
does not have a black box warning for infection,
it is associated with infection as an adverse
effect [34]. It is imperative to underscore the
need to carefully consider the risks associated
with long-term cytokine modulation. Patients
should be screened for tuberculosis and hepati-
tis B and C out of concern for reactivation of
these infections. These modulators should be
withheld if there is any sign of infection [32].

COMPARATIVE ANALYSIS
AND FUTURE PERSPECTIVES

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. Comparative evaluations
of TNF and IL modulators reveal differential
efficacy and safety profiles, suggesting person-
alized approaches based on specific pain eti-
ologies. The efficacy of TNF and IL modulators
for treatment of pain has shown mixed results
based on the etiology of the pain. Both TNF-a
inhibitors and anti-IL-6R antibodies have been
studied for pain associated with sciatica with
success. The TNF-a inhibitor, infliximab, was
given to patients for severe sciatica. Patients
were treated with a 3-mg/kg IV infusion, and
patients reported a significantly higher per-
centage of painlessness compared to the control
group 1 year after infusion [17]. Cases with sci-
atica caused by lumbar spinal stenosis were
treated with the anti-IL-6 receptor antibody,
trocilizumab, via epidural administration;
resulting visual analogue scale (VAS) pain scores
in the leg and lower back were significantly
lower in the tocilizumab group than in the
control group [42]. Similar results were seen
when studying the effects of TNF and IL mod-
ulators on pain related to rheumatoid arthritis.
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Table 3 summary of clinical trials involving tumor necrosis factor and interleukin modulation

Study title Drug (class) Results Administration Side effects

Efficacy of infliximab

for disc herniation-

induced sciatica:

1-year follow up [17]

Infliximab

(TNF-a

inhibitor)

The 3-mg/kg infliximab

significantly decreased

leg pain at every

follow-up (2 weeks,

4 weeks, 3 months,

6 months, and

12 months) compared

to periradicular saline

IV infusion of 3 mg/kg

over 2 h

None noted

Efficacy of epidural

administration of

anti-interleukin-6

receptor antibody

onto spinal nerve for

treatment of sciatica

[42]

Tocilizumab

(anti-IL-6

receptor

monoclonal

antibody)

VAS leg pain and lower

back pain scores were

significantly lower in

the tocilizumab group

in comparison with

the dexamethasone

group 4 weeks after

administration.

Patients ultimately

undergoing surgery

were higher in the

dexamethasone group

than in the

tocilizumab group

Single spinal nerve block

consisting of 2 mL of

lidocaine and 80 mg

of tocilizumab

None noted

Effectiveness and safety

certolizumab pegol in

rheumatoid arthritis

patients in Canadian

practice: 2-year results

from the

observational FasT-

CAN study [43]

Certolizumab

pegol (CZP;

Fc-free,

PEGylated

anti-TNF)

Pain, assessed by

PtAAP, significantly

decreased at every visit

(12 weeks,

20/24 weeks,

52 weeks, and

104 weeks since the

start of treatment)

Subcutaneous injection

of loading dose of

400 mg CZP at weeks

0, 2, and 4, followed

by 200 mg every

2 weeks or 400 mg

every 4 weeks

Upper respiratory tract

infection, headache,

psoriasis, rash, nausea,

pneumonia, sepsis,

lymphoma

Sarilumab plus

methotrexate in

patients with active

rheumatoid arthritis

and inadequate

response to

methotrexate [44]

Sarilumab (anti-

IL-6Ra

monoclonal

antibody) in

combination

with

Methotrexate

Pain, assessed by VAS,

decreased by 28.5%

and 31.8% in the

sarilumab 150 mg and

200 mg groups,

respectively, compared

to a decrease of 15.4%

in the placebo group

Subcutaneous injection

of 150 mg or 200 mg

sarilumab every

2 weeks with weekly

methotrexate

Infection (serious

infections reported in

2.6% of the 150-mg

group, 4.0% in the

200-mg group, and

2.3% in the placebo

group) neutropenia,

injection site reaction
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Certolizumab (anti-TNF) and sarilumab (IL-6
inhibitor) both showed significant decreases in
rheumatoid arthritis-associated pain when
compared to controls, but both had significant
increases in rates of infection [43, 44]. However,
when studied in patients with osteoarthritis in
the hand, humira (adalimumab), a TNF-a inhi-
bitor showed no significant difference in VAS
pain scores with the placebo [45]. Similarly,
AMG 108, an antibody to the IL-1R, showed no
change in WOMAC pain scores compared to the
placebo in knee osteoarthritis patients [46].

Challenges in targeting TNF and IL signaling
pathways, including incomplete understanding
of their complex interactions and potential
compensatory mechanisms, require further
investigation. Clinical trials face challenges in
establishing the efficacy of TNF-a inhibitors and
IL modulators due to varying outcomes across
different pain etiologies. Understanding these
differences is crucial for developing effective
treatments. TNF-a inhibitors seem to be effec-
tive in only some types of neuropathic pain, as
positive results were seen in mouse models with
diabetic neuropathy, but not in pain related to
disc herniation [47]. Currently, the mechanisms
by which the cytokines treat pain is not fully
understood, making it difficult to effectively
treat patients. IL-17 is a target for neuropathic
pain, but some studies show that IL-17 plays a
role in later stages of nerve damage. At the same
time, some IL-17 blockers, such as secuk-
inumab, were effective at rapidly treating neu-
ropathic pain [24]. These variations in the
results are complicated by the multifactorial
pain and inflammation pathway, where the
effects of individual cytokines may not be
enough to treat complex chronic pain etiologies
[48].

Emerging strategies, such as combination
therapies or novel targets within cytokine
pathways, hold promise for enhanced pain
relief and improved patient outcomes. Combi-
nation therapy with a cytokine modulator and
another drug class or the use of platelet-rich
plasma (due to the cytokines released by plasma
having effects on multiple parts of the pain
pathway) have shown promising results in the
treatment of chronic pain (Table 3) [48].

DISCUSSION

Pathologic pain states are complex conditions
characterized by persistent and debilitating
pain, where the interplay of central and
peripheral inflammatory processes is a vital
mediator in this pathology. Sensory neurons
expressing TNF, IL-1, and IL-6 receptors are
implicated in peripheral sensitization, con-
tributing to enhanced nociceptive signaling and
the development of chronic pain. This process
extends to central sensitization, where activated
glial cells in the central nervous system further
contribute to neuropathic pain. Understanding
the intricate roles of TNF and IL in chronic pain
pathways has prompted research into modu-
lating these cytokines for therapeutic
interventions.

TNF, a multifaceted cytokine with several
physiologic roles, becomes pathological when
dysregulated. Its involvement in neuropathic
pain is evident, with increased expression in
injured neurons. There is promise for potential
applications of TNF-a antagonists in alleviating
chronic pain symptoms. Clinical trials with TNF
inhibitors like infliximab and etanercept have
shown potential for managing neuropathic
pain, although these studies have shown vary-
ing degrees of success. Through animal models
and human testing, TNF plays a role in patho-
logic pain states.

ILs, a diverse group of cytokines, including
IL-6 and IL-17, contribute to chronic pain
through inflammation and peripheral sensiti-
zation. Targeting IL-17 and IL-6 with specific
inhibitors has been shown to be therapeutic in
treating certain autoimmune conditions like
rheumatoid and psoriatic arthritis, with poten-
tial applications in chronic neuropathic pain.
For example, tocilizumab and sarilumab are
anti-IL-6R monoclonal antibodies that have
both demonstrated efficacy for their treatment
of rheumatoid arthritis, reducing both inflam-
mation and pain [20]. Furthermore, tocilizumab
treatment decreases levels of double stranded
DNA antibodies, which may be due to the
blockage of IL-6 effects on B cell differentiation,
thereby decreasing the levels of autoantibody-
producing B cells [49, 50].
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Both TNF and IL modulators disrupt cyto-
kine signaling, presenting a potential avenue
for pain relief. However, the pharmacokinetics
and safety profiles of these modulators vary,
requiring careful consideration in patient
selection. Due to their mechanisms of action,
TNF inhibitors and IL modulators are associated
with many potential side effects and safety
concerns, including an enhanced susceptibility
to infections. The infections may include bac-
terial, fungal, viral, atypical, or upper respira-
tory infections. Further investigation on the
long-term safety profiles of TNF and IL modu-
lators is essential for establishing their efficacy
and safety. Comprehensive studies should
address concerns related to infections,
immunogenicity, and potential complications
associated with long-term use. When it comes
to the use and effectiveness of TNF and IL
modulators, an individualized approach should
be used to prescribe these medications to
patients. Considering the complex nature of
chronic pain, combination therapies involving
cytokine modulators and other pharmacologi-
cal or non-pharmacological approaches may
provide synergistic benefits. Integrating these
strategies could optimize pain management
outcomes.

CONCLUSIONS

Targeting TNF and IL signaling pathways is
challenging due to the complex interactions
and potential compensatory mechanisms
involved. Further investigation is needed to
fully understand these pathways and to develop
more effective therapeutic strategies. Insights
gained from preclinical and clinical studies offer
valuable directions for refining therapeutic
strategies and advancing the development of
targeted cytokine-based interventions for
chronic pain. While the focus has been on pro-
inflammatory cytokines, additional studies
should examine the role of anti-inflammatory
cytokines, such as TGF-b1, IL-4, IL-10, IL-11,
and IL-13, in chronic pain states. Current
research is working towards creating combina-
tion therapies and exploring novel targets

within cytokine pathways, paving the way for
future advancements in pain therapeutics.
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