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Abstract

Fibromyalgia (FM), a musculoskeletal condition characterized by widespread pain and numerous
associated symptoms, is a complex disorder with uncertain etiology and pathogenesis. Most of the
patients suffering from this syndrome are undiagnosed due to a lack of standard diagnostic criteria.
Recent studies have shown the involvement of immune dysfunction and various pro-inflammatory
cytokines in FM. Since there is so much uncertainty regarding the pathogenesis of FM, treatment
modalities are very limited and ineffective. This review aimed to analyze the immunological
mechanisms behind FM, attempting to deepen the understanding of its pathogenesis. Additionally,
the review elucidates FM's associations with autoimmune diseases, highlighting shared
pathophysiological mechanisms and overlapping symptoms. We synthesized current literature
available on Google Scholar, PubMed, Springer, and Web of Science, the review explored the
intricate interactions between genetic predisposition, immune dysregulation, and environmental
factors in FM pathogenesis. The inclusion criteria prioritized studies focusing on the immunological
aspect of FM. In conclusion, immune dysfunction has a role to play in the pathogenesis of FM, and
immunomodulatory therapies have proven to be beneficial in the treatment of FM. Genetic variants,
epigenetic modifications, and gut microbiome alterations are potential triggers for immune system
dysfunction, contributing to the manifestation and exaggeration of FM symptoms. This review
provided a comprehensive resource for researchers and clinicians, a guide for future investigations
and clinical management towards improved outcomes and enhanced quality of life for individuals
with FM.
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Introduction generalized pain, hyperalgesia, allodynia,
paresthesia, sleep disturbances, fatigue, and

functional symptoms.”® The American College
of Rheumatology (ACR), in 1990 suggested a
diagnostic criterion for FM. The criteria defined

Fibromyalgia (FM) is a musculoskeletal
condition affecting 2-4% of the population. FM
manifests through the following characteristics:
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widespread pain above and below the waistline,
on the left and right side in addition to the
midline for 3 months or more as FM. In
addition, the patients must report pain from 4
kg of pressure in a minimum of 11 of 18 specific
tender points. However, these criteria received
criticism for their focus being limited to pain
whilst ignoring the other clinical features of the
disease. It was found that the ACR criteria
missed 46% of the patients with FM. In 2010,
ACR revised the diagnostic criteria to include an
assessment of fatigue and other functional
symptoms.> FM has been linked with varying
changes in the level of pro-inflammatory
cytokines such as interleukin (IL)-18, IL-6, tumor
necrosis factor-alpha (TNF-a) and dysregulation
of the immune system. These cytokines have
also been associated with increased symptom
severity.® Since the etiology, diagnosis, and
strategy for the classification of this disease are
being debated to date, consequently the
treatment methods are also uncertain.” This
article aimed to address the possible
implications of immune system dysregulation
and genetic factors in the pathophysiology
underlying FM and the potential use of
immunomodulatory therapies in FM patients.

Methods

This literature review included published studies
from January 2010 till January 2024. The
searched databases included Google Scholar,
PubMed, Springer, and Web of Science. We
used the following keywords “Fibromyalgia,
Innate  Immunity, Gut Microbiome, T
Lymphocytes, B Lymphocytes,
Immunomodulatory Therapy”. This review
included studies in English that were central to
the theme of this study. Articles in languages
other than English were excluded. Data
extraction was applied to discern patterns,
trends, and key findings, contributing to a
comprehensive understanding of the subject.

Immunity triggers for FM

Genetic factors influencing immune system
dysfunction in FM

The etiology of FM, akin to other chronic pain
conditions, is likely to be multifactorial,

involving intricate  interactions between
psychological, neurobiological, environmental
factors, and genetic predisposition, particularly
notable due to the observed familial
susceptibility® as evidenced by an 8.5-fold
increased risk for first degree relatives to
develop the condition. FM is characterized by
heightened sensitivity to sensory stimuli,
prompting a primary focus on genetic variants
associated with pain.”®

The heritability of pain-related genes
significantly contributes to 50% of chronic pain
conditions such as FM.’ There are also genes
associated with fatigue and sleep disturbances,
along with genetic polymorphisms that
contribute to multiple symptoms experienced
by FM patients.’®™ Furthermore, a significant
proportion of patients, accounting for up to 70%
with chronic urticaria were found to have
concurrent FM supported by findings of
Immunoglobulin G (IgG) deposits and
overexpression of mastocytes in skin biopsies
from FM patients."***

A total of 482 genes displayed differential
expression between individuals with FM and
healthy controls, particularly expression of
genes associated with hypersensitivity/allergy
such as Carboxypeptidase A3 (CPA3) (involving
local and systemic mast cell degranulation),
Membrane Spanning 4-Domains A2 (MS4A2)
(encoding the beta chain of the high-affinity IgE
receptor), Fc Epsilon Receptor la (FCER1A), and
Interleukin 3 Receptor Subunit Alpha (IL-3RA)
(low-affinity receptor of the pro-inflammatory
cytokine IL-3 which is downregulated in FM
subjects).”™

Regarding the neurobiology of FM,
upregulation of solute carrier molecules
including Solute Carrier Family 1 Member 5
(SLC1A5) and Solute Carrier Family 25 Member
22 (SLC25A22), has been observed in FM
subjects. These molecules serve as transporters
for the neurotransmitter glutamate in the
central nervous system (CNS).">'® Furthermore,
another pertinent gene glutamate-ammonia
ligase (GLUL), which encodes glutamine
synthetase, plays a role in clearing L-glutamate -
a major neurotransmitter, from neuronal
synapses.”’ Additionally, the upregulation of the
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metabotropic glutamate receptor 6 (GRM®6) in
FM subjects suggests its involvement in
neuropathic pain signaling in dorsal horn
neurons.”®To elucidate the potential link
between gene polymorphisms in serotonin
transporter (5-HTT), catechol-O-
methyltransferase (COMT), and serotonin 2A (5-
HT2A) genes and FM susceptibility, Lee et al.,
2012, conducted a meta-analysis, emphasizing
the central role of the 102T/C polymorphism in
the 5-HT2A receptor.19 However, the previously
identified significant associations of the
serotonin-transporter-linked promoter region
(5-HTTLPR) S/L allele and COMT Val158Met with
FM  were not corroborated. Further
investigations are necessary to comprehend the
involvement of these genes in pain biology and
chronic pain conditions such as FM.2** A
genome-wide association study has implicated
the potential involvement of CNS dysfunction in
FM, identifying two FM-associated variants
rs11127292 single nucleotide polymorphism
(SNP) and an intronic copy number variant,
associated with Myelin Transcription Factor 1
Like (MYT1L) (involved in neuronal
differentiation) and Neurexin 3-alpha (NRXN3)
genes (acting as a receptor and a cell adhesion
molecule in the nervous system). Although no
single SNP reached genome-wide significance,
further analyses are needed to validate these
results.””> Solute carrier family 6 member
4 (SLC64A4), Transient Receptor Potential
Cation Channel Subfamily V Member 2 (TRPV2),
MYT1L, and NRXN3 are potential genes
significantly found to be associated with FM.?
Moreover, a gene-environmental interaction
has been proposed as a triggering mechanism,
involving epigenetic alterations. In particular,
FM appears to be characterized by a
hypomethylated deoxyribonucleic acid (DNA)
pattern, in genes implicated in stress response,
DNA repair, autonomic system response, and
subcortical neuronal abnormalities. Differences
in the genome-wide expression profile of
microribonucleic acids (microRNAs) were found
among multiple tissues, indicating the
involvement of distinct processes in FM
pathogenesis as mentioned in Table 1. Smith
et al.,, 2012, evaluated 350 genes, focusing on
those related to pain treatment, including Trace

Amine Associated Receptor 1 (TAAR1),
Regulator of G Protein Signaling 4 (RGS4),
Cannabinoid Receptor 1 (CNR1), and Glutamate
lonotropic  Receptor  a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) Type
Subunit 4 (GRIA4). TAAR-mediated dopamine
availability, regulated by TAAR1, could impact
pain sensitivity, a characteristic symptom in FM
subjects.” The RGS4 gene, expressed in specific
regions of the CNS, modulates the descending
inhibition of pain perception. CNR1 encodes the
CB-1 cannabinoid receptor, with variants
associated with other pain disorders. GRIA4
encodes the AMPA-sensitive glutamate receptor
subunit GluR4, involved in central
sensitization.” These studies contribute to
understanding FM and support the genetic
hypothesis  underlying its  pathogenesis,
proposing potential genetic markers for FM
susceptibility. However, universally validated
SNPs are yet to be identified, potentially due to
population specificity and the multifactorial
nature of FM, where haplotypes, and
combinations of variants, may play a more
significant role in FM development than
individual variants. Notably, correlations of
certain haplotypes with FM risk have been
identified in specific populations, such as the
"high pain sensitivity" haplotype (ACCG) in the
COMT gene in a Spanish population and the B2-
AR AC haplotype in Mexican and Spanish
populations.”** Pellegrino et al., 1989, pointed
towards autosomal-dominant inheritance of
FM. Clinical evidence of FM was observed in
52% (26 individuals) of the enrolled parents and
siblings, while an additional 22% (11
individuals), without apparent FM symptoms,
displayed abnormal muscle consistency upon
palpation.25 Two nonsense mutations, W32X in
Cl1orf40 and Q100X in Zinc Finger Protein 77
(ZNF77), were associated with elevated levels of
specific cytokines, including plasma monocyte
chemoattractant protein-1 (MCP-1), interferon
gamma-induced protein 10 (IP-10), and
interleukin (IL)-12 in FM patients suggesting a
potential association between inflammation,
dysregulation of specific cytokine expression,
and FM development.26 Peters et al., 2013,
identified a common genetic variant,
rs13361160 on chromosome 5p15.2 in FM
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females. This variant is located near the
chaperonin-containing- T-complex protein 1
(TCP1)-complex-5 gene (CCT5) and downstream

Table 1. Common genes involved in fibromyalgia.

of family with sequence similarity 173 member
B (FAM173B).>"*®

Gene Role in fibromyalgia (FM) patients
CcPA3’™ Local and systemic mast cell degranulation
MS4A2" Encoding the beta chain of the high-affinity IgE receptor

FCER1A and IL-3RA™*

Low-affinity receptor of the pro-inflammatory cytokine IL-3 which is
downregulated in FM subjects

SLC1AS5 and SLC25A22%

Upregulation of solute carrier molecules serves as transporters for the
neurotransmitter glutamate in the CNS

GLULY

Encoding glutamine synthetase plays a role in clearing L-glutamate, a
major neurotransmitter, from neuronal synapses

GRM6™

Upregulation of the metabotropic glutamate receptor suggests its

involvement in neuropathic pain signaling in dorsal horn neurons

SLC64A4, TRPV2, MYTLL,
and NRXN3?*

Genes significantly found to be associated with fibromyalgia

Regulates TAAR-mediated dopamine availability which could impact pain

TAAR1* o
sensitivity
RGS4* Modulates the descending inhibition of pain perception
CNR1* Encodes the CB-1 cannabinoid receptor associated with pain disorders
GRIA4Z Encodes the AMPA-sensitive glutamate receptor subunit, involved in

central sensitization

MS4A2: Membrane Spanning 4-Domains A2; FCER1A: Fc Epsilon Receptor la; IL-3RA: Interleukin 3 Receptor Subunit Alpha;
SLC1A5: Solute Carrier Family 1 Member 5; SLC25A22: Solute Carrier Family 25 Member 22; GLUL: glutamate-ammonia
ligase; GRM®6: glutamate receptor 6; SNPs: single nucleotide polymorphisms; SLC64A4: Solute carrier family 6 member 4;
TRPV2: Transient Receptor Potential Cation Channel Subfamily V Member 2; MYT1L: Myelin transcription factor 1 like;
NRXN3: Neurexin 3-alpha; TAARL: Trace Amine Associated Receptor 1; RGS4: Regulator Of G Protein Signaling 4; CNR1:
Cannabinoid Receptor 1; GRIA4: Glutamate lonotropic Receptor AMPA Type Subunit 4.

Epigenetic modification concerning FM

Recently, there has been growing interest in the
possible role of epigenetic modifications in the
development and progression of FM. Multiple
studies have reported differences in DNA
methylation patterns in individuals with FM
compared to healthy controls.?**%*"** The genes
found to be differentially methylated in FM are
the BDNF, NAT15, HDAC4, PRKCA, RTN1, and
PRKG1 genes, thought to be involved in normal
immune response and DNA repair.32

Role of innate immunity in FM pathogenesis

Natural killer (NK) cells play a critical role in
immune defense against infected or malignant
cells. Dysfunctional NK cells may contribute to
immune dysregulation and increased

susceptibility to infections or other immune-
related conditions commonly observed in FM
patients.®® The role of NK cells in FM is ongoing
and not fully conclusive. However, a recent
study reported functional abnormalities in NK
cells from FM patients including reduced
cytotoxicity, and impaired cytokine
production.*

NK cells have been found to express opioid
receptors and may be associated with chronic
pain biomarkers in FM. Reduced NK cell activity
has been associated with increased pain
intensity, fatigue, and psychological distress in
FM patients. This suggests that NK cell
dysfunction may be involved in the
pathophysiology of FM and contribute to
symptom severity. NK cells' function can be
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modulated by stress hormones such as cortisol
and catecholamines.***

Given the well-established link between
stress and FM symptom exacerbation, stress-
induced alterations in NK cell function may
contribute to the pathogenesis of FM. Chronic
stress can dysregulate the immune system and
compromise NK cell activity, potentially
exacerbating inflammation, and pain perception
in FM patients.”’” Mast cells are a type of
immune cell known for their involvement in
allergic reactions and inflammatory responses.
Mast cells can become activated in response to
various stimuli, including stress, infection, and
inflammation.*® Increased mast cell activation
and degranulation in the skin and other tissues
of FM patients have been reported with
subsequent release of pro-inflammatory
mediators, and neuro-sensitizing mediators
such as corticotropin-releasing hormone (CRH),
histamine, IL-6, Hemokinin-1(HK-1), Substance P
(SP), TNF, and growth factors, which may
contribute to pain, fatigue, and other symptoms
associated with FM.* Activation of mast cells in
the peripheral tissues can trigger the release of
neurotransmitters and neuropeptides that can
sensitize sensory nerve fibers and contribute to
pain amplification. Additionally, mast cell-
derived cytokines and chemokines can recruit
immune cells to the site of inflammation and
further perpetuate neuroinflammation and pain
signaling pathways.*

In FM, an increase in inflammatory cytokines
and the involvement of mast cells in the skin
can cause neurotransmission and glial
activation. Additionally, mast cell activation
syndrome has been compared to FM,
highlighting the role of histamine in both
conditions.*®*° Central sensitization,
characterized by heightened pain sensitivity and
abnormal processing of pain signals in the CNS
is a key feature of FM. Mast cells may
contribute to central sensitization through the
release of inflammatory mediators that can
affect neuronal function and synaptic plasticity
in the brain and spinal cord. Mast cell activation
and neuroinflammation may promote the
maintenance of central sensitization and
exacerbate FM symptoms.41

FM is often comorbid with other conditions
characterized by mast cell activation, such as
irritable bowel syndrome (IBS), migraine, and
interstitial cystitis which may contribute to the
manifestations of visceral hypersensitivity and
pain in FM  patients.”  Low-grade
chronic inflammation mediated by mast cells
has also been implicated in FM, with the role of
IL-37 being identified.”**

Role of acquired immunity in FM pathogenesis

e Role of T cellsin FM

The immune system, particularly T cell
subpopulations CD4+ T [44] and CD8+ T [45],
has been suggested to play a role in the
pathophysiology of FM and thus could be used
as diagnostic markers. However, further
research in this area is highly requested. In FM
patients, upon T cells-T cell receptor (TCR)
interaction, IL-2 is secreted to promote further T
cell proliferation. However, this study found
that these CD4 + T cells require a higher
concentration of the mitogen concanavalin A to
achieve optimal IL-2 secretion, indicating a
lower response of CD4 + T cells in FM patients
to activating stimuli.”> Other research studies
revealed fewer CD3 + T cells expressing CD69
and CD25 activation markers in FM patients,
while the CD4/CD8 ratio remained similar
between patients and controls.***’

In another study, FM patients had a higher
percentage of T lymphocytes expressing the
CD25 activation marker as compared to healthy
controls. After interferon alpha (IFNa)
treatment, a notable reduction in the
percentage of activated CD4 + T cells (HLA-DR +
CD4 +) in circulation was observed.”* FM
patients tend to have elevated levels of metals
such as mercury, cadmium, cobalt, and iron,
leading to the release of pro-inflammatory
cytokines, as evidenced by recent studies.’”*
Patients with chronic pain showed a
considerable reduction in cytotoxic CD8 +
lymphocytes, suggesting changes in T cell
subpopulations due to chronic stress. A negative
correlation was found between post-traumatic
stress scores and the number of CD8 + T cells in
FM patients.”® A recent study on lymphocyte
subsets in FM explored the role of natural killer
T (NKT)-like CD3 + CD56 + cells as potential


https://en.wikipedia.org/wiki?curid=395877
https://en.wikipedia.org/wiki?curid=20345288
https://en.wikipedia.org/wiki?curid=2305842

18

Khan et al

contributors to psychological symptoms like
depression. The research revealed notable
alterations in the frequency of these cells across
different depression subgroups in FM patients,
with levels influenced by the use of
antidepressants.”® Apart from T cells, other
elements of the immune system including mast
cells and cytokines have also been hinted to be
involved in the pathogenesis of FM.*

e Roleof Bcellsin FM

Emerging evidence suggests that B cells may
contribute to the immune dysregulation and
inflammation observed in FM.>”> Dysregulated
cytokine production including IL-6 and TNF-a by
B cells may contribute to the chronic
inflammation observed in FM.”® B cells can
interact with the CNS and contribute to
neuroinflammatory processes. Abnormalities in
neuroimmunomodulation mediated by B cells
have been implicated in FM pathogenesis.”
Targeting B cells and B cell-mediated pathways
has emerged as a potential therapeutic strategy
in  FM. Clinical trials investigating B cell
depletion therapy have shown promising results
in improving symptoms and quality of life in FM
patients. Further research is needed to fully
elucidate the role of B cells in FM pathogenesis.
The current evidence suggests B cells
involvement in  immune  dysregulation,
inflammation, and neuroimmunomodulation
associated with the disorder.

Gut microbiome and immune

dysfunction related to FM

Gut microbiome health is essential for
maintaining a functional immune system, a
connection emphasized by the presence of a
large percentage of immune cells in the gut-
associated lymphoid tissue (GALT). Figure 1
demonstrates the gut microbiome and immune
dysfunction in FM. The gut microbiome
facilitates the development of immune cells and
affects their activation, directing and regulating
the immune response. Complementing the
immune system’s influence on microbiota,

limiting its invasion and managing its structure
and constituents.>

Changes in the composition of the gut
microbiome can lead to bacterial translocation,
increased permeability of the intestines, and
reduced production of compounds like short-
chain fatty acids (SCFA), among other
metabolites. These alterations trigger immune
responses and have been observed in
individuals ~ with  FM.>**”*®  Consequently,
intestinal dysbiosis may play a role in both the
development and progression of immune-
related conditions.”>®%*"%2 Furthermore, the gut
microbiome participates in the bidirectional
communication between the gut and the CNS,
known as the gut-brain axis. Dysfunction in this
axis is believed to contribute to the pain and
emotional aspects of FM.**® One of the
significant changes observed in FM concerning
the microbiome is an increased intestinal
permeability, likely attributable to previous
intestinal infections which triggered the onset
of the condition and resulted in bacterial
overgrowth. The small intestinal bacterial
overgrowth seen in these patients is correlated
with their pain levels and antimicrobial
treatment has exhibited proportional
alleviation, making intestinal permeability a
potential assessor of condition severity.”®***
Another study revealed pain hypersensitivity in
mice after receiving fecal microbiota transplants
from FM-afflicted individuals.®® Helicobacter
pylori, Yersinia enterocolitica, and
Campylobacter jejuni are the most common
infectious triggers for FM and thus have been
found in the gut microbiome of FM patients®®°
since stress-induced norepinephrine secretion
has been shown to enhance their virulence.®’
SCFAs such as propionate and butyrate, exert
notable anti-inflammatory effects by promoting
regulatory T-cell production and preventing
bacterial translocation by preserving the
intestinal barrier.®® Faecalibacterium prausnitzii
and Bacteroides uniformis, SCFA-producing
bacteria, are noted to exist in lower quantities
in FM patients when compared to the gut
microbiomes of healthy individuals.*
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Skin axis

Triggers immune responses and contributes to pain
and emotional asbects of FM

Figure 1. Gut microbiome and Immune Dysfunction in fiboromyalgia.

Association between FM and other
autoimmune diseases

FM is associated with several autoimmune
diseases based on the concept of central
sensitivity (CS) where the CNS's nociceptive
neurons are more sensitive to normal or sub-
threshold afferent inputs.”” Central sensitivity
syndromes (CSS) refer to a broad category of
conditions including FM that share many
symptoms, the most notable of which is
persistent pain.”* It is crucial to understand the
autoimmune disorders that are linked to FM to
properly treat and manage the patient, as the
numerous symptoms of the condition
sometimes overlap with those of related
disorders and may further complicate the
diagnosis.

FM and Autoimmune thyroid

Suk et al., 2012, found a statistically significant
difference in the occurrence of thyroid
autoimmunity in a group of FM patients (19%)
and controls (7%).”> Another study reported
59% prevalence of FM in autoimmune thyroid
patients.”” Hence, autoimmune thyroid disorder
could potentially serve as a risk factor for FM
development.’>”* The symptoms of
hypothyroidism and FM often overlap, including

headaches, irritable bowel syndrome,
arthralgias, weight gain and subjective swelling,
chronic fatigue, and insomnia. Additionally,
distinguishing between the two conditions
might pose a challenge as symptoms frequently
vary.”

FM and Systemic Lupus Erythematosus (SLE)

Patients with SLE are more likely to have FM;
approximately 32% of SLE patients have FM.
However, FM patients do not seem to have a
higher incidence of developing SLE.”®

FM and Rheumatoid Arthritis (RA)

Chronic pain is a hallmark of rheumatic
disorders, and up to 15-30% of RA individuals
also have FM, suggesting that the pain
associated with chronic rheumatic disorders
may also be a trigger for FM, as they are
significantly greater than the prevalence of FM
(2%) in the general population.” Like FM
patients, RA patients also exhibit elevated
thyroid antibodies.”

FM and primary Sjégren’s Syndrome (pSS)

The association between FM and pSS has been
investigated due to their shared symptoms,
which include xerostomia, exhaustion, pain, and
sicca.”® Individuals with FM—both genders—
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have a heightened risk of developing Sjogren's
syndrome, especially between the ages of 20—
49.”° Additionally, there is an increased
occurrence of FM among patients diagnosed
with Sjogren's syndrome, with a prevalence rate
of 18%.%

FM and Diabetes Mellitus (DM)

Tisher et al.'s., 2019, findings on patients
diagnosed with DM type 1(n=45) and DM type 2
(n=55) indicated a favorable connection
between the quantity of painful spots, FM, and
high levels of glycated hemoglobin Alc
(HbA1c).®* The DM patients with FM reported
higher severity of generalized pain and more
tender spots.®

FM, Crohn’s disease (CD) and Ulcerative Colitis
(ud)

FM-related comorbidities are noticeably more
common in inflammatory bowel disorder (IBD)
patients. According to a study, the mean
prevalence of FM in patients diagnosed with
Crohn’s disease was 26.0, but for UC, it was
11.4.”° It was also demonstrated that men with
IBD were more likely than women to develop
FM.® However, Dilekgi et al., 2021, found that
women with IBD were far more likely than men
to experience FM syndrome. The study's
findings showed that the frequencies of FM in
IBD was 29.8%. For Crohn’s disease it was 23.4%
and for UC it was 33.3%. Additionally, there was
no significant difference in FM syndrome scores,
widespread pain index, or somatic symptom
severity between UC and CD.** Additionally, a
cohort study by Larrosa et al., 2019, concluded
that IBD predisposes to FM and chronic
widespread pain later on.*®

Genetic and immunomodulatory
treatment prospectives for FM

The treatment approach for FM varies
significantly based on individual needs, making
it difficult to establish a standardized treatment
plan due to the uncertainty surrounding the
pathogenesis of the disease.®*® However, both
pharmacological and non-pharmacological
methods are utilized to alleviate the symptoms
and enhance the quality of life.!” Some of the
USA Food and Drug Administration (FDA)-

approved medications for the treatment of FM
such as duloxetine and milnacipran, primarily
enhance serotonin and norepinephrine levels
which increases the activity of inhibitory
descending pain pathways in the spinal cord.®®
Some foods can trigger mast cell activation and
exacerbate symptoms in individuals with FM.
Avoiding such triggers, such as histamine-rich
foods (e.g., aged cheeses, fermented foods),
may help reduce mast cell activation and
subsequent symptoms. Stress can exacerbate
symptoms of FM and may influence immune
system function, including mast cell activation.

Stress  reduction techniques such as
mindfulness, meditation, and relaxation
exercises may help modulate immune

responses and alleviate symptoms.®

Lately, it was found that T-type calcium
channels are essential in regulating excitatory
afferent pain fibers, so attempts are made to
block their activity to produce analgesic
effects.”® Additionally, various therapies with
genetic immunomodulatory effects have
emerged as promising treatments in recent
years.

Genes are potential candidates for novel FM
therapies

Among the identified FM-defining genes, 14 are
known targets of existing drugs, presenting
potential candidates for novel FM therapies.
Notably, few of these molecules are targeted
for allergy treatment, including MS4A2 (a target
for omalizumab) and histamine receptor H4
(HRH4) (a target for Tesmilifene and
Triprolidene).” Histone alterations, particularly
deacetylation imbalances, are likely involved in
the pain aspect of FM, demonstrated by the
impairment of histone deacetylase genes and
the successful use of histone deacetylase
inhibitors as analgesics.”

Potential therapeutic strategy targeting innate
cells

Mast cells are known to play a role in
neuroinflammation and pain, and targeting
these cells has been proposed as a potential
therapeutic strategy for FM.*® Medications such
as mast cell stabilizers (e.g., Ketotifen) may help
reduce mast cell activation and subsequent
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release of inflammatory molecules.”
Additionally, NK cells have been identified as
potential therapeutic targets for FM, and
investigating the regulatory mechanisms
underlying the interaction between transient
receptor potential cation channel subfamily M
member 3 (TRPM3) and opioid receptors in NK
cells has been identified as a vital area of
research.”® Modulating NK cell activity through
immunomodulatory agents could potentially
alleviate symptoms.

Potential therapeutic strategy targeting T cells
for FM

Biological agents targeting specific cytokines,
such as TNF-a inhibitors and IL-6 receptor
antagonists, have also been investigated. These
medications aim to modulate immune
responses by blocking key inflammatory
pathways.”

Targeting B cells and B cell-mediated pathways
are potential therapeutics for FM

Clinical trials investigating B cell depletion
therapy have shown promising results in
improving symptoms and quality of life in FM
patients. A study by Hauser et al., 2019, found
significant improvements in pain and fatigue
scores after rituximab, a B cell-depleting agent,
in FM patients compared to placebo.”

Probiotics are potential therapeutics for FM

Several members of the normal flora have pro-
or anti-inflammatory properties, changes in the
ratios of which have been detected in FM
patients.>>**® Therefore, therapeutic strategies
targeting the microbiome could be a
prospective management of FM conditions. Via
the gut-brain axis, the gut microbiome affects
the nervous system, therefore, the cognitive
and psychological effects seen in FM can be
improved by probiotic therapy.” Butyric acid
has shown immunomodulatory and anti-
inflammatory effects and has been investigated
in visceral and neuropathic pain for its analgesic
effect.”” A previous study showed that the use
of Nabilone in 40 patients with FM
demonstrated pain relief and anxiety
reduction.”®

Conclusion

FM is a complex disorder that has uncertain
etiology, pathogenesis, diagnosis, and thus,
treatment. Most of these cases go undiagnosed
which leads to worsening of quality of life. This
review emphasized on the interplay between
genetic predisposition, immune dysregulation,
and environmental factors in the pathogenesis
of FM. Through such meticulous study of innate
and acquired immunity triggers, including the
role of  genetic  variants, epigenetic
modifications, and gut microbiome alterations,
this article was focused on the multifaceted
nature of FM's etiology. In FM the dysfunction
of  pro-inflammatory  cytokines, altered
neuroimmune reactions and abnormal immune
cell activation resulted in hyperalgesia,
allodynia, and various functional symptoms.
Furthermore, the elucidation of FM's
associations with various autoimmune diseases
highlights the complexity of its symptoms and
the importance of considering overlapping
pathophysiological mechanisms. Importantly,
the discussion included potential therapeutic
strategies, ranging from pharmacological
interventions  to novel genetic  and
immunomodulatory approaches, offering hope
for improved symptom management and
quality of life for FM patients. However, further
research in this area is needed to ensure the
development of an effective treatment
approach that can help in relieving the
symptoms and improving FM patient’s quality of
life.
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