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ABSTRACT 

Fibromyalgia is a worldwide, non-inflammatory rheumatological syndrome considered by extensive 

musculoskeletal pain, which is the furthermost public sign. Fibromyalgia as well is associated with a 

diversity of additional multipart symptoms, including depression, fatigue, neuropathic pain, and irritable 

bowel syndrome, that often intersect with those of further diseases. Due to the inadequate understanding 

of the pathogenesis of Fibromyalgia, in addition to the lack of exact biomarkers and laboratory tests, the 

diagnosis and treatment of this disorder keep on challenging. 

In this review, we sightsee the probable efficacy of microRNAs as diagnostic biomarkers for 

Fibromyalgia. Recently, miR-145-5p and miR-451a have been proposed to be dysregulated in entities 

with Fibromyalgia. At the time miR-145-5p is involved in the regulation of pain perception and the 

modulation of inflammatory and neuropathic pain pathways; conversely, miR-451a has been concerned 

with the pathogenesis of depression, frequently comorbid conditions in Fibromyalgia patients.  

We emphasize these two microRNAs, miR-145-5p and miR-451a, and inspect their mechanisms and 

pathways in the framework of Fibromyalgia. By inspecting the underlying mechanisms through which 

these microRNAs contribute to the multifaceted symptomatology of Fibromyalgia, we goal to clarify their 

probable diagnostic use as biomarkers. 

 
 

 

Keywords: Depression, Fibromyalgia, MiR-145-5p, MR-451a, Pain. 
 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
 

1. INTRODUCTION 
 

Fibromyalgia (FM) is a common rheumatologic syndrome with an unclear etiology. FM is distinguish 

with the most characteristic primary manifestation; pain which prolonged at least three months [1]. This 

pain begins locally, after that, widespread at numerous parts of the body [2]. Geographic variety is also 

noted, where industrialized countries reporting a greater prevalence than economically weak regions or 
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rural [3]. FM affecting approximately 5.0% of the world’s population, and this percentages vary from 

country to another due to the different methods of determining them. The age groups involved are also 

vary in addition, variations in sociocultural standards [4]. The percentage found in Europe, America, 

Asia, Spain, and Saudi Arabia are 2.64%, 2.41%, 1.62%, 2.4%, 13.4% respectively [5] [6] [7].  

FM has become worldwide prevalence, occurs at any age, but the most common age is 30 and 60, and 

affects 80-96% more women than men [8]. Research illustrated that the prevalence in women between 30 

and 39 is 3.5%, 5% between 40 and 49, and elevate to 10.1% between 50 and 59, while this percentage 

decrease between 60 and 64 to reach to 7.2%, and in older people than 65 is 5.5% [9]. This can be 

explained on the basis of the prospective role of gonadal sex hormones in perception of pain, that is 

obvious also in other phases that related to hormones, like the premenstrual and postmenopausal periods 

[10]. Commonly, women have greater sensitivity to pain three times more than men as they both differ in 

their responses to pain [11].   

 

Common comorbidities symptoms accompanied with FM 

This musculoskeletal pain is described as a neuroinflammatory process that widespread and affect the 

central nervous system (CNS) [12]. There are complex symptomatology accompanied with FM 

comprising of chronic fatigue syndrome (CFS), anxiety, memory impairment, irritable bowel syndrome 

(IBS), joint stiffness, sleep deprivation, depression, restless leg, psychiatric disturbances, mood disorders, 

and neuropathic myofascial pain, hence all these comorbidities symptoms complicate the diagnosis and 

treatment of FM [13].  

Psychiatric comorbidities represent a high prevalence among patients with FM (13–80%), such as 

major depressive and anxiety-like behavior reported by more than 50% of people with FM (19–65%), and 

their negative effects often lower quality of life [14]. Anxiety may be related to the irregular and 

persistent nature of symptoms, whereas depression caused by prolonged hyperalgesia [15]. 

Approximately 20-70% of FM patients coordinate with the diagnostic criteria for CFS [16] thus, it 

might be difficult to differentiate between FM and CFS due to similarities in symptoms [17]. 

Interestingly, 30-70% of FM patients are suffering from IBS [18]. Abdominal pain, altered bowel 

habits, constipation, and bloating are the common gastrointestinal symptoms comorbidity with FM that 

reflect chronic pain [19]. 

In addition, there are other several comorbidity diseases associated with FM patients and have similar 

symptoms which complicating the diagnostic process as autoimmune disorders [20]. These diseases are as 

rheumatological conditions, systemic lupus erythematosus (SLE), and rheumatoid arthritis [21].  

Moreover, restless leg syndrome is a another comorbidity disease can be concurrently diagnosed with 

FM patients, that included 64% of FM females [22]. In addition, interstitial cystitis, Headaches, and 

migraine are also co-morbidities conditions in patients with FM and represent 40% [23]. 

Temporomandibular Joint Disorder (TMJ), is a form of pain diseases which affect 31% of FM patients 

especially soft tissues in various body regions as joints, muscles, and ligaments. The stress, and 

depression are also the most common symptoms characterized this disease [24]. 
 

Etiology of Fibromyalgia 

Although the main etiology of FM is still unknown, there are numerous factors responsible for 

pathophysiology, etiopathogenesis, and the development of FM [25]. It is thought by many to be 

multifactorial and include potent interactions between genetic, environmental, as well as neurological 

variables [26]. Accordance with current studies, FM defined predominantly as a condition of central 

sensitization; it is a regulatory mechanism in which CNS becoming hypersensitive to pain stimuli [27, 28] 

Dysregulation in neurotransmitters including serotonin, norepinephrine, as well as dopamine 

concentration which are regulator factors in the pathophysiology of FM resulting in alteration of pain 

pathways, and increase pain sensitization [29]. Also, genetic predisposition contributes to increased 

susceptibility to FM, and affect pain perception [30]. Additionally, psychological and environmental 
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alterations that involve infections, sleep deprivation, physical trauma, and emotional stress are thought to 

cause hypothalamic pituitary adrenal axis (HPA) dysregulation which precipitate FM symptoms, and 

increase response to pain [31, 32]. Chronic pain is believed to be influenced by immune system 

dysregulation and inflammation and abnormalities in them lead to aggregate FM symptoms [33]. The 

precise mechanisms of understanding FM keep elusive despite all these noticeable causes and insights 

thus, this makes diagnosis, managing, and treatment of FM very difficult [34]. 

 

Diagnosis criteria and limitations of FM 

The diagnosis of pain has been assessed according to the American College of Rheumatology (ACR) 

classification at eighteen body sites [35]. Thus, FM’s pain features must be understanding for best 

diagnosis of FM and effective treatment [36]. The diagnosis of FM is very complicate because lack of 

comprehensive understanding of several states of musculoskeletal, and existence of resemblances of 

symptomatic, definitions, and pathogenesis in musculoskeletal diseases thus, accompanying diagnosis 

must be understood in overlapping conditions [37]. Symptom Severity Scale (SSS), and Widespread Pain 

Index (WPI) were updated in 2010 by the ACR criteria to involve both fatigue, and cognitive symptoms 

[38]. Nevertheless, patient diversity in symptoms yet causes inconsistent diagnosis of the condition [39]. 

On the other hand, the subjective nature of FM symptoms, which mainly depend on patient self-reporting, 

presents difficulties for clinicians as well particularly in primary care centers [40].  

Furthermore, the diagnosis of FM involves that organic diseases shouldn’t be the main cause of 

symptoms [41]. Unfortunately, FM patients resort to numerous clinical visits, specialist sessions, and 

investigations thus, this leading to increasing their anxiety, disappointment and discontent [2]. 

Subsequently, due to absence of specific laboratory tests for FM, and there isn’t ideal standard for FM 

diagnosis, the criteria of the 1990 ACR classification have been applied in clinical states, but it isn’t 

perfect for diagnosing every patient [42].  

Treating FM is very difficult because there isn’t any drug or treatment can work on all symptoms or is 

suitable for all patients. Thus, the purpose of the treatment is to enhance the life’s quality and existing 

with pain rather than treating pain [43]. Non-pharmacological methods, psychological therapy, as well as, 

exercise programs are very important for treating FM [44]. Despite, FM Pharmacotherapy is various that 

involve; pregabalin, amitriptyline, duloxetine, amitriptyline, cyclobenzaprine, tramadol, in addition 

milnacipran, but all of these drugs are unsatisfactory [45].  

 

Frequency of misdiagnosis and delayed diagnosis 

According to research, patients with FM often experience prolonged suffering due to misdiagnosis or 

delayed diagnosis. The frequency of delayed or incorrect diagnosis has been measured in a number of 

studies [46]. It was reported that more than 60% of FM patients have a delay in diagnosis, with an 

average delay of  (2 -5) years following the onset of symptoms [47]. The overlap of FM symptoms with 

lupus, rheumatoid arthritis, and chronic fatigue syndrome is the main reason for this delay [37, 48]. 

Similarly, prior study illustrated that a comprehensive European study conducted in 2009 by the 

European Network of Fibromyalgia Associations (ENFA), and Pfizer Inc found that the average time it 

took to diagnose FM was eight years from the onset of symptoms [49]. Furthermore, 38% of patients 

surveyed indicated that they had received at least one wrong diagnosis prior to receiving an appropriate 

diagnosis of FM [50, 51]. 

In addition, because FM has a strong correlation with mental health comorbidities, it is misdiagnosed 

mostly as depression or other psychiatric diseases [52]. Women especially are more susceptible than 

males to be diagnosed with symptoms of both FM and depression [53]. 

Moreover, delays in diagnosis are also influenced by geographic differences. According to a Brazilian 

study, FM patients in rural areas had greater diagnosis delays than those in urban areas sometimes lasting 



Barakat, et al AJBAS Volume 6, Issue II, 2025 

  

228 
 

up to 10 years  [54, 55]. This may be because there is a lack of contact to specialists who are 

knowledgeable about FM and healthcare resources [56]. 

Consequently, these statistics suggest a serious problem with FM diagnosis, as many patients have 

prolonged periods of misdiagnosed or unclear symptoms [57]. As well as, early and accurate diagnosis is 

further complicated by the lack of specific biomarkers and a lack of awareness among clinicians [58], 

resulting in useless therapies and a decline in their quality of life [59]. 

 

2. Diagnostic tools 
 

2.1. Neuroimaging Techniques 

Researchers are able to discover irregularities in the CNS in FM patients preclinically and clinically. 

Positron emission tomography (PET), and functional magnetic resonance imaging (fMRI) can visualize 

neuroinflammation, occupancy of neuroreceptors related to pain [60, 61]. These imaging techniques have 

been used in studies that have shown disrupted connections in brain regions like the anterior cingulate 

cortex and insula that are linked to pain processing [62]. These results reveal that neuroimaging 

techniques are not specific as a diagnostic tool for detecting particular brain patterns linked to FM [63]. 

2.2. Autonomic Nervous System Testing 

Patients with FM frequently involvement autonomic dysfunction, which can present as symptoms like 

orthostatic intolerance, dizziness, cognitive impairment, anxiety, and irregular heart rate variability [64]. 

Assessing the autonomic nervous system or heart rate variability analysis may offer an extra diagnostic 

tool for symptoms, but these symptoms diagnosis may be not distinguish FM from other chronic pain 

conditions [65]. 

 

2.3. Cytokine Profiling 
 

Considering that FM is thought to be influenced by chronic inflammation, some research is looking 

into cytokine profiles as potential diagnostic indicators [66]. FM patients exhibit elevating of pro-

inflammatory cytokines levels, as tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6) which 

may indicate their involvement in the pathophysiology of the condition [67]. Cytokine profiling is still not 

a focused method for identifying FM from other chronic pain syndromes [68]. 

 

2.4. Metabolomic and Proteomic Approaches 

 

Remarkably, both previous and recent studies investigated that Proteomics; is the study of proteins, 

and metabolomics; is the study of tiny molecules involved in metabolism, and both are an emerging 

method used in the FM diagnosis [69, 70]. Researchers examining the metabolic profiles of FM patients 

are observing unique metabolic alterations, as lipids and amino acids, that related to pain, fatigue, and 

cognitive failure [71]. Study demonstrated that inflammation and neuropathic pain are linked to elevated 

levels of ceramides, and Sphingomyelins [72]. Also, it has been found that pro-inflammatory eicosanoids, 

like prostaglandins are capable of intensify pain [73]. In addition, dysregulation in triglyceride levels, and 

phospholipid indicate problems with energy storage, and mitochondrial membranes disorders which may 

be a factor in fatigue and energy deficiencies [74,75]. Furthermore, cognitive function, neuroprotection, 
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depression, and myelin integrity influenced by low concentrations of polyunsaturated fatty acids as 

omega-3 fatty acids [76], and alteration in cholesterol metabolism [77, 78]. 

 

Likewise, studies confirmed that proteomic analysis is used to detect protein markers in FM patients' 

serum and cerebrospinal fluid, hence this in turn facilitate the differentiation FM from other diseases 

[79,80]. The synthesis of neurotransmitters, and the regulation of oxidative stress all depend on amino 

acids, and FM symptoms have been connected to altered amino acid levels [81]. It was illustrated that 

chronic pain and increased central sensitization are linked to elevated glutamate levels in the CSF [82]. 

Moreover, aspartate contributes to excitatory neurotransmission and may be connected to increased pain 

perception [83]. Otherwise, low levels of tryptophan can result in less serotonin being synthesized, which 

can affect mood and fatigue [84]. Decreased levels of leucine, isoleucine, and valine, three branched-

chain amino acids (BCAAs), can affect muscles' ability to produce energy and cause fatigue [85]. 

Reduced amounts of tyrosine, affects cognitive processes including memory, and attention, and may lead 

to cognitive deficiencies [86]. Additionally, phenylalanine imbalance can have an indirect effect on 

neurotransmitter balance [87]. 

 

Recent updates for diagnostic tools 

 

MicroRNA (miRNA) Biomarkers 

 

Current studies have been focused on discovering biological markers and creating alternatives 

diagnostic equipment in order to overcome the disadvantages of conventional FM diagnostic techniques 

[88, 89]. Interestingly, using MicroRNA (miRNA) biomarkers as non-invasive blood-based biomarkers 

may provide a more precise and accurate way to diagnose FM and effective treatment [90,  58]. It has 

been found that there are specific miRNAs as miR-145-5p and miR-451a are dysregulated in FM patients 

[91, 92]. 
 

Although these alternative biomarkers have a great potential, their application in clinical practice is 

still in its early phases, and they haven't been widely applied. To verify the accuracy and specificity of 

these possible diagnostic instruments, extensive validation research is required [93].  

 

Understanding microRNA (miRNA) biomarkers 

 

MicroRNAs (miRNAs) are small non-coding RNA molecules, the normal mature miRNA consists of 

21 or 22 nucleotides (nt) in the length [94]. Two decades ago, the information about existence of miRNAs 

and their vital role in the diagnosis of diseases were completely unknown, but the genes that encode the 

protein were well known [95]. After that, with adequate understanding of transcribing DNA into RNA, 

and then translating it into protein, the scientists paid attention to the study and research of all non-

protein-coding sequences [96]. According to transcript lengths of non-coding RNAs, they can be 
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classified into two main types; small non-coding RNAs that <200 nt in length including microRNAs, 

while long non-coding RNAs (lncRNA) that longer than >200 nt [97].  

 

For studying miRNA, and their target genes, there have been about 1000 computational tools were 

identified as bioinformatics algorithm since 2003 that contributed to the analysis of miRNA expression. 

MiRNA were classified according to their influence on physiological processes, development, and 

diseases [98].The first miRNA was discovered in 1993 in the Victor R. Ambros laboratory [99]. The real 

development of miRNAs were in 2007 through intercellular RNAs that is released into the extracellular 

space in vesicles, transferring RNA cargo to receiver cells [100]. Thereafter, it was reported in 2008 that 

miRNAs can be detected in all body fluids, particularly serum, cerebrospinal fluids (CSF), and plasma, 

and can be used as biomarkers and therapeutic targets, and dysregulation of their concentration either up 

or downregulation used as disease biomarkers [101].  

 
 

3. MicroRNA biogenesis and functional networks 

There is a clear process for miRNA biogenesis, which begins with transcription and concludes with 

the production of mature miRNAs Figure (1): 

 

3.1.  Transcription step 

In the biogenesis of miRNA, both RNA polymerases II and III are responsible for generation of 

miRNA precursors, then passes on series of cleavage occur in the nucleus and cytoplasm resulting in 

production of mature miRNA. This can occur through transcription of microRNAs as primary transcripts 

(pri-miRNAs) [102]. 

3.2.  Processing in the Nucleus 

In the nucleus, the pri-miRNAs cut into precursor microRNAs (pre-miRNAs) via DiGeorge syndrome 

critical region 8 (DGCR8) and Drosha within the nucleus [103]. After this processing stage, pre-miRNAs 

are created, these molecules are roughly 70 nucleotides long [104]. 

3.3.  Export to the Cytoplasm 

Further, they transported to the cytoplasm by Exportin-5 (XPO5), and it depends on energy and 

performs transport via Ran-GTP [105]. 

3.4.  Cytoplasmic Processing 

After entering the cytoplasm, the pre-miRNAs are processed further by the Dicer ribonuclease enzyme 

[106]. Dicer splits them and creates mature duplex miRNA, and they usually consisting of 22 nucleotides-

long RNA duplexes [107]. 

3.5.  Incorporation into RISC 

Following the strand mature RNA duplexes, it combined with RNA-induced gene silencing complex 

(RISC), and finally form mature microRNAs, whereas the second strand is typically broken down [108]. 

3.6. Target Gene Regulation 

The 3' untranslated region (3' UTR) of target mRNAs is often where the miRNA-RISC complex 

attaches to complementary sequences. Depending on the level of complementarity, this binding may 
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reduce translation or cause the target mRNA to degrade [109]. By adjusting gene expression at the post-

transcriptional level, this regulatory mechanism enables miRNAs to regulate a number of biological 

processes [110], such as inflammation, development, differentiation, and apoptosis [111]. 

 

 
Figure (1): Biogenesis and maturation of microRNAs, Pri-miRNAs (primary microRNAs); 

Precursor microRNAs (pre-miRNAs); DGCR8 (DiGeorge syndrome critical region 8); RISC (RNA-

induced gene silencing complex) [112]. 

 

The advantages of miRNAs  

Dysregulated miRNAs have the potential to change cellular homeostasis and have a role in the 

development of diseases. The advantages of miRNAs as biomarkers are distinct [113]. The specificity of 

miRNAs plays a vital role in providing targeted diagnostics [114] because of their tissue- and disease-

specific expression patterns [115], as  miR-122, which is a specific biomarker for liver disorders [116]. 

Furthermore, miR-21, is one of cancer-specific miRNAs due to overexpression in almost types of cancer, 

which reveal information regarding the types and growth of tumors as gastrointestinal cancers [117], lung 

cancer [118], and prostate cancer [119]. Due to the resistance of miRNAs to degradation, they can be 

reliably detected in various clinical samples like urine, CSF [120], blood, and saliva which provide 

stability [121]. Additionally, studies confirmed that microRNAs play an important role in regulation of 

the levels of the target genes expression via RISC by using various mechanisms [122]. Gene silencing 

mechanism is evaluated according to the relation between the nature, and the amount of miRNAs and the 

target genes [123]. When miRNA and its target exhibit partial complementarity, the RNA-induced 

silencing complex, or miRNA-RISC, prevents mRNA from being translated into protein without causing 

mRNA degradation [124]. The miRNA-RISC complex encourages the degradation of the target mRNA in 

case of the complementarity between the miRNA and mRNA is high, which results in decreased gene 

expression [125]. 
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4. Functionality of miRNAs 

4.1. Regulation of developmental processes 

Furthermore, the effectiveness of miRNAs and their dysregulation has been shown to regulate 

numerous biological functions and linked to pathological processes. These processes are involving 

proliferation, differentiation, growth, cell cycle, apoptosis, inflammation, cellular development, disease 

conditions, metabolism, and metastasis due to they control highest percentage of the human protein-

coding genome [126]. In particular, many researches have pointed out notably the relation between 

miRNAs, as well as circular RNAs, and lncRNAs, in the diagnosis of various human diseases including 

neurological disorders, cardiovascular, infectious diseases, and human cancers [127]. Studies have 

emphasized that a single miRNA may be an ideal regulator for more than 200 genes [128].  
 

In contrast, many miRNAs can control a single gene, thus reaching to target miRNAs that are very 

important issue in biomedical research as therapeutic targets and biomarkers of diseases [129,130]. 

Certain miRNAs control the synthesis of cytokines and inflammatory pathways, which in turn affects the 

immune response. MiR-146a play a vital role in the suppression of inflammation, but miR-21 has been 

demonstrated to enhance inflammatory responses [131]In addition, miRNAs contribute in the 

embryogenesis, brain's growth, and development of CNS [132] due to they control numerous biological 

processes like organ formation, and cell proliferation, tissue differentiation [104].  
 

MiR-290 cluster has a critical role in the pluripotency and differentiation in embryonic stem cells via 

regulation MAPK signaling pathway [133]. It has been found that miR-124 affect the development of 

neuronal pathways in the nervous system [134, 135], also miR-9 [136] and both play a role in the 

differentiation of neural stem cells into neurons [137]. 
 

4.2. MiRNAs act as oncogenes (oncomiRs) or tumor suppressors  

There are two types of miRNAs including oncomiRs and tumor suppressors. OncomiRs induce cancer 

progression via blocking tumor suppressor genes as miR-21considers oncomiRs in several types of 

cancers involving breast, colorectal cancer, and lung [138]. Whereas tumor-suppressive miRNAs 

downregulate the growth of cancer by targeting oncogenes [139]. 
 

4.3.  Neuroplasticity and Pain 

MiRNAs control neuronal transmission and neuroplasticity [140], as they can control pain perception 

via control genes which regulate neurotransmitter receptors, ion channels, and signaling pathways [140]. 

It is well recognized that miRNAs affect inflammation and brain functions to modify pain perception in 

diseases such as FM. Chronic pain syndromes as rheumatoid arthritis can be impacted by miRNAs that 

regulate inflammation and pain pathways, like miR-145-5p and miR-451a [141]. It was reported that 

certain miRNAs like miR-29 and miR-132 affect neurological disorders as Alzheimer's disease by 

modifying genes linked to the processing of amyloid precursor proteins, and neuroinflammation [142]. 

Also, miR-7 and miR-153 influence Parkinson’s disease through regulating alpha-synuclein, that produce 

aggregation of toxins in Parkinson’s disease [143]. 
 

4.4. Stress and Hormonal Regulation:  

MiRNAs has direct effect on the hypothalamic-pituitary-adrenal (HPA) axis, which controls stress 

hormones as cortisol [144]. Also, dysregulation of miR-34a and miR-124a lead to chronic stress 

conditions that involve depression and anxiety disorders. 

 

4.5. Cardiovascular disease  

Heart muscle development, and vascular function are influenced by some miRNAs, such as miR-1 and 

miR-133a [145]. MiR-33, miR-126, as well as miR-21 protect from atherosclerosis because they have a 

vital role in regulation cholesterol metabolism and endothelial function [146]. The dysregulation in the 

levels of such miRNAs used in the diagnosis of heart failure and myocardial infarction [147]. 
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4.5. The miRNAs’ role in the immune system regulation, and in inflammatory and autoimmune 

diseases 

miRNAs have the ability to modulate immune responses via regulation of the inflammatory pathways, 

modulating immune cells, and control both innate and adaptive immune processes [148]. It was 

documented that rheumatoid arthritis and many sclerosis are under controlling by some miRNAs as miR-

146a, and miR-155 via inhibition of pro-inflammatory signaling pathways [149]. Furthermore, thymic 

development and T-cell receptor sensitivity are regulated by miR-181a, which helps in the appropriate 

maturation of immune cells [150]. 

4.6. Involvement in metabolic disorders 

Because miRNAs regulate metabolism-related genes, they are associated with metabolic disorders 

such as diabetes and obesity [151]. Insulin secretion and beta-cell activity in the pancreas are mediated by 

the most abundant miRNA in pancreatic islets as miR-375, which accounts for 10% of β-cell miRNAs 

[152]. Insulin resistance and Type 2 diabetes have been linked to the dysregulation of numerous of 

miRNA as miR-29, miR-146, miR-24, miR-25, miR-96, and miR-34a [153]. 
 

MiR-33 controls genes related to fatty acid metabolism and cholesterol transport, which in turn 

maintains cholesterol homeostasis, lipid metabolism, and inflammation [154]. Thus, the potential role of 

miR-33 exhibited in the treatment of dyslipidemia, obesity, diabetes, and atherosclerosis [155] .  

Generally, miRNAs are being researched as possible treatment targets for a number of disorders 

because of their participation in so many important pathways. Two methods for modifying miRNA 

activity include miRNA mimics and antagomiRs (anti-miRNA oligonucleotides) [156]. The function of 

downregulated miRNAs can be restored by introducing these synthetic miRNAs into cells [157]. 

AntagomiRs types of mRNA are designed to suppress the action of particular specific miRNAs which are 

pathogenic and upregulated [158]. 

 

Exploring the influence of miRNAs as key regulators on inflammation, pain, stress responses, and 

immune response in FM 

The heterogeneity of FM symptoms and the lack of a clear etiology make it very difficult to determine 

specific miRNAs involved [159]. Recent studies have found that certain miRNAs are differentially 

expressed in FM patients compared to healthy controls [88,160]. Research is ongoing to understand the 

exact mechanisms by which these miRNAs contribute to the symptoms of FM and to explore their 

potential as therapeutic targets. Overall, miRNAs hold promise in enhancing our understanding of FM 

and developing new diagnostic and therapeutic approaches [161].  
 

MiRNAs can influence pain perception by targeting genes involved in the development of nervous 

systems and function through regulation of ion channels, neurotransmitter receptors, and other molecules 

critical for nerve signaling and pain processing [162]. Chronic inflammation is a feature of FM, and it has 

been found that miRNAs are known to modulate inflammatory pathways either inducing or suppressing 

inflammatory signaling pathways as miR-21 that capable of eliciting pro-inflammatory responses via 

regulating macrophage polarization [163].  
 

Recent study indicated that some miRNAs contributed in the pathogenesis of chronic inflammatory 

conditions affecting the production and release of cytokines, chemokines, and other inflammatory 

mediators, potentially contributing to the chronic pain and fatigue seen in FM [99]. In addition, it has 

been showed that there are some miRNAs can influence the nuclear factor kappa-B (NF-κB), and 

mitogen-activated protein kinases (MAPK) signaling pathway [164]. The hypothalamic-pituitary-adrenal 

(HPA) axis which regulates the body's response to stress, is often dysregulated in FM [165]. Also, 

miRNAs may play a role in this dysregulation by modulating the expression of stress-related genes [166].  
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Some of these miRNAs that have been identified as downregulated in FM include miR-320a, miR-

103a-3p, and miR-22-3p, miR-151a-5p, miR-23a-3p [167]. Also, miR-139-5p, miR-107, miR-1, let-7a-5p 

[91], miR-133a, and miR-30b-5p all of these miRNAs are downregulated in FM. In addition, miR-142-

3p, miR-346, miR-320b, and miR-374b-5p and this in the line with [168]. 
 

There are various miRNAs studies in FM patients as explained in (Table.1). Different mechanisms are 

often presented in various studies that identify miRNAs, as biomarkers for FM and other disorders [58, 

169]. In addition, pathways are vary and they typically contain down or up regulation [170] depending on 

the disease under investigation [171 ,172]. 
 

Table. 1 Various miRNA in FM patients 

No. miRNA Name Regulation in FM Mechanism Pathway References 

1

1 

miR-145-5p Downregulated Positively correlates with pain and 

fatigue; its downregulation may lead to 

increased expression of pro-

inflammatory cytokines as IL-6, TNF-α, 

contributing to FM symptoms. 

Inflammatory 

pathways, as NF-κB 

pathway  

 

 

[58, 88] 

2

2 

miR-320a Downregulated Regulates inflammatory pathways and 

neuronal regeneration; its 

downregulation is linked to chronic 

inflammation and impaired neuronal 

repair mechanisms. 

Inflammatory 

pathways and 

neuronal 

regeneration 

pathways as NF-κB 

Pathway 

 

[173,174] 

3

3 

miR-103a-3p Downregulated Plays a role in neural plasticity and pain 

regulation; decreased expression 

leading to increased inflammation and 

pain sensitivity. 

SNRK/NF-κB/p65 

signaling pathway 

 

 

[175, 176] 

4

4 

miR-130a-3p Downregulated 

 

 

Targets genes involved in pain 

modulation and inflammatory 

responses; its downregulation may 

result in the upregulation of pro-

inflammatory genes, exacerbating pain 

and inflammation. 

Inflammatory 

pathways as 

JAK-STAT 

Pathway 

 

[177] 

5

5 

miR-1-3p Downregulated Modulates pain and inflammatory 

responses; decreased levels may lead to 

increased expression of pain-related 

genes and inflammatory mediators. 

Pain signaling and 

inflammatory 

pathways as 

Inflammatory 

pathways as JAK-

STAT Pathway 

 

[178] 

6

6 

miR-22-3p Downregulated Acts as a neuroprotective agent; 

regulates genes related to immune 

response, apoptosis, and autophagy. Its 

downregulation may impair these 

processes, contributing to neuronal 

damage and FM symptoms. 

Immune response, 

apoptosis, and 

autophagy 

pathways, as PI3K-

AKT-mTOR 

Pathway 

 

[179, 180] 

 

7

7 

miR-151a-5p Downregulated Influences cytokine regulation and pain 

signaling pathways; reduced expression 

may lead to increased pro-inflammatory 

cytokine production and heightened 

pain perception. 

Cytokine regulation 

and pain signaling 

pathways as 

TRPV1-Mediated 

Pain Signaling 

 

 

[181] 

8

8 

miR-23a-3p Downregulated Modulates cytokines and chemokines; 

its downregulation is linked to increased 

pain sensitivity and inflammation due to 

the upregulation of pro-inflammatory 

mediators. 

Cytokine and 

chemokine 

signaling pathways 

as JAK-STAT 

Pathway 

 

[91,182] 
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9

9 

miR-223 Downregulated Associated with CNS injury and 

neuropathic pain; affects inflammation 

pathways. Its reduced levels in CSF, 

and serum may lead to increased 

inflammatory responses and neuronal 

damage. 

Inflammatory 

pathways as JAK-

STAT Pathway, and 

NF-κB Pathway 

 

[183] 

1

10 

miR-29a-3p Downregulated Modulates chronic fatigue and pain; its 

downregulation may disrupt these 

pathways, leading to increased fatigue 

and pain. 

Systemic 

cholinergic as 

Cholinergic Anti-

Inflammatory 

Pathway, and Wnt 

pathways 

 

[88] 

1

11 

miR-128-3p Downregulated Regulates pain and fatigue; influences 

BDNF. Decreased levels may result in 

altered BDNF expression, affecting 

neuronal function and contributing to 

FM symptoms. 

Wnt pathway and 

BDNF modulation 

 

[88,184] 

1

12 

miR-199a-3p Downregulated Inhibits inflammatory cytokines; its 

downregulation is linked to increased 

production of pro-inflammatory 

cytokines, leading to persistent pain and 

fatigue. 

Inflammatory 

pathways as 

JAK-STAT 

Pathway 

 

[185,186] 

1

13 

miR-375 Downregulated Involved in neurological functions and 

pain perception; its reduced expression 

is linked to cognitive dysfunction and 

altered pain perception in FM patients. 

Neurological 

function and pain 

perception 

pathways as 

TRPV1-Mediated 

Pain Signaling 

 

[172] 

1

14 

 

 

 

 

miR-150-5p Downregulated Central regulator of immune responses; 

suppresses B-cell activation. Its 

downregulation may lead to increased 

B-cell activity and autoimmunity, 

contributing to FM pathology. 

Immune response 

pathways as PI3K-

AKT-mTOR 

Pathway 

 

[187, 188] 

1

15 

miR-139-5p Downregulated Regulates chronic fatigue and pain; its 

downregulation may alteredt these 

pathways, leading to increased fatigue 

and pain. 

Systemic 

cholinergic and 

Wnt pathways 

 

[140] 

1

16 

miR-143-3p Upregulated Linked to mental fatigue and muscle 

functioning; elevated levels in FM 

patients may disrupt normal muscle 

function and contribute to fatigue. 

Muscle function 

and fatigue 

pathways, and 

Wnt/β-Catenin 

Pathway 

 

[189,190] 

1

17 

miR-320a Upregulated Correlated with fatigue and 

insomnia; inversely related to pain. 

Increased expression may affect sleep 

regulation and fatigue levels in FM 

patients. 

Sleep regulation 

and fatigue 

pathways 

 

[191] 
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1

18 

miR-21-5p Upregulated Regulates inflammation and immune 

responses; modulates pro-inflammatory 

cytokines. Its upregulation may lead to 

increased inflammation and immune 

dysregulation in FM patients. 

Inflammatory and 

immune response 

pathways, and NF-

κB Pathway 

 

[192] 

1

19 

miR-155 Upregulated Vital in immune regulation; contributes 

to inflammation and pain. Elevated 

levels may enhance pro-inflammatory 

pathways, leading to increased pain 

perception in FM patients. 

Oxidative stress-

TRPA1 pathways 

 

[161, 193] 

 

 

Clinical applications of miRNAs as diagnostic and prognostic biomarkers 

MiRNAs have the potential to be used as diagnostic tools to distinguish between diseases similar with 

symptoms as miR-122 and miR-21 which are employed in cancer diagnostics to distinguish between 

colorectal and liver tumors, respectively [194]. Likewise, miRNA profiles have the ability to differentiate 

FM from other chronic pain conditions [195]. On the other hand, miRNAs levels may indicate the 

development of diseases such as cancer, FM, and heart disease. MiR-155 levels are directly proportional 

with severity of the disease which is elevated in patients with chronic rheumatoid arthritis [196]. This 

enable medical professionals to evaluate inflammatory activity thus modify the treatment [197]. In 

addition, myocardial damage is correlated with miR-208a and miR-499 levels, which indicate the 

probability of heart failure following an infarction [198]. 
 

Patient sensitivities to particular treatments can be predicted using miRNA profiles as miR-375 and 

miR-141 levels, which are specific miRNA that have direct effects on chemotherapy responses in patients 

of breast cancer [199]. Moreover, to improve modified treatment strategies for FM, miRNA profiles may 

be able to predict the response of patients towards certain drugs like duloxetine and pregabalin [168]. 
 

miR-145–5p is a microRNA encoded in the human by MIR145 gene on chromosome 5, it can be used 

as biomarker in the pathogenesis of different diseases as aplastic anemia [200]. These diseases  also 

involving FM [176], diabetic nephropathy [201], and rheumatoid arthritis [202]. MiR-145–5p playing 

pivotal roles in various biological processes, including inflammation, cell differentiation, and 

proliferation, as well as involved in the regulation of gene expression [203]. It has been showed that miR-

145–5p down-regulated in bladder cancer cells [204], and asthma [205].  

However, miR-145–5p elevated in cerebral ischemia reperfusion injury [206]. Interestingly, it has 

been suggested that up-regulation of miR-145–5p used as tumor suppressor in the diagnosis of various 

types of malignant diseases as breast cancer, gastrointestinal cancers, bladder cancer, renal cancer, 

prostate cancer, and cervical cancer [207]. On the other hand, the levels of biomarker miR-145–5p one of 

the most important miRNA that can help in distinguishing FM patients from healthy individuals because 

of the strong relation between its levels with FM in more than one type of body fluid [208]. Also, miR-

145–5p help in diagnosing of FM and assessing the severity of symptoms, and in monitoring the response 

to therapeutic interventions aimed at alleviating inflammation and pain [209].  

 

Role of miR-145-5p, and miR-451a in FM  
 

Particular miR-145-5p, and miR-451a influence the central sensitization process and pain pathways in 

chronic pain disorders as FM [210]. MiR-145-5p controls cytokine signaling pathways associated with 

FM and chronic pain, as well as inflammatory response and neuropathic pain pathways [88]. On the other 

hand, previous and recent studies confirmed that miR-451a regulates psychological stress and mood, 

depression and other prevalent FM comorbidities are linked to it [211, 212]. Also, its levels might be able 

https://www.sciencedirect.com/topics/medicine-and-dentistry/microrna
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/chromosome-5
https://www.sciencedirect.com/topics/medicine-and-dentistry/aplastic-anemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/diabetic-nephropathy
https://www.sciencedirect.com/topics/medicine-and-dentistry/rheumatoid-arthritis
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to reveal alterations in mental health, which would help with FM's comprehensive treatment [213]. 

Hence, clinicians can evaluate the complexity of symptoms and even estimate the effect of treatment by 

using these miRNAs as biomarkers for psychiatric states, intensity of pain, and inflammatory status in FM 

[214].  

 

Numerous investigations have observed notable variations in the expression of miR-145-5p. 

According to a study, FM patients' CSF levels of miR-145-5p were around 30% reduce than those of 

controls, and this was correlated with the severity of their symptoms, including fatigue and pain intensity 

[177]. Moreover, it was observed that miR-145-5p was downregulated by roughly 25% in settings where 

inflammatory markers were also raised, confirming its involvement in inflammatory pathways [215]. In 

contrast, previous study noted that miR-451a's overexpression is constant across various inflammatory 

situations, confirming its function as a general inflammatory marker, and it has been showed that its 

levels upregulated by roughly 50% in FM patients with chronic inflammation [216].  

 

Furthermore, to demonstrating the variations in miRNA expression in FM patients, these statistics 

support the validity of these miRNAs as biomarkers, which facilitates the creation of specific diagnostic 

test. To improve their predictive and therapeutic relevance in clinical settings, researchers are extending 

these findings through longitudinal investigations to investigate whether miRNA levels correspond with 

the course of FM symptoms or response to treatment. 

 

MiR-145-5p regulates inflammatory responses and pain pathways in FM 
 

Interestingly, miR-145-5p contributed in the pathogenesis of FM via its role in influencing gene 

expression, and its levels can reflect the underlying inflammatory status and potentially the intensity of 

pain and other symptoms in FM patients [177]. Current study has been showed that miR-145-5p modulate 

inflammation and pain pathways, which are central to the symptoms of FM, so it could be a potential 

therapeutic target for managing FM symptoms [215].  
 

Furthermore, miR-145-5p has anti-inflammatory properties by targeting specific pathways and 

molecules involved in inflammatory responses, and it has been found that its downregulation linked to 

overexpression of inflammatory mediators which can exacerbate inflammation [217]. Various studies 

reported that this miRNA can regulate the inflammatory response and apoptosis, and influences the 

expression of cytokines and other inflammatory mediators, contributing to chronic pain and fatigue 

experienced by FM patients [214, 218]. 
 

Additionally, miR-145-5p has been noted to play a role in the development and function of neural 

processes, and musculoskeletal systems which might affect pain perception and nerve signaling in FM 

[88]. In FM, the downregulation of miR-145-5p may affect nerve signaling and pain perception, leading 

to the widespread pain and fatigue characteristic of the condition [91]. 
 

Potential role of miR-451a as a biomarker and therapeutic target in FM symptomatology 
 

Study has highlighted the potential of miR-451a as a biomarker and therapeutic target in different 

conditions, and it has been studied for its regulatory functions in inflammation and its expression patterns 

in various diseases, specifically it is involved in modulating inflammatory responses [219]. Also, miR-

451a has been shown to play a significant role in vascular inflammation and the modulation of vascular 

smooth muscle [220]. So miR-451a used as a therapeutic target for inflammatory conditions, and this 

could have relevance for FM [214, 221].  

Although miR-451a is primarily studied in relation to conditions as major depressive disorder and 

myocardial infarction, its role in FM is developed [212]. It was reported that the cellular miR-451a 
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expression significantly associated with decreasing levels of serotonin through brain derived neurotrophic 

factor (BDNF) expression [222]. Also, miR-451a is elevating cortisol activity in patients with depression 

[223]. Depression stimulates oxidative stress and thus enhances downregulation of miR-451-a in the brain 

tissues and serum of patients [224]. Generally, research has indicated that miR-451a might be relevant in 

neurological and psychiatric conditions [225].  
 

As well as, miR-451a is implicated in the regulation of inflammatory pathways [226]. Various studies 

suggested that miR-451a might influence the pain perception and inflammation, two key aspects 

contribute to the symptomatology of FM [227, 228]. 
 

Additionally, miR-451a has been found to be a biomarker in different diseases due to its involvement 

in regulating stress responses, apoptosis, and cellular metabolism thus, it can relief pain, and fatigue via 

modulating oxidative stress pathways [229]. Hence, this regulatory function could extend to FM, where it 

might modulate the expression of genes involved in pain and inflammation, potentially providing a target 

for therapeutic intervention, and the downregulation of miR-451a in CSF of patients correlated with 

cognition and depression [230]. 
 

5. CONCLUSION 
  

MicroRNAs (miRNAs) regulate numerous biological functions and linked to pathological processes 

involved in FM. The exploration of miRNAs in FM reveals that they hold potential as biomarkers and 

therapeutic targets, contributing significantly to our understanding and management of this complex 

disorder. Ongoing research into miRNAs in FM is crucial for building a comprehensive understanding of 

their role in disease mechanisms and clinical management. The researches focus on miR-145-5p, miR-

451a which are often dysregulated in FM implicated in pain pathways and neuroinflammatory processes. 

Thus, understanding which miRNAs modulate pain pathways could lead to targeted therapies that 

alleviate pain more effectively, enhancing the personalization of FM treatment plans. Lastly, optimizing 

FM care and enhancing patients' quality of life may be possible by incorporating miRNA findings into a 

multidisciplinary strategy that includes pharmaceutical, physical, and psychosocial therapies. 

6. REFERENCES 
 

[1] C. Metyas, T.T. Aung, J. Cheung, M. Joseph, A.M. Ballester and S. Metyas, "Diet and Lifestyle 

Modifications for Fibromyalgia, " Current Rheumatology Reviews, vol. 20, pp. 405, 2024. 

[2] M. Favretti, C. Iannuccelli and M. Di Franco, "Pain biomarkers in fibromyalgia syndrome: current 

understanding and future directions, " International Journal of Molecular Sciences, vol. 24, pp. 

10443, 2023. 

[3] A. Akel, M.Y. Sarhan, M. Al Dwairy, A. Al-Qudah, O.A. Alsmarat, T. Alsaraireh et al., "The 

prevalence of fibromyalgia in adults at Al-Karak Jordan: a cross-sectional study, " Annals of 

Medicine and Surgery, vol. 86, pp. 1315–1321, 2024. 

[4] P.R. Lage-Hansen, S. Chrysidis, K. Amris, S. Fredslund-Andersen, R. Christensen and T. 

Ellingsen, "Prevalence of survey-based criteria for fibromyalgia and impact on hospital burden: a 7 

year follow-up study from an outpatient clinic, " Scandinavian Journal of Rheumatology, vol. 52, 

pp. 539–548, 2023. 

[5] I. Ruschak, P. Montesó-Curto, L. Rosselló, C. Aguilar Martín, L. Sánchez-Montesó and L. 

Toussaint, Fibromyalgia syndrome pain in men and women: a scoping review, in Healthcare, 11 

(2023), pp. 223. 

[6] P. Montesó-Curto, L. Toussaint, A. Kueny, I. Ruschak, S. Lunn, L. Rosselló et al., "Physical 

Activity and Exercise Experience in Spanish and US Men with Fibromyalgia: A Qualitative Cross-

Cultural Study, " International journal of environmental research and public health, vol. 20, pp. 

6731, 2023. 



AJBAS Volume 6, Issue II, 2025  Barakat, et al  

 

239 
 
 

 

[7] Y. Bawazir, "Prevalence of fibromyalgia syndrome in Saudi Arabia: a systematic review and meta-

analysis, " BMC Musculoskeletal Disorders, vol. 24, pp. 692, 2023. 

[8] P. Sarzi-Puttini, V. Giorgi, D. Marotto and F. Atzeni, "Fibromyalgia: an update on clinical 

characteristics, aetiopathogenesis and treatment, " Nature Reviews Rheumatology, vol. 16, pp. 645–

660, 2020. 

[9] I.B. Ozcivit, C.T. Erel and F. Durmusoglu, "Can fibromyalgia be considered a characteristic 

symptom of climacterium?, " Postgraduate medical journal, vol. 99, pp. 244–251, 2023. 

[10] O. Athnaiel, S. Cantillo, S. Paredes and N.N. Knezevic, "The role of sex hormones in pain-related 

conditions, " International journal of molecular sciences, vol. 24, pp. 1866, 2023. 

[11] A. Drusko, M. Renz, H. Schmidt, L. Schlömp, V. Papaiannou, N. Schmidt et al., "Clinical 

Phenomenology of Fibromyalgia Syndrome in Male Patients: Same But Different, " The Journal of 

Pain, vol. 24, pp. 2162–2174, 2023. 

[12] L. Suso-Martí, R. Núñez-Cortés, A. Sánchez-Sabater, M. Garrigós-Pedrón, F.J. Ferrer-Sargues, R. 

López-Bueno et al., Effects of exercise-based interventions on inflammatory markers in patients 

with fibromyalgia: a systematic review and meta-analysis, in Seminars in Arthritis and 

Rheumatism, 2024, pp. 152377. 

[13] A.M. Pinto, M. Luís, R. Geenen, F. Palavra, M.A. Lumley, J.N. Ablin et al., "Neurophysiological 

and psychosocial mechanisms of fibromyalgia: a comprehensive review and call for an integrative 

model, " Neuroscience & Biobehavioral Reviews, vol. 151, pp. 105235, 2023. 

[14] C.V.M. Sarmento, Z. Liu, I. V Smirnova and W. Liu, "Exploring Adherence to Moderate to High-

Intensity Exercises in Patients with Fibromyalgia: The Role of Physiological and Psychological 

Factors—A Narrative Literature Review, " Physiologia, vol. 3, pp. 472–483, 2023. 

[15] C.M. Galvez-Sánchez, C.I. Montoro, S. Duschek and G.A.R. Del Paso, "Depression and trait-

anxiety mediate the influence of clinical pain on health-related quality of life in fibromyalgia, " 

Journal of affective disorders, vol. 265, pp. 486–495, 2020. 

[16] M. Hulens, W. Dankaerts, R. Rasschaert, F. Bruyninckx, P. De Mulder and C. Bervoets, "The link 

between empty sella syndrome, fibromyalgia, and chronic fatigue syndrome: the role of increased 

cerebrospinal fluid pressure, " Journal of Pain Research, vol. 16, pp. 205–219, 2023. 

[17] S.E. Schutzer, T. Liu, C.-F. Tsai, V.A. Petyuk, A.A. Schepmoes, Y.-T. Wang et al., "Myalgic 

encephalomyelitis/chronic fatigue syndrome and fibromyalgia are indistinguishable by their 

cerebrospinal fluid proteomes, " Annals of Medicine, vol. 55, pp. 2208372, 2023. 

[18] M. Tattan, E. Ørnbøl, K.B. Wellnitz, D.J.C. Hanssen, T.M. Dantoft, J.G.M. Rosmalen et al., 

"Factors associated with having previously received a diagnosis of fibromyalgia, chronic fatigue 

syndrome and irritable bowel syndrome: A cross sectional DanFunD study, " Journal of 

Psychosomatic Research, vol. 181, pp. 111693, 2024. 

[19] N. Carrasco-Querol, L. Cabricano-Canga, N. Bueno Hernández, A.Q. Gonçalves, R. Caballol 

Angelats, M. Pozo Ariza et al., "Nutrition and Chronobiology as Key Components of 

Multidisciplinary Therapeutic Interventions for Fibromyalgia and Associated Chronic Fatigue 

Syndrome: A Narrative and Critical Review, " Nutrients, vol. 16, pp. 182, 2024. 

[20] J.A. Gómez-Puerta, J.L. Callejas-Rubio and G. Espinosa, Autoimmune and Rheumatic Diseases 

and Sexuality, in Medical Disorders and Sexual Health: A Guide for Healthcare Providers, 

Springer, 2024, pp. 291–304. 

[21] A. Lichtiger, G. Fadaei and C.E. Tagoe, "Autoimmune thyroid disease and rheumatoid arthritis: 

where the twain meet, " Clinical Rheumatology, vol. 43, pp. 895–905, 2024. 

[22] J. He, M. Chen, N. Huang and B. Wang, "Fibromyalgia in obstructive sleep apnea-hypopnea 

syndrome: a systematic review and meta-analysis, " Frontiers in Physiology, vol. 15, pp. 1394865, 

2024. 



Barakat, et al AJBAS Volume 6, Issue II, 2025 

  

240 
 

[23] I. Adelugba, S. Siddiqui, A. Aziz, E.J.B. De and G. Wolff, "Interstitial Cystitis/Bladder Pain 

Syndrome: What Today’s Urologist Should Know, " Current Bladder Dysfunction Reports, vol. 18, 

pp. 16–28, 2023. 

[24] T. Sahbaz and B.C. Karacay, "Investigation of temporomandibular disorders in patients with 

fibromyalgia syndrome: A case-control study, " Journal of Stomatology, Oral and Maxillofacial 

Surgery, vol. 124, pp. 101296, 2023. 

[25] L. Bazzichi, V. Giorgi, M. Di Franco, C. Iannuccelli, S. Bongiovanni, A. Batticciotto et al., 

"Environmental factors and fibromyalgia syndrome: A narrative review, " Clin. Exp. Rheumatol, 

vol. 42, pp. 1240–1247, 2024. 

[26] I. Demori, S. Losacco, G. Giordano, V. Mucci, F. Blanchini and B. Burlando, "Fibromyalgia 

pathogenesis explained by a neuroendocrine multistable model, " Plos one, vol. 19, pp. e0303573, 

2024. 

[27] A. Dumolard, J.-P. Lefaucheur, E. Hodaj, Z. Liateni, J.-F. Payen and H. Hodaj, "Central 

sensitization and small-fiber neuropathy are associated in patients with fibromyalgia, " The Clinical 

Journal of Pain, vol. 39, pp. 8–14, 2023. 

[28] F.M. Nimbi, A. Renzi, E. Limoncin, S.F. Bongiovanni, P. Sarzi-Puttini and F. Galli, "Central 

sensitivity in fibromyalgia: testing a model to explain the role of psychological factors on 

functioning and quality of life, " Clin Exp Rheumatol, vol. 42, pp. 1187–1197, 2024. 

[29] E.M. Samy, R.R. Radwan, F.M. Mosallam and H.A. Mohamed, "Nano-pregabalin effectively 

mitigates Glut, CGRP and NE neurotransmitters abnormalities in the brain of gamma irradiated rats 

with reserpine-induced fibromyalgia model: Behavioral and neurochemical studies., " 

Neuropharmacology, vol. 261, pp. 110162, 2024. 

[30] M.J. Álvarez-Cubero, S. Cuenca-López, V. Arenas-Rodríguez, F. Estévez-López and L.J. 

Martínez-González, Genetics of chronic widespread musculoskeletal pain, in The Neurobiology, 

Physiology, and Psychology of Pain, Elsevier, 2022, pp. 33–44. 

[31] K. Pacheco-Barrios, R.M. Filardi, L.F. González-González, N. Park, F.Q. Petrus, A. Navarro-

Flores et al., "The Link between Endogenous Pain Modulation Changes and Clinical Improvement 

in Fibromyalgia Syndrome: A Meta-Regression Analysis, " Biomedicines, vol. 12, pp. 2097, 2024. 

[32] S. Navarro-Ledesma, D. Hamed-Hamed, A. Gonzalez-Muñoz and L. Pruimboom, "Impact of 

physical therapy techniques and common interventions on Sleep Quality in Patients with Chronic 

Pain: A systematic review, " Sleep Medicine Reviews, vol. 76, pp. 101937, 2024. 

[33] B. Gerdle, O. Dahlqvist Leinhard, E. Lund, P. Lundberg, M.F. Forsgren and B. Ghafouri, "Pain and 

the biochemistry of fibromyalgia: patterns of peripheral cytokines and chemokines contribute to the 

differentiation between fibromyalgia and controls and are associated with pain, fat infiltration and 

content, " Frontiers in Pain Research, vol. 5, pp. 1288024, 2024. 

[34] P. Sarzi-Puttini, V. Giorgi, S. Sirotti, L. Bazzichi, D. Lucini, S. Di Lascio et al., 

"Pharmacotherapeutic advances in fibromyalgia: what’s new on the horizon?, " Expert Opinion on 

Pharmacotherapy, vol. 25, pp. 999–1017, 2024. 

[35] Y. Smeets, R. Soer, E. Chatziantoniou, R.H.R. Preuper, M.F. Reneman, A.P. Wolff et al., "Role of 

non-invasive objective markers for the rehabilitative diagnosis of central sensitization in patients 

with fibromyalgia: A systematic review, " Journal of Back and Musculoskeletal Rehabilitation, vol. 

37, pp. 1–60, 2023. 

[36] B. Bordoni and A.R. Escher, "Motor dysfunctions in fibromyalgia patients: the importance of 

breathing, " Open Access Rheumatology: Research and Reviews, vol. 16, pp. 55–66, 2024. 

[37] N. Alsiri, M. Alhadhoud, T. Alkatefi and S. Palmer, The concomitant diagnosis of fibromyalgia 

and connective tissue disorders: A systematic review, in Seminars in Arthritis and Rheumatism, 58 

(2023), pp. 152127. 

[38] C.M. Galvez-Sánchez, P. De la Coba, S. Duschek and G.A. Reyes del Paso, "Reliability, factor 

structure and predictive validity of the Widespread Pain Index and Symptom Severity scales of the 



AJBAS Volume 6, Issue II, 2025  Barakat, et al  

 

241 
 
 

 

2010 American College of Rheumatology criteria of fibromyalgia, " Journal of Clinical Medicine, 

vol. 9, pp. 2460, 2020. 

[39] N.P. Taş, P. Öner, R.A. Baykara, Ö. Aytaç and F.F. Şenol, "Disease Severity and Serum Endocan 

Levels in Fibromyalgia Patients, " Journal of Experimental and Clinical Medicine, vol. 40, pp. 

264–267, 2023. 

[40] G. De Clifford-Faugère, H.L. Nguena Nguefack, M. Godbout-Parent, M.A. Diallo, L. Guénette, 

M.G. Pagé et al., "Pain medications used by persons living with fibromyalgia: a comparison 

between the profile of a Quebec sample and clinical practice guidelines, " Canadian Journal of 

Pain, vol. 7, pp. 2252037, 2023. 

[41] C.P. Van Wilgen, R. Ucles‐Juarez, D. Krutko, Y. Li, A. Polli, A. Syed et al., "Knowledge on cause, 

clinical manifestation and treatment for fibromyalgia among medical doctors: A worldwide survey, 

" Pain Practice, vol. 24, pp. 620–626, 2024. 

[42] B.T. Winslow, C. Vandal and L. Dang, "Fibromyalgia: diagnosis and management, " American 

Family Physician, vol. 107, pp. 137–144, 2023. 

[43] K. McConnell, N. Heron and N.D. Hart, "Explaining a diagnosis of fibromyalgia in primary care: a 

scoping review, " BJGP open, vol. 7, , 2023. 

[44] J. V Luciano, R. Neblett, C. Peñacoba, C. Suso-Ribera and L.M. McCracken, "The Contribution of 

the Psychologist in the Assessment and Treatment of Fibromyalgia, " Current Treatment Options 

in Rheumatology, vol. 9, pp. 11–31, 2023. 

[45] V.K. Tiwari, S. Nanda, S. Arya, U. Kumar, R. Sharma, S.S. Kumaran et al., "Correlating cognition 

and cortical excitability with pain in fibromyalgia: a case control study, " Advances in 

Rheumatology, vol. 61, pp. 10, 2021. 

[46] O. Gendelman, H. Amital, Y. Bar-On, D.B.-A. Shor, D. Amital, S. Tiosano et al., "Fibromyalgia 

Comorbidity in Systemic Lupus in primary care, " Best Practice & Research Clinical 

Rheumatology, vol. 32, pp. 489–499, 2018. 

[47] S. Külekçioğlu, "Diagnostic difficulty, delayed diagnosis, and increased tendencies of surgical 

treatment in fibromyalgia syndrome, " Clinical Rheumatology, vol. 41, pp. 1–7, 2022. 

[48] R. Berwick, C. Barker, A. Goebel and G.D. Group, "The diagnosis of fibromyalgia syndrome, " 

Clinical Medicine, vol. 22, pp. 570–574, 2022. 

[49] S. Perrot, E. Choy, D. Petersel, A. Ginovker and E. Kramer, "Survey of physician experiences and 

perceptions about the diagnosis and treatment of fibromyalgia, " BMC health services research, 

vol. 12, pp. 1–8, 2012. 

[50] A. Byrne, K. Jones, M. Backhouse, F. Rose, E. Moatt and C. van der Feltz-Cornelis, "Patient and 

primary care practitioners’ perspectives on consultations for fibromyalgia: a qualitative evidence 

synthesis, " Primary Health Care Research & Development, vol. 24, pp. e58, 2023. 

[51] S.H. Wigers, M.B. Veierød, A.M. Mengshoel, K.Ø. Forseth, M.P. Dahli, N.G. Juel et al., 

"Healthcare experiences of fibromyalgia patients and their associations with satisfaction and pain 

relief. A patient survey, " Scandinavian Journal of Pain, vol. 24, pp. 20230141, 2024. 

[52] A. Lizama-Lefno, K. Mojica, Á. Roco-Videla, J.I.V. Ruiz-Tagle, N. González-Droguett, M.J. 

Muñoz-Yánez et al., "Association between Drug Use and Perception of Mental Health in Women 

Diagnosed with Fibromyalgia: An Observational Study, " Biomedicines, vol. 12, pp. 2284, 2024. 

[53] S. Sadr, M. Mobini, M. Tabarestani, P. Islami Parkoohi and F. Elyasi, "The frequency of 

psychiatric disorder co‐morbidities in patients with fibromyalgia: A cross‐sectional study in Iran, " 

Nursing Open, vol. 10, pp. 4797–4805, 2023. 

[54] J.B. de Souza, E. Grossmann, D.M.N. Perissinotti, J.O. de Oliveira Junior, P.R.B. da Fonseca and I. 

de P. Posso, "Prevalence of chronic pain, treatments, perception, and interference on life activities: 



Barakat, et al AJBAS Volume 6, Issue II, 2025 

  

242 
 

Brazilian population‐based survey, " Pain Research and Management, vol. 2017, pp. 4643830, 

2017. 

[55] Z.W. Liao, C. Le, J.M. Kynes, J.A. Niconchuk, E. Pinto, H.E. Laferriere et al., "Paediatric chronic 

pain prevalence in low-and middle-income countries: a systematic review and meta-analysis, " 

EClinicalMedicine, vol. 45, pp. 101296, 2022. 

[56] L.P. Costa and M. de A. Ferreira, "Knowledge and strategies for coping with fibromyalgia, " 

Revista Gaúcha de Enfermagem, vol. 45, pp. e20230213, 2024. 

[57] G. Devigili, G. Di Stefano, V. Donadio, I. Frattale, E. Mantovani, M. Nolano et al., "Clinical 

criteria and diagnostic assessment of fibromyalgia: Position statement of the Italian Society of 

Neurology-Neuropathic Pain Study Group, " Neurological Sciences, vol. 44, pp. 2561–2574, 2023. 

[58] E. Nepotchatykh, I. Caraus, W. Elremaly, C. Leveau, M. Elbakry, C. Godbout et al., "Circulating 

microRNA expression signatures accurately discriminate myalgic encephalomyelitis from 

fibromyalgia and comorbid conditions, " Scientific Reports, vol. 13, pp. 1896, 2023. 

[59] P. Kulshreshtha and K.K. Deepak, "Personality construct as a biomarker in fibromyalgia: A 

narrative review from an autonomic rehabilitation perspective, " Journal of Back and 

Musculoskeletal Rehabilitation, vol. 36, pp. 1–10, 2023. 

[60] Y. Zhou, L.L. Zhang, Y. Sun and P. Brugarolas, "Imaging of pain using positron emission 

tomography, " iRADIOLOGY, vol. 2, pp. 339–361, 2024. 

[61] Y. Chen, P. Shen, Y. He, D. Zeng, Y. Li, Y. Zhang et al., "Bibliometric analysis of functional 

magnetic resonance imaging studies on chronic pain over the past 20 years, " Acta 

Neurochirurgica, vol. 166, pp. 307, 2024. 

[62] M.A. Shraim, H. Massé‐Alarie, M.J. Farrell, R. Cavaleri, M.L. Loggia and P.W. Hodges, 

"Neuroinflammatory activation in sensory and motor regions of the cortex is related to 

sensorimotor function in individuals with low back pain maintained by nociplastic mechanisms: A 

preliminary proof‐of‐concept study, " European Journal of Pain, vol. 28, pp. 1607–1626, 2024. 

[63] G.M. Emvalomenos, J.W.M. Kang, B. Jupp, R. Mychasiuk, K.A. Keay and L.A. Henderson, 

"Recent developments and challenges in positron emission tomography imaging of gliosis in 

chronic neuropathic pain, " Pain, vol. 165, pp. 2184–2199, 2024. 

[64] K.A. Boylan, B.A. Dworetzky, G. Baslet, G. Polich, M.A. O’Neal and C. Reinsberger, "Functional 

neurological disorder, physical activity and exercise: What we know and what we can learn from 

comorbid disorders, " Epilepsy & Behavior Reports, vol. 27, pp. 100682, 2024. 

[65] T.L. Skare, J.F. de Carvalho, I.R.T. de Medeiros and Y. Shoenfeld, "Ear abnormalities in chronic 

fatigue syndrome (CFS), fibromyalgia (FM), Coronavirus-19 infectious disease (COVID) and long-

COVID syndrome (PCS), sick-building syndrome (SBS), post-orthostatic tachycardia syndrome 

(PoTS), and autoimmune/inflammatory syndro, " Autoimmunity Reviews, vol. 23, pp. 103606, 

2024. 

[66] L. Ievina, N. Fomins, D. Gudra, V. Kenina, A. Vilmane, S. Gravelsina et al., "Human Herpesvirus-

6B Infection and Alterations of Gut Microbiome in Patients with Fibromyalgia: A Pilot Study, " 

Biomolecules, vol. 14, pp. 1291, 2024. 

[67] J. Bonastre-Férez, K. Giménez-Orenga, F.J. Falaguera-Vera, M. Garcia-Escudero and E. Oltra, 

"Manual Therapy Improves Fibromyalgia Symptoms by Downregulating SIK1, " International 

Journal of Molecular Sciences, vol. 25, pp. 9523, 2024. 

[68] A.H.C. Rosenström, J.-P. Konsman and E. Kosek, "Cytokines in Cerebrospinal Fluid and Chronic 

Pain in Humans: Past, Present, and Future, " Neuroimmunomodulation, vol. 31, pp. 157–172, 2024. 

[69] B.G. Malatji, H. Meyer, S. Mason, U.F.H. Engelke, R.A. Wevers, M. Van Reenen et al., "A 

diagnostic biomarker profile for fibromyalgia syndrome based on an NMR metabolomics study of 

selected patients and controls, " BMC neurology, vol. 17, pp. 1–15, 2017. 

[70] C. Kuo, K. Tang, W. Wang, Y. Zheng, Y. Wu, C. Chang et al., "Comparative proteomics analysis 

of female fibromyalgia and osteoarthritis using data‐independent acquisition sequential window 



AJBAS Volume 6, Issue II, 2025  Barakat, et al  

 

243 
 
 

 

acquisition of all theoretical mass spectra‐based mass spectrometry, " Journal of the Chinese 

Chemical Society, vol. 71, pp. 908–924, 2024. 

[71] A. Gkouvi, S.G. Tsiogkas, D.P. Bogdanos, H. Gika, D.G. Goulis and M.G. Grammatikopoulou, 

"Proteomics in Patients with Fibromyalgia Syndrome: A Systematic Review of Observational 

Studies, " Current Pain and Headache Reports, vol. 28, pp. 1–22, 2024. 

[72] A.M. Durán, F. Zamora and M. De León, "Dietary Docosahexaenoic Acid-Rich Supplementation 

Decreases Neurotoxic Lipid Mediators in Participants with Type 2 Diabetes and Neuropathic Pain, 

" Nutrients, vol. 16, pp. 4025, 2024. 

[73] Y. Jang, M. Kim and S.W. Hwang, "Molecular mechanisms underlying the actions of arachidonic 

acid-derived prostaglandins on peripheral nociception, " Journal of neuroinflammation, vol. 17, pp. 

1–27, 2020. 

[74] G. Berezhnoy, R. Bissinger, A. Liu, C. Cannet, H. Schäfer, K. Kienzle et al., "Maintained 

imbalance of triglycerides, apolipoproteins, energy metabolites and cytokines in long-term 

COVID-19 syndrome patients, " Frontiers in Immunology, vol. 14, pp. 1144224, 2023. 

[75] A.M. Chaves-Filho, O. Braniff, A. Angelova, Y. Deng and M.-È. Tremblay, "Chronic 

inflammation, neuroglial dysfunction, and plasmalogen deficiency as a new pathobiological 

hypothesis addressing the overlap between post-COVID-19 symptoms and myalgic 

encephalomyelitis/chronic fatigue syndrome, " Brain Research Bulletin, vol. 201, pp. 110702, 

2023. 

[76] K. Stachowicz, "The role of polyunsaturated fatty acids in neuronal signaling in depression and 

cognitive processes, " Archives of Biochemistry and Biophysics, vol. 737, pp. 109555, 2023. 

[77] Y. Shao, F. Li, B. Zou, Y. Jin, X. Wang, L. Wang et al., "Up-regulation of myelin-associated 

glycoprotein is associated with the ameliorating effect of omega-3 polyunsaturated fatty acids on 

Alzheimer’s disease progression in APP–PS1 transgenic mice, " Food & Function, vol. 15, pp. 

11236–11251, 2024. 

[78] A.A. Farooqui and T. Farooqui, "Phospholipids, Sphingolipids, and Cholesterol-Derived Lipid 

Mediators and Their Role in Neurological Disorders, " International Journal of Molecular 

Sciences, vol. 25, pp. 10672, 2024. 

[79] K. V Hackshaw, S. Yao, H. Bao, S. de Lamo Castellvi, R. Aziz, S.M. Nuguri et al., "Metabolic 

Fingerprinting for the Diagnosis of Clinically Similar Long COVID and Fibromyalgia Using a 

Portable FT-MIR Spectroscopic Combined with Chemometrics, " Biomedicines, vol. 11, pp. 2704, 

2023. 

[80] G. Mohapatra, F. Dachet, L.J. Coleman, B. Gillis and F.G. Behm, "Identification of unique 

genomic signatures in patients with fibromyalgia and chronic pain, " Scientific Reports, vol. 14, pp. 

3949, 2024. 

[81] A. Rus, J.A. López-Sánchez, J.M. Martínez-Martos, M.J. Ramírez-Expósito, F. Molina, M. Correa-

Rodríguez et al., "Predictive Ability of Serum Amino Acid Levels to Differentiate Fibromyalgia 

Patients from Healthy Subjects, " Molecular Diagnosis & Therapy, vol. 28, pp. 113–128, 2024. 

[82] T. Pigott, A. McPeak, A. de Chastelain, M.M. DeMayo, N. Rasic, L. Rayner et al., "Changes in 

brain GABA and glutamate and improvements in physical functioning following intensive pain 

rehabilitation in youth with chronic pain, " The Journal of Pain, vol. 24, pp. 1288–1297, 2023. 

[83] B. Dehghan, N. Abolhasanzadeh, B. Shademan and A. Nourazarian, "Deciphering pain: molecular 

mechanisms and neurochemical pathways–challenges and future opportunities, " Frontiers in 

Molecular Biosciences, vol. 11, pp. 1382555, 2024. 

[84] R. Gharakhanlou and L. Fasihi, "The role of neurotransmitters (serotonin and dopamine) in central 

nervous system fatigue during prolonged exercise, " New Approaches in Exercise Physiology, vol. 

5, pp. 138–160, 2023. 



Barakat, et al AJBAS Volume 6, Issue II, 2025 

  

244 
 

[85] R.N. Robbins, T. Cortes, J.C. O’Connor, R. Jiwani and M.C. Serra, "The Influence of Branched-

Chain Amino Acid Supplementation on Fatigue and Tryptophan Metabolism After Acute and 

Chronic Exercise in Older Adults: Protocol for a Pilot Randomized Controlled Trial, " JMIR 

Research Protocols, vol. 12, pp. e52199, 2023. 

[86] E.R.G. Plini, M.C. Melnychuk, A. Harkin, M.J. Dahl, M. McAuslan, S. Kühn et al., "Dietary 

tyrosine intake (FFQ) is associated with locus coeruleus, attention and grey matter maintenance: an 

MRI structural study on 398 healthy individuals of the berlin aging study-II, " The journal of 

nutrition, health & aging, vol. 27, pp. 1174–1187, 2023. 

[87] P.D. Szigetvari, S. Patil, E. Birkeland, R. Kleppe and J. Haavik, "The effects of phenylalanine and 

tyrosine levels on dopamine production in rat PC12 cells. Implications for treatment of 

phenylketonuria, tyrosinemia type 1 and comorbid neurodevelopmental disorders, " 

Neurochemistry International, vol. 171, pp. 105629, 2023. 

[88] S. Philippe, M. Delay, N. Macian, V. Morel and M.-E. Pickering, "Common miRNAs of 

osteoporosis and fibromyalgia: a review, " International Journal of Molecular Sciences, vol. 24, 

pp. 13513, 2023. 

[89] H. Golmakani, A. Azimian and E. Golmakani, "Newly discovered functions of miRNAs in 

neuropathic pain: Transitioning from recent discoveries to innovative underlying mechanisms, " 

Molecular Pain, vol. 20, pp. 17448069231225844, 2024. 

[90] S. Agrawal, T.T. Tapmeier, N. Rahmioglu, S. Kirtley, K.T. Zondervan and C.M. Becker, "The 

miRNA mirage: how close are we to finding a non-invasive diagnostic biomarker in 

endometriosis? A systematic review, " International Journal of Molecular Sciences, vol. 19, pp. 

599, 2018. 

[91] A. Masotti, A. Baldassarre, M.P. Guzzo, C. Iannuccelli, C. Barbato and M. Di Franco, "Circulating 

microRNA profiles as liquid biopsies for the characterization and diagnosis of fibromyalgia 

syndrome, " Molecular Neurobiology, vol. 54, pp. 7129–7136, 2017. 

[92] E. Akaslan, O. Güvener, A. Görür, D.H. Çelikcan, L. Tamer and A. Biçer, "The plasma microRNA 

levels and their relationship with the general health and functional status in female patients with 

fibromyalgia syndrome, " Archives of Rheumatology, vol. 36, pp. 482, 2021. 

[93] W. Hsu, D. Han, W. Ku, Y. Chao, C. Chen and Y. Lin, "Metabolomic and proteomic 

characterization of sng and pain phenotypes in fibromyalgia, " European journal of pain, vol. 26, 

pp. 445–462, 2022. 

[94] O. Olotu, A. Ahmedani and N. Kotaja, Small Non-Coding RNAs in Male Reproduction, in 

Seminars in Reproductive Medicine, 2024. 

[95] M.I. Almeida, R.M. Reis and G.A. Calin, "MicroRNA history: discovery, recent applications, and 

next frontiers, " Mutation Research/Fundamental and Molecular Mechanisms of Mutagenesis, vol. 

717, pp. 1–8, 2011. 

[96] F. Sabet Sarvestani, A. Afshari and N. Azarpira, "The role of non-protein-coding RNAs in 

ischemic acute kidney injury, " Frontiers in Immunology, vol. 15, pp. 1230742, 2024. 

[97] M. Saeinasab, Y. Atlasi and M. M. Matin, "Functional role of lncRNAs in gastrointestinal 

malignancies: The peculiar case of small nucleolar RNA host gene family, " The FEBS Journal, 

vol. 291, pp. 1353–1385, 2024. 

[98] E. Lozano-Velasco, J.M. Inácio, I. Sousa, A.R. Guimarães, D. Franco, G. Moura et al., "miRNAs 

in Heart Development and Disease, " International Journal of Molecular Sciences, vol. 25, pp. 

1673, 2024. 

[99] F.S. Shaikh, R.J. Siegel, A. Srivastava, D.A. Fox and S. Ahmed, "Challenges and promise of 

targeting miRNA in rheumatic diseases: A computational approach to identify miRNA association 

with cell types, cytokines, and disease mechanisms, " Frontiers in Immunology, vol. 14, pp. 

1322806, 2024. 



AJBAS Volume 6, Issue II, 2025  Barakat, et al  

 

245 
 
 

 

[100] E.M. Trifylli, A.G. Kriebardis, E. Koustas, N. Papadopoulos, S.P. Fortis, V.L. Tzounakas et al., "A 

Current Synopsis of the Emerging Role of Extracellular Vesicles and Micro-RNAs in Pancreatic 

Cancer: A Forward-Looking Plan for Diagnosis and Treatment, " International Journal of 

Molecular Sciences, vol. 25, pp. 3406, 2024. 

[101] M. Robotti, F. Scebba and D. Angeloni, "Circulating biomarkers for cancer detection: could 

salivary microRNAs be an opportunity for ovarian cancer diagnostics?, " Biomedicines, vol. 11, pp. 

652, 2023. 

[102] S. Kadkhoda and S. Ghafouri-Fard, "Function of miRNA-145–5p in the pathogenesis of human 

disorders, " Pathology-Research and Practice, vol. 231, pp. 153780, 2022. 

[103] S. Ghatak, B. Watson and C.K. Sen, MicroRNA Biogenesis in Regenerative Medicine, in 

MicroRNA in Regenerative Medicine, Elsevier, 2023, pp. 3–48. 

[104] H. Sharma, M. Kaushik, P. Goswami, S. Sreevani, A. Chakraborty, S. Ashique et al., "Role of 

miRNAs in Brain Development, " MicroRNA, vol. 13, pp. 96–109, 2024. 

[105] S. Saini, T. Gupta, N.L. Selokar and M.K. Singh, "Role of MicroRNAs in Mammalian 

Reproduction, " Animal Reproduction Update, vol. 3, pp. 33–42, 2023. 

[106] M. Panda and V.K. Prajapati, Paradigms in miRNA biogenesis pathways, in MicroRNA in Human 

Infectious Diseases, Elsevier, 2024, pp. 3–21. 

[107] K. Ciechanowska, M. Pokornowska and A. Kurzyńska-Kokorniak, "Genetic insight into the 

domain structure and functions of dicer-type ribonucleases, " International journal of molecular 

sciences, vol. 22, pp. 616, 2021. 

[108] R. Ding, D. Su, Q. Zhao, Y. Wang, J.-Y. Wang, S. Lv et al., "The role of microRNAs in 

depression, " Frontiers in pharmacology, vol. 14, pp. 1129186, 2023. 

[109] P. Yadav, R. Tamilselvan, M. Harita and K.K. Singh, "MicroRNA-mediated regulation of 

nonsense-mediated mRNA decay factors: Insights into microRNA prediction tools and profiling 

techniques, " Biochimica et Biophysica Acta (BBA)-Gene Regulatory Mechanisms, pp. 195022, 

2024. 

[110] S. Danckwardt, D.-A. Trégouët and E. Castoldi, "Post-transcriptional control of haemostatic genes: 

mechanisms and emerging therapeutic concepts in thrombo-inflammatory disorders, " 

Cardiovascular Research, vol. 119, pp. 1624–1640, 2023. 

[111] M. Vilimova and S. Pfeffer, "Post‐transcriptional regulation of polycistronic microRNAs, " Wiley 

Interdisciplinary Reviews: RNA, vol. 14, pp. e1749, 2023. 

[112] G. Rao, B. Peng, G. Zhang, X. Fu, J. Tian and Y. Tian, "MicroRNAs in diabetic macroangiopathy, 

" Cardiovascular Diabetology, vol. 23, pp. 344, 2024. 

[113] M. Álvarez, P. Ruiz-Sala, B. Pérez, L.R. Desviat and E. Richard, "Dysregulated Cell Homeostasis 

and miRNAs in Human iPSC-Derived Cardiomyocytes from a Propionic Acidemia Patient with 

Cardiomyopathy, " International Journal of Molecular Sciences, vol. 24, pp. 2182, 2023. 

[114] P. Prakash, J. Widjaja, C. Marcella and B. Sun, "Evaluation of the sensitivity and specificity of 

circulating microRNAs to diagnose breast cancer: A systematic review and meta-analysis, " 

International Journal of Scientific Research in Dental and Medical Sciences, vol. 5, pp. 35–47, 

2023. 

[115] B. Banasaz, R. Zamzam, D. Aghadoost, K. Golabchi, M. Morshedi, M. Bayat et al., "Evaluation of 

expression pattern of cellular miRNAs (let-7b, miR-29a, miR-126, miR-34a, miR-181a-5p) and IL-

6, TNF-α, and TGF-β in patients with pseudoexfoliation syndrome, " Pathology-Research and 

Practice, vol. 249, pp. 154721, 2023. 

[116] Y. Hattori, H. Yamada, E. Munetsuna, R. Fujii, Y. Ando, M. Yamazaki et al., "The Ratio of miR-

122 to miR-20a (miR-122/miR-20a) Is a Useful Minimally Invasive Biomarker for Non-Alcoholic 



Barakat, et al AJBAS Volume 6, Issue II, 2025 

  

246 
 

Fatty Liver Disease Detection, " Genetic testing and molecular biomarkers, vol. 27, pp. 239–247, 

2023. 

[117]  B.F. Far, K. Vakili, M. Fathi, S. Yaghoobpoor, M. Bhia and M.R. Naimi-Jamal, "The role of 

microRNA-21 (miR-21) in pathogenesis, diagnosis, and prognosis of gastrointestinal cancers: A 

review, " Life sciences, vol. 316, pp. 121340, 2023. 

[118] R.Q. da Silvia Lima, C.F.M. Vasconcelos, J.P.A. Gomes, E. da S.B. de Menezes, B. de Oliveira 

Silva, C.C.M. Junior et al., "miRNA-21, an OncomiR that regulates cell proliferation, migration, 

invasion and therapy response in lung cancer, " Pathology-Research and Practice, vol. 263, pp. 

155601, 2024. 

[119] R.R. Gunawan, I. Astuti and H.R. Danarto, "miRNA-21 as high potential prostate cancer biomarker 

in prostate cancer patients in Indonesia, " Asian Pacific Journal of Cancer Prevention: APJCP, vol. 

24, pp. 1095, 2023. 

[120]  M. Mohammadinasr, S. Montazersaheb, O. Molavi, H. Kahroba, M. Talebi, H. Ayromlou et al., 

"Multiplex analysis of cerebrospinal fluid and serum exosomes MicroRNAs of untreated relapsing 

remitting multiple sclerosis (RRMS) and proposing noninvasive diagnostic biomarkers, " 

NeuroMolecular Medicine, vol. 25, pp. 402–414, 2023. 

[121] S. Salaramoli, H.R. Joshaghani and S.I. Hashemy, "Salivary Biomarkers: Noninvasive Ways for 

Diagnosis of Parkinson’s Disease, " Neurology Research International, vol. 2023, pp. 3555418, 

2023. 

[122] L. Bhagtaney and P. Sundarrajan, MicroRNA-induced Silencing Complex Assembly and MicroRNA 

Turnover, in Plant MicroRNAs and Stress Response, CRC Press, 2023, pp. 1–14. 

[123] S. Teotia, X. Wang, N. Zhou, M. Wang, H. Liu, J. Qin et al., "A high‐efficiency gene silencing in 

plants using two‐hit asymmetrical artificial MicroRNAs, " Plant biotechnology journal, vol. 21, pp. 

1799–1811, 2023. 

[124] F. Nappi, "Non-Coding RNA-Targeted Therapy: A State-of-the-Art Review, " International 

Journal of Molecular Sciences, vol. 25, pp. 3630, 2024. 

[125] E. Nalbant and Y.Z. Akkaya-Ulum, "Exploring regulatory mechanisms on miRNAs and their 

implications in inflammation-related diseases, " Clinical and experimental medicine, vol. 24, pp. 

142, 2024. 

[126] G.M. Traber, C. Yi, N. Batra, M.-J. Tu and A.-M. Yu, "Novel RNA molecular bioengineering 

technology efficiently produces functional miRNA agents, " RNA, vol. 30, pp. 680–694, 2024. 

[127] K. Nemeth, R. Bayraktar, M. Ferracin and G.A. Calin, "Non-coding RNAs in disease: from 

mechanisms to therapeutics, " Nature Reviews Genetics, vol. 25, pp. 211–232, 2024. 

[128] miRNAs: From Master Regulators of Gene Expression to Biomarkers Involved in Intercellular 

Communication. MDPI, 2024. 

[129] R. Du, M.J. Flynn, M. Honsa, R. Jungmann and M.B. Elowitz, "miRNA circuit modules for 

precise, tunable control of gene expression, " BioRxiv, , 2024. 

[130] D.E.-S. Ellakwa, N. Mushtaq, S. Khan, A. Jabbar, M.A. Abdelmalek, A.-H.S. Wadan et al., 

"Molecular functions of microRNAs in colorectal cancer: recent roles in proliferation, 

angiogenesis, apoptosis, and chemoresistance, " Naunyn-Schmiedeberg’s Archives of 

Pharmacology, pp. 1–14, 2024. 

[131] P. Artimovič, I. Ńpaková, E. Macejková, T. Pribulová, M. Rabajdová, M. Mareková et al., "The 

ability of microRNAs to regulate the immune response in ischemia/reperfusion inflammatory 

pathways, " Genes & Immunity, vol. 25, pp. 277–296, 2024. 

[132] Z.H. Siddiqui, Z.K. Abbas, M.W. Ansari and M.N. Khan, "The role of miRNA in somatic 

embryogenesis, " Genomics, vol. 111, pp. 1026–1033, 2019. 

[133] Y. Liu, X. Li, X. Ma, Q. Du, J. Wang and H. Yu, "ulating MiR-290 Family Maintains Pluripotency 

and Self-Renewal by RegMAPK Signaling Pathway in Intermediate Pluripotent Stem Cells, " 

International Journal of Molecular Sciences, vol. 25, pp. 2681, 2024. 



AJBAS Volume 6, Issue II, 2025  Barakat, et al  

 

247 
 
 

 

[134] W.-H. Zhang, L. Jiang, M. Li and J. Liu, "MicroRNA‑124: an emerging therapeutic target in 

central nervous system disorders, " Experimental Brain Research, vol. 241, pp. 1215–1226, 2023. 

[135] D. Wang, L. Jing, Z. Zhao, S. Huang, L. Xie, S. Hu et al., "MicroRNA-124a promoted the 

differentiation of bone marrow mesenchymal stem cells into neurons through Notch signal 

pathway, " European Journal of Medical Research, vol. 29, pp. 472, 2024. 

[136] S. Sharma, A. Majumdar and A. Basu, "Regulation of Onecut2 by miR-9-5p in Japanese 

encephalitis virus infected neural stem/progenitor cells, " Microbiology Spectrum, vol. 12, pp. 

e03238-23, 2024. 

[137] G. Son, Y. Na, Y. Kim, J.-H. Son, G.D. Clemenson, S.T. Schafer et al., "miR-124 coordinates 

metabolic regulators acting at early stages of human neurogenesis, " Communications Biology, vol. 

7, pp. 1393, 2024. 

[138] K. Otmani, R. Rouas and P. Lewalle, "OncomiRs as noncoding RNAs having functions in cancer: 

Their role in immune suppression and clinical implications, " Frontiers in immunology, vol. 13, pp. 

913951, 2022. 

[139] A. Chakrabortty, D.J. Patton, B.F. Smith and P. Agarwal, "miRNAs: potential as biomarkers and 

therapeutic targets for cancer, " Genes, vol. 14, pp. 1375, 2023. 

[140] M. Hassan, S. Shahzadi, M. Yasir, W. Chun and A. Kloczkowski, "Therapeutic Implication of 

miRNAs as an Active Regulatory Player in the Management of Pain: A Review, " Genes, vol. 15, 

pp. 1003, 2024. 

[141]  X. Peng, Q. Wang, W. Li, G. Ge, J. Peng, Y. Xu et al., "Comprehensive overview of microRNA 

function in rheumatoid arthritis, " Bone Research, vol. 11, pp. 8, 2023. 

[142] Y.-B. Li, Q. Fu, M. Guo, Y. Du, Y. Chen and Y. Cheng, "MicroRNAs: pioneering regulators in 

Alzheimer’s disease pathogenesis, diagnosis, and therapy, " Translational Psychiatry, vol. 14, pp. 

367, 2024. 

[143] K.R. Jaberi, V. Alamdari-Palangi, A.R. Jaberi, Z. Esmaeli, A. Shakeri, S.M. Gheibi Hayat et al., 

"The regulation, functions, and signaling of miR-153 in neurological disorders, and its potential as 

a biomarker and therapeutic target, " Current Molecular Medicine, vol. 23, pp. 863–875, 2023. 

[144] J. Zacharjasz, M. Sztachera, M. Smuszkiewicz and M. Piwecka, "Micromanaging the 

neuroendocrine system–A review on miR‐7 and the other physiologically relevant miRNAs in the 

hypothalamic–pituitary axis, " FEBS letters, vol. 598, pp. 1557–1575, 2024. 

[145] L. Mildeberger, J. Bueto, V. Wilmes, S. Scheiper-Welling, C. Niess, E. Gradhand et al., "Suitable 

biomarkers for post-mortem differentiation of cardiac death causes: Quantitative analysis of miR-1, 

miR-133a and miR-26a in heart tissue and whole blood, " Forensic Science International: 

Genetics, vol. 65, pp. 102867, 2023. 

[146] P. Masoudikabir, M. Shirazy, F.S. Taghizadeh, M.E. Gheydari and M. Hamidpour, "Platelet-

enriched microRNAs as novel biomarkers in atherosclerotic and cardiovascular disease patients, " 

ARYA, vol. 20, pp. 48, 2024. 

[147] A. Wronska, "The role of microRNA in the development, diagnosis, and treatment of 

cardiovascular disease: recent developments, " Journal of Pharmacology and Experimental 

Therapeutics, vol. 384, pp. 123–132, 2023. 

[148] A.S. Doghish, A. Ismail, H.A. El-Mahdy, S.Y. Elkhawaga, E.G.E. Elsakka, E.A. Mady et al., 

"miRNAs insights into rheumatoid arthritis: Favorable and detrimental aspects of key performers, " 

Life Sciences, vol. 314, pp. 121321, 2023. 

[149] S. Rajabi, K. Sadegi, S. Hajisobhani, M. Kaveh and E. Taghizadeh, "miR-146a and miR-155 as 

promising biomarkers for prognosis and diagnosis of multiple sclerosis: systematic review, " 

Egyptian Journal of Medical Human Genetics, vol. 25, pp. 73, 2024. 



Barakat, et al AJBAS Volume 6, Issue II, 2025 

  

248 
 

[150] M. Boshtam, I. Rahimmanesh, L. Shariati, M. Najaflu, H. Khanahmad, M. Mirian et al., "Crosstalk 

of transcriptional regulators of adaptive immune system and microRNAs: An insight into 

differentiation and development, " Cells, vol. 12, pp. 635, 2023. 

[151] M. Macvanin, M. Obradovic, S. Zafirovic, J. Stanimirovic and E.R. Isenovic, "The role of miRNAs 

in metabolic diseases, " Current Medicinal Chemistry, vol. 30, pp. 1922–1944, 2023. 

[152] S. Mishra, J. Bahinipati, R. Sarangi, S.R. Mohapatra, S. Das and A. Mishra, "A comprehensive 

overview on Micro RNA signature in type 2 diabetes Mellitus and its complications, " Indian 

Journal of Clinical Biochemistry, vol. 38, pp. 151–158, 2023. 

[153] A. Natalicchio, M. Montagnani, M. Gallo, N. Marrano, A. Faggiano, M.C. Zatelli et al., "MiRNA 

dysregulation underlying common pathways in type 2 diabetes and cancer development: an Italian 

Association of Medical Oncology (AIOM)/Italian Association of Medical Diabetologists 

(AMD)/Italian Society of Diabetology (SID)/Italian Society of Endocri, " ESMO open, vol. 8, pp. 

101573, 2023. 

[154] M. Sidorkiewicz, "Is microRNA-33 an Appropriate Target in the Treatment of atherosclerosis?, " 

Nutrients, vol. 15, pp. 902, 2023. 

[155] R. Ortega, B. Liu and S.J. Persaud, "Effects of miR-33 deficiency on metabolic and cardiovascular 

diseases: implications for therapeutic intervention, " International Journal of Molecular Sciences, 

vol. 24, pp. 10777, 2023. 

[156] G. Saenz-Pipaon and D.A. Dichek, "Targeting and delivery of microRNA-targeting antisense 

oligonucleotides in cardiovascular diseases, " Atherosclerosis, vol. 374, pp. 44–54, 2023. 

[157] G. Guelfi, C. Capaccia, P. Anipchenko, F. Ciancabilla, O.P. Oommen, A. Bufalari et al., "Mimic 

miRNA and Anti-miRNA Activated Scaffolds as a Therapeutic Strategy to Promote Bone, 

Cartilage, and Skin Regeneration, " Macromol, vol. 4, pp. 165–189, 2024. 

[158] M. Mehta, S. Satija, K.R. Paudel, V. Malyla, V.K. Kannaujiya, D.K. Chellappan et al., "Targeting 

respiratory diseases using miRNA inhibitor based nanotherapeutics: Current status and future 

perspectives, " Nanomedicine: Nanotechnology, Biology and Medicine, vol. 31, pp. 102303, 2021. 

[159] Y. Treister-Goltzman and R. Peleg, "Fibromyalgia and mortality: A systematic review and meta-

analysis, " RMD open, vol. 9, , 2023. 

[160] J.L. García-Giménez, E.R. García-Trevijano, A.I. Avilés-Alía, J.S. Ibañez-Cabellos, M. Bovea-

Marco, T. Bas et al., "Identification of circulating miRNAs differentially expressed in patients with 

Limb-girdle, Duchenne or facioscapulohumeral muscular dystrophies, " Orphanet journal of rare 

diseases, vol. 17, pp. 450, 2022. 

[161] Y.-Y. Zhao, Z.-J. Wu, L.-J. Zhu, T.-X. Niu, B. Liu and J. Li, "Emerging roles of miRNAs in 

neuropathic pain: From new findings to novel mechanisms, " Frontiers in Molecular Neuroscience, 

vol. 16, pp. 1110975, 2023. 

[162] S.K. Rashidi, A. Kalirad, S. Rafie, E. Behzad and M.A. Dezfouli, "The role of microRNAs in 

neurobiology and pathophysiology of the hippocampus, " Frontiers in molecular neuroscience, vol. 

16, pp. 1226413, 2023. 

[163] R. Madhyastha, H. Madhyastha, Q.I. Nurrahmah, B. Purbasari, M. Maruyama and Y. Nakajima, 

"MicroRNA 21 elicits a pro-inflammatory response in macrophages, with exosomes functioning as 

delivery vehicles, " Inflammation, vol. 44, pp. 1274–1287, 2021. 

[164] X. Zhang, L. Zhu, X. Wang, L. Xia and Y. Zhang, "Advances in the role and mechanism of 

miRNA in inflammatory pain, " Biomedicine & Pharmacotherapy, vol. 161, pp. 114463, 2023. 

[165] E. Beiner, M. Hermes, J. Reichert, K. Kleinke, S. Vock, A. Loeffler et al., "Perceived and 

endocrine acute and chronic stress indicators in fibromyalgia syndrome, " medRxiv, pp. 2003–2024, 

2024. 

[166] J. Solich, M. Kolasa, A. Faron-Górecka, P. Pabian, K. Latocha, A. Korlatowicz et al., "Modulating 

Stress Susceptibility and Resilience: Insights from miRNA Manipulation and Neural Mechanisms 

in Mice, " Molecular Neurobiology, pp. 1–13, 2024. 



AJBAS Volume 6, Issue II, 2025  Barakat, et al  

 

249 
 
 

 

[167] E. Almenar-Pérez, T. Sánchez-Fito, T. Ovejero, L. Nathanson and E. Oltra, "Impact of 

polypharmacy on candidate biomarker mirnomes for the diagnosis of fibromyalgia and myalgic 

encephalomyelitis/chronic fatigue syndrome: striking back on treatments, " Pharmaceutics, vol. 11, 

pp. 126, 2019. 

[168] M. Hussein, W. Fathy, E.A. Abdelaleem, M. Nasser, A. Yehia and R. Elanwar, "The impact of 

micro RNA-320a serum level on severity of symptoms and cerebral processing of pain in patients 

with fibromyalgia, " Pain Medicine, vol. 23, pp. 2061–2072, 2022. 

[169] T.S. Martins, M. Vaz and A.G. Henriques, "A review on comparative studies addressing exosome 

isolation methods from body fluids, " Analytical and Bioanalytical Chemistry, vol. 415, pp. 1239–

1263, 2023. 

[170] D. Lakens, "Sample size justification, " Collabra: psychology, vol. 8, pp. 33267, 2022. 

[171] S.L. Teoh and S. Das, "MicroRNAs in Various Body Fluids and their Importance in Forensic 

Medicine, " Mini Reviews in Medicinal Chemistry, vol. 22, pp. 2332–2343, 2022. 

[172] S. Sabina, A. Panico, P. Mincarone, C.G. Leo, S. Garbarino, T. Grassi et al., "Expression and 

biological functions of miRNAs in chronic pain: A review on human studies, " International 

journal of molecular sciences, vol. 23, pp. 6016, 2022. 

[173] K.-J. Gao, R.-H. Yin, Y. Wang, Z. Wang and A.-J. Ma, "Exosomal miR-320e as a Novel Potential 

Biomarker for Cerebral Small Vessel Disease, " International Journal of General Medicine, vol. 

16, pp. 641–655, 2023. 

[174] S. Liang, C.A.O. Wenhui, Y. Zhuang, D. Zhang, D.U. Shudi and S.H.I. Huaizhang, "Suppression 

of microRNA-320 Induces Cerebral Protection Against Ischemia/Reperfusion Injury by Targeting 

HMGB1/NF-κB Axis, " Physiological Research, vol. 73, pp. 127, 2024. 

[175] A. Braun, D. Evdokimov, J. Frank, C. Sommer and N. Üçeyler, "MiR103a-3p and miR107 are 

related to adaptive coping in a cluster of fibromyalgia patients, " PLoS One, vol. 15, pp. e0239286, 

2020. 

[176] S.-G. Lee and G.-T. Kim, "Etiopathogenesis of Fibromyalgia, " Journal of the Korean ssociation 

EMG-Electrodiagnostic Medicine, vol. 25, pp. 1–18, 2023. 

[177] F. Berg, D.A. Moser, V. Hagena, F. Streit, B. Mosch, R. Kumsta et al., "MicroRNA-related 

polymorphism and their association with fibromyalgia, " Genes, vol. 14, pp. 1312, 2023. 

[178] K.K. Sampath, S. Belcher, J. Hales, O.P. Thomson, G. Farrell, A.S. Gisselman et al., "The role of 

micro-RNAs in neuropathic pain—a scoping review, " Pain Reports, vol. 8, pp. e1108, 2023. 

[179] K. Li, Z. Liu, P. Wu, S. Chen, M. Wang, W. Liu et al., "Micro electrical fields induced MSC-sEVs 

attenuate neuronal cell apoptosis by activating autophagy via lncRNA MALAT1/miR-22-

3p/SIRT1/AMPK axis in spinal cord injury, " Journal of Nanobiotechnology, vol. 21, pp. 451, 

2023. 

[180] X. Jiang, "The mechanisms and therapeutic potential of long noncoding RNA NEAT1 in fibrosis, " 

Clinical and Experimental Medicine, vol. 23, pp. 3339–3347, 2023. 

[181] S. D’Agnelli, L. Arendt-Nielsen, M.C. Gerra, K. Zatorri, L. Boggiani, M. Baciarello et al., 

"Fibromyalgia: Genetics and epigenetics insights may provide the basis for the development of 

diagnostic biomarkers, " Molecular pain, vol. 15, pp. 1744806918819944, 2019. 

[182] S. Sheng, M. Zou, Y. Yang, M. Guan, S. Ren, X. Wang et al., "miR-23a-3p regulates the 

inflammatory response and fibrosis in diabetic kidney disease by targeting early growth response 1, 

" In Vitro Cellular & Developmental Biology-Animal, vol. 57, pp. 763–774, 2021. 

[183] A. Polli, L. Godderis, M. Ghosh, K. Ickmans and J. Nijs, "Epigenetic and miRNA expression 

changes in people with pain: a systematic review, " The Journal of Pain, vol. 21, pp. 763–780, 

2020. 



Barakat, et al AJBAS Volume 6, Issue II, 2025 

  

250 
 

[184] H. Jmel, W. Boukhalfa, I. Gouiza, R.O. Seghaier, H. Dallali and R. Kefi, "Pharmacogenetic 

landscape of pain management variants among Mediterranean populations, " Frontiers in 

Pharmacology, vol. 15, pp. 1380613, 2024. 

[185] J. Kuang, M. Xu, C. Xu, Y. Wang, C. Ni, S. Wei et al., "miR-199a-3p mediates bone cancer pain 

through upregulation of dnmt3a expression in spinal dorsal horn neurons, " Biochemical and 

Biophysical Research Communications, vol. 682, pp. 97–103, 2023. 

[186] Z. Wang, W. Shen, M. Zhu, M. Xu, M. Qiu, D. Zhang et al., "MiR-199-3p suppressed 

inflammatory response by targeting MECP2 to alleviate RTX-induced PHN in mice, " Cell 

Transplantation, vol. 31, pp. 09636897221108192, 2022. 

[187] C.F. Dayer, F. Luthi, J. Le Carré, P. Vuistiner, P. Terrier, C. Benaim et al., "Differences in the 

miRNA signatures of chronic musculoskeletal pain patients from neuropathic or nociceptive 

origins, " PloS one, vol. 14, pp. e0219311, 2019. 

[188] Y.-Z. Hu, Q. Li, P.-F. Wang, X.-P. Li and Z.-L. Hu, "Multiple functions and regulatory network of 

miR-150 in B lymphocyte-related diseases, " Frontiers in Oncology, vol. 13, pp. 1140813, 2023. 

[189] P.K. Przybylowicz, K.E. Sokolowska, H. Rola and T.K. Wojdacz, "DNA Methylation Changes in 

Blood Cells of Fibromyalgia and Chronic Fatigue Syndrome Patients, " Journal of Pain Research, 

vol. 16, pp. 4025–4036, 2023. 

[190] G. Cerdá-Olmedo, A.V. Mena-Durán, V. Monsalve and E. Oltra, "Identification of a microRNA 

signature for the diagnosis of fibromyalgia, " PloS one, vol. 10, pp. e0121903, 2015. 

[191] E.A. Ovrom, K.A. Mostert, S. Khakhkhar, D.P. McKee, P. Yang and Y.F. Her, "A Comprehensive 

Review of the Genetic and Epigenetic Contributions to the Development of Fibromyalgia, " 

Biomedicines, vol. 11, pp. 1119, 2023. 

[192] F. Karl-Schöller, M. Kunz, L. Kreß, M. Held, N. Egenolf, A. Wiesner et al., "A translational study: 

Involvement of miR-21-5p in development and maintenance of neuropathic pain via immune-

related targets CCL5 and YWHAE, " Experimental Neurology, vol. 347, pp. 113915, 2022. 

[193] J. Zhang, A. Li, R. Gu, Y. Tong and J. Cheng, "Role and regulatory mechanism of microRNA 

mediated neuroinflammation in neuronal system diseases, " Frontiers in immunology, vol. 14, pp. 

1238930, 2023. 

[194] F. Pelizzaro, R. Cardin, A. Sartori, A. Imondi, B. Penzo, C. Aliberti et al., "Circulating MicroRNA-

21 and MicroRNA-122 as prognostic biomarkers in hepatocellular carcinoma patients treated with 

transarterial chemoembolization, " Biomedicines, vol. 9, pp. 890, 2021. 

[195] M. Tsamou, F.A.C. Kremers, K.A. Samaritakis and E.L. Roggen, "Identifying microRNAs 

Possibly Implicated in Myalgic Encephalomyelitis/Chronic Fatigue Syndrome and Fibromyalgia: A 

Review, " International Journal of Molecular Sciences, vol. 25, pp. 9551, 2024. 

[196] Z. Bagheri-Hosseinabadi, M.R. Mirzaei, M.R. Hajizadeh, F. Asadi, M. Rezaeian and M. 

Abbasifard, "Plasma microRNAs (miR-146a, miR-103a, and miR-155) as potential biomarkers for 

rheumatoid arthritis (RA) and disease activity in Iranian patients, " Mediterranean Journal of 

Rheumatology, vol. 32, pp. 324–330, 2021. 

[197] F. Ghuraibawi, H.J. Muhammed and N.I. Awadh, "The Role of miR-155 gene expression in 

Rheumatoid arthritis: miR-155 Gene Effect in Rheumatoid Arthritis, " Iraqi Journal of Cancer and 

Medical Genetics, vol. 16, pp. 40–45, 2023. 

[198] A. Kabłak-Ziembicka, R. Badacz, M. Okarski, M. Wawak, T. Przewłocki and J. Podolec, "Cardiac 

microRNAs: diagnostic and therapeutic potential, " Archives of Medical Science: AMS, vol. 19, pp. 

1360, 2023. 

[199] I. Garrido-Cano, B. Pattanayak, A. Adam-Artigues, A. Lameirinhas, S. Torres-Ruiz, E. Tormo et 

al., "MicroRNAs as a clue to overcome breast cancer treatment resistance, " Cancer and Metastasis 

Reviews, vol. 41, pp. 1–29, 2022. 

[200] S. Makineli, M.R. Vriens, A.J. Witkamp, P.J. van Diest and C.B. Moelans, "The Diagnostic Value 

of microRNA Expression Analysis in Detecting Intraductal Papillomas in Patients with 



AJBAS Volume 6, Issue II, 2025  Barakat, et al  

 

251 
 
 

 

Pathological Nipple Discharge, " International Journal of Molecular Sciences, vol. 25, pp. 1812, 

2024. 

[201] L.-L. Han, S.-H. Wang, M.-Y. Yao and H. Zhou, "Urinary exosomal microRNA-145-5p and 

microRNA-27a-3p act as noninvasive diagnostic biomarkers for diabetic kidney disease, " World 

Journal of Diabetes, vol. 15, pp. 92, 2024. 

[202] Y. Peng, M. Zhang and J. Hu, "Non-coding RNAs involved in fibroblast-like synoviocyte 

functioning in arthritis rheumatoid: From pathogenesis to therapy, " Cytokine, vol. 173, pp. 156418, 

2024. 

[203] N. Mozammel, M. Amini, B. Baradaran, S.Z.B. Mahdavi, S.S. Hosseini and A. Mokhtarzadeh, 

"The function of miR-145 in colorectal cancer progression; an updated review on related signaling 

pathways, " Pathology-Research and Practice, vol. 242, pp. 154290, 2023. 

[204] W. Zhou, Y. Yang, W. Wang, C. Yang, Z. Cao, X. Lin et al., "Pseudogene OCT4-pg5 upregulates 

OCT4B expression to promote bladder cancer progression by competing with miR-145-5p, " Cell 

Cycle, pp. 1–17, 2024. 

[205] M. Gil-Martínez, C. Lorente-Sorolla, S. Naharro, J.M. Rodrigo-Muñoz and V. Del Pozo, 

"Advances and Highlights of miRNAs in Asthma: Biomarkers for diagnosis and treatment, " 

International journal of molecular sciences, vol. 24, pp. 1628, 2023. 

[206] Y. Deng, J. Zou, Y. Hong, Q. Peng, Z. Li, C. Shen et al., "Trimethylamine N-oxide Aggravates 

Neuro-inflammation via lncRNA Fendrr/miR-145-5p/PXN axis in Vascular Dementia Rats, " , 

2024. 

[207] H.-X. Bai, X.-M. Qiu, C.-H. Xu and J.-Q. Guo, "MiRNA-145-5p inhibits gastric cancer 

progression via the serpin family E member 1-extracellular signal-regulated kinase-1/2 axis, " 

World Journal of Gastrointestinal Oncology, vol. 16, pp. 2123, 2024. 

[208] L.A. Bravo-Vázquez, I. Medina-Ríos, L.D. Márquez-Gallardo, J. Reyes-Muñoz, F.I. Serrano-Cano, 

S. Pathak et al., "Functional implications and clinical potential of MicroRNAs in irritable bowel 

syndrome: a concise review, " Digestive diseases and sciences, vol. 68, pp. 38–53, 2023. 

[209] A.G. Qureshi, S.K. Jha, J. Iskander, C. Avanthika, S. Jhaveri, V.H. Patel et al., "Diagnostic 

challenges and management of fibromyalgia, " Cureus, vol. 13, , 2021. 

[210] B. Hadzimuratovic, J. Haschka, M. Hackl, A.B. Diendorfer, A. Mittelbach, J. Feurstein et al., 

"Longitudinal course of circulating miRNAs in a patient with hypophosphatasia and asfotase alfa 

treatment: a case report, " JBMR plus, vol. 8, pp. ziae107, 2024. 

[211] X. Wang, K. Sundquist, K. Palmér, A. Hedelius, A.A. Memon and J. Sundquist, "Macrophage 

migration inhibitory factor and microRNA-451a in response to mindfulness-based therapy or 

treatment as usual in patients with depression, anxiety, or stress and adjustment disorders, " 

International Journal of Neuropsychopharmacology, vol. 21, pp. 513–521, 2018. 

[212] S. García-Cerro, A. Gómez-Garrido, G. Garcia, B. Crespo-Facorro and D. Brites, "Exploratory 

Analysis of MicroRNA Alterations in a Neurodevelopmental Mouse Model for Autism Spectrum 

Disorder and Schizophrenia, " International Journal of Molecular Sciences, vol. 25, pp. 2786, 

2024. 

[213] B. Roy, S. Ochi and Y. Dwivedi, "Potential of circulating miRNAs as molecular markers in mood 

disorders and associated suicidal behavior, " International journal of molecular sciences, vol. 24, 

pp. 4664, 2023. 

[214] R. Siracusa, R. Di Paola, S. Cuzzocrea and D. Impellizzeri, "Fibromyalgia: pathogenesis, 

mechanisms, diagnosis and treatment options update, " International journal of molecular sciences, 

vol. 22, pp. 3891, 2021. 



Barakat, et al AJBAS Volume 6, Issue II, 2025 

  

252 
 

[215] Y. Lin, L. Liu, Y. Lin, R. Yang, S. Liao, M. Xu et al., "MiR-145 Alleviates Sepsis-Induced 

Inflammatory Responses and Organ Injury by Targeting ADAM17, " Frontiers in Bioscience-

Landmark, vol. 29, pp. 44, 2024. 

[216] R. Ding, W. Kang, D. Wu and L. Wang, "Protective effect of propofol via the regulation of ovarian 

granulosa cell proliferation and apoptosis, " Experimental and Therapeutic Medicine, vol. 22, pp. 

1–8, 2021. 

[217] R. Giordano, K.K. Petersen, M. Santoro, C. Pazzaglia, O. Simonsen, M. Valeriani et al., 

"Circulating long non-coding RNA signature in knee osteoarthritis patients with postoperative pain 

one-year after total knee replacement, " Scandinavian Journal of Pain, vol. 21, pp. 823–830, 2021. 

[218] D. Shrivastav and D.D. Singh, "Emerging roles of microRNAs as diagnostics and potential 

therapeutic interest in type 2 diabetes mellitus, " World Journal of Clinical Cases, vol. 12, pp. 525, 

2024. 

[219] S.R. Soofiyani, K. Hosseini, A. Soleimanian, L. Abkhooei, A.M. Hoseini, V. Tarhriz et al., "An 

overview on the role of mir-451 in lung cancer: diagnosis, therapy, and prognosis, " MicroRNA, 

vol. 10, pp. 181–190, 2021. 

[220] L. Xu, L. Tian, Z. Yan, J. Wang, T. Xue and Q. Sun, "Diagnostic and prognostic value of miR-486-

5p, miR-451a, miR-21-5p and monocyte to high-density lipoprotein cholesterol ratio in patients 

with acute myocardial infarction, " Heart and vessels, vol. 38, pp. 318–331, 2023. 

[221] B. Zapała, A. Kamińska, M. Piwowar, A. Paziewska, A. Gala-Błądzińska and E.Ł. Stępień, 

"miRNA signature of urine extracellular vesicles shows the involvement of inflammatory and 

apoptotic processes in diabetic chronic kidney disease, " Pharmaceutical research, vol. 40, pp. 

817–832, 2023. 

[222] M.A. Ortega, M.A. Alvarez-Mon, C. García-Montero, O. Fraile-Martinez, G. Lahera, J. Monserrat 

et al., "MicroRNAs as critical biomarkers of major depressive disorder: a comprehensive 

perspective, " Biomedicines, vol. 9, pp. 1659, 2021. 

[223] H.A. Al-Rawaf, A.H. Alghadir and S.A. Gabr, "Circulating microRNAs and molecular oxidative 

stress in older adults with neuroprogression disorders, " Disease Markers, vol. 2021, pp. 4409212, 

2021. 

[224] F. Wu, X. Yuan, W. Liu, L. Meng, X. Li, X. Gao et al., "Deletion of the miR-144/451 cluster 

aggravates lethal sepsis-induced lung epithelial oxidative stress and apoptosis, " Annals of 

Translational Medicine, vol. 10, , 2022. 

[225] P. Hu, Q. Cao, H. Feng, Y. Liu, Y. Chen, J. Xu et al., "MicroRNA-451a is a candidate biomarker 

and therapeutic target for major depressive disorder, " General Psychiatry, vol. 37, , 2024. 

[226] H. Oshiumi, "Circulating extracellular vesicles carry immune regulatory miRNAs and regulate 

vaccine efficacy and local inflammatory response after vaccination, " Frontiers in Immunology, 

vol. 12, pp. 685344, 2021. 

[227] L. Xu, Y. Yao, T. Lu and L. Jiang, "miR-451a targeting IL-6R activates JAK2/STAT3 pathway, 

thus regulates proliferation and apoptosis of multiple myeloma cells, " Journal of Musculoskeletal 

& Neuronal Interactions, vol. 22, pp. 251, 2022. 

[228] L. Mi, J. Gao, N. Li, Y. Liu, N. Zhang, Y. Gao et al., "Human umbilical cord mesenchymal stem 

cell-derived exosomes loaded miR-451a targets ATF2 to improve rheumatoid arthritis, " 

International Immunopharmacology, vol. 127, pp. 111365, 2024. 

[229] F. Wang, Z. Shi and G. Mu, "Regulation of immune cells by miR-451 and its potential as a 

biomarker in immune-related disorders: a mini review, " Frontiers in Immunology, vol. 15, pp. 

1421473, 2024. 

[230] H. Feng, P. Hu, Y. Chen, H. Sun, J. Cai, X. He et al., "Decreased miR-451a in cerebrospinal fluid, 

a marker for both cognitive impairment and depressive symptoms in Alzheimer’s disease, " 

Theranostics, vol. 13, pp. 3021, 2023. 


