
Clinical and Experimental Rheumatology 2020Clinical and Experimental Rheumatology 2021; 39: 21-31.

Bioinformatics analysis of gene and 
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Abstract
Objective

Fibromyalgia (FM) is the most common chronic pain disease in middle-aged women. Patients may also complain of 
migraine, irritable bowel syndrome and depression, which seriously affect their work and life, causing huge economic 

losses to society. However, the pathogenesis of FM is still controversial and the effect of the current treatment is far 
from satisfactory.

Methods
Differentially expressed genes (DEGs) and miRNAs (DEMs) were found between FM and normal blood samples. 

The pathway and process enrichment analysis of the genes were performed. Protein-protein interaction network were 
constructed. Hub genes were found and analysed in The Comparative Toxicogenomics Database.

Results
A total of 102 genes were up-regulated and 46 down-regulated, 206 miRNAs down-regulated, and 15 up-regulated in FM. 
CD38, GATM, HDC, FOS were found as canditate genes. These genes were significantly associated with musculoskeletal 

disease, mental disorder, immune system disease. There was partial overlap between metformin therapy-related genes 
and FM-related genes.

Conclusion
We found DEGs and DEMs in FM patients through bioinformatics analysis, which may be involved in the occurrence 

and development of FM and serve as potential targets for diagnosis and treatment.
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Introduction
Fibromyalgia (FM) causes chronic pri-
mary pain and fatigue and is the most 
common cause of chronic generalised 
musculoskeletal pain (1). Fibromyal-
gia can occur in children and adults, 
and the incidence increases with age. 
What is more, FM is more common 
in women than in men (2). The preva-
lence of FM is related to diagnostic 
criteria. A cross-sectional survey found 
that the prevalence of FM using the 
ACR (American College of Rheuma-
tology) 2011 revised diagnostic criteria 
was 5.4%, compared with 1.2% ac-
cording to the 2010 criteria and 1.7% 
based on the 1990 diagnostic criteria 
(3). However, the detection rate of FM 
conducted by the US National Health 
Interview Survey (NHIS) for a sample 
of 8446 persons, was 1.75%. Accord-
ing to the sample, it was estimated that 
about 3.94 million people in the United 
States suffer from FM (4). The missed 
and delayed diagnosis of a large num-
ber of FM sufferers not only affect the 
effect of treatment, but also increase 
the medical burden (5). Patients with 
FM may experience multiple-site pain 
(MSP), fatigue, and sleep disorders 
that last for more than 3 months (6). 
Moreover, 30% to 50% of patients suf-
fer from depression and anxiety. More 
than 50% of patients suffer from head-
ache, including migraine and tension 
headache, and seriously reduced qual-
ity of life (7). However, the pathogen-
esis of FM is still controversial. Central 
pain sensitisation, oxidative stress and 
mitochondrial dysfunction, abnormal 
immune system and genetic changes 
may be involved in the occurrence and 
development of FM (8-10). In addi-
tion, multiple pathogenesis may be in-
volved in the disease progression of the 
same patient. At the same time, there 
may be differences in the main mecha-
nisms and inducements of the disease 
in different patients (6, 11), who may 
have different complications (1). These 
evidences suggest the complexity and 
heterogeneity of the pathogenesis 
of FM. Commonly used therapeutic 
drugs include pregabalin, duloxetine, 
gabapentin and amitriptyline; however, 
even with the combination of multiple 
drugs, the therapeutic effect is still far 

from satisfactory (12, 13). In addition, 
transcutaneous nerve electrical stimu-
lation-transcutaneous nerve electrical 
stimulation (transcutaneous electrical 
nerve stimulation, TENS) can reduce 
the central excitability and activate 
the central inhibitory pathway, which 
may effectively improve the systemic 
symptoms of FM (14). However, more 
clinical evidence is needed to prove the 
effectiveness and safety of TENS. Fi-
bromyalgia still afflicts a large number 
of patients (15). It is of great signifi-
cance to further study the pathogenesis 
of FM and find molecular targets for 
diagnosis and treatment.
Bioinformatics analysis technology is 
widely used to find molecular changes 
in the progression of disease. Liu et al. 
found several differentially expressed 
genes (DEGs) and miRNAs (DEMs) 
by sequencing synovium samples 
of patients with rheumatoid arthritis 
(RA). Further verification and analysis 
showed that miR-5571-3p and miR-
135B-5p may participate in the oc-
currence and development of RA by 
regulating immune activity and inflam-
mation-related pathways (16). In ad-
dition, Wang et al. found a number of 
molecules related to neuropathic pain 
after spinal cord injury through bio-
informatics analysis. Further analysis 
found that mir-204-5p may be involved 
in the occurrence and development of 
neuropathic pain after spinal cord in-
jury by regulating protein modification 
and central nervous system biological 
processes. This suggests that related 
molecules may be used as diagnos-
tic and therapeutic targets (17). What 
is more, some studies have identified 
several genes and miRNA molecules 
that may be used for early diagnosis of 
FM by sequencing blood samples from 
patients with FM (18, 19). However, 
there are still few reports on the use of 
bioinformatics analysis to explore the 
pathogenesis of FM.
After analysing the peripheral blood 
sequencing data of FM patients, we 
found several DEGs and DEMs. Then 
we analysed DEGs by Gene Ontology 
(GO), Kyoto Encyclopedia of Genes 
and Genomes (KEGG), and construct-
ed protein-protein interaction (PPI). 
The hub gene that may be involved 
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in the progression of FM were found. 
What is more, the possible targets of 
pregabalin, milnacipran, amitriptyline 
in the treatment of FM were analysed. 
In addition, the possibility of using 
metformin in the treatment of FM was 
explored. Finally, we made a prelimi-
nary analysis of the role of candidate 
genes in FM.

Materials and methods
Dataset
The GEO (http://www.ncbi.nlm.nih.
gov/geo) is a platform for retrieving 
gene expression data (20). One ex-
pression profiling dataset [GSE67311 
(GPL11532 platform)] and one mi-
croRNA expression profiling dataset 
[GSE65033 (GPL14903 platform)] 
were respectively downloaded from the 
GEO database. The GSE67311 dataset 
includes gene expression in the whole 
blood of 70 FM patients and 70 healthy 
matched controls. We chose only 61 
FM blood samples and 68 normal blood 
samples from the dataset based on the 
source. The GSE65033 dataset includes 
miRNA expression in PBMCs (Periph-
eral Blood Mononuclear Cells) of 11 
FM patients and 10 healthy controls.

DEGs identification
GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2r/) is an online tool based 
on GEOquery and limma R packages, 
used to identify DEGs in datasets from 
the GEO (21). GEO2R may also be 
used to distinguish DEGs and DEMs 
between FM and normal blood sam-
ples. The rule of statistical significance 
is that p-value<0.05 and Fold change 
(FC)>0.2 or FC<-0.2 (GSE67311), Fold 
change (FC)>1 or FC<-1 (GSE65033). 
Volcano diagrams were delineated 
by SangerBox software based on R 
language(http://sangerbox.com/).

DEGs annotation
The Database for Annotation, Visuali-
sation and Integrated Discovery (DA-
VID) (https://david.ncifcrf.gov/home.
jsp; v. 6.8) is an online tool with an 
integrated discovery and annotation 
function (22). To perform the biological 
process (BP), cellular component (CC), 
molecular function (MF) and KEGG 
analysis of DEGs, DAVID online tool 

was implemented. The rule of statistical 
significance is that p<0.05. In addition, 
the pathway and process enrichment 
analysis were performed by the Metas-
cape (http://metascape.org/gp/index.
html), a powerful annotation analysis 
tool for gene function.

Protein-protein interaction 
(PPI) network construction
The Search Tool for the Retrieval of 
Interacting Genes (STRING) (http://
string.embl.de/) was used to construct 
a PPI network of the identified DEGs. 
In addition, Cytoscape visualisation 
software v. 3.6.1 was used to present 
the network (23). The most significant 
module in the PPI network was identi-
fied by Molecular Complex Detection 
tool (MCODE), a pug-in of Cytoscape. 
The criteria was that MCODE scores 
>2, the degree of cut-off=2, node score 
cut-off=0.2, k-score=2 and maximum 
depth=100.

Identification and analysis 
of miRNA target genes 
MiRNet (http://www.mirnet.ca) in-
cludes a large number of data on the 
interaction between miRNA and genes. 
It can effectively predict the down-
stream target genes of miRNA (24). 
Target genes of the top 10 up-regulated 
and down-regulated miRNAs were pre-
dicted by miRNet. After that, pathway 
and process enrichment analysis of the 
miRNA target genes were performed by 
Metascape.

Hub genes identification
The Comparative Toxicogenomics 
Database (CTD; http://ctdbase.org/) 
can effectively predict the correlation 
among diseases, drugs and genes. CTD 
can calculate the inference scores and 
provide ideas for exploring the mo-
lecular mechanism of the disease and 
searching for therapeutic drugs (25). 
The target genes predicted by miRNA 
intersected with DEGs were found. 
Also, the CTD database provides genes 
related to FM. The intersection genes 
of DEGs, miRNA target genes and FM 
were found. Common genes were ana-
lysed by DAVID and shown by bubble 
diagrams. In addition, common genes 
were analysed by Cytoscape. The key 

modules were found after MCODE 
analysis in PPI. These module genes 
and the intersection genes of DEGs and 
miRNA target genes were hub genes.

CTD analysis and candidate 
genes identification
Candidate genes were found from FM-
related genes, FM drug-related genes, 
miRNA target genes, DEGs crossover 
analysis of by Funrich software (http://
funrich.org/). What is more, CD38, 
GATM, HDC, FOS were found as can-
ditate genes. The association of these 
genes with musculoskeletal disease 
(MSD), mental disorder (MD), immune 
system disease (ISD) were indicated 
by inferce scores provided by CTD. In 
addition, Brain RNA-seq is an RNA-
sequencing transcriptome and splicing 
database of glia, neurons, and vascular 
cells of the cerebral cortex (http://web.
stanford.edu/group/barres_lab/brain_
rnaseq.html)(26). The expression and 
localisation of candidate genes in brain 
cells were analysed by Brain RNA-seq.

TFs (Transcription factors) predicted
TransmiR v. 2.0 is a updated tran-
scription factor-microRNA regulation 
database (http://www.cuilab.cn/trans-
mir) (27). Candidate miRNAs related 
transcription factors were predicted 
by TransmiR v. 2.0. Furthermore, the 
schematic diagram of part of the miR-
NA-mRNA network were shown by 
cytoscape.

Ethics approval and consent 
to participate
The data of this research was down-
loaded from the GEO database, a pub-
lic website, and all institutional and na-
tional guidelines for the care and use of 
participates were followed.

Results
Screening of DEGs and DEMs 
between fibromyalgia and normal 
control samples
Volcano diagrams showed the DEGs 
in the GSE67311. A total of 102 genes 
were up-regulated, 46 down-regulated 
in FM (Fig. 1A). DEMs were shown in 
Figure 1B with a total of 206 miRNAs 
down-regulated, 15 up-regulated in FM 
in the GSE65033.
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Functional annotation for 
DEGs using KEGG and GO analysis
The results of GO analysis revealed 
that variations were predominantly en-
riched in homeostatic process, cellular 
macromolecule catabolic process, ion 
homeostasis, immune system devel-
opment, small conjugating protein li-
gase activity (Table I). KEGG analysis 
demonstrated that DEGs were largely 
enriched in porphyrin and chlorophyll 
metabolism (Table I). Pathway and pro-
cess enrichment analysis by Metascape 
were shown in Figure 2A-B-C.

Construction of the PPI network
Construction of a PPI network revealed 

176 edges and 76 nodes in the PPI net-
work (Fig. 3A). The network possessed 
significantly more interactions than 
expected, suggesting that the identi-
fied proteins are at least partially as-
sociated. The key modules of MCODE 
analysis were shown in Figure 3C.

Target genes of miRNA
The top 5 up-regulated and down-reg-
ulated miRNAs in FM samples were 
shown in Table II. In addition, the pre-
diction of miRNA target genes by miR-
Net showed that there were some target 
genes in up-regulated miRNA hsa-mir-
19a-5p, down-regulated miRNA hsa-
mir-126-5p and hsa-mir-223-3p (Fig. 

3B). Pathway and process enrichment 
analysis of the target genes were shown 
in Figure 2D-E-F.

Hub gene selection and 
analysis
MCODE key modules of the DEGs 
were shown in Figure 3C. GATM, 
TAL1, CARM1, CD38, ZNF138 were 
common genes of miRNA target genes 
and DEGs (Fig. 3D). In addition, after 
analysing the intersection of FM-re-
lated genes and DEGs, miRNA target 
genes, a total of 180 genes were found 
(Fig. 4A). DAVID analysis results 
were shown in Figure 4B-E. PPI were 
shown in Figure S1 A. Key modules 
were shown in Figure S1 B-F. Together 
with GATM, TAL1, CARM1, CD38, 
ZNF138, these module genes were de-
fined as hub genes.

CTD analysis and candidate 
genes identification
Pregabalin, milnacipran, amitripty-
line, celecoxib and venlafaxine related 
genes were obtained from CTD data-
base. Furthermore, drug-related genes, 
FM-related genes and DEGs, miRNA 
target genes common genes were found 
(Fig. S2 A1-F2). The FOS gene may 
be involved in the treatment of FM 
with pregabalin (Fig. S2 A2), while 
the HDC gene may be involved in the 
treatment of FM with milnacipran (Fig. 
S2 B1), and the NLRP3 gene may be 
involved in the treatment of FM with 
amitriptyline (Fig. S2 C2). In addition, 
there were some common genes among 
metformin-related genes, FM-related 
genes and DEGs or miRNA target 
genes. Furthermore, the common genes 
included some hub genes, suggesting 
that metformin may be useful in the 
treatment of FM (Fig. S2 F1-F2). At 
the same time, candidate genes (CD38, 
GATM, HDC, FOS) were mainly re-
lated to rheumatoid RA, musculoskel-
etal abnormalities, muscle weakness, 
osteoporosis, sleep wake disorders, 
mental disorders, anxiety disorders, 
depressive disorder, immunologic de-
ficiency, hypersensitivity (Fig. 5A-D). 
What is more, CD38 and FOS in the 
brain were mainly located in astrocyte, 
and GATM and HDC were mainly in 
microglia (Fig. 5E).

 

Fig. 1. Identification of DEGs and DEMs between fibromyalgia and normal blood samples. 
A: The DEGs between fibromyalgia and normal blood samples in the GSE67311 were presented in the 
volcano plots, in which the green nodes mean the down-regulated DEGs, and the red nodes mean the 
up-regulated DEGs; B: The DEMs between fibromyalgia and normal blood samples in the GSE65033 
were presented in the volcano plots.

Table I. GO and KEGG pathway enrichment analysis of DEGs in fibromyalgia samples.

Term	 Description	 Count in gene set	 p-value

GO:0042592	 homeostatic process	 12	 0.00853
GO:0006508	 proteolysis	 12	 0.07451
GO:0044265	 cellular macromolecule catabolic process	 10	 0.04298
GO:0009057	 macromolecule catabolic process	 10	 0.06313
GO:0050801	 ion homeostasis	 7	 0.04799
GO:0002520	 immune system development	 6	 0.03253
GO:0005886	 plasma membrane	 31	 0.07698
GO:0044459	 plasma membrane part	 22	 0.02760
GO:0005856	 cytoskeleton	 14	 0.08688
GO:0031226	 intrinsic to plasma membrane	 13	 0.0745
GO:0004842	 ubiquitin-protein ligase activity	 4	 0.06988
GO:0019787	 small conjugating protein ligase activity	 4	 0.09263
GO:0005200	 structural constituent of cytoskeleton	 3	 0.08288
GO:0019865	 immunoglobulin binding	 2	 0.09282
hsa00860	 Porphyrin and chlorophyll metabolism	 3	 0.01586

GO: gene ontology; KEGG: Kyoto encyclopedia of genes and genomes; DEGs: differentially  expressed 
genes.
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TFs predicted
Up-regulated miRNA hsa-mir-19a-5p 
and down-regulated miRNA hsa-mir-
223-3p, hsa-mir-126-5p related TFs 
were predicted in Figure 6A. At the 
same time, the schematic diagrams 
of some miRNA-mRNA network are 
shown in Figure 6B.

Discussion
Fibromyalgia is the most common 
chronic pain disease in middle-aged 
women. In addition to widespread pain 
and sleep disorders, patients may also 
complain of migraine, irritable bowel 
syndrome and depression. These symp-
toms seriously affect the patients’ work 
and life, which then cause huge eco-
nomic losses to society (2, 6). In addi-
tion, after the revision of the diagnostic 

criteria by the ACR, the morbidity rate 
of the population is about 5.4%. How-
ever, the detection rate of FM is 1.75%, 
suggesting that a large number of pa-
tients do not get correct and timely di-
agnosis and treatment (3, 4). The main 
reason for this phenomenon is that the 
mechanism of FM is unclear and there 
are no specific diagnostic markers. As 
a result, the treatment method and ef-
fect are far from satisfactory (28, 29). 
Therefore, it is of great value to find the 
molecular mechanism of FM in order 
to make the early diagnosis and specif-
ic treatment of FM. In this study, by an-
alysing the peripheral blood and mono-
cyte sequencing data of patients with 
FM, we found a number of genes and 
miRNAs that may be involved in the 
occurrence and development of FM. 

In addition, the possible mechanism 
of the involvement of CD38, HDC and 
FOS in FM were discussed. Further-
more, the feasibility of metformin in 
the treatment of FM was analysed.
CD38 (cluster of differentiation 38 
molecule) is a transmembrane glyco-
protein, mainly involved in the regu-
lation of NAD+ nucleosidase activity, 
identical protein binding, response to 
hypoxia, positive regulation of cytosol-
ic calcium ion concentration, apoptotic 
signalling pathway and positive regula-
tion of B cell proliferation (30).What is 
more, The abnormality of CD38 gene 
single nucleotide polymorphism (SNP) 
is associated with depression and other 
psychiatric symptoms (31). Ning et al. 
found abnormal expression of CD38 in 
patients with inflammatory bowel dis-

Fig. 2. The enrichment analysis of DEGs and miRNA target genes by DAVID and Metascape. 
A: Bar graph of enriched terms across DEGs, coloured by p-values; B: Network of enriched terms, coloured by cluster; C: Network of enriched terms, coloured 
by significant p-value; D: Bar graph of enriched terms across miRNA target genes, coloured by p-values; E: Network of enriched terms, coloured by cluster; 
F: Network of enriched terms, coloured by significant p-value.
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Fig. 3. Protein-protein interaction (PPI) network and common genes. A: Protein-protein interaction network of DEGs; B: Target genes in up-regulated miR-
NA hsa-mir-19a-5p, down-regulated miRNA hsa-mir-126-5p and hsa-mir-223-3p; C: Key modules of the DEGs; D: GATM, TAL1, CARM1, CD38, ZNF138 
were common genes of miRNA target genes and DEGs.
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ease (IBD) by proteomic analysis. Fur-
ther analysis suggests that CD38 may 
participate in the progression of IBD 
through the nicotinamide adenine di-
nucleotide (NAD) metabolism and sig-
nalling pathway, suggesting that CD38 
may be a therapeutic target (32). In 
addition, Sadeghi et al. found that phe-
nytoin may inhibit Ca2+ influx through 
regulate cyclase activity of CD38 and 
cADPR (cyclic adenosine diphosphate 
ribose), and then play an anticonvul-
sant role in the treatment of depression 
(33). Hull et al. found that CD38 may 
be involved in morphine tolerance and 
pain receptor abnormalities by regulat-
ing CD38-cADPR-ryanodine recep-
tor Ca (2+) signalling pathway (34). 
In fact, voltage-gated calcium (Cav) 
channels (VGCC) participates in a va-
riety of physiological activities. Zhao 
et al. found that abnormal activity of T-
type, a calcium channel, is significantly 
associated with epilepsy, mental disor-
ders and pain (35). Therefore, calcium 
channel-related signalling pathways 
may also be involved in the patho-
genesis of FM. In addition, Roboon 
found that knockout CD38 could in-
hibit neuroinflammation and glial cell 
activation, suggesting that CD38 could 
be used as a target for reducing neuro-
inflammation and glial cell activation 
(36). Our analysis shows that CD38 is 
mainly enriched in Astrocyte. Similar 
to the above study, we found that FM 
patients with low expression of CD38, 
and CD38 is the target gene of up-
regulated miRNA hsa-mir-19a-5p. We 
speculate that CD38 may be involved 
in the occurrence and development 
of FM by regulating calcium-related 
signal pathways, regulating inflamma-

tory response, regulating apoptosis and 
other mechanisms. Furthermore, CD38 
may be a therapeutic target for improv-
ing pain, depression and IBD symp-
toms in FM. The molecular mechanism 
of the involvement of CD38 in FM is 
worthy of further exploration.
HDC (histidine decarboxylase) is main-
ly involved in histidine decarboxylase 
activity, protein binding, catecholamine 
biosynthetic process. What is more, his-
tamine participates in pain modulation. 
Yu et al. found that central histamine 
may participate in central sensitisation 
and induce neuropathic pain (37). In 
addition, Jin et al. found the abnormal 
expression of HDC gene by sequenc-
ing the whole blood genome of patients 
with Complex regional pain syndrome 
(CRPS), suggesting that HDC and 
other related molecules may be used as 
therapeutic targets for CRPS (38). Fur-
thermore, Munari et al. found that the 
abnormality of brain histamine system 
may be involved in the occurrence and 
development of depression (39). We 
found low expression of HDC gene in 
FM patients by bioinformatics analysis. 
Moreover, HDC may also be the target 
of milnacipran in the treatment of FM. 
We speculate that HDC participates in 
the progression of FM through immune 
regulation and central pain regulation. 
The related molecular mechanism is 
worthy of further exploration.
FOS (Fos proto-oncogene, AP-1 tran-
scription factor subunit) is mainly in-
volved DNA-binding transcription fac-
tor activity, DNA methylation, inflam-
matory response, nervous system de-
velopment, sleep and cellular response 
to calcium ion. What is more, Sun et al. 
found that there is interaction between 

miR-221, lincRNA p21 and FOS. Over-
expression of lincRNA p21 promotes fos 
expression by regulating miR-221 node, 
which inhibits hippocampal neuronal 
apoptosis in diabetic mice, suggest-
ing that related molecules may be used 
as targets for the treatment of diabetes 
(40). Touj et al. found that c-Fos immu-
noreactivity may be involved in pain hy-
persensitivity through the detection and 
analysis of mechanical and thermal pain 
thresholds and pain-related molecules in 
the animal model of blind mice (41). In 
addition, Borysovych et al. found that 
FOS-related Fos-immunoreactive nu-
clei is involved in the regulation of cor-
tical spreading depression (CSD) and 
activation of on neuronal activation in 
the periaqueductal grey matter (PAG), 
suggesting that FOS may be involved in 
central sensitisation-induced migraine 
(42). Furthermore, Nascimento et al. 
found β-cyclodextrin produce anti-
hyperalgesic activity and increase FOS 
protein expression, in the mouse model 
of FM, suggesting that FOS may partici-
pate in the central sensitisation of FM 
and act as a therapeutic target (43). Con-
sistent with the above studies, we found 
that FOS is a target gene for abnormally 
up-regulated miRNA hsa-mir-19a-5p in 
patients with FM. FOS may also be a 
target for pregabalin in the treatment of 
FM. We speculate that FOS participates 
in the progression of FM by regulating 
immunity, regulating inflammation and 
inducing central sensitisation. The re-
lated molecular mechanism is worthy of 
further study.
Metformin is a commonly used drug 
to control blood sugar in patients with 
diabetes. At the same time, it has car-
diovascular protective effect, which 
can reduce mortality in patients with 
coronary heart disease and heart failure 
(44). What is more, metformin may also 
delay aging and inhibit tumour growth 
(45). In addition, metformin regulates 
AMPK (Adenosine 5’-monophosphate 
activated protein kinase), inhibits mi-
tochondrial glycerol-3-phosphate de-
hydrogenase and affects cell oxida-
tion, and regulates intestinal flora (46). 
Furthermore, metformin can stimulate 
specific aging neural stem cells to pro-
duce differentiation, which in turn pro-
motes the regeneration of nerve myelin 

Table II. The top 5 up-regulated and down-regulated miRNAs in fibromyalgia samples.

MiRNA 	 Change	 LogFC	 p-value

Hsa-mir-367	 Up-regulated	 1.94	 2.13E-02
Hsa-mir-646	 Up-regulated	 1.45	 2.51E-02
Hsa-mir-876-3p	 Up-regulated	 1.39	 1.22E-03
Hsa-mir-548z	 Up-regulated 	 1.38	 1.61E-03
Hsa-mir-3164	 Up-regulated	 1.31	 6.82E-03
Hsa-mir-148a	 Down-regulated	 -3.03	 8.26E-11
Hsa-mir-338-3p	 Down-regulated	 -3.49	 8.98E-12
Hsa-mir-451	 Down-regulated	 -3.67	 3.98E-08
Hsa-mir-145	 Down-regulated 	 -3.88	 2.80E-09
Hsa-mir-143	 Down-regulated	 -3.99	 1.80E-09

FC: fold change.
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Fig. 4. Common genes of DEGs, miRNA target genes and fibromyalgia-related genes. A: There were 180 genes overlap between the genes calculated by 
bioinformatics analysis and FM-related genes. (B-E) GO and KEGG analysis of the common genes by DAVID.
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Fig. 5. Candidate genes analysis in CTD and expression, localisation in brain cells. 
A: CD38, B: GATM, C: HDC, D: FOS, E: The expression and localisation of candidate genes in brain cells.

Fig. 6. Transcription factors of miRNAs predicted and miRNA-mRNA network. A: Up-regulated miRNA hsa-mir-19a-5p and down-regulated miRNA hsa-
mir-223-3p, hsa-mir-126-5p related TFs. B: Diagrams of part of the miRNA-mRNA network.
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sheath (47). Alcocer et al. found that 
metformin may improve mitochondrial 
dysfunction and chronic pain symptoms 
in patients with FM through the AMPK 
pathway (48). At the same time, AMPK 
activity and pyrin domain containing 3 
(NLRP3) inflammasome activation are 
associated with several metabolic and 
inflammatory diseases. Metformin may 
regulate the axis of inflammation to 
improve pain, fatigue and other symp-
toms in patients with FM (49). Consist-
ent with the above study, we found that 
there are many common related genes 
between metformin and FM. We specu-
late that metformin may be used in the 
treatment of FM by regulating inflam-
mation and central sensitisation. The 
related molecular mechanism needs to 
be explored.
Although this study has carried out 
rigorous bioinformatics analysis, there 
are still some shortcomings. Firstly, the 
sample size of the datasets are small. 
Larger sample size sequencing data is 
needed to make the conclusion more 
accurate. Secondly, there is neither 
sample verification nor self-sequencing 
verification in this paper. Comprehen-
sive verification is needed in animal ex-
periments and clinical trials in order to 
have a better understanding of the mo-
lecular mechanism of the occurrence 
and development of FM. Thirdly, we 
predicted the miRNA-related transcrip-
tion factors and the possible molecular 
targets of drug action, as well as the 
possibility of metformin in the treat-
ment of FM, but these hypotheses need 
to be verified by further experiments.

Conclusion
We found DEGs and DEMs in FM 
patients through bioinformatics analy-
sis. These molecules may be involved 
in the occurrence and development of 
FM and serve as potential targets for 
diagnosis and treatment. Bioinformat-
ics analysis can help us to explore the 
molecular mechanism of FM and find 
possible therapeutic drugs.
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