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Abstract. Rheumatoid arthritis (RA) is an autoimmune 
disease characterized by systemic inflammation, especially 
synovitis, leading to joint damage. It is important to explore 
potential biomarkers and therapeutic targets to improve the 
clinical treatment of RA. However, the potential underlying 
mechanisms of action of available treatments for RA have 
not yet been fully elucidated. The present study investigated 
the potential biomarkers of RA and identified specific targets 
for therapeutic intervention. A comprehensive analysis was 
performed using mRNA files downloaded from the Gene 
Expression Omnibus. Differences in gene expression were 
analyzed and compared between the normal and RA groups. 
In addition, Gene Ontology and Kyoto Encyclopedia of Genes 
and Genomes pathway enrichment analyses were performed 
on differentially expressed genes (DEGs). A protein‑protein 
interaction network, Molecular Complex Detection and 
cytoHubba network were evaluated to identify hub genes. 
Finally, using an experimental RA rat model induced by 
Freund's complete adjuvant (FCA), the expression of poten‑
tial biomarkers or target genes in RA were verified through 
reverse transcription‑quantitative PCR. The results of the 
mRNA dataset processing revealed 195 DEGs in patients 
with RA when compared with the healthy controls. Moreover, 
10 hub genes were identified in patients with RA and four 
candidate mRNAs were identified, as follows: Discs large 
homolog‑associated protein 5 (DLGAP5), kinesin family 
member 20A (KIF20A), maternal embryonic leucine zipper 
kinase (MELK) and nuclear division cycle  80 (NDC80). 
Finally, the bioinformatics analysis results were validated by 
quantifying the expression of the DLGAP5, KIF20A, MELK 
and NDC80 genes in the FCA‑induced experimental RA rat 

model. The findings of the present study suggested that the 
treatment of RA may be successful through the inhibition of 
DLGAP5, KIF20A, MELK and NDC80 expression. Therefore, 
the targeting of these genes may result in more effective 
treatments for patients with RA.

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory 
disease characterized by high levels of synovitis leading to 
joint damage, and is associated with notable morbidity and 
mortality (1). Clinical epidemiological data have confirmed 
that RA occurs in 0.5‑1% of the global population, and that 
it occurs 2‑3 times more frequently in women than in men. 
In addition, RA can affect people of any age, but the peak 
onset is between 50 and 59 years (2). If RA occurs owing to 
a family history of inheritance, then the risk of disease devel‑
opment can increase by 3‑5 times (3). Currently, there is no 
clear understanding about the pathogenesis of RA, but there 
is a widespread belief it is related to immune abnormalities, 
probably influenced by genetic and environmental factors (4). 
Rheumatoid factor (RF) testing is an important indicator of 
an RA diagnosis and prognosis and indicates disease severity. 
However, RF testing yields a negative result in the early 
stages of RA, similar to that obtained for other autoimmune 
and inflammatory diseases (5). Therefore, more effective and 
sensitive auxiliary biomarkers of RA are needed. Based on the 
genetic predisposition, guanylate‑binding protein 1 (GBP1), 
C‑X‑C motif chemokine ligand 10 (CXCL10), granulo‑
cyte‑macrophage colony‑stimulating factor (GM‑CSF) and its 
receptor colony‑stimulating factor 2 receptor β (CSF2RB) have 
been reported to be highly expressed in RA, and therefore may 
play an important role in the early diagnosis and treatment of 
RA (6,7). Genetic testing may provide opportunities for the 
early detection of effective therapeutic responses to RA, even 
a few months before the preclinical phase (8). Therefore, iden‑
tifying novel and feasible biomarkers is critical for the early 
diagnosis and treatment of RA.

In the present study, bioinformatics analysis was performed 
to determine the potential biomarkers of RA and identify 
specific targets for therapeutic intervention, with the aim of 
improving the understanding of the mechanism of RA and 
the clinical treatment of RA. Initially, raw data of RA from 
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the NCBI Gene Expression Omnibus (GEO) database were 
obtained and four hub genes were selected. Furthermore, 
the results of bioinformatics analysis were verified using 
a rat model of Freund's complete adjuvant (FCA)‑induced 
RA. These results may provide insights into the underlying 
molecular mechanisms of RA and potential biomarkers and 
target genes for treatment.

Materials and methods

Selection of GEO datasets. A flowchart of the overall experi‑
mental design is shown in Fig. 1. The mRNA datasets were 
downloaded from the GEO database (www.ncbi.nlm.nih.
gov/geo/). To gain an improved understanding of the underlying 
mechanism of RA, the independent datasets of GSE55457 (6) 
and GSE77298 (7) were selected, which included synovial 
tissues from 13 and 16 patients with RA and 10 and 7 healthy 
subjects, respectively.

Differential expression analysis. To identify differentially 
expressed mRNAs (DE‑mRNAs) using the GSE55457 and 
GSE77298 datasets, the mRNA expression levels of the 
tissue samples from patients with RA and healthy subjects 
were compared. DE‑mRNAs were defined using the ‘limma’ 
package (version 3.52.2) (9), based on the criteria of log2 fold 
change >1 and P<0.05 (8).

Functional enrichment analysis. Database for Annotation, 
Visualization and Integrated Discover (DAVID) (https://david.
ncifcrf.gov/) analysis was performed on Kyoto Encyclopedia 
of Genes and Genomes (KEGG) and Gene Ontology (GO) 
terms (10). In the present study, the ‘enrichGO’ function of the 
clusterProfiler package (10) was used to perform GO pathway 
enrichment analysis based on the differentially expressed 
genes (DEGs). Based on their function, these genes were 
divided into three categories: Biological process (BP), molec‑
ular function (MF) and cellular component (CC). A significant 
enrichment of GO terms was observed for DEGs based on the 
false discovery rate‑adjusted P<0.05. The DAVID webtools 
were used to analyze KEGG enrichment of the integrated 
DEGs in the present study. Adjusted P<0.05 was considered 
to indicate a statistically significant difference. The software 
packages R (version 4.2.2; https://www.R‑project.org/) (11), 
MCODE plug‑in (version 2.0.2) (12,13) and CytoHubba plug‑in 
(https://apps.cytoscape.org/apps/cytohubba) in Cytoscape 
(version 3.9.1) (14,15) were used to obtain the results.

Building a protein‑protein interaction (PPI) network and 
identifying hub genes. Based on the STRING database 
(version  11.5; using confidence score >0.9)  (16), a set of 
high‑confidence PPI networks for humans were constructed. 
To screen for hub genes, topological algorithms of the cyto‑
Hubba plug‑in application in Cytoscape (version 3.9.1) were 
applied to predict and explore important nodes and hubs. 
The core module was extracted from the PPI network using the 
MCODE plug‑in. The parameters were set as follows: Degree 
cut‑off=2, K‑Core=2 and node score cut‑off=0.2 (17). It was 
hypothesized that the potential hub genes could be found in 
the core module. Thus, the genes selected were considered the 
hub genes.

Animals. A total of 30 male Sprague Dawley rats (6 weeks old; 
180±20 g body weight) were obtained from Chengdu Dashuo 
Laboratory Animal Co., Ltd. (permit no. SCXK 2015‑030). 
The animals were fed and maintained under laboratory condi‑
tions of 22‑24˚C and 50‑65% humidity, with natural light and 
dark cycles, and had free access to food and drinking water. 
The rats were randomized into the control and RA groups 
(n=15/group). All animal procedures were approved by The 
Ethics Committee of Chengdu University of Traditional 
Chinese Medicine (Chengdu, China; approval no. 2018‑11).

Establishment of the RA model. On the first day of the experi‑
ment, to establish the RA model, the rats were in the RA group 
subjected to the induction process, wherein they received an 
injection of 0.5 ml/kg of FCA (Sigma‑Aldrich; Merck KGaA) 
in the footpad. The control group was injected with the same 
amount of normal saline. RA progression was evaluated based 
on the swelling and redness of the foot pad. The overall condi‑
tion and bipedal lesions of all rats were observed daily. A 
waterproof marker was used to mark the middle of the footpad 
of each rat and all future measurements were taken from this 
point. Calipers were used to measure the footpad thickness 
before and 1, 2 and 3 weeks after establishment of the RA 
model (18).

At the end of the experiment, the rats were anesthetized with 
7% chloral hydrate (400 mg/kg, intraperitoneally; Sinopharm 
Chemical Reagent Co., Ltd.). It was confirmed that the rats 
showed no signs of peritonitis, pain or discomfort following 
this anesthesia method. Blood was subsequently collected 
from the abdominal aorta of the live anesthetized rats. After 
the 5 ml of blood was collected, the rats were subsequently 
sacrificed by cervical dislocation. Ankle joints, synovial tissue 
and the spleen were also collected from each animal.

Hematoxylin and eosin (H&E) staining. The ankle joint 
was fixed with 4% paraformaldehyde (Wuhan Servicebio 
Technology Co., Ltd.) for >24 h at room temperature. After 
fixation, the paraffin‑embedded tissue sections were sliced 
into 5‑mm sections using a paraffin microtome (Leica 
Microsystems, Ltd.). The sections were then stained with the 
H&E staining solution kit (Wuhan Servicebio Technology Co., 
Ltd.), which included staining with hematoxylin and eosin 
individually (5 min at room temperature for each staining 
step). The stained sections were dehydrated with ethanol, 
cleared with xylene, mounted onto slides with neutral balsam 
and covered with coverslips. Histopathological examination 
was performed on the mounted sections and images were 
captured under a light microscope (Nikon Corporation). The 
slides were graded according to the degree of inflammatory 
changes. The rat synovial pathological score included syno‑
vial tissue hyperplasia, inflammatory cell infiltration and 
macrophage hyperplasia. The tissue was scored based on the 
following: 0, normal; 1, sparse or scattered; 2, diffuse increase; 
3, large increase with respect to inflammatory cell infiltration, 
macrophage hyperplasia and fibroplasia.

Enzyme‑linked immunosorbent assay (ELISA). The blood 
samples collected from each group were centrifuged 
at 1,200 x g for 20 min at room temperature (Heal Force 
Bio‑meditech Holdings Ltd.) and the supernatant was 
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collected. The expression levels of tumor necrosis factor 
α (TNF‑α) (cat. no. JM‑01587R1) and interleukin (IL‑) 12 
(cat. no. JM10372R1) in the supernatant were detected using 
an ELISA kit (all Jiangsu Jingmei Biotechnology Co., Ltd.), 
according to the manufacturer's guidelines. Standards (50 µl) 
and samples (10 µl of serum and 40 µl of diluent, supplied 
with the kit) were added to predetermined microplate wells. 
Horseradish peroxidase (HRP)‑labeled conjugate (100 µl; 
supplied with the kit) was added to the wells, which were then 
sealed and incubated at 37˚C for 1 h. The plate was washed 
five times with PBS and substrates A (50 µl) and B (50 µl) 
were added to each well. After incubation for 15 min at 37˚C, 
stop solution (50 µl) was added. A microplate reader (BioTek 
Instruments, Inc.) was used to measure the optical density 
(OD) values in all wells at a wavelength of 450 nm. TNF‑α 
and IL‑12 concentrations were calculated using the obtained 

OD values of each group of samples, according to the linear 
regression equation of the standard curve.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Spleen tissue (100 mg) from the RA animal model 
and control group was homogenized using a homogenization 
tube. Following the manufacturer's instructions, total RNA 
was extracted using the TRIzol™ method (Thermo Fisher 
Scientific, Inc.). The concentration and purity of the isolated 
RNA were determined using a microvolume spectropho‑
tometer (Thermo Fisher Scientific, Inc.). According to the 
manufacturer's protocol, RNA was subsequently converted 
into cDNA using a RT kit (Thermo Fisher Scientific, Inc.) 
and a PCR machine (Eastwin Life Sciences Inc.). For the 
qPCR step, the reaction mixture constituted the following 
components: 2 µl cDNA, 2.5 µl forward and reverse primers, 

Figure 1. Flowchart of the experimental design. RA, rheumatoid arthritis; DEGs, differentially expressed genes; FCA, Freund's complete adjuvant; GEO, Gene 
Expression Omnibus; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein‑protein interaction.
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7.5 µl 2X SYBR Green qPCR Master Mix (Wuhan Servicebio 
Technology Co., Ltd.) and ultrapure water to reach a 15 µl 
total volume. Amplification was performed using a fluorescent 
qPCR instrument (Bio‑Rad Laboratories, Inc.). The reac‑
tion parameters were as follows: Initial denaturation (95˚C 
for 30 sec), 40 cycles of denaturation (95˚C for 15 sec) and 
annealing/extension (60˚C for 30 sec). Data were collected 
and analyzed using SDS software (version  1.4; Applied 
Biosystems; Thermo Fisher Scientific, Inc.). GAPDH was used 
as the internal reference gene. Furthermore, 2‑ΔΔCq (19) was 
used to calculate the relative expression level of discs large 
homolog‑associated protein 5 (DLGAP5), kinesin family 
member 20A (KIF20A), maternal embryonic leucine zipper 
kinase (MELK) and nuclear division cycle 80 (NDC80). The 
primer sequences used were as follows: GAPDH‑forward (F), 
5'‑CTG​GAG​AAA​CCT​GCC​AAG​TAT​G‑3'; GAPDH‑reverse 
(R), 5'‑GGT​GGA​AGA​ATG​GGA​GTT​GCT‑3'; MELK‑F, 
5'‑TCC​CAT​TGA​GTG​GCA​AAG​CA‑3'; MELK‑R, 5'‑CCT​
GCT​GTT​GCG​GTG​ATG​TA‑3'; NDC80‑F, 5'‑CAA​AGA​CCT​
GGA​AGC​CGA​ACA​A‑3'; NDC80‑R, 5'‑CTA​GCC​AAC​TTG​
TGG​TAC​TCT​GC‑3'; DLGAP5‑F, 5'‑GAA​GTG​CCA​ACG​
CTT​TCC​TGA‑3'; DLGAP5‑R, 5'‑CGT​TCT​TTC​CTA​GAG​
TCT​GTT​TGT​G‑3'; KIF20A‑F, 5'‑GAA​CCA​CCT​AGC​CAT​
CAG​CAT​A‑3'; KIF20A‑R, 5'‑ACT​GTG​ACT​GCG​ACT​AGA​
GTG​CT‑3'.

Western blotting. The synovial tissue was washed 2‑3 times 
with cold PBS to remove blood, after which the tissue was 
cut into small pieces and placed in a homogenizer tube. 
Protease inhibitors and 10 times the tissue volume (10 ml 
buffer/g tissue) of radio immunoprecipitation assay lysis 
buffer (Wuhan Servicebio Technology, Co., Ltd.) were added 
to the tube and the contents were homogenized thoroughly on 
ice. The homogenate was transferred to a 1.5 ml centrifuge 
tube and the contents were shaken well. The homogenate 
was pipetted repeatedly for 30 min in an ice bath to ensure 
complete cell lysis, after which the contents were centri‑
fuged at 12,000 x g for 10 min at 4˚C and the supernatant 
(containing total protein) was collected. Protein concentra‑
tion was determined using the bicinchoninic acid method. 
Subsequently, sodium dodecyl sulfate‑polyacrylamide gel 
electrophoresis was performed using 10% gels to separate the 
isolated proteins (30 µg/lane). The separated proteins were 
then transferred onto polyvinylidene difluoride membranes. 
After blocking the membranes with tris‑buffered saline 
containing 5% skimmed milk powder at room temperature 
for 1 h, the membranes were incubated with the following 
primary antibodies overnight at  4˚C: KIF20A (cat.  no. 
ab70791; 1:1,000; Abcam), NDC80 (cat.  no.  ab109496; 
1:1,000; Abcam), MELK (cat. no. ab108529; 1:1,000; Abcam), 
DLGAP5 (cat. no. ab70744; 1:1,000; Abcam) and GAPDH 
(cat. no. gb15002; 1:2,000; Wuhan Servicebio Technology, 
Co., Ltd.). After repeated washing, the membranes were incu‑
bated with HRP‑conjugated goat anti‑rabbit (cat. no. gb23303; 
1:5,000; Wuhan Servicebio Technology, Co., Ltd.) secondary 
antibody for 2 h at 37˚C. Images were collected using a chemi‑
luminescent imaging system (Wuhan Servicebio Technology, 
Co., Ltd.) and grayscale analysis was performed using the 
system's ChemiScope analysis software (version ChemiScope 
6100; Clinx Science Instrument Co., Ltd.).

Statistical analysis. All data had to pass the Shapiro‑Wilk 
normality test and the Levene's test for homogeneity of vari‑
ance. Then the results were analyzed by pairwise test. For 
correlation analyses, when the data distribution was normal, 
the Pearson correlation analysis was used, whereas when the 
distribution was not normal, the Spearman correlation analysis 
was used. Data were presented as the mean  ±  standard 
deviation. P<0.05 was considered to indicate a statistically 
significant difference. All data were assessed using SPSS 26.0 
software (IBM Corp.). The relevant boxplots were compiled 
using Xiantao Academic (http://www.xiantao.love).

Results

Identification of DE‑mRNAs. The mRNA expression levels 
from the GSE55457 and GSE77298 datasets from the GEO 
database were investigated and the results were determined 
through boxplots, volcano plots and heatmaps (Fig. 2). There 
were 13 samples from patients with RA and 10 samples 
from healthy individuals in the GSE55457 dataset, whereas 
there were 16 samples from patients with RA and 7 samples 
from healthy individuals in the GSE77298 dataset. In the 
GSE55457 dataset, 664 DE‑mRNAs were identified (429 with 
upregulated expression and 235 with downregulated expres‑
sion), while in the GSE77298 dataset, 2,150 DE‑mRNAs 
were detected (1,170 with upregulated expression and 980 
with downregulated expression). According to Venn diagram 
analyses, 165 DE‑mRNAs that had upregulated expression 
and 30 DE‑mRNAs that had downregulated expression were 
shared between the two datasets (Fig. 3 and Table SI).

Enrichment analysis of DE‑mRNAs. To explore the potential 
functions of the identified DE‑mRNAs, functional enrichment 
analysis was performed using GO and KEGG analyses. Among 
them, the top five BP, top five CC and top five MF GO terms 
are shown in Fig. 4A and Table SII. In BP, ‘leukocyte cell‑cell 
adhesion,’ ‘mononuclear cell differentiation,’ ‘lymphocyte 
differentiation,’ ‘leukocyte migration’ and ‘lymphocyte 
mediated immunity’ were the top five most enriched terms. 
Additionally, ‘external side of plasma membrane,’ ‘endo‑
cytic vesicle membrane,’ ‘clathrin‑coated endocytic vesicle,’ 
‘clathrin‑coated endocytic vesicle membrane’ and ‘alpha‑β 
T‑cell receptor complex’ were the top five GO terms on CC. 
Furthermore, ‘antigen binding,’ ‘immune receptor activity,’ 
‘cytokine receptor activity,’ ‘chemokine receptor binding’ and 
‘chemokine activity’ were the top five GO terms on MF. Based 
on the KEGG analysis, significant enrichments were observed 
in nine KEGG pathways for the apparent DE‑mRNAs, such 
as ‘hematopoietic cell lineage,’ ‘cytokine‑cytokine receptor 
interaction,’ ‘viral protein interaction with cytokine and cyto‑
kine receptor,’ ‘chemokine signaling pathway’ and ‘Th17 cell 
differentiation’ (Fig. 4B and Table SII).

Analysis of DE‑mRNAs and screening of hub mRNAs. To 
further explore the functions of these mRNAs, the STRING 
database was analyzed using a PPI network analysis and 
mRNAs with the highest confidence levels were selected. 
Overall, 195 DE‑mRNAs were filtered into a PPI network 
complex containing 181 nodes and 781 edges. Then, MCODE 
was used to identify the most connected hub mRNAs in the PPI 
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network (Fig. 5A and B). Then, cytoHubba was used to analyze 
the top 10 most interacting central mRNAs: Assembly factor 

for spindle microtubules (ASPM), DLGAP5, DNA topoisom‑
erase IIα (TOP2A), KIF20A, BUB1, KIF11, CDC20, MELK, 

Figure 2. Screening of DE‑mRNAs from samples obtained from patients with RA and healthy controls from the GSE55457 and GSE77298 datasets. Boxplots, 
volcano plots and heatmaps of the DE‑mRNAs from the (A) GSE55457 and (B) GSE77298 datasets. DE‑mRNA, differentially expressed mRNA; RA, 
rheumatoid arthritis.
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NDC80 and ribonucleotide reductase regulatory subunit M2 
(RRM2) (Fig. 5C).

Validation of the FCA‑induced arthritis rat model. A sche‑
matic diagram of the flowchart after the establishment of the 
FCA‑induced arthritis rat model is shown in Fig. S1A. The rat 
footpad thickness was measured and the thickness in the model 
group was significantly increased compared with the control 
group (P<0.01; Fig.  S1B). H&E staining of the joint tissue 
demonstrated that, compared with the control group, a greater 
amount of inflammatory cell infiltration, macrophage hyper‑
plasia and fibrous tissue hyperplasia was present in the model 
group (Fig. S1C). The groups were then scored blindly with all 
criteria tested by at least two investigators and the average scores 
were obtained. The scores represent the degree of tissue damage 
with a higher score indicating a higher degree of tissue damage. 
Compared with the control group, the joints of the rats in the 
model group showed apparent inflammatory cell infiltration, 
fibrous tissue hyperplasia and macrophage proliferation (P<0.01; 
Fig. S1D‑F). Therefore, the results demonstrated that, compared 
with the control group, the RA group had a higher degree of 
bone tissue destruction and inflammation, indicating that the 
FCA‑induced RA rat model was successfully established.

Validation of four DE‑mRNAs in the FCA‑induced arthritis 
rat model. The mRNA expression levels of four previously 

unreported genes (DLGAP5, KIF20A, MELK and NDC80) 
among the top 10 central DE‑mRNAs (or hub genes) from 
the PPI network analysis were examined in RA rat spleen 
tissues using qPCR, to validate the reliability of the dataset. 
Compared with the control group, the expression levels of 
DLGAP5, KIF20A, MELK and NDC80 in the RA group were 
significantly increased (P<0.01; Fig. 6A‑D). In addition, western 
blotting was performed to detect the protein expression levels 
of DLGAP5, KIF20A, MELK and NDC80. Compared with 
the control group, the protein expression levels of DLGAP5, 
KIF20A, MELK and NDC80 in the RA group were signifi‑
cantly increased (P<0.01; Fig. S2). Furthermore, ELISA results 
demonstrated that, compared with the control group, IL‑12 and 
TNF‑α levels in the RA group were significantly increased 
(P<0.01; Fig. 6E and F). In addition, correlation analysis was 
performed to analyze the correlation between inflammatory 
factors and hub genes, and the results demonstrated that the 
inflammatory factors were highly correlated with the hub 
genes (Fig. S3).

Discussion

RA is a chronic and systemic inflammatory disease that 
particularly affects the joints, leading to decreased physical 
function and even disability. Since the complex pathogenesis 
of RA is still unclear, it has become one of the important fron‑
tier research topics in the field of immunity. Previously, studies 
have focused on the role of inflammation in the occurrence of 
RA or the regulation of RA development and notable progress 
has been made in this research area  (20‑23). Moxibustion 
treatment. can effectively reduce synovial inflammation in 
RA rats by regulating the macrophage migration inhibitory 
factor/glucocorticoid signaling pathway (24). In addition, it 
can also improve RA symptoms by regulating the polarization 
of macrophage signaling pathways and exert a potentially bone 
protective effect (25,26). Chen et al (27) reported that receptor 
activator of NF‑κB ligand (RANKL) plays an essential role 
in the orchestration of osteoclast maturation, activation, 
migration and survival. However, osteoprotegerin can inhibit 
RANKL activity to achieve bone homeostasis by inhibiting 
osteoclastogenesis and subsequent bone resorption. Thus, 
cartilage degeneration and bone destruction can be alleviated 
through the osteoprotegerin/RANKL signaling pathway. 
These findings suggested that pharmacological treatment 
or moxibustion treatment can effectively improve the joint 
swelling, inflammation level and bone destruction symptoms 
of RA. Targeted treatment of key genes is becoming increas‑
ingly important in RA. It has been reported that using (+)‑JQ‑1 
as an inhibitor can displace bromodomain‑containing protein 
2 (BRD2) and bromodomain‑containing protein 4 (BRD4) 
from upstream regions of key super‑enhancers, a unique group 
of cis‑regulatory elements, associated with key genes control‑
ling intracellular state, cell identity and cell‑type‑specific 
functions. Loss of BRD2 and BRD4 leads to downregulation 
of the expression of genes that are critically involved in the 
pathogenesis and progression of RA (28). Upon activation or 
high expression of four hub genes identified in the present 
study (DLGAP5, KIF20A, MELK and NDC80), growth, prolif‑
eration and migration of cells, including pro‑inflammatory 
cells and macrophages, is promoted (29‑39). Under the action 

Figure 3. Identification of shared DEGs in the GSE55457 and GSE77298 
datasets. (A) DEGs with upregulated expression in both the GSE55457 and 
GSE77298 datasets. (B) DEGs with downregulated expression in both the 
GSE55457 and GSE77298 datasets. DEGs, differentially expressed genes; 
RA, rheumatoid arthritis.
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of these genes, pro‑inflammatory cells and macrophages then 
migrate to the lesion site and the inflammatory cells begin 
to release a number of inflammatory factors (such as IL‑12 
and TNF‑α), which causes systemic inflammation and macro‑
phage infiltration (29,40,41). The balance between M1 and M2 
macrophages is crucially involved in the pathogenesis of RA. 
M1 macrophages act as pro‑inflammatory mediators in the 
synovium, whereas M2 macrophages suppress inflammation 
and promote tissue repair. Notably, an imbalance in the ratio of 

M1/M2 macrophages can induce the activation of pro‑inflam‑
matory cytokines, the production and release of chemokines, 
and promote the proliferation and survival of macrophages, 
eventually leading to the occurrence of RA (42‑44).

Abnormal gene expression is closely associated with a 
variety of pathological conditions, such as RA. However, 
it remains unclear which genes play a key role in the onset 
and progression of this disease. In the present study, 429 
RA‑related DEGs with upregulated expression and 235 with 

Figure 4. Screening of the DE‑mRNAs and enrichment analysis. (A) Top five significant terms for BP, CC and MF in the GO enrichment analysis. (B) Top nine 
significance terms in the KEGG enrichment analysis. BP, biological process; CC, cellular component; DE‑mRNA, differentially expressed messenger RNA; 
GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; MF, molecular function; Th, T helper.
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downregulated expression were identified in the GSE55457 
dataset and 1,170 RA‑related DEGs with upregulated expression 

and 980 with downregulated expression were identified in the 
GSE77298 dataset. Meanwhile, 165 RA‑related DEGs with 

Figure 5. Identification of candidate overlapping mRNAs. (A) Protein‑protein interaction network of overlapping mRNA. (B) Correlation diagram of the first 
module screened using MCODE. (C) Top 10 hub genes identified in overlapping mRNAs using cytoHubba.
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upregulated expression and 30 with downregulated expression 
were confirmed in the intersection of DEGs between the two 
datasets. These genes were associated with T helper (Th)1 and 
Th2 cell differentiation, chemokine signaling pathways, Th17 
cell differentiation and the B‑cell receptor signaling pathway. 
Among the DEGs, 10 hub genes associated with RA (ASPM, 
DLGAP5, TOP2A, KIF20A, BUB1, KIF11, CDC20, MELK, 
NDC80 and RRM2) were identified. To the best of our knowl‑
edge, there is no clear understanding of the specific target 
gene or molecular biomarker responsible for the changes in the 
expression of the hub genes in the tissues of patients with RA. 
Biomarkers for RA and associated diseases include changes in 
the mRNA expression levels of genes, such as GBP1, CXCL10, 
GM‑CSF and its receptor CSF2RB (6,7). In the present study, 
four new genes were selected as candidates from the identified 
hub genes, namely, DLGAP5, KIF20A, MELK and NDC80.

DLGAP5 was initially identified as a cell cycle‑regulating 
protein. However, it is now regarded as a microtubule‑associ‑
ated protein, associated with the regulation of KIF18A located 
at the plus end of centromere microtubules, to stabilize K fibers 
and promote chromosome aggregation (32). Previous studies 
analyzed the structure and function of DLGAP5 in different 
species from physiological and clinicopathological perspec‑
tives, and reported that DLGAP5 plays an important role in 
promoting cell growth, proliferation and migration (30,31). 
The KIF20A gene encodes a protein with 890 amino acid 
residues, which belongs to the KIF superfamily and is mainly 
distributed in the central region of the mitotic spindle. 
Therefore, it participates in the process of driving mitosis 
and promoting cell proliferation (32,33). MELK is involved in 
various physiological and pathological processes of cells, such 
as cell proliferation, apoptosis and tumor development. In the 
last few decades, numerous studies have shown that MELK is 
significantly upregulated in a number of cancer types and plays 
an important role in promoting cell proliferation and main‑
taining cancer cell stemness (34,35). Silencing the MELK gene 
can slow down or even inhibit the proliferation, invasion and 
tumorigenicity of cancer cells (36,37). NDC80/Hec1, a subunit 
of the kinetochore complex (also called the NDC80 complex), 
constitutes and stabilizes microtubule‑kinetochore attachment 
during the segregation of mitotic chromosomes, and plays an 
important role in mitosis and cell proliferation (38). NDC80 
upregulation is also an important biomarker for cancer; high 
levels of NDC80 have been reported to indicate a poor prog‑
nosis in various types of cancer, such as gastric cancer, ovarian 
cancer and blood cancer (39). Although DLGAP5, KIF20A, 
MELK and NDC80 have been studied separately in different 
tumors, to the best of our knowledge, there is still a lack of 
evidence for the correlation between DLGAP5, KIF20A, 
MELK and NDC80 and RA development.

Previous studies have confirmed that RA can be treated 
in a number of different ways, such as by targeting signaling 
pathways, key proteins and circadian rhythms (18,22,24,26). 
Therefore, to further explore the potential biomarkers and 
target genes in RA, validation with FCA‑induced RA rats was 
performed in the present study. As FCA‑induced RA resembles 
RA in humans in terms of pathogenesis and clinical symptoms, 
it is widely used for research owing to its simplicity, reliability 
and reproducibility for RA modeling. As an immune organ, 
the spleen serves a regulatory role in systemic immunity. 
Therefore, in the present study, an RA rat model was estab‑
lished and the expression of DLGAP5, KIF20A, MELK and 
NDC80 mRNA in the spleen of this model was examined. As 
expected, the results demonstrated that the expression levels 
of these genes were significantly increased in the RA model, 
consistent with the results obtained by bioinformatics analysis. 
In addition, the expression of representative inflammatory 
factors of RA (IL‑12 and TNF‑α) were verified in this model 
and these factors were correlated with the expression of the 
key genes (DLGAP5, KIF20A, MELK and NDC80). Thus, the 
present study demonstrated that these genes may play a crucial 
role in eliciting immune responses in RA.

In conclusion, four possible RA‑related hub genes were 
identified in the present study, namely DLGAP5, KIF20A, 
MELK and NDC80, using the GEO database, and the expres‑
sion of these four genes in an RA model were confirmed in 

Figure 6. Validation of relative gene expression in the RA model using qPCR 
and ELISA. Relative expression of (A) DLGAP5, (B) KIF20A, (C) MELK 
and (D) NDC80 in the FCA‑induced and control rats was determined using 
qPCR. Levels of the inflammatory cytokines, (E) IL‑12 and (F) TNF‑α, in 
the FCA‑induced and control rats were determined using ELISA. Data are 
presented as the mean ± standard deviation (n=6). **P<0.01 vs. the control 
group. FCA, Freund's complete adjuvant; RA, rheumatoid arthritis; IL‑12, 
interleukin 12; TNF‑α, tumor necrosis factor‑α; DLGAP5, discs large 
homolog‑associated protein 5; KIF20A, kinesin family member 20A; 
MELK, maternal embryonic leucine zipper kinase; NDC80, nuclear division 
cycle 80; qPCR, quantitative PCR; ELISA, enzyme‑linked immunosorbent 
assay.
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validation experiments. These findings provide new insights 
into the mechanism of RA development, and the upregu‑
lated expression of these four hub genes is closely related to 
inflammation in RA. The present study provides an improved 
understanding of RA mechanisms and may lead to the identi‑
fication of potential biomarkers in the future.
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