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Abstract
Background  Although rheumatoid arthritis (RA) is a chronic systemic tissue disease often accompanied by 
osteoporosis (OP), the molecular mechanisms underlying this association remain unclear. This study aimed to 
elucidate the pathogenesis of RA and OP by identifying differentially expressed mRNAs (DEmRNAs) and long non-
coding RNAs (lncRNAs) using a bioinformatics approach.

Methods  Expression profiles of individuals diagnosed with OP and RA were retrieved from the Gene Expression 
Omnibus database. Differential expression analysis was conducted. Gene ontology (GO) and Kyoto Encyclopedia 
of Genes and Genomes pathway (KEGG) pathway enrichment analyses were performed to gain insights into the 
functional categories and molecular/biochemical pathways associated with DEmRNAs. We identified the intersection 
of common DEmRNAs and lncRNAs and constructed a protein-protein interaction (PPI) network. Correlation analysis 
between the common DEmRNAs and lncRNAs facilitated the construction of a coding-non-coding network. Lastly, 
serum peripheral blood mononuclear cells (PBMCs) from patients with RA and OP, as well as healthy controls, were 
obtained for TRAP staining and qRT-PCR to validate the findings obtained from the online dataset assessments.

Results  A total of 28 DEmRNAs and 2 DElncRNAs were identified in individuals with both RA and OP. Chromosomal 
distribution analysis of the consensus DEmRNAs revealed that chromosome 1 had the highest number of differential 
expression genes. GO and KEGG analyses indicated that these DEmRNAs were primarily associated with " platelets 
(PLTs) degranulation”, “platelet alpha granules”, “platelet activation”, “tight junctions” and “leukocyte transendothelial 
migration”, with many genes functionally related to PLTs. In the PPI network, MT-ATP6 and PTGS1 emerged as potential 
hub genes, with MT-ATP6 originating from mitochondrial DNA. Co-expression analysis identified two key lncRNA-
mRNA pairs: RP11 − 815J21.2 with MT − ATP6 and RP11 − 815J21.2 with PTGS1. Experimental validation confirmed 
significant differential expression of RP11-815J21.2, MT-ATP6 and PTGS1 between the healthy controls and the 
RA + OP groups. Notably, knockdown of RP11-815J21.2 attenuated TNF + IL-6-induced osteoclastogenesis.
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Introduction
Rheumatoid arthritis (RA) is a chronic and progressive 
autoimmune disease characterized by systemic inflam-
mation, joint destruction, and extra-articular mani-
festations [1]. RA not only causes local erosions and 
periarticular bone loss but also triggers early-onset bone 
loss [2]. Due to inflammation-driven osteoclast activa-
tion, RA is considered a significant risk factor for osteo-
porosis (OP) [3]. Previous study has demonstrated that 
the prevalence of OP in RA patients is significantly higher 
[4]. OP, a prevalent skeletal disorder, is characterized by 
decreased bone density and altered bone structure [5], 
which increases susceptibility to fractures, including both 
vertebral and non-vertebral fractures [6]. Osteoporotic 
fractures can result in persistent pain, significant morbid-
ity and mortality, and increased healthcare expenses [7]. 
Therefore, effective treatment of OP is crucial to mini-
mize fracture risk in patients with RA.

RA and OP are multifaceted diseases with common 
pathophysiological mechanisms, particularly concerning 
bone health [8, 9]. A central feature of both conditions is 
an imbalance between bone resorption and formation, 
largely due to excessive osteoclasts activation. Osteo-
clasts, which break down bone tissue, lead to decreased 
bone mineral density and increased fractures risk, a hall-
mark of OP. Osteoclasts are derived from hematopoietic 
stem cells in the bone marrow [10] and their activation 
is regulated by various factors, including growth factors 
and hormones [11]. The receptor activator of nuclear 
factor-кB ligand (RANKL) and macrophage colony-
stimulating factor (M-CSF) are key players in osteoclast 
differentiation [12]. M-CSF encourages the proliferation 
and survival of osteoclast precursors, while RANKL is 
crucial for the differentiation and activation of mature 
osteoclasts [13]. Inflammatory cytokines such as TNF-
α, IL-1, IL-6, and IL-17 have been found to upregulate 
RANKL expression [14], indicating that at the molecu-
lar level, RA and OP share a common feature of altered 
gene expression. Thus, therapies that inhibit RANKL or 
inflammatory cytokines can help to balance bone remod-
eling and reduce bone loss in both conditions [15, 16].

Long non-coding RNAs (lncRNAs), RNA molecules 
over 200 nucleotides in length, are important epigen-
etic regulators that control gene expression and influ-
ence multiple biological processes [17]. Accumulating 
evidence suggests that lncRNAs play significant roles 
in bone remodeling, thus increasing our understanding 

of the molecular mechanisms underlying OP [17]. 
LncRNAs can affect bone homeostasis and OP develop-
ment through various signaling pathways and regulatory 
networks. In addition, they are hypothesized to play key 
roles in differentiating and activation of CD4 + T cells [18] 
and have been reported to function as both inhibitors 
and promoters of osteogenic differentiation [19], a pro-
cess important for bone formation. Although these find-
ings suggest that lncRNAs may contribute to the complex 
mechanisms underlying both RA and OP by influenc-
ing immune responses and bone metabolism, further 
research is needed to fully understand the specific roles 
and implications of lncRNAs in these conditions.

This study was designed to analyze the expression pro-
files of mRNAs and lncRNAs with abnormal expression 
in RA and OP and to explore their potential functions. 
Additionally, we evaluated the clinical significance of 
lncRNAs and assessed their potential as diagnostic and 
prognostic biomarkers, with the goal of identifying novel 
therapeutic targets related to OP in patients with RA.

Materials and methods
Datasets and data retrieval
The GSE94519 and GSE152293 datasets were retrieved 
from the Gene Expression Omnibus (GEO) database 
(http://www.ncbi.nlm.nih.gov/geo/). The microarray 
dataset GSE94519 consisted of 6 samples, including 3 
samples from individuals with RA and 3 control samples. 
This dataset was generated using the GPL20115 plat-
form. The RNA sequencing dataset GSE152293 included 
3 samples from individuals with OP and 3 control sam-
ples, performed on the Illumina HiSeq 2000 (GPL11154) 
platform. Principal component analysis (PCA) was con-
ducted on both datasets to reduce dimensionality and 
assess data quality control measures.

Screening of differentially expressed mRNAs (DEmRNAs) 
and long non-coding RNAs (DElncRNAs)
Probes in the GSE94519 data file were annotated using 
the platform annotation file, and any probes without 
matching gene symbols were removed. For multiple 
probes mapping to the same gene, expression values were 
averaged to obtain the final expression value. The expres-
sion levels of mRNAs and lncRNAs were evaluated using 
the FPKM values obtained from the GSE152293 dataset. 
The Ensembl database (version 104, http://www.ensembl.
org/index.html) [20] and the platform annotation file 
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were used to identify mRNAs and lncRNAs, respectively. 
Transcripts not included in the database or the platform 
file were excluded from the analysis. Differential analysis 
was performed using the limma package in the R com-
puting environment [21]. DEmRNAs and DElncRNAs 
were identified based on the criteria of |log2FC| > 1 and 
a p-value < 0.05.

Volcano plots were generated using the gplots pack-
age in the R platform to visualize differentially expressed 
mRNAs and lncRNAs. The venn Diagram package [22] 
was utilized to determine the overlap of DEmRNAs and 
DElncRNAs between the datasets.

Functional enrichment analysis
Functional enrichment analysis of DEmRNAs was per-
formed in R using the clusterProfiler package [23]. Gene 
Ontology (GO) analysis, encompassing molecular func-
tions (MF), biological processes (BP), and cellular com-
ponents (CC), provided comprehensive information on 
gene functions. Additionally, KEGG pathway enrichment 
analysis was performed to identify enriched pathway 
terms, with a significance threshold of p < 0.05.

Circular visualization of the common DEmRNAs
To visualize the common DEmRNAs, including their 
gene symbols and chromosomal locations, the RCircos 
package in R [24] was employed. This facilitated a com-
prehensive and visually informative manner, providing a 
clearer understanding of the genomic distribution of the 
identified genes.

Construction of the protein-protein interaction (PPI) 
network and analysis of hub genes
To analyze the interactions among the proteins encoded 
by the differentially expressed genes, a PPI network was 
constructed using the Search Tool for the Retrieval of 
Interacting Genes (STRING) database [25]. The common 
DEmRNAs were submitted to the STRING, and interac-
tions with a minimum interaction score of 0.4 were con-
sidered. The resulting PPI network was visualized using 
Cytoscape software [26]. CytoHubba, a plugin app for 
Cytoscape, was utilized to identify hub genes within the 
PPI network, providing insights into the central proteins 
potentially playing crucial roles in the network’s overall 
structure and function.

lncRNA-mRNA co-expression network
To account for batch effects and obtain a consensus set 
of common DEmRNAs and DElncRNAs between the 
two datasets, batch correction techniques and data nor-
malization were applied. To ensure the effectiveness of 
the batch correction, we conducted PCA before and after 
applying the ComBat correction. PCA plots were gener-
ated to visualize the differences and verify that the batch 

effects were adequately mitigated. The Pearson correla-
tion coefficient between lncRNA and mRNA expres-
sion levels was calculated using the R function cor.test, 
with a threshold of Pearson correlation coefficient > 0.6 
and p-value < 0.05 to identify significant correlations. 
ased on these criteria, a lncRNA-mRNA network was 
constructed using Cytoscape, allowing for visual repre-
sentation and analysis of the interactions between the 
identified lncRNAs and mRNAs.

Patients, sampling and grouping
Serum samples were collected from patients diagnosed 
with RA and OP (RA + OP) treated at our hospital from 
January 2023 to April 2023, and from healthy volunteers 
(Healthy) during the same period. All clinical samples 
were collected with the approval of the Ethics Commit-
tee of Chanzhou Tumor Hospital (approval number: 2023 
(SR) NO.018).

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from the collected blood samples using a density 
gradient centrifugation method with Ficoll-Paque PLUS 
(GE Healthcare). The isolated PBMCs were cultured in 
RPMI-1640 medium (Gibco) supplemented with 10% 
fetal bovine serum (FBS, Gibco) and 1% penicillin-strep-
tomycin (Gibco) at 37 °C under 5% CO2.

The Control group consisted of cells cultured under 
normal conditions without any treatment. The sh-NC 
group involved cells transfected with negative control 
shRNA. In the sh-RP11-815J21.2 group, the cells were 
transfected with RP11-815J21.2 shRNA. Additionally, the 
TNF + IL-6 group was created by treating the cells with 
TNF (50 ng/mL) and IL-6 (50 ng/mL) for 24 h. To evalu-
ate the impact of shRNA transfection in the presence of 
TNF and IL-6, the TNF + IL-6 + sh-NC group was estab-
lished, where cells were transfected with negative control 
shRNA followed by TNF and IL-6 treatment for 24  h. 
Similarly, the TNF + IL-6 + sh-RP11-815J21.2 group was 
formed by transfecting cells with RP11-815J21.2 shRNA, 
followed by TNF and IL-6 treatment for 24 h.

shRNA transfection
For shRNA transfection, cells were seeded in 6-well 
plates at a density of 1 × 106 cells/well and allowed to 
adhere overnight. Transfections were performed using 
Lipofectamine 3000 (Invitrogen) according to the manu-
facturer’s protocol. Specifically, 100 nM of either nega-
tive control shRNA or RP11-815J21.2 shRNA was used. 
Transfection efficiency was monitored using a fluores-
cence microscope and confirmed by qRT-PCR.

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR)
To investigate the expression levels of specific genes, 
qRT-PCR was performed. First, we measured the 
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expression levels of lncRNA RP11-815J21.2, MT-ATP6 
and PTGS1 in the serum samples obtained from both 
the RA + OP and Healthy groups. Additionally, we deter-
mined the expression level of lncRNA RP11-815J21.2 in 
peripheral blood mononuclear cells (PBMCs) isolated 
from the RA + OP and Healthy groups, and the expression 
level of lncRNA RP11-815J21.2 in cells derived from the 
sh-NC and sh-RP11-815J21.2 experimental groups. The 
primer sequence used for RP11-815J21.2 is as follows:

​G​T​G​G​A​T​C​T​T​G​T​G​A​G​C​T​G​G​G​T​T​G​C​C​T​T​G​C​T​G​T​G​
G​T​G​C​T​T​T​C​G​G​A​C​T​C​G​C​T​A​A​C​T​A​T​G​T​T​A​T​C​A​C​A​C​A​
G​T​T​T​T​G​C​A​A​C​C​A​A​A​T​C​G​C​C​A​C​T​A​G​A​A​G​T​C​A​C​T​G​T​
G​T​T​C​T​G​T​T​G​A​C​A​T​G​C​A​G​A​G​T​C​T​G​C​A​C​A​A​A​G​T​T​T​A​
T​C​G​T​C​T​C​C​A​G​T​T​G​T​A​G​A​A​C​A​A​A​T​G​G​C​T​G​G​A​A​T​C​A​
C​C​A​C​A​G​A​A​T​T​C​T​G​A​T​C​T​A​C​T​G​G​A​G​C​A​T​C​A​G​C​A​C​T​
C​T​C​C​T​C​A​C​G​A​C​T​T​C​G​T​G​A​A​G​T​T​T​C​C​G​T​T​T​C​T​G​C​T​
G​T​T​T​T​T​T​C​A​G​T​G​G​A​G​G​T​T​T​C​T​T​C​A​T​T​A​C​T​A​A​A​T​G​
C​A​A​G​T​G​A​A​G​A​C​T​C​A​G​C​A​G​G​T​T​T​G​T​T​A​C​C​A​T​C​C​A​G​
G​G​A​A​C​T​G​G​C​A​G​C​A​G​G​G​G​C​A​C​A​G​T​T​T​G​G​A​A​C​A​C​T​
G​A​T​T​T​T​A​T​C​C​A​C​A​G​G​C​T​T​A​C​T​T​G​T​G​A​C​G​T​G​C​A​C​G​
T​C​A​G​A​G​G​C​T​C​C​A​G​C​T​G​T​G​C​C​A​A​T​A​T​T​A​G​A​G​T​T​C​T​
C​A​A​A​T​C​T​T​T​C​C​T​T​T​G​T​A​C​T​T​T​C​C​C​C​T​C​C​C​T​G​A​A​G​
C​A​C​A​T​T​C​T​T​C​C​A​A​A​C​A​G​T​G​G​C​A​T​C​T​G​G​G​T​T​C​A​T​G​
A​G​C​C​C​A​T​G​T​T​C​C​A​T​T​T​C​C​C​C​T​G​C​A​G​T​G​T​C​T​G​G​G​G​
T​A​C​T​G​A​C​A​T​T​T​G​T​T​G​T​T​G​A​A​A​T​G​C​C​T​C​C​C​A​G​T​T​C​
A​C​C​T​C​C​A​G​A​G​G​A​A​T​A​C​T​G​G​G​C​T​G​T​G​C​C​T​G​G​C​T​C​
C​A​T​G​A​C​C​A​A​G​T​C​T​C​T​C​T​G​A​A​G​C​A​C​A​G​C​A​T​C​T​C​C​A​
C​T​G​C​T​C​A​G​G​G​A​C​T​C​C​T​G​G​T​C​T​G​T​G​G​G​C​A​T​T​C​C​A​
G​A​A​G​A​T​T​T​T​G​T​T​C​C​A​G​T​T​T​C​T​T​C​A​T​T​T​C​T​G​T​T​T​C​
C​A​C​A​G​G​A​C​G​A​A​A​G​G​C​C​T​T​C​C​G​T​G​C​C​C​T​T​T​A​C​T​C​
C​A​C​A​A​T​C​A​G​G​C​A​A​G​C​T​C​T​G​A​A​G​G​C​A​G​C​T​G​T​C​T​T​
G​A​T​C​A​G​A​T​A​C​A​G​T​T​C​C​A​G​A​G​T​C​C​A​C​A​A​T​A​G​G​T​G​C​
T​G​G​C​T​C​C​A​C​C​T​C​T​T​C​C​C​C​T​T​T​T​C​T​T​T​C​C​A​C​G​C​C​T​
T​T​A​T​T​T​T​T​C​T​T​C​C​T​A​C​A​G​G​A​A​C​G​G​T​C​T​G​T​A​T​T​C​T​
C​C​T​C​C​T​C​A​A​C​T​A​T​G​C​T​T​G​A​C​A​A​A​T​C​A​C​A​G​G​G​A​C​T​
T​T​C​A​G​T​C​T​G​T​G​C​A​A​C​A​G​G​G​C​T​C​C​C​T​G​G​G​C​A​G​C​A​
C​T​G​A​G​T​G​C​T​C​T​C​A​G​T​C​T​C​T​T​C​A​G​A​A​G​A​A​G​A​A​A​G​T​
C​G​C​T​G​A​G​G​G.

Tartrate-resistant acid phosphatase (TRAP) staining
TRAP staining was performed to determine osteo-
clast activity across the different experimental groups, 
including the Control group, TNF + IL-6 group, 
TNF + IL-6 + sh-NC group and TNF + IL-6 + sh-RP11-
815J21.2 group. Following the experimental treatments, 
the culture medium was removed, and cells were gen-
tly washed twice with PBS. Cells were then fixed in 4% 
paraformaldehyde for 10 min at room temperature. After 
fixation, cells were washed twice with distilled water. The 
fixed cells were incubated with the TRAP staining solu-
tion at 37 °C for 1 h, protected from light. After incuba-
tion, the staining solution was removed, and the cells 
were washed twice with distilled water to stop the reac-
tion. The cells were then air-dried, and TRAP-positive 

osteoclasts were identified by their characteristic dark 
red staining. Quantitative analysis was conducted to 
determine the number of TRAP-positive osteoclasts 
present within each experimental group.

Statistical analysis
Data analysis was performed using R software with 
the indicated packages, and graphs were plotted using 
GraphPad Prism. All data are expressed as mean ± stan-
dard deviation. Student’s t-test was used to compare two 
groups, and one-way ANOVA was used for comparison 
between multiple groups. P < 0.05 was used to indicate 
statistical differences between comparisons.

Results
Principal component analysis verifying the independence 
of each group
PCA was conducted to assess the distinguishable dif-
ferences between samples. The results demonstrated a 
clear distinction between the RA and control samples in 
the GSE94519 dataset, as well as between the OP sam-
ples and the control samples in the GSE152293 dataset. 
In Fig.  1A, the vertical axis represents the contribution 
rate of each principal component, while the horizontal 
axis indicates the number of principal components. The 
cumulative contribution rates of PCA1 and PCA2 for the 
two datasets were 61.4% and 62.6%, respectively, indicat-
ing that the first two components might be sufficient to 
distinguish between these two groups, with each group 
being independent of the other (Fig. 1B).

Differentially expressed mRNAs and lncRNAs in RA and OP
Aberrantly expressed mRNAs and lncRNAs associated 
with RA and OP were identified based on the |log2FC|>1 
and p < 0.05 criteria. Volcano plots were used to visual-
ize the DEmRNAs and DElncRNAs (Fig. 2A and B). For 
RA, a total of 649 DEmRNAs and 313 DElncRNAs were 
identified, with 385 DEmRNAs and 89 DElncRNAs were 
upregulated, and the remainder downregulated. For OP, 
535 DEmRNAs were identified, including 227 upregu-
lated and 308 downregulated DEmRNAs. Additionally, 
33 lncRNAs were differentially expressed, comprising 7 
upregulated and 26 downregulated DElncRNAs.

GO and pathway analysis from each disease group
Given the limited functional annotation of most 
lncRNAs, their specific roles remain largely unknown. 
Therefore, to gain insights into their potential functions, 
we aimed to determine potentially significant DEm-
RNAs. To understand the biological roles of these DEm-
RNAs in both RA and OP, GO enrichment analysis was 
performed, encompassing various categories such as BPs, 
CCs and MFs (Fig. 3A and C). Additionally, KEGG path-
way analysis was conducted to explore the enrichment 
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of signaling pathways associated with the DEmRNAs 
(Fig. 3B and D). The results indicated that certain DEm-
RNAs were commonly enriched in GO terms related to 
platelet degranulation (BP) and platelet alpha granule 
(CC), as summarized in Table 1. Furthermore, the KEGG 
pathway analysis revealed the involvement of several 
DEmRNAs in pathways related to platelet activation, 
tight junctions and leukocyte transendothelial migration 
(Table  2). Notably, significant enrichment was observed 
for platelet activation, suggesting a prominent associa-
tion between RA and OP.

Common DEmRNAs and DElncRNAs both in RA and OP
Here, we comprehensively analyzed the DEmRNAs and 
DElncRNAs in RA and OP. Among the DEmRNAs, a 
total of 28 mRNAs exhibited differential expression in 
both diseases. Specifically, 23 mRNAs were upregulated, 
and 5 mRNAs were downregulated. Additionally, two 
common lncRNAs, RP11-815J21.2 and CTD-3092A11.2, 
were identified in both datasets. The Venn diagram 
(Fig. 4A) visually represents the overlap between the dif-
ferentially expressed mRNAs and lncRNAs.

Furthermore, a heatmap (Fig.  4B) was generated to 
illustrate the differences in the expression patterns of the 
common DEmRNAs, providing a clear overview of the 
variations in gene expression levels across the samples. 
Then, chromosome mapping of the consensus DEmRNAs 
(Fig. 4C) was performed to show the distribution of these 
genes on different chromosomes, with chromosome 1 
containing the highest number of DEGs. Additionally, 
while differences were observed in the expression of two 
genes on the X chromosome, no genes were affected on 
the Y chromosome.

PPI network of common DEmRNAs and hub genes 
identification
The STRING database was used to investigate the PPI 
among the common DEmRNAs. Using a predefined cri-
terion of an interaction score > 0.4, 17 DEmRNAs (of the 
28 common DEmRNAs) were identified in the PPI net-
work, consisting of 37 nodes and 95 edges, highlight-
ing the connections between these proteins (Fig.  5A). 
Then, the CytoHubba plugin was used to identify key 
genes within the PPI network. Using the Maximal Clique 

Fig. 1  Results from the principal component analysis (A) Bar plots indicated the proportion of variance evaluated for the two datasets. (B) Two-dimen-
sional plots with the top two principal components. Horizontal and vertical axes represented the distribution of each sample with PCA1 and PCA2

 



Page 6 of 14An et al. BMC Musculoskeletal Disorders          (2024) 25:634 

Centrality (MCC) method, the top 12 key genes were 
selected (Fig.  5B). Among them, MT-ATP6 and PTGS1 
were identified as potential hub genes that might play 
crucial roles in both RA and OP. Their central positions 
within the PPI network suggest their significance in RA 
and OP.

lncRNA-mRNA co-expression network analysis
A co-expression network was constructed to investigate 
the potential interactions between common lncRNAs and 
mRNAs based on correlation analysis. LncRNA-mRNA 
pairs were predicted using criteria of a p-value < 0.05 
and a correlation coefficient > 0.6. Functional prediction 
of lncRNAs was performed based on their co-expressed 
mRNAs, aiding in identifying candidate biomarkers. The 
resulting co-expression network (Fig. 6A) consisted of 23 
nodes, representing 21 DEmRNAs and 2 DElncRNAs. 
The network included 1 negative interaction and 22 posi-
tive interactions.

Further examination focused on the expression levels 
of two specific lncRNA-mRNA pairs, RP11-815J21.2-
MT-ATP6 and RP11-815J21.2-PTGS1, in both the RA 

and OP datasets (Fig. 6B). These pairs exhibited upregu-
lation in both diseases. Notably, MT-ATP6 and PTGS1, 
the corresponding mRNAs, were predicted to be essen-
tial in the PPI network. Additionally, RP11-815J21.2 
appeared to regulate the expression of these mRNAs. 
These findings shed light on the potential regulatory role 
of RP11-815J21.2 and highlight its relevance in the con-
text of RA and OP.

Next, in light of these results mentioned above, we 
aimed to provide experimental evidence and functional 
characterization to support and validate the findings 
obtained from the initial analysis of online databases.

Differential expression of RP11-815J21.2, MT-ATP6 and 
PTGS1
To further validate the findings from the initial bioinfor-
matics analysis, we examined the differential expression 
of RP11-815J21.2, MT-ATP6, and PTGS1 between the 
Healthy group and the RA + OP group. Compared with 
the Healthy group, we observed a significant upregulation 
of RP11-815J21.2, MT-ATP6 and PTGS1 in the serum 
(Fig.  7A-C) and a significant increase in RP11-815J21.2 

Fig. 2  Volcano plots for mRNAs and lncRNAs in RA and OP. (A) Volcano plots showing differentially expressed mRNAs (left) and lncRNAs (right) in RA 
patients vs. controls. (B) Volcano plots showing differentially expressed mRNAs (left) and lncRNAs (right) in OP patients vs. controls. Red dots indicate 
significantly up-regulated genes (FC > 1, p < 0. 05), blue dots indicate significantly down-regulated genes (FC < -1, p < 0. 05), and black dots indicate non-
significant genes. RA, Rheumatoid arthritis; OP, Osteoporosis
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in the PBMC cells (Fig. 7D) of the RA + OP group. Con-
versely, we observed a significant downregulation of 
RP11-815J21.2 in cells from the sh-RP11-815J21.2 group 
compared to the sh-NC group (Fig.  7E). These results 
suggested that these genes might play a role in the patho-
genesis of RA and OP.

TRAP-positive osteoclasts in various treatment groups
TRAP-positive osteoclasts, indicative of bone resorp-
tion, serve as a marker for osteoclast activity. An 
increased number of TRAP-positive osteoclasts sug-
gests enhanced osteoclast activity, which contributes to 
bone loss and OP. Here, we evaluated the effects of dif-
ferent treatments on osteoclastogenesis, specifically in 
regard to TNF + IL-6 stimulation and RP11-815J21.2 
knockdown. TRAP staining results revealed a signifi-
cant increase in the number of TRAP-positive osteo-
clasts in the TNF + IL-6 group, TNF + IL-6 + sh-NC 

Table 1  Common GO terms between RA and OP
Differentially expressed mRNAs

GO term and 
function

RA OP

GO:0002576-plate-
let degranulation

PF4,PPBP, 
F13A1,LY6G6F, 
GTPBP2,CLU, LYN, 
TLN1,SRGN, VCL, 
FERMT3,CTSW, 
CD9,ABCC4,VTI1B, 
ALDOA, ITGB3,RAB27B, 
TMSB4X, TIMP1

TMSB4X, PPBP, 
TLN1,ACTN1,TGFB1,SPARC, 
FCER1G, APP, RAB27B, 
ACTN4,TMX3,ITGA2B, 
CYB5R1,QSOX1,

GO:0031091-plate-
let alpha granule

PF4,PPBP, SNCA, 
F13A1,LY6G6F, 
TREML1,GTPBP2,CLU, 
SRGN, 
FERMT3,CD9,VTI1B, 
ALDOA, 
ITGB3,TMSB4X, 
TIMP1,VAMP7

TMSB4X, PPBP, 
ACTN1,TGFB1,SPARC, APP, 
ACTN4
TMX3,ITGA2B, 
CYB5R1,QSOX1

RA: Rheumatoid arthritis, GO: Gene ontology

Fig. 3  GO and KEGG pathway enrichment analysis for differentially expressed genes (DEGs) in rheumatoid arthritis (RA) and osteoporosis (OP). (A) GO 
enrichment analysis for DEGs in RA patients vs. controls. (B) KEGG pathway enrichment analysis for DEGs in RA patients vs. controls. (C) GO enrichment 
analysis for DEGs in OP patients vs. controls. (D) KEGG pathway enrichment analysis for DEGs in OP patients vs. controls. The x-axis shows the number of 
genes, and the y-axis lists the enriched GO terms or KEGG pathways. The color gradient represents the adjusted p-value (p.adjust), indicating the signifi-
cance of the enrichment. GO = Gene Ontology, CC = Cellular Component, MF = Molecular Function, BP = Biological Process, KEGG = Kyoto Encyclopedia 
of Genes and Genomes
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group and TNF + IL-6 + sh-RP11-815J21.2 group, com-
pared to the Control group. Additionally, we observed 
a significant decrease in the number of TRAP-positive 
osteoclasts in the TNF + IL-6 + sh-RP11-815J21.2 group 
compared to the TNF + IL-6 + sh-NC group, while there 
was no statistically significant difference in the number 

of osteoclasts between the TNF + IL-6 group and the 
TNF + IL-6 + sh-NC group (Fig.  8). These findings sug-
gested that TNF + IL-6 stimulation promoted osteo-
clastogenesis, and knockdown of RP11-815J21.2 might 
attenuate this effect.

Table 2  Common KEGG pathways between RA and OP
Differentially expressed mRNAs

KEGG ID and pathways RA OP
hsa04611-platelet activation FCGR2A, AKT3,ACTB, LYN, TLN1,PTGS1,ITGB1,FERMT3,GP1BA, 

ITGB3,GNA13,MYL12A, MYL12B, GNAS, GP1BB, MAPK1
TLN1,MYL12A, PTGS1,FCER1G, 
SNAP23,STIM1,APBB1IP, 
AKT3,ROCK2,ROCK1,PTGIR, 
ITGA2B, ACTG1

hsa04530-tight junction CDC42,CLDN22,RAPGEF6,ACTB, CLDN4,CLDN15,ITGB1,AM
OTL1,TUBA1B, TUBA1C, MYL6,CLDN10,MYL12A, MYL12B, 
MAP2K7,MYL9,TUBA8

MYH9,MYL12A, 
ACTN1,SYNPO, ACTR2,JA
M3,ROCK2,ACTN4,TJP2,RO
CK1,PRKAB2,DLG3,MYH7B, 
JAM2,ACTG1

hsa04670-leukocyte transendothelial migration CDC42,MYL5,CLDN22,CTNNA1,ACTB, CLDN4,CLDN15,ITGB1,VCL, 
CLDN10,MYL12A, MYL12B, MYL9

MYL12A, ACTN1,PRKCB, 
ITGAM, JAM3,ROCK2,ACTN4,P
TPN11,VAV3,ITGA4,ROCK1,JA
M2,ACTG1

RA: Rheumatoid arthritis, KEGG: The Kyoto Encyclopedia of Genes and Genomes

Fig. 4  Analysis of common DEmRNAs and DElncRNAs in rheumatoid arthritis (RA) and osteoporosis (OP). (A) Venn diagram demonstrated the intersec-
tions of DEmRNAs and DElncRNAs between RA and OP. (B) Heat map of common DEmRNAs, with samples grouped by RA and OP. (C) Chromosome 
mapping of consensus DEmRNAs
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Discussion
The present study investigated the molecular characteris-
tics and potential mechanisms underlying the association 
between RA and OP through comprehensive analysis of 
online databases and subsequent experimental valida-
tion. Our investigation revealed several key findings, pro-
viding insights into the shared pathways and potential 
biomarkers associated with both diseases.

PCA analysis demonstrated a clear distinction between 
the RA and control samples in the GSE94519 dataset and 
between the OP and control samples in the GSE152293 
dataset, indicating distinct molecular profiles associated 
with each condition. This analysis not only validated the 
initial grouping of samples but also suggested potential 
molecular signatures that differentiate RA and OP from 
healthy controls. In addition, we identified a total of 385 
upregulated and 264 downregulated DEmRNAs between 
RA and control samples. Similarly, between OP and con-
trol samples, we identified 535 DEmRNAs, including 
227 upregulated and 308 downregulated genes. Consid-
ering that co-expressed genes often have similar expres-
sion patterns and participate in similar BPs [27], we 

conducted GO and pathway enrichment analyses. The 
results revealed that the DEmRNAs in both RA and OP 
were commonly involved in processes such as “platelet 
degranulation”, “platelet alpha granule”, “platelet activa-
tion”, “tight junction” and “leukocyte transendothelial 
migration”. Most of these genes were found to be associ-
ated with platelets.

It has been reported that platelets and platelet-derived 
microparticles play a role in the inflammatory processes 
associated with RA [28]. Activated platelets release vari-
ous cytokines, chemokines and growth factors stored 
in their α-granules and dense granules, which recruit 
inflammatory cells to affected tissues and trigger inflam-
mation [29, 30]. These factors may also affect both bone 
formation and resorption [31]. Several studies have high-
lighted the supportive effect of PLTs on bone formation, 
attributed to platelet-derived growth factors (PDGFs) 
that promote cell proliferation, chemotaxis, differentia-
tion and extracellular matrix synthesis, thereby favoring 
bone formation [32]. PLTs possess vitamin D receptors, 
which are less expressed in OP patients and associated 
with variations in bone mineral density (BMD) [33]. The 

Fig. 5  Protein-protein interaction (PPI) network. (A) Using STRING, a total of 17 common DEmRNAs (16 up-regulated genes shown in red and one down-
regulated genes shown in green) were filtered into a PPI network. A darker colored line between two proteins indicated a greater interaction. (B) The hub 
genes network: the top 12 genes derived from the MMC method were selected with Cytohubba plugin. Higher ranking is indicated by a redder color
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PLT/lymphocyte ratio has also been correlated with low 
BMD [34]. Mediators released from PLTs are thought to 
participate in bone remodeling processes. For instance, 
epidermal growth factor (EGF) and RANKL coopera-
tively stimulate osteoclasts, transforming growth fac-
tor-beta (TGF-Β) enhances osteoprotegerin synthesis, 
potentially, and thromboxane A2 (TXA2) induces osteo-
clastogenesis and enhances bone resorption [32, 35]. 
Chronic inflammation plays a pivotal role in OP, and acti-
vated platelets have been implicated in this process [36]. 
Pro-inflammatory cytokines increase oxidative stress, 
leading to platelet activation, promoting osteoclast for-
mation, and stimulating bone resorption. Activated PLTs 
can also impact osteoclastogenesis through prostaglan-
din and RANKL signaling pathways [37]. Thus, further 
investigations focusing on platelet-related mechanisms, 
such as platelet-derived factors or platelet interactions 

with immune cells and bone cells, could provide deeper 
insights into the interplay between RA and OP.

To identify common genes shared between RA and OP, 
we intersected the DEmRNAs from both conditions. A 
total of 28 common DEmRNAs were identified, including 
23 upregulated and 5 downregulated genes. A heatmap 
provided further evidence of the differential expression of 
these mRNAs. Additionally, we conducted chromosome 
mapping analysis to visualize the distribution of these 
genes across chromosomes. Previous studies have indi-
cated the involvement of X-chromosome genes in auto-
immunity, RA, and OP, such as CD99, IRAK-1, LAMP-2, 
CD40L, TLR7, DDX3X, XIAP, and USP27X [38]. Van 
Dijk FS et al. found that mutation in PLS3 might result in 
X-linked OP [39]. Our findings suggest that dysregulated 
genes on the X-chromosome, specifically SH3BGRL and 
TMSB4X, may be implicated in the pathogenesis of RA 
and OP. Additionally, genes on chromosomes 1 and 13 

Fig. 6  Co-expression network between common DEmRNAs and DElncRNAs. (A) Co-expression network showed the interaction between mRNAs and 
DElncRNAs Blue ellipse nodes represented mRNAs, yellow square nodes represented DElncRNAs. The red line between mRNAs and lncRNAs indicated a 
negative correlation, while the green lines indicated a positive correlation. (B) Box plot showed the expression pattern of two lncRNA-mRNA pairs (RP11-
815J21.2-MTATP6 and RP11-815J21.2-PTGS1)
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Fig. 8  TRAP staining results. (A) TRAP staining in different groups (Magnification: 200 ×). (B) Number of osteoclasts in different groups. **p < 0.01, com-
pared with the TNF + IL-6 group; ##p < 0.01, compared with the TNF + IL-6 + sh-NC group

 

Fig. 7  Differential expression of RP11-815J21.2, MT-ATP6 and PTGS1. (A-C) Levels of RP11-815J21.2, MT-ATP6 and PTGS1 in the serum of healthy group 
and RA + OP group. (D) Levels of RP11-815J21.2 in PBMC cells of healthy group and RA + OP group. (E) Levels of RP11-815J21.2 in sh-NC group and sh-
RP11-815J21.2 group. **p < 0.01
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have been implicated in RA and OP [40–42]. Notably, we 
observed that chromosome 1 contained the highest num-
ber of dysregulated genes in our study. The identification 
of chromosome distribution patterns and the absence of 
gene expression changes on the Y chromosome provide 
additional clues for exploring the sex-specific aspects of 
RA and OP. Future studies can delve into the functional 
characterization of the common differentially expressed 
genes and investigate their interactions with other known 
regulators to gain insights into their roles in disease 
progression.

The subsequent construction of the PPI network using 
the common DEmRNAs identified 17 genes as potential 
key players involved in RA and OP. We identified MT-
ATP6 and PTGS1 as hub genes as they were found to play 
central roles in the molecular network associated with 
both diseases. These genes could serve as potential thera-
peutic targets or diagnostic markers. PTGS1 has been 
associated with various pathological disorders, includ-
ing inflammation, arthritis, and cancer [43]. The upreg-
ulation of PTGS1 and the PTGS2 pathways, involved in 
arachidonic acid metabolism, have been implicated in 
the development of rheumatic diseases [44]. Addition-
ally, PTGS1 has been shown to control the osteogenesis 
of adipose-derived stem cells, suggesting its involvement 
in osteogenic differentiation [45]. Cho HW et al. reported 
that PTGS1 was associated with OP [43]. In our study, 
PTGS1 was found to be overexpressed and enriched 
in the platelet activation pathway in both RA and OP, 
indicating its potential role in the pathogenesis of these 
conditions.

MT-ATP6, the other promising hub gene, is known 
to derive from mitochondrial DNA. Previous studies 
have confirmed that each mitochondrion contains mul-
tiple copies of mitochondrial DNA (mtDNA), which 
encode 13 electron transport chain protein subunits and 
22 tRNAs and 2rRNAs [46]. Higher levels of mtDNA 
have been observed in the plasma and synovial fluid of 
RA patients compared to control subjects. Moreover, 
mtDNA has been shown to induce the expression of 
TNF-α through NF-κB activation, contributing to inflam-
mation and tissue injury [47]. Juping Du et al. detected 
the enrichment of variants in MT-ATP6 in RA patients 
[48]. In our study, MT-ATP6 was enriched in both RA 
and OP patients. Interestingly, another mitochondrial 
DNA mutation, A3243G, in blood leukocytes has been 
significantly associated with lower bone mineral density 
[49]. Further evidence supporting mitochondrial dys-
function as a potential contributor to OP comes from 
studies in mice with a specific knockout of mitochondrial 
transcription factor A (TFAM) in osteoclasts [50]. Col-
lectively, these findings suggest that accumulated mtDNA 
mutations may play a significant role in the pathogenesis 
of RA and OP.

In recent years, the study of lncRNAs has gained signif-
icant attention across various fields. However, our under-
standing of lncRNAs is still in its early stages, and most 
of them remain largely unexplored. The construction of 
a co-expression network between common lncRNAs 
and mRNAs revealed potential regulatory relationships 
and highlighted the significance of RP11-815J21.2 in the 
context of RA and OP. Notably, we discovered two poten-
tial key pairs of lncRNAs and target mRNAs, namely 
RP11 − 815J21.2-MT − ATP6 and RP11 − 815J21.2-PTGS1. 
Previous studies have demonstrated the relevance of 
MT − ATP6 and PTGS1 to RA and OP, and our findings 
showed significantly higher expression of these pairs 
compared to the control group. However, to the best of 
our knowledge, no previous reports have investigated the 
role of the novel lncRNA RP11 − 815J21.2 in any disease, 
and there is no direct evidence to suggest that RP11-
815J21.2 can regulate MT-ATP6 currently. Thus, we 
performed experimental validation to verify the findings 
obtained from the initial analyses. The up-regulation of 
RP11-815J21.2, MT-ATP6 and PTGS1 in the serum and 
PBMC cells of the RA + OP group indicated their poten-
tial as biomarkers for detecting and monitoring these 
conditions. Furthermore, these genes represent potential 
therapeutic targets for developing precision therapies. 
By understanding the specific molecular profiles associ-
ated with each patient, personalized treatment strate-
gies can be tailored to target the dysregulated pathways. 
Additionally, the differential expression of these genes 
provides molecular evidence linking RA and OP, allowing 
for an integrated approach to managing the comorbid-
ity of these diseases. Notably, the current study has not 
been able to directly demonstrate an interaction between 
RP11-815J21.2 and MT-ATP6. Therefore, future studies 
should consider employing techniques such as dual lucif-
erase reporter gene assays or RNA pull-down assays to 
confirm the direct regulatory relationships.

Overall, these findings have the potential to contrib-
ute to improved diagnostic accuracy, targeted therapies, 
and personalized treatment plans, ultimately enhancing 
patient outcomes and quality of life.

Conclusion
In conclusion, our study revealed co-differentially 
expressed mRNAs and lncRNAs in RA and OP and pro-
vided insights into the shared pathways and potential 
biomarkers associated with both diseases. Platelet-related 
mechanisms, such as platelet-derived factors and their 
interactions with immune cells and bone cells, were high-
lighted as important factors in the pathogenesis of RA 
and OP. The identification of hub genes MT-ATP6 and 
PTGS1, along with the novel lncRNA RP11-815J21.2, 
expands our understanding of the molecular mechanisms 
underlying these diseases. Further research is needed to 
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validate the clinical utility and functional significance of 
these findings in larger patient cohorts and to explore 
their potential as targets for therapeutic intervention.
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