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ABSTRACT

Advances in sequencing technologies have led to
the rapid growth of multi-omics data on rheumatoid
arthritis (RA). However, a comprehensive database
that systematically collects and classifies the scat-
tered data is still lacking. Here, we developed the
Rheumatoid Arthritis Bioinformatics Center (RABC,
http://www.onethird-lab.com/RABC/), the first multi-
omics data resource platform (data hub) for RA.
There are four categories of data in RABC: (i) 175
multi-omics sample sets covering transcriptome,
epigenome, genome, and proteome; (ii) 175 209 dif-
ferentially expressed genes (DEGs), 105 differentially
expressed microRNAs (DEMs), 18 464 differentially
DNA methylated (DNAm) genes, 1 764 KEGG path-
ways, 30 488 GO terms, 74 334 SNPs, 242 779 eQTLs,
105 m6A-SNPs and 18 491 669 meta-mQTLs; (iii) prior
knowledge on seven types of RA molecular mark-
ers from nine public and credible databases; (iv) 127
073 literature information from PubMed (from 1972
to March 2022). RABC provides a user-friendly inter-
face for browsing, searching and downloading these
data. In addition, a visualization module also sup-
ports users to generate graphs of analysis results by
inputting personalized parameters. We believe that
RABC will become a valuable resource and make a
significant contribution to the study of RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a classic autoimmune dis-
ease that affects ∼0.24% to 1% of the population world-
wide (1). The inflammatory response in RA patients causes
pain, swelling, stiffness and loss of function in the joints,
which can lead to severe disability if not treated promptly
(2–4). Accordingly, RA causes serious inconvenience to pa-
tients as well as imposes a great burden on society (5). With
the development of sequencing technology, massive data
of RA have emerged, involving transcriptome, epigenome,
genome, proteome and so on (6). These data can evaluate
the repeatability of current data analysis methods and of-
fer substantial help to solve diverse RA-related biological
questions, including identifying the biomarkers and explor-
ing the pathogenesis (7–10). Each type of data provides a
valuable resource for RA research, but they are scattered
in different databases with different operational require-
ments. In addition, standardized methods for the same type
of raw data are not uniform, which will affect the merg-
ing and analysis of data at late stage (11). Thus, it is es-
sential to use a standardized pipeline to pre-process these
data and manage it in a findable, accessible, interoperable,
and reusable manner (12). Nevertheless, a comprehensive
user-friendly database that could solve the above problems
and offer some analysis results and visualization functions
meanwhile is still lacking.

RABC, a comprehensive RA bioinformatics center was
developed here to fill the gap. Dispersed RA data were
collected and classified, and multi-omics data were pro-
cessed using a unified standardized pipeline. RABC stores
these data and allows users to browse, search and down-
load the content of interest, in which the visualization
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Figure 1. Multi-omics data processing pipeline. (A) Transcriptome data processing pipeline; (B) DNA methylation data processing pipeline; (C) GWAS
summary statistics dataset processing pipeline.

module supports users, even those without a bioinformatics
background, to visualize the analysis results using RABC
data. In summary, RABC is by far the most comprehen-
sive and systematic RA database that addresses the current
main limitations of storing and using large amounts of RA
data. We envision that RABC will provide valuable RA-
related data sources, thereby accelerating scientific discov-
ery around the world and making new contributions to RA
research.

MATERIALS AND METHODS

Multi-omics data collection and preprocessing

For transcriptome, raw data were downloaded from GEO
(13), SRA (14) and ArrayExpress (15) databases, mainly
including microarray chip data of mRNA, lncRNA, mi-
croRNA and RNA-sequencing (RNA-seq) data. Microar-
ray raw data from different platforms were preprocessed us-
ing the unified RMA normalization method (16,17) of dif-
ferent R packages. Expression values of RNA-seq datasets
were normalized as log2(TPM + 1) values. The probes were
re-annotated to gene symbols according to the correspond-
ing platform annotation file. The pipeline of transcriptome
data was shown in Figure 1A.

For epigenome, DNA methylation raw data of the Illu-
mina HumanMethylation450 BeadChip (450K), Infinium
MethylationEPIC BeadChip (850K), and the bed files
of whole-genome bisulfite sequencing (WGBS) data were
downloaded from the GEO, SRA and EWAS project
(18,19). Methylation array datasets from 450K and 850K
were normalized uniformly using the PreprecessIllumina
function in the minfi package (20) through the Biocon-
ductor project (21) and DNA methylation values for
each locus in each sample were described as beta val-
ues (22) (Supplementary File M5). Lastly, probes were
re-annotated to gene symbols based on the Illumina

HumanMethylation450/850 BeadChip annotation infor-
mation. The pipeline of epigenome data was shown in Fig-
ure 1B.

For genome, eight GWAS summary statistics datasets of
RA-healthy were obtained from the GWAS catalog (23),
Wellcome Trust Case Control Consortium (WTCCC), and
Genetic Analysis Workshop 16 (GAW16) (Supplementary
File Table S2). The pipeline of genome data was shown in
Figure 1C.

For proteome, only five datasets were obtained from
GEO. Due to the small amount of data, the current version
only provides raw data and does not perform data process-
ing and analysis.

Some datasets have multiple grouped samples for dif-
ferent research purposes, but to better compare the differ-
ences between RA samples and samples in other states, we
prefer to extract double-grouped samples for analysis in a
single dataset. So, the preprocessed multi-group datasets
were reintegrated (Supplementary File M6). After data rein-
tegration, each RABC datasets contained two groups or
only RA samples. For the double-grouped datasets, RA
samples were defined as a case group (group1) and one
of another status (healthy samples, other disease sam-
ples, or samples related to drug treatment) were defined
as a control group (group2). These the double-grouped
datasets can be used for differential analysis (Table S3).
An example was GSE1919, which contains three groups
of samples (RA, osteoarthritis (OA), and healthy). It was
kept RA as group 1 and reintegrated into two subsets:
RA (case)––healthy (control) and RA (case)––OA (control)
(Table S4).

Finally, after the data collection and preprocessing pro-
cess (Supplementary File M2-4, Table S1), the downloaded
raw datasets, normalized matrix data that facilitate reanal-
ysis, gene expression/methylation profiling datasets, and
GWAS summary statistics datasets are stored in RABC
(Supplementary Figure S3).
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RA-related biomarkers and biology functions

The differentially expressed genes/microRNAs
(DEGs/DEMs) and differentially DNA methylation
genes (DMGs) were identified by the R package ‘limma’
(using lmFit and eBayes function). In order to further
understand the biological functions of DEGs and DMGs,
GO (24) terms and KEGG (25) pathways were identified
using the clusterProfiler package (26).

RA-related risk SNPs were identified from 8 GWAS
datasets. To further explore the regulatory mechanisms of
these risk SNPs, they were integrated with GTEx (27), RM-
Var (28), and GoDMC (29) database to identify risk eQTLs,
risk m6A-SNPs and risk mQTL. Finally, the results of these
analyses were also included in the RABC.

The detail analysis process and code were shown in Sup-
plementary File M7, M10.

RA-related prior knowledge of biomarkers

To offer more comprehensive information on RA-related
biomarkers, RABC gathered the RA-related biomark-
ers that were previously identified and scattered in var-
ious databases focusing on human diseases and disease-
related molecular markers: PedAM (30), Circ2Disease (31),
MiRNASNP-v3 (32), HMDD (33), LncRNADisease (34),
DisGeNet (35), CTD (36), LncRNADisease v2.0 (37) and
DiseaseMeth 2.0 (38). The information on RA-related
biomarkers was firstly disposaled and combined by search-
ing the databases with the keyword ‘Rheumatoid Arthritis
or RA’, and then was divided into seven parts according to
the types of biomarkers, including genes, SNPs, lncRNAs,
microRNAs, circRNAs, pre-miRNAs and DNA methyla-
tion genes. They provide a wealth of prior knowledge for
RA research. The detail of these biomarkers was shown in
the RABC.

RA-related literature

RABC database aims to provide users with a ‘one-stop’
understanding of RA-related content as much as possible.
Therefore, information on RA-related literature (from 1972
to March 2022) was searched from PubMed by the key-
word ‘Rheumatoid arthritis/RA’, and was saved in PubMed
format. Then, the key information, including PMID, ab-
stract, title, publication date and keywords was extracted
from PubMed files (Supplementary File M9).

Database implementation

Hypertext Markup Language (HTML), Cascading Style
Sheets (CSS), JavaScript and Hypertext Preprocessor
(PHP) were used to build the web interface. Tens of mil-
lions of records were stored in the open-source MySQL
database. The service of RABC was deployed in the Apache
web server. Data analyses were mainly carried out using the
R and Perl (Table S5).

DATABASE CONTENT

RABC provides researchers with rich, high-quality RA
datasets and information, including multi-omics sample

datasets, biomarkers and biology functions, RA-related
prior knowledge, and literature information (Supplemen-
tary Figure S1). Among them, the multi-omics raw data has
been processed through a unified standardized process. All
content is available in the web interface (Figure 2).

RABC data statistics

Overall, RABC is freely available at http://www.onethird-
lab.com/RABC/. It contains four categories of data (Ta-
ble 1).

In the multi-omics dataset, 175 multi-omics datasets
were collected, covering ∼900 000 samples. There are
140 datasets for transcriptome, 22 datasets for epigenome,
8 case–control GWAS summary statistics datasets for
genome and 5 protein datasets for proteome.

In the RA-related biomarkers and biology functions, the
standardized preprocessed multi-omics data were analyzed
to obtain 175 209 DEGs (Supplementary Figure S4), 105
DEMs, 18 464 DMGs (Supplementary Figure S8), 1764
KEGG pathways, 30 491 GO terms, 74 334 risk SNPs, 242
779 eQTLs from 49 tissues, 105 m6A-SNPs and 18 491 669
meta-mQTLs.

In the RA-related prior knowledge, 887 SNPs, 152 mi-
croRNAs, 20 lncRNAs, 32 271 genes, 2528 DNA methyla-
tion genes 20 circRNAs and 22 pre-miRNAs were obtained
from nine databases.

In literature, 127 073 publications in PubMed from 1972
to March 2022 were extracted. The gradually increasing re-
search on RA in recent years (Supplementary Figure S2)
shows that the construction of RABC is necessary and fea-
sible.

Web interface

RABC provides a user-friendly web interface that enables
users to browse, search, and download the above-mentioned
four categories of data. It also provides a visual analysis
result module that supports users to customize the visual
graphics of interest.

Users can quickly browse the data of interest through the
home page (Supplementary Figure S10) or browse modules
(Supplementary Figure S11). First, in the multi-omics data
browsing interface (Supplementary Figure S12), users can
view the description information of the data. The detailed
information interface of each dataset (Supplementary Fig-
ure S13) provides not only a more detailed data description
but also the raw data, preprocessed matrix data and analysis
results. Browse modules also support viewing the results of
differential analysis and gene expression volcano plots for
gene expression data. Second, on the RA-related biomark-
ers and biology functions page, users can quickly browse
DEGs (Supplementary Figure S14), DMGs, DEMs, GO
terms, KEGG pathways, risk SNPs, risk eQTLs, risk m6A-
SNPs and risk mQTLs. RA-related prior knowledge (Sup-
plementary Figures S15 and S16) and relevant information
of RA-related literature (Supplementary Figure S17) can
also be browsed and searched in the RABC browsing in-
terface (Supplementary File E1).

The search interface supports users to query the content
of RABC through a variety of conditions, including dataset
ID, data type, gene name, PMID, etc (Supplementary File

http://www.onethird-lab.com/RABC/
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Figure 2. Schematic view of RABC. (A) multi-omics datasets; (B) RA-related biomarkers and biology functions; (C) RA-related literature; (D) RA-related
prior knowledge; (E) browse module; (F) search module; (G) download module; (H) visualization module.

E2, Figures S18 and S19). Users can directly download
biomarkers and biology functions files and prior knowledge
from the download module (Supplementary File E3, Figure
S20).

The visualization module supports drawing volcano plots
of differential expression analysis, boxplots of gene expres-
sion, scatter plots of correlation between two genes, bar

charts, and bubble charts of functional enrichment analysis
for gene expression profiling dataset (Supplementary Fig-
ures S5–S7). These visualization functions only require the
user to select the dataset and input the specified threshold
or parameters, and then the corresponding graph can be
drawn. These graphs also can be supported download (Sup-
plementary File E4, Figure S21).
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Table 1. Data statistics of RABC

Data Number

Datasets: 175
transcriptome 140
epigenome 22
genome 8
proteome 5
Samples ≈900 000
DEGs 175 209
MicroRNAs 105
DMGs 18 464
KEGG pathways 1764
GO terms: 30 491
Biological Process (BP) 24 635
Cellular Component (CC) 3925
Molecular Function (MF) 1931
GWAS risk SNPs 74 334
GTEx tissue types 49
Risk eQTLs 242 779
Risk m6A-SNPs 105
Risk mQTLs 18 491 669
Database of prior knowledge sources 9
Prior knowledge: 35 870
Risk SNPs 857
microRNA 152
lncRNA 20
genes 32 271
DNA methylation genes 2528
circRNA 20
pre-miRNAs 22
Literature (1972–2022.3) 127 073

A case of RA analysis using the RABC dataset

In several independent studies, the Protein Tyrosine Phos-
phatase Non-Receptor Type 22 (PTPN22) gene has been
shown to be associated with multiple autoimmune diseases
(39–41). Gene expression meta-analysis can improve the re-
producibility of analysis results by integrating multiple mi-
croarray datasets (42), and it has also been used in several
studies to find disease-related risk biomarkers (43–45). To
verify the consistency of the differential expression of the
PTPN22 gene in different studies, a meta-analysis was per-
formed using 27 gene expression datasets from RABC (Ta-
ble S6). The results of meta-analysis showed significant as-
sociation between PTPN22 and RA (P-value = 0.0024, Ta-
ble S7). Following a search for ‘PTPN22’ in the prior knowl-
edge section, there are three prior evidences supporting the
association between PTPN22 and RA (Supplementary Fig-
ure S9). In addition, the searching results in the literature
section also showed a total of 373 literature mentioned that
PTPN22 is related to RA. The case above suggests the po-
tential of RABC in providing data and prior knowledge
for RA research and the construction of RABC will greatly
help the research of RA.

DISCUSSION AND FUTURE DEVELOPMENTS

RABC is the first big data resource platform that provides
data storage, processing, and analysis for RA research. It
not only solves the current problems in the use of RA data,
but also brings more well-categorized and uniformly pro-
cessed data, and multiple data analysis results. The practi-
cal and user-friendly platform provides researchers to ex-

plore biomarkers relevant to the pathogenesis, diagnosis,
and treatment of RA. RABC is by far the largest and most
comprehensive RA database. The emergence of this infor-
mative and easy-to-navigate database will advance the de-
velopment of RA research and enhance the in-depth un-
derstanding of RA and even autoimmune diseases, thereby
advancing the life sciences.

At present, immune system research is a hot topic. RA
is the most common autoimmune disorder that can cause
severe joint pain and is associated with other complex dis-
eases. Therefore, RABC can be used in comparison with
multiple diseases, such as various cancers, diabetes, heart
disease, Alzheimer’s disease, eye disease, joint disease and
other autoimmune diseases.

As the cost of high-throughput sequencing continues to
decline and more and more researchers focus on RA re-
search, different high-throughput platforms will generate
more and more RA sequencing data. In the future, we will
continue to update the RABC and add more RA-related
data, such as CHIP-seq and ATAC-seq. At the same time,
single-cell omics data and spatial transcriptomics data will
also be considered to be added in our subsequent updates.
In addition, on the basis of a large amount of RA data,
more effective analytical methods and tools will be devel-
oped for RA research in RABC.

DATA AVAILABILITY

All data is freely available from the RABC web interface.
The code related to the data processing and analysis is
freely available from GitHub (https://github.com/onethird-
lab/RABC-Code).

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online.
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