Immunologic Research (2022) 70:461-468
https://doi.org/10.1007/512026-022-09270-3

ORIGINAL ARTICLE q

Check for
updates

Identification of novel genes in Behcet’s disease using integrated
bioinformatic analysis

Si Chen'? . Haolong Li' - Haoting Zhan' - Xiaoli Zeng? - Hui Yuan? - Yongzhe Li'

Received: 31 December 2021 / Accepted: 22 February 2022 / Published online: 2 April 2022
© The Author(s) 2022

Abstract

Behcet’s disease (BD) is a chronic vascular inflammatory disease. However, the etiology and molecular mechanisms under-
lying BD development have not been thoroughly understood. Gene expression data for BD were obtained from the Gene
Expression Omnibus database. We used robust rank aggregation (RRA) to identify differentially expressed genes (DEGs)
between patients with BD and healthy controls. Gene ontology functional enrichment was used to investigate the potential
functions of the DEGs. Protein—protein interaction (PPI) network analysis was performed to identify the hub genes. Receiver
operating characteristic analyses were performed to investigate the value of hub genes in the diagnosis of BD. GSE17114 and
GSE61399 datasets were included, comprising 32 patients with BD and 26 controls. The RRA integrated analysis identified
44 significant DEGs among the GSE17114 and GSE61399 CD4 + T lymphocytes. Functional enrichment analysis revealed
that protein tyrosine/threonine phosphatase activity and immunoglobulin binding were enriched in BD. PPI analysis identi-
fied FCGR3B as a hub gene in the CD4 + T lymphocytes of BD patients. Our bioinformatic analysis identified new genetic
features, which will enable further understanding of the pathogenesis of BD.
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Introduction

Behcet’s disease (BD) is a chronic recurrent vascular inflam-
matory disease that can involve all types of blood vessels
throughout the mouth, skin, genitals, eyes, and important
organs of the cardiovascular system, digestive tract, nerv-
ous system, and joints [1]. The distribution of BD exhibits
distinct ethnic and regional differences. The prevalence of
BD is high in the Mediterranean coast, the Middle East, and
Southeast Asia, namely the “Silk Road” region, and low
in Europe and America. The prevalence of BD in China
is 14.0/100,000, which is very similar to that in Japan
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(13.5/100,000) [2]. However, the pathogenesis of BD is not
clear, and previous studies have shown that the incidence of
BD is mainly related to autoimmune, environmental, and
genetic factors [3]. Fei et al. conducted the first genome-
wide association study (GWAS) of BD in Turkish popula-
tion. Although this study did not identify any significant loci
at the GWAS level, it was a landmark study in understanding
the genetics of BD [4]. To date, a total of 21 genetic sus-
ceptibility sites for BD have been identified at the GWAS
significance level, including interleukin-23 receptor (IL23R)
and interleukin-10 (IL10) [5]. Related studies have shown
that several immune cells, such as natural killer cells, mono-
cytes, and B cells play an important role in the pathogenesis
of BD [6]. The number of CD4" and CD8* T cells increased
in circulating blood and inflammatory tissues of BD [7-9];
Th1 and Th17 cell numbers increased and caused inflam-
mation in the early stage of BD intestinal involvement [10].
The study of Immunochip array [11] and genotyping array
[12-16] in BD showed that immune-mediated and genetic
factors were key in its pathogenesis. Some novel susceptible
genes, such as interferon y receptor 1 (IFNGRI) [17], have
been identified. Meanwhile, gene microarray technology [18,
19] has been used to analyze the expression of genes in the
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peripheral blood mononuclear cells of BD patients. How-
ever, the results of these microarrays are not ideal, owing
to differences in analysis methods and sample sources.
Bioinformatic analysis is an effective method for in-depth
detection and mining of transcriptome data and is widely
used in various diseases [20-22]. In this study, two mRNA
microarray datasets were screened using the GEO database.
In robust rank aggregation (RRA) analysis, the data were
grouped according to CD14 4+ monocytes and CD4 + T lym-
phocytes to identify differentially expressed genes (DEGs).
Subsequently, we used gene ontology (GO) function enrich-
ment analysis to explore the molecular mechanisms underly-
ing BD. Protein—protein interaction (PPI) network analysis
was used to screen for key genes. Finally, a validation test
was conducted to determine the key hub genes involved in
the pathogenesis of BD. This study aimed to discover new
DEGs involved in BD pathogenesis and explore the possible
molecular mechanisms associated with CD4 + T lympho-
cytes in BD.

Materials and methods
Study design and data collection

GEO (http://www.ncbi.nlm.nih.gov/geo) is a common data-
base that hosts microarray, high-throughput sequencing, and
chip data [23], and we employed it to search the related gene
expression data using the following terms: “Behget’s dis-
ease,” “Vasculitis,” “Gene expression,” “Homo sapiens,” and
“Microarray.” The following inclusion criteria were used: (1)
involvement of more than ten specimens; (2) total RNA was
extracted from peripheral blood mononuclear cells; (3) gene
expression data in CEL format were obtained from GEO;
and finally, GSE17114 and GSE61399 [18] were selected.
We used the “affy” package [24] for background correction,
the “gcrma” package [25] for standardized processing, the
“sva” package [26] to remove batch effect, and the “rsub-
read” package [27] for gene annotation. For comparing data
before and after standardization, we used a box chart for
visualization. Meanwhile, comparing data before and after
removing the batch effect, we used principal component
analysis (PCA) for visualization. In gene annotation, we had
the following rules: (1) the average value of multiple probes
matching the same genetic symbol was used and (2) genes
or probes without corresponding genetic signs were deleted.

Differentially expressed gene screening
We divided the two GEO datasets into three different groups,
because the GSE61399 dataset comprised CD14 + mono-

cytes and CD4 + T lymphocytes. We performed differential
analysis using the “limma” package [28] to detect DEGs
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between BD and healthy controls, set P values <0.05 and
llog, fold change (FC)I>0.5 as significant, and used the
“ggplot2” package [29] to map the volcano.

RRA analysis

RRA is an effective tool for combining the results [30]. To
reduce the differences and combine multiple microarray
results, RRA analysis was used to identify typical DEGs.
The specific steps of analysis were as follows: First, by ana-
lyzing the expression of FC between BD and control, we
obtained the lists of upregulated and downregulated genes in
each dataset. Second, we used the “robust rank aggregation”
package [30] to aggregate the list of all sequenced genes in
the datasets. We used the Benjamin and Hochberg false dis-
covery rate (FDR) method to generate the adjusted P-value
and screened the significant genes with adjusted P < (0.5 and
llog,FCI>0.5.

Functional enrichment analysis

In order to investigate the role of DEGs in the pathogen-
esis of BD, we used the “clusterprofiler” package [31] to
conduct GO functional enrichment analysis of important
genes identified by RRA. In addition, we used the “clus-
terprofiler” package (cnetplot) for visualization. Our crite-
ria were adjusted at P <0.05 and the false discovery rate
(FDR) <0.05.

PPI network analysis

STRING is an online database for predicting PPI [32]. First,
we fed important genes from the above RRA analysis into
the STRING database. Second, the results of STRING analy-
sis with an intermediate confidence of > 0.4 were collected.
Third, we exported the TSV format data to the Cytoscape
software (version 3.7.2) that is used to visualize the PPI
network [33].

Diagnostic effectiveness evaluation

For diagnostic analysis, we selected GSE17114, GSE61399,
and GSE61399 CD4 + T lymphocytes. We chose the data
of this study for verification because GSE165254 [34] is
sequencing data and the original data of GSE165254 can-
not be obtained. GSE70403 [19] only included patients with
BD, not healthy controls. The receiver operator characteris-
tic (ROC) curves were diagramed and the area under curve
(AUC) was measured to appraise the performance of each
dataset (GSE17114, GSE61399, and GSE61399 CD4+T
lymphocytes) using the “pROC” package in R [35]. We
defined the criteria to distinguish between different diag-
nostic values as follows: excellent accuracy (0.9 <AUC< 1),
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reasonable accuracy (0.8 <AUC <0.9), fair accuracy
(0.7<AUC<0.8), poor accuracy (0.6 <AUC<0.7), and
insufficient accuracy (0.5 <AUC <0.6) [36].

Results
Information of included microarrays

According to the previously established inclusion cri-
teria, GSE17114 and GSE61399 were included in this
study; 32 BD patients and 26 controls were included in
these two datasets. The clinical data of GSE17114 were
relatively integrated, including 15 BD patients (women,
53.3%; mean age, 37.07 £ 10.67 years; immunosuppres-
sors, 60.0%) and 14 healthy controls (women, 50.0%;
mean age, 36.71 + 13.00 years); however, the clinical data
of GSE61399 did not provide information for the 17 BD
patients and 12 healthy controls. The analyses of GSE17114
and GSE61399 series were performed on the GPL570 plat-
form (Affymetrix Human Genome U133 Plus 2.0 Array).
The RNA of the GSE17114 dataset was derived from
peripheral blood mononuclear cells, whereas the RNA from
the GSE61399 dataset was derived from CD14 + monocytes
and CD4 + T lymphocytes. Detailed information on these
datasets is shown in Table 1.

Table 1 Characteristics of the enrolled microarray datasets

Identification of DEGs in BD

First, we used the “GCRMA” package to standardize the
two-microarray datasets. Supplementary Fig. 6 shows the
box plots before and after standardization. Second, we used
a PCA diagram to visualize the results of removing the
batch effect, as shown in Supplementary Fig. 7. In addi-
tion, we used the “limma” package to screen DEGs accord-
ing to the above criteria, and according to cell grouping,
GSE61399 was divided into two groups (CD14 + monocytes
and CD4 + T lymphocytes) for difference analysis. Volcano
plots of the three groups from the two microarrays are shown
in Fig. 1.

RRA integrated analysis of DEGs

We analyzed the integration of GSE17114 and GSE61399
CD14 + monocytes and the integration of GSE17114 and
GSE61399 CD4 +T lymphocytes, according to our data
and rules set for RRA analysis. After the integrated anal-
ysis, no significant differences in the gene expressions of
the GSE17114 and GSE61399 CD14 + monocytes were
observed. However, 44 significant DEGs (16 upregulated
and 28 downregulated) were identified (Supplementary
Table 1) between GSE17114 and GSE61399 CD4 4T lym-
phocytes. The heatmap of the top 10 upregulated and 10

GSE ID BD Control Tissues Analysis type Platform Citation (PMID) Country Year
GSE17114 15 14 Peripheral blood Array GPL570 [HG- No Portugal 2019
mononuclear U133_Plus_2]
cells Affymetrix
Human
GSE61399 17 12 CD14 +monocytes Array GPL570 [HG- 25,410,656 USA 2014
and CD4+T U133_Plus_2]
lymphocytes Affymetrix
Human
A GSE17114 B GSE61399 CD4+ T lymphocytes C GSE61399 CD14+ monocytes
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Fig.1 Volcano diagrams of the microarrays. Red points indicate the upregulated genes, while blue points indicate the downregulated genes.
Gray points indicate genes without significant difference. A GSE17114; B GSE61399 CD4 + T lymphocytes; C GSE61399 CD14 4+ monocytes
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downregulated genes between GSE17114 and GSE61399
CD4 +T lymphocytes is shown in Fig. 2.

Functional annotation

We used the 44 DEGs between GSE17114 and GSE61399
CD4+T lymphocytes to perform GO (molecular func-
tion) analysis. The results revealed that protein tyros-
ine/threonine phosphatase activity (G0:0,008,330;
adjusted P-value=0.013) and immunoglobulin binding
(G0:0,019,865; adjusted P-value=0.025) were significantly
enriched for molecular function. We used a GO cneplot
(Fig. 3) to visualize the GO terms.

Results of protein—protein interaction (PPI) network
analysis

We performed the PPI network analysis using the STRING
online database and the significant genes between
GSE17114 and GSE61399 CD4 + T lymphocytes as input
(Fig. 4). Cytoscape was used to visualize the results. In the
PPI network, the genes located in the central node were
recognized as key genes that may play crucial regulatory

Fig.2 Heatmap of the robust
rank aggregation (RRA)
analysis. Heatmap of the top 10
upregulated and 10 down-
regulated genes using the RRA
method. Red and blue indicate
high and low expression of
genes in patients with BD,
respectively

—0.76
—0.01

roles in BD. The results showed that the top six genes
with the most connections which were FCGR3B, TLR7,
CCL4, FCGRIB, TNFRSFS8, KIR2DL3, and FCGR3B had
the largest weight. Therefore, according to RAA and PPI
analyses, FCGR3B was considered a hub gene.

The validation of FCGR3B gene

To validate the diagnostic value of FCGR3B in BD
patients, we performed ROC analyses to investigate the
sensitivity and specificity of FCGR3B for BD diagno-
sis. The ROC outcomes verified that FCGR3B could dif-
ferentiate between BD patients and healthy controls in
GSE17114 (P <0.05), with an AUC of 0.824 (Fig. 5).
However, the diagnostic value of FCGR3B in GSE61399
and GSE61399 CD4 + T lymphocytes was uncertain (Sup-
plementary Fig. 8A and 8B). This is due to the large dif-
ference in the sample size of BD CD4 + T lymphocytes in
patients and healthy controls in GSE61399, causing some
bias. Our results indicated that expression of FCGR3B was
related to disease diagnosis and FCGR3B could be used as
a biomarker in the diagnosis of BD.

IFFO1

—0.74

FCGBP

—0.08

CACNA2D3

—0.52

GSE17114

@ Springer

CTSW

GSE61399 CD4 T lymphocytes



Immunologic Research (2022) 70:461-468 465

protein tyrosine/thlzeonine phosphatase activity

IgG binding

size

02,00
0225
0250
0275

00

category

— IgG binding

— immunoglobulin binding

— MAP kinase phosphatase activity

— MAP kinase tyrosine/serine/threonine phosphatase activity
— protein tyrosine/threonine phosphatase activity

MAP kinase tyrosine/serine/threonine phosphatase activity

MAP kinase phosphatase activity

immunoglobulin binding

Fig. 3 Gene ontology (GO) functional enrichment analysis (cneplot) of differentially expressed genes
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Fig.4 The outcomes of protein—protein interaction (PPI) network Fig.5 Receiver operating characteristics of FCGR3B in GSE17114
analysis
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Discussion

BD is a common autoimmune disease and is diagnosed
based on recurrent oral ulcers (recurrent at least 3 times
within 1 year) [37]. Currently, there is no specific antibody
for the diagnosis of BD. The diagnosis mainly depends on
medical experience and the invasive skin acupuncture reac-
tion [37]. Thus far, the pathogenesis of BD has not been
clarified. Relevant studies suggest that its pathogenesis may
be the result of multiple effects of autoimmunity, external
environmental factors, and genetic susceptibility [3]. Other
studies have reported that BD patients show specific micro-
biota characteristics [38]. Therefore, there is an urgent need
to better understand the pathogenesis of BD to formulate
new strategies for the diagnosis and treatment of BD.

In the current study, based on the gene expression profiles
obtained from GSE17114 and GSE61399 datasets, FCGR3B
was identified as the key DEG between the CD4 + T lym-
phocytes of patients with BD and healthy controls using
bioinformatic tools. We explored the biological processes
of these DEGs using GO enrichment analysis. The results
showed that DEGs were significantly correlated with protein
tyrosine/threonine phosphatase activity and immunoglobulin
binding. We performed PPI network analysis to identify core
genes. Next, we performed ROC analysis to study the sensi-
tivity and specificity of core gene diagnosis of BD, and the
results showed that the expression of FCGR3B was related
to the diagnosis of BD CD4 + T lymphocytes.

The Fc receptor family for immunoglobulin (Ig)G
(FCGRs) is mainly expressed on immune effector cells and
modulates the response of IgG antibodies. Furthermore,
FCGRs mainly mediate immune responses [39-41]. When
the regulatory system involved in FCGR becomes dysfunc-
tional, it can lead to the onset or deterioration of autoim-
mune diseases [39, 40]. FCGRs include three high-affinity
FCGRs (FCGRIa, FCGRIb, and FCGRIc) and five low-
affinity FCGRs (FCGRIIa, FCGRIIb, FCGRIIc, FCGRIIIa,
and FCGRIIIb). The FCGR3B gene encodes FCGRIIIb
(also known as CD16b), specifically expressed on neu-
trophils [42]. Previous studies demonstrated that FCGR3
gene copy number variations (CNVs) and single nucleotide
polymorphisms (SNPs) are associated with several diseases,
especially autoimmune disorders, such as systemic lupus
erythematosus [43—-45], rheumatoid arthritis [45], ANCA-
associated systemic vasculitis (AASV) [43, 46, 47], sar-
coidosis [48, 49], and others [50]. Few hypotheses suggest
that FCGRIIIDb is primarily expressed on neutrophils, and
hence its deficiency or variation may obstruct the clearance
of immune complexes by neutrophils and enhance the pro-
inflammatory effect [47]. Relevant studies have shown that
FCGR gene polymorphisms are related to BD, suggesting
that FCGR genes may play a role in the pathogenesis of BD

@ Springer

[51, 52]. Huang et al. studied the expression of FcyRIIb,
FcyRI, and FcyRIIT on monocytes, T cells, and other cells
in patients with BD and showed that FcyR is abnormally
expressed in BD monocytes and is associated with disease
progression and might promote the over-activation of mono-
cytes in BD patients [53]. However, Black et al. found that
there was no correlation between high or low copy number
of FCGR3B and BD or its clinical features in the Iranian
population [54]. Therefore, the exact role of FCGR3B in
the pathogenesis of BD remains unclear. The aim of this
study was to analyze the microarray data of GSE17114 and
GSE61399 using bioinformatics, primarily using RRA, GO
enrichment, and PPI network analyses. Our experiments
showed that FCGR3B may be involved in the pathogenesis
of BD CD4 +T lymphocytes. A relevant study has shown
that Th1 and Th2 cytokines (IFN-y and IL-4) differentially
regulate the expression of FcyR isoforms with opposite
functions, altering the balance of activating and inhibitory
signals delivered by FcyRs present on phagocytes [55]. At
the same time, previous studies have shown that T lympho-
cytes are the main infiltrating cell type of the local inflam-
matory foci in BD [56]. Another study showed that Th1 and
Th17 cells cause inflammation through abnormal and per-
sistent cytokine production (IFN-y, TNF-«, and IL.-17) and
cytotoxicity mediated by perforin and Fas ligands, leading
to gastrointestinal mucosal damage in BD patients [10]. The
counts of CD4 + and CD8 + T cells producing cytokines are
increased in the circulating blood and inflammatory tissues
of BD [7-9]. The verification test indicated that the expres-
sion of FCGR3B was related to BD diagnosis.

This study has some limitations. First, we did not conduct
in vivo tests to verify the outcomes. Second, we need to fur-
ther study the definite mechanism of the immune response
induced by FCGR3B. Finally, we did not explore the associ-
ation of FCGR3B with the serological phenotypes (autoanti-
body profiles) of patients with BD. Although bioinformatics
can reveal the internal mechanism, the results of our study
need to be further validated by in vivo and in vitro tests and
medical analysis.

In summary, we have comprehensively provided a pro-
found understanding of the molecular changes in BD and
identified FCGR3B as a hub gene. Moreover, GO enrichment
analysis revealed that these DEGs were generally enriched in
protein tyrosine/threonine phosphatase activity and immu-
noglobulin binding. However, the mechanism of action of
FCGR3B has not been fully elucidated. More experiments
are needed to verify the results, and more samples from
patients with BD and healthy controls need to be collected
for additional functional research.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12026-022-09270-3.
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