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Abstract. Dendritic cells (DCs) serve crucial roles in the
activation of the immune response, and imbalance in the
activation or inhibition of DCs has been associated with
an increased susceptibility to develop immune-induced
diseases. However, the molecular mechanisms of regulating
immune-induced diseases of DCs are not well understood. The
aim of the present study was to identify the gene signatures
and uncover the potential regulatory mechanisms in DCs. A
total of 4 gene expression profiles (GSE52894, GSE72893,
GSE75938 and GSE77969) were integrated and analyzed in
depth. In total, 241 upregulated genes and 365 downregulated
genes were detected. Gene ontology and pathway enrichment
analysis showed that the differentially expressed genes (DEGs)
were significantly enriched in the inflammatory response, the
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tumor necrosis factor (TNF) signaling pathway, the nuclear
factor (NF)-«B signaling pathway and antigen processing.
The top 10 hub genes were identified from the protein-protein
analysis. The most significant 2 modules were filtered from
the protein-protein network. The genes in 2 modules were
involved in type I interferon signaling, the NF-xB signaling
pathway and the TNF signaling pathway. Furthermore,
the microRNA-mRNA network analysis was performed.
The results of the present study revealed that the identified
DEGs and pathways may improve our understanding of the
mechanisms of the maturation of DCs, and the candidate hub
genes that may be therapeutic targets for immune-induced
diseases.

Introduction

The immune-mediated diseases including pathogens, athero-
sclerosis,autoimmunity, sel-tolerance, graft-versus-hostdisease
(GVHD) and cancer have increased with socio-economic. As
professional antigen presenting cells (APCs), Dendritic cells
(DCs) are central regulators of innate and adaptive immune
responses. Since their discovery by Steinman RM in 1973 (1),
DCs have been demonstrated as key components in immune
response directed against cancer cells, pathogens, allergens
and autoantigens (2). During the past decades, increasingly
evidences have certified that DCs activate the immune responses
and result in immune-related diseases. Atherosclerosis (AS)
is a chronic inflammatory disease of vessel wall. DCs can be
observed in arterial vessels of AS. Some studies have demon-
strated that DCs can take up lipids (3.4), control cholesterol
homeostasis (5) and enhance T-cell activation in AS (6). Our
previous studies have addressed the role of DCs in GVHD.
MicroRNA let-7i-5p was upregulated in mature DCs (mDCs),
and let-7i-5p-inhibitor depressed the maturation of DCs (7). In
another study, we have demonstrated that let-7i-5p regulated
DCs maturation through targeting /L-10 via the JAK1-STAT3
signal pathway (8). Moreover, transfusion lez-7i-5p-inhibitor
DCs can prolong cardiac allograft survival in a rat heart
transplantation model (8).

DCs have two different functions depending on
their maturation status. MDCs with high levels of major
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histocompatibility complex (MHC) and costimulatory
molecules have been identified as potent immune activators of
Ag-specific immune response, while, immature DCs (imDCs)
expressed low expression of MHC and costimulatory
molecules that maintain immune homeostasis in the steady
state (9,10). IDCs recognize ‘danger’-associated signals
including pathogen-associated molecular patterns (PAMPs)
and damage-associated molecular patterns (DAMPs) through
pattern recognition receptors (PPRs), such as Toll-like recep-
tors (TLRs) and NOD-like receptors. IDCs response to these
signals and change to mDCs (11). MDCs show the high status of
activation and capable of promoting T cell polarization toward
to type 1 T helper (Thl), Th2, Th17 or regulatory T (Treg)
cells (7,12). Therefore, dynamic regulation of DCs maturation
is essential for controlling immune-induced diseases.

The high-throughput platforms for analysis of gene expres-
sion, such as gene microarray technology and high-throughput
sequence, have been used for more than ten years. These
high-throughput analyses are broadly used as effective methods
for obtaining the pathology-associated changes in the transcrip-
tome level. A large number of gene expression profiling studies
have been performed and covered thousands of differentially
expressed genes (DEGs) in pathways, biological process or
molecular functions. However, comparative analysis of DEGs
is limited because of tissue or sample heterogeneity in indepen-
dent studies. Therefore, the integrated bioinformatics methods
combining with different expression profiling are used to iden-
tify hub genes in many diseases. The integrated bioinformatics
methods are widely performed in cancer. Guo et al (13), found
that potential candidate biomarkers for diagnosis, drug targets
and prognosis in colorectal cancer. Dong et al (14), analyzed
two expression profiles and explored five hub genes as critical
biomarkers of osteosarcoma. However, the interactions among
DEGs and the pathways in DCs remain unclear.

In this investigation, we assayed four microarray
datasets including GSE52894, GSE72893, GSE75938
and GSE77969 from Gene Expression Omnibus
(GEO, https://www.ncbi.nlm.nih.gov/geo/), from which there
are total of 14 mDCs samples and 14 imDCs samples available.
Gene expression profiles of mDCs were compared with imDCs
to identify the DEGs. Subsequently, the DEGs were screened
using DAVID Bioinformatics Resources 6.8 for Gene Ontology
(GO) and pathway enrichment analysis. Furthermore, we iden-
tified ten hub genes (ISG20, IFITM1, HLA-F, IRFI, USPIS,
IFI44L, GBPI, IFI35, IFI27, IFI6) through protein-protein
interaction (PPI) and modular analysis. Our results suggested
that data mining and integration could be a useful method
to understand the mechanism and development of DCs in
immune-induced diseases.

Materials and methods

Microarray data information. The gene expression profiles of
GSES52894, GSE72893, GSE75938 and GSE77969 were down-
loaded from GEO (https:/www.ncbi.nlm.nih.gov/geo/geo2r/).
The gene expression profiles GSE52894 were measured with
GPL10558 platforms (Illumina HumanHT-12 v4.0 expression
beadchip) and included sixteen samples from four monDCs
types (immature, mature, tolerogenic and LPS-tolerogenic).
The microarray data of GSE72893 was based on GPL10558
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platforms (Illumina HumanHT-12 v4.0 expression beadchip)
and consisted of four imDCs samples, four mature DCs samples
and two Treg-conditioned DCs samples. GSE75938 was based
on GPL15207 platforms (Affymetrix Human Gene Expression
Array). The GSE75938 dataset contained 14 samples, including
three sets of monocytes, derived imDCs and macrophage,
mature DCs and macrophage. GSE77969 which was based
on GPL13667 platforms (Affymetrix Human Genome U219
Array) consisted of three imDCs samples and three mature
DCs samples. We chose imDCs and mature DCs samples from
these 4 datasets for integrated analysis in the present study.

Identification of DEGs. GEO2R (www.ncbi.nlm.nih.
gov/geo/geo2r/) is an interactive web tool in order to identify
genes that are differentially expressed across experimental
conditions using the GEOquery and limma R packages from
the Bioconductor project. We screened DEGs between imDCs
and mature DCs in these four datasets by GEO2R. The P-value
was adjusted for the correction of false positive results when
using the Benjamini and Hochberg false discovery rate method
by default. According to other studies, we used log transfor-
mation to identify DEGs with adjusted P-value <0.01 and
llogFCI>1.

Gene ontology and pathway enrichment analysis. The GO
and Kyoto Encyclopedia of Genes and Genomes (KEGG) of
candidate DEGs were analyzed by DAVID Bioinformatics
Resources 6.8 (david.ncifcrf.gov//tools.jsp). DAVID is a
website for high-throughput functional annotation analysis. A
P-value <0.05 was set as the cut-off criterion.

PPI network and module selection. We used search tool
for the retrieval of interacting genes 10.5 (STRING,
https://string-db.org/) to evaluate the interactive relationships
among DEGs. The combined score >0.4 was set as the cut-off
criterion. PPI networks were constructed and analyzed using
Cytoscape v3.5.1 software. The plug-in molecular complex
detection (MCODE) was performed to screen modules of PPI
network in Cytoscape. The criteria were set as follows: degree
cutoff=2, node score cutoff=0.2, k-core=2, max. depth=100.
MCODE scores >3 and number of nodes >4.

Generation of human monocyte-derived DCs. Human periph-
eral blood was isolated from healthy volunteers by buffy coats
and DCs were generated as previously described (15). Briefly,
peripheral blood mononuclear cells (PBMCs) were isolated using
Ficoll-Hypaque centrifugation (TBDscience, China) according
to the manufacturer's instructions. The project was approved
by the Clinical Research Ethics Committee of the Second
Affiliated Hospital of Harbin Medical University and written
informed consent was obtained from all volunteers. PBMCs
were seeded at a concentration of 6x10° cells per well in RMPI
1640 (Hyclone; GE Healthcare, Chicago, IL, USA) media with
10% fetal bovine serum (ScienCell Research Laboratories, Inc.,
San Diego, CA, USA), penicillin (100 U/ml; Beyotime Institute
of Biotechnology, Haimen, China) and streptomycin (100 ug/ml;
Beyotime Institute of Biotechnology) for 2 h at 37°C. Then,
non-adherent cells were removed by washing. The adherent
cells were cultured with human recombinant IL-4 (50 ng/ml;
PeproTech, Inc., Rocky Hill, NJ, USA) and GM-CSF (100 ng/ml;
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Table I. List of primers used for reverse transcription-quantitative polymerase chain reaction.

Name Sense sequence (5'-3") Antisense sequence (5'-3')
I1SG20 GCTTGCCTTTCAGGAGCTG ATCACCGATTACAGAACCCG
IFITM1 CCTCTTCTTGAACTGGTGCTGTCTG CGTCGCCAACCATCTTCCTGTC
HLA-F TGATCTCCGCAGGGTAGAAG AATGGGAAGGAGACGCTACA
IRF1 ATCCTTGTTGATGTCCCAGC GACCCTGGCTAGAGATGCAG
USP18 TCAGGACAGCACGACTTCAC CGGAACTTCGGTCCCAG
IF144L TTCCATGTCAATCTTGTTGTCAC TTTCTGTCTCCAAACCGTGG
GBP1 GCAGAACTAGGATGTGGCCT AACAAGCTGGCTGGAAAGAA
IFI35 CCCACAGCCTCATCTTGAGT TCTGAAGCCTCAGCTCTTGC
IF127 CCACAACTCCTCCAATCACA GCCTCTGCTCTCACCTCATC
IFI6 GTGGCAGCAGCGTCGTCATAG GGCTACTCCTCATCCTCCTCACTATC
ACTB CGTGGACATCCGCAAAGA GAAGGTGGACAGCGAGGC

ISG20, interferon-stimulated gene of 20 kDa protein; IFITM1, interferon induced transmembrane protein 1; HLA-F, human leukocyte
antigen F; IRF1, interferon regulatory factor 1; USP18, ubiquitin-specific peptidase 18; IFI44L, interferon-induced protein 44-like; GBP1,
Guanylate-binding protein 1; IFI35, interferon-induced protein 35; IFI27, interferon-a-inducible protein 27; IFI6, interferon-a-inducible

protein 6; ACTB, (3-actin.

PeproTech, Inc.) in order to obtain immature monocyte-derived
dendritic cells (Mo-DCs). The half of medium was changed
every other day. Cells were stimulated with lipopolysaccharides
(LPS) (200 ng/ml; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) on 6 days for 24 h for inducing maturation DCs.

Reverse transcription-quantitative transcriptase polymerase
chainreaction (RT-gqPCR). Total RNA was extracted from cells
using TRIzol reagents (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and the firststrand complemen-
tary DNAs (cDNAs) were synthesized with a Transcriptor
First Strand cDNA Synthesis kit (Roche Diagnostics, Basel,
Switzerland) according to the manufacturer's instructions. The
RT reactions were carried out for 60 min at 50°C and 5 min
at 85°C. The PCR protocol consisted of 40 cycles of 10 sec
at 95°C, 30 sec at 60°C and 30 sec at 72°C using Bestar Sybr-
Green qPCR Master Mix (DBI Bioscience, Germany). All
reactions were measured in triplicate. The primers used for
RT-gPCR were in Table I. The expression of hug genes relative
to ACTH were analyzed using the 2-AACq method. All the
data were given in terms of relative mRNA expression level
as means + SD (standard deviation). P<0.05 was considered to
indicate a statistically significant difference.

MicroRNA regulatory analysis. MiRTarBase is the experi-
mentally validated microRNA-target interactions database.
We used miRTarBase release 6.0 to identify target genes
among DEGs specifically for important microRNAs in DCs.
The microRNA-targets regulatory network was constructed
for DCs by Cytoscape.

Statistical analysis. GraphPad Prism 6 (GraphPad Software,
Inc., La Jolla, CA, USA) was used to analyze the data. All
data are expressed as the mean + standard deviation. For three
independent experiments, a two-tailed Student's t-test was used
to evaluate the differences between imDC and mDC. P<0.05
was considered to indicate a statistically significant difference

Results

Identification of DEGs in mDCs. The raw data file of
GES52894, GSE72893, GSE75938 and GSE77969 were
uploaded to GEO2R to screen DEGs between immature and
mature DCs. 14 imDCs samples and 14 mDCs samples were
analyzed. A total of 1057, 642, 699 and 1661 DEGs were
up-regulated in the GES52894, GSE72893, GSE75938 and
GSE77969 datasets (Fig. 1A). In addition, 1088, 716, 1759 and
2784 DEGs were down-regulated in GES52894, GSE72893,
GSE75938 and GSE77969 datasets, respectively (Fig. 1B).
After integrated bioinformatical analysis, 596 DEGs were
identified from the four profile datasets (data not shown),
including 241 upregulated genes and 365 downregulated genes
in the mDCs compared to imDCs (Fig. 1).

DEGs gene ontology enrichment analysis. To explore the
possible functional annotation and pathway enrichment of
DEGs, we respectively uploaded the upregulated genes and
downregulated genes to online software DAVID. The top five
terms enriched were selected in each category according to
P-value. GO biological processes (BP) analysis showed that
the upregulated DEGs were significantly enriched in defense
response to virus, apoptotic process, type I interferon signaling
pathway, negative regulation of viral genome replication and
inflammatory response (Fig. 2), while the downregulated
DEGs were enriched in oxidation-reduction process, antigen
processing, ATP synthesis coupled proton transport, regula-
tion of release of sequestered calcium ion into cytosol and
NAD metabolic process (Fig. 3). For cell component (CC),
the upregulated DEGs were enriched in cytosol, cytoplasm,
I-kappaB/NF-kappaB complex, host cell and external side
of plasma membrane (Fig. 2); The downregulated DEGs
were enriched in extracellular exosome, integral component
of membrane, endosome membrane, cytosol and membrane
(Fig.3).In addition, the molecular function (MF) of upregulated
DEGs were mainly associated with TAP1 binding, protein
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Figure 1. Venn diagram analysis of DEGs from the GSE52894, GSE72893, GSE75938 and GSE77969 datasets. (A) A total of 241 upregulated genes were
identified in all 4 datasets. (B) A total of 365 genes were downregulated in all 4 datasets. The different colors represent the different datasets. The DEGs were
identified with an adjusted P-value of <0.01 and llogFCI>1. DEGs, differentially expressed genes.
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Figure 2. GO enrichment analysis of upregulated DEGs. GO analysis classified the DEGs into 3 groups, including biological process, cellular component and

molecular function. GO, Gene Ontology; DEGs, differentially expressed genes.

binding, cytidine deaminase activity, hydrolase activity and
regulatory region DNA binding (Fig. 2), while the downregu-
lated DEGs were involved in beta-2-microglobulin binding,
endogenous and exogenous lipid antigen binding, lipopeptide
binding and protein binding (Fig. 3). These results showed that
the DEGs were involved in the regulation of immune response.

KEGG pathway analysis. The most significantly enriched
pathways of the upregulated and downregulated DEGs were
shown in Fig. 4. The upregulated DEGs mainly enriched in
TNF signaling pathway, NF-kappa B signaling pathway,
RIG-I-like receptor signaling pathway, NOD-like receptor
signaling pathway and viral carcinogenesis (Fig. 4A). The
down-regulated DEGs were enriched in lysosome, transcrip-
tional misregulation in cancer, hematopoietic cell lineage,
HTLV-I infection and valine, leucine and isoleucine degrada-
tion (Fig. 4B). These enrichment analysis suggested that the
regulation and function of DEGs was mainly in response to
inflammatory.

PPI network construction and modules selection. To
understand cellular functions and biological processes, we
constructed the PPI network of DEGs using STRING and
Cytoscape software. The PPI network consisted of 606 nodes
and 1632 edges (data not shown). The top 10 hub genes with
higher degrees were screened including ISG20, IFITM]I,

HLA-F, IRFI1, USPIS, IFI44L, GBPI, IFI35, IFI27, IFI6.
Then, we verified the expression of the top 10 hub genes in
mDCs by RT-qPCR. These 10 hub genes were upregulated
in mDCs compared with imDCs (Fig. 5A-J). Moreover, the
top 2 significant modules were selected from the DEGs PPI
network using plug-ins MCODE (Fig. 6A and B). Module
1 included 15 nodes and 93 edges and module 2 had 28 nodes
and 101 edges. Furthermore, functional and pathway enrich-
ment analysis of genes in these two modules were performed
using DAVID. The results showed that Module 1 were mainly
associated with type I interferon signaling pathway, defense
response to virus, regulatory region DNA binding and
RIG-I-like receptor signaling pathway, while genes in Module
2 were mainly enriched in inflammatory response, apoptotic
process, immune response, NF-kappa B signaling pathway
and TNF signaling pathway (Table II). These results indicate
that the hub genes which we screened from the PPI network
play an important role in the immune response of DCs.

MicroRNA regulatory network analysis. MicroRNAs
(miRNAs) inhibit gene expressing by binding to complemen-
tary 3'-untranslated regions of mRNA and degrading specific
target mRNA. A growing body of evidence has demonstrated
that miRNAs play an important role in the immune response
of DCs (16). In a previous study, we demonstrated that
let-7i-5p depress maturation of DCs via targeting SOCSI (7).
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Figure 3. GO enrichment analysis of downregulated DEGs. GO analysis classified the DEGs into 3 groups, including biological process, cellular component
and molecular function. GO, Gene Ontology; DEGs, differentially expressed genes.
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Figure 4. Kyoto Encyclopedia of Genes and Genomes pathways analysis of (A) upregulated and (B) downregulated genes in mDCs. The top 10 terms were

selected according to P-value. mDCs, mature dendritic cells.

MiR-155-5p is a key negative regulator controlling IL-1f and
other inflammatory cytokines produced during activation of
DCs (17). Several studies have demonstrated that miR-34a-5p
impact on the maturation of DCs (18,19). Therefore, we selected
let-7i-5p, miR-155-5p and miR-34a-5p for further analysis. We
identified miRNAs-mRNA network from the downregulated
DEGs because miRNAs suppress the target gene expression.
The miRNAs-DEGs regulatory network of mDCs included
63 pairs of regulatory relationship combined with 3 miRNAs
and 58 regulatory genes (Fig. 7). Through the construction of
miRNAs-DEGs network, we screened the DEGs can provide
new ideas for the treatment of immune response in DCs.

Discussion

Many diseases, such as atherosclerosis, GVHD, cancer,
rheumatic diseases, are caused by abnormal function of the
immune system. DCs play a central role in immune-induced
diseases, the dynamic control state of DCs maturation may
be a key factor for these diseases. Therefore, understanding
the regulation mechanism of DCs maturation is essential to
intervene the progress of diseases. Numerous studies have
been conducted to reveal the mechanism of DCs maturation,
but most studies focus on a single genetic event. In the present
study, we screened four gene expression profiles (GSE52894,
GSE72893, GSE75938 and GSE77969) and deeply analyzed
these datasets using bioinformatics methods. A total of 596

DEGs were identified, consisting of 241 upregulated genes
and 365 downregulated genes in mDCs. Function annotation
and KEGG pathway enrichment analysis showed that the
upregulated DEGs were mainly enriched in apoptotic process,
type I interferon signaling pathway, inflammatory response,
TNF signaling pathway and NF-kappa B signaling pathway;
while the downregulated DEGs were mainly involved in
oxidation-reduction process, antigen processing, regulation of
release of sequestered calcium ion into cytosol, lysosome and
HTLV-I infection. This is consistent with the knowledge that
the NF-kappa B signaling pathway, TNF signaling pathway
and type I interferon signaling pathway are the main pathway
for mDCs (20-24). These results indicated that the DEGs were
mainly focused on the immune response. Therefore, moni-
toring these signaling pathways may suppress the maturation
of DCs.

Based on the PPI network, we finally identified 10 hub genes:
ISG20, IFITM1, HLA-F, IRF1, USPIS8, IFI44 L, GBPI, IFI35,
IFI27 and IF16. They were maybe the therapeutic molecular
targets for immune-induced diseases. ISG20 was interferon
stimulated exonuclease gene 20 which is involved in defense
response to virus and type I interferon signaling pathway. DCs
play a crucial role in presenting viral antigens and inducing
adaptive immune responses that eliminate the virus (25). Most
studies have demonstrated that /SG20 can suppress virus repli-
cation. Leong et al (26), reported that ISG20 can selectively
degrade HBV RNA and blocks replication of infectious HBV
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Figure 5. Top 10 hub genes were detected by reverse transcription-quantitative polymerase chain reaction. The expression of the top 10 hub genes, (A) ISG20,
(B) IFITML1, (C) HLA-F, (D) IRF1, (E) USP18, (F) IF144L, (G) GBP1, (H) IFI35, (I) IF127 and (J) IFI6 were upregulated in mDCs. The data are presented as
the mean + standard deviation of 3 independent experiments. "P<0.05, “"P<0.01 and ““P<0.001, vs. the imDCs group. DCs, dendritic cells; mDCs, mature DCs;
imDCs, immature DCs; ISG20, interferon-stimulated gene of 20 kDa protein; IFITMI, interferon induced transmembrane protein 1; HLA-F, human leukocyte
antigen F; IRF1, interferon regulatory factor 1; USP18, ubiquitin-specific peptidase 18; IFI44L, interferon-induced protein 44-like; GBP1, Guanylate-binding
protein 1; IFI35, interferon-induced protein 35; IFI27, interferon-a-inducible protein 27; IF16, interferon-a-inducible protein 6.

Figure 6. Top 2 modules from the protein-protein network according to the Molecular Complex Detection score. (A) Module 1 and (B) Module 2. Red indicates

upregulated genes and the blue indicates downregulated genes.

particles. It has also demonstrated that /SG20 may represent
a maker in chronic hepatitis B patients, which was associated
with a favorable response to IFN-a therapy (27). Moreover,
Zahoor et al (28) reported that ISG20 was upregulated in mDCs
treated with HIV-1 Vpr. Thus, we supposed that the ISG20 may
play an important role in immune-induced diseases. The second
hub gene interferon induced transmembrane protein 1 (/FITM1)
is a member of the IFN-inducible transmembrane protein
family. IFITM1 controls proliferation, homotypic adhesion in
Iymphocytes and metastasis (29,30). Overexpression of IFITM1
can negatively regulate cell growth (31). A wide range of viruses
can be inhibited by I/FITM1 through immune responses, such as
hepatitis C virus, hepatitis B virus, HSN1 virus and HIV (32).
Zhang et al (33), reported that IFITMI was significantly
increased in human mo-DCs treated with dengue virus. It has
also reported that /FITM1 was one of the up-regulated inter-
feron-inducible antiviral proteins in LPS-stimulation DCs (34).
These results suggested that /FITM]I in this study induced
maturation of DCs. Human leukocyte antigen F (HLA-F), a
non-classical MHC molecule, is expressed on proliferating
lymphoid and monocyte cells as a protective molecule in a novel
pathway for Ag cross-presentation (35,36). Goodridge et al (35),
showed that HLA-F may act in an immunoregulatory capacity

centered on inflammatory response. HLA-F were up-regulated
in many immune-induced diseases, such as coronary heart
disease (37), SLE (38). Intriguingly, our study for the first time
has documented that HLA-F was up-regulated during matura-
tion of DCs. However, the precise function of HLA-F in DCs
remains elusive, we need to completely decipher the mechanism
of HLA-F in DCs. Interferon regulatory factor 1 (/RF-1), a kind
of transcription factors, is the first discoverable member of the
interferon regulatory factor family (39). The level of IRF-1
was regulated by various stimuli including IFN (type I and II),
cytokines, double-stranded RNA. IRF-I plays an important
role in many physiological and pathological aspects, such as
proinflammatory injury, development of immune system, auto-
immunity and viral infection (39). The tick-borne encephalitis
virus, a leading cause of viral encephalitis, can inhibit DCs
maturation by diminished the protein of /RF-1 and nuclear
localization (23). NF-«xB activated by TNF-a could increase
the expression of /RF-1 and induced the maturation of DCs
marker CD25, CD40 (40). Interestingly, /RF-1 can regulate the
expression of other hub genes, ISG20, USPI8 and GBPI (41-43).
Thus, IRF-1 may exert an enormous function on regulating
maturation of DCs. Ubiquitin-specific peptidase 18 (USPIS), a
member of USP family, is a negative regulator of type I and type
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Table II. Functional and pathway enrichment analysis of the genes in modules.
Gene

Category Term Gene function count P-value
A, Module 1
GOTERM_BP_DIRECT G0:0060337 Type I interferon signaling pathway 10 1.86x10"
GOTERM_BP_DIRECT G0:0051607 Defense response to virus 8 2.52x10"
GOTERM_BP_DIRECT GO0:0009615 Response to virus 5 1.66x10°
GOTERM_BP_DIRECT G0:0045071 Negative regulation of viral genome replication 4 4.48x10°
GOTERM_BP_DIRECT GO0:0060333 Interferon-y-mediated signaling pathway 4 2.55x10°
GOTERM_CC_DIRECT GO0:0005829 Cytosol 8 0.006784
GOTERM_MF_DIRECT GO0:0000975 Regulatory region DNA binding 2 0.00991
GOTERM_MF_DIRECT GO0:0005525 GTP binding 3 0.03921
KEGG_PATHWAY hsa04622 RIG-I-like receptor signaling pathway 3 9.92x10*
B, Module 2
GOTERM_BP_DIRECT G0:0006954 Inflammatory response 8 1.70x10°
GOTERM_BP_DIRECT GO:0006915 Apoptotic process 8 2.38x10°
GOTERM_BP_DIRECT GO:0006955 Immune response 7 4.54x10°
GOTERM_BP_DIRECT G0:0032735 Positive regulation of interleukin-12 production 3 7.30x10*
GOTERM_BP_DIRECT GO:0010803 Regulation of tumor necrosis factor-mediated 3 0.001053

signaling pathway
GOTERM_CC_DIRECT GO0:0009897 External side of plasma membrane 5 2.22x10*
GOTERM_CC_DIRECT GO0:0005829 Cytosol 12 0.003709
GOTERM_CC_DIRECT GO0:0009986 Cell surface 5 0.006877
GOTERM_CC_DIRECT GO:0005737 Cytoplasm 14 0.017334
GOTERM_MF_DIRECT G0:0004842 Ubiquitin-protein transferase activity 6 1.05x10*
GOTERM_MF_DIRECT GO:0016874 Ligase activity 6 6.21x10*
GOTERM_MF_DIRECT GO0:0008270 Zinc ion binding 8 0.001191
GOTERM_MF_DIRECT GO0:0031624 Ubiquitin conjugating enzyme binding 2 0.044943
KEGG_PATHWAY hsa04064 NF-«B signaling pathway 7 7.96x108
KEGG_PATHWAY hsa04668 TNF signaling pathway 7 2.61x107
KEGG_PATHWAY hsa04060 Cytokine-cytokine receptor interaction 6 3.10x10*
KEGG_PATHWAY hsa04640 Hematopoietic cell lineage 4 0.00151
KEGG_PATHWAY hsa05166 HTLV-I infection 5 0.004594

If there were >5 terms enriched in this category, the top 5 terms were selected according to P-values. Gene count values represent the number
of enriched genes in each term. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; RIG-I, retinoic-acid-inducible

protein 1; NF, nuclear factor; TNF, tumor necrosis factor; HTLV-I, human T-cell leukemia-lymphoma virus type 1.

IIT interferon signaling (44). USPIS regulates various immuno-
logical processes, including autoimmune diseases, pathogen
control and cancer development. Cong et al (45), demonstrated
that USPIS8 can promote DCs development. USP/8-/- mice bone
marrow-derived DCs was reduced because of high expression
of GM-CSF signaling inhibitors SOCS1/SOCS3 (45). In addi-
tion, lack of USPI8 reduced the number of DCs and enhanced
the expression of MHC I and the costimulatory molecular
CD80 (46). Guanylate-binding protein 1 (GBPI) was associ-
ated with the control of immune innate response to foreign
antigens (47). Thomas has demonstrated that GBP/ DNA
was isolated from a human genomic library and mapped to
human chromosome 1 (48). Kim et al (47), showed that GBPI

contributed to vascular dysfunction in chronic inflammatory
diseases by inhibiting the proliferation and migration of endo-
thelial progenitor cells. GBPI was up-regulated in stimulated
T-cell treated with phytohaemagglutinin (49). GBPI, a classical
mature DCs biomarker, was up-regulated throughout maturation
of DCs (50). The mechanism of USPI8 and GBPI in maturation
DCs remains unknown.

In the present study, we found that four interferon
inducible proteins, IFI44L, IFI35, IFI27 and IFI6, were
up-regulated in mDCs. IFI44L, IFI35, IFI27 and IFI6 were
key regulatory targets in immune-induced diseases, such
as SLE, rheumatoid arthritis and myelofibrosis (51-53).
Interestingly, IFI44L was the highest up-regulated genes
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Figure 7. miRNAs-mRNAs regulatory network analysis. The miRNAs presented in the figure. are associated with the maturation of dendritic cells. Red
indicates miRNAs and blue represents the downregulated differentially expressed genes. miRNA, microRNA.

among the ten hub genes validated by RT-qPCR. Aida
demonstrated that /FI44L and IFI27 were up-regulated in
human DCs treated with HIV-1 Vpr (28). In other studies,
IF127 was up-regulated in DCs with different stimuli (54,55).
However, the biological function of /FI35 and IFI6 in DCs
were unclear. Thus, further researches are needed to under-
stand the mechanism of four interferon inducible proteins
in DCs. Taken together, these data suggested that these ten
hub genes were up-regulated and highly connected. The hub
genes may be involved in the regulation of maturation of DCs
via the checkpoint mechanism.

Module analysis of the PPI network revealed that
module 1 contained the ten hub genes, suggesting that these
ten hub genes had close interaction and together determined
the key pathway during the maturation of DCs. Functional and
pathway enrichment analysis of genes in module 1 and 2 was
mainly involved in type I interferon signaling, NF-kappa B
signaling pathway, TNF signaling pathway. Studies have
demonstrated that type I interferon signaling, NF-kappa B
signaling pathway, TNF signaling pathway play an important
role in mDCs (56-58). Thus, we propose that these molecular
pathways in mDCs might represent the promising candidates
for pharmacologic evaluation and for therapeutic intervention
in immune-induced diseases.

In conclusion, we have identified 596 DEGs, 606 nodes,
1632 edges and 10 hub genes by multiple cohorts profile
datasets and integrated bioinformatical analysis in matura-
tion DCs. The 10 hub genes significantly enriched in several
pathways, including type I interferon signaling, NF-kappa
B signaling pathway, TNF signaling pathway. Our study
provided a set of candidate target genes for future investiga-
tion into the molecular mechanisms and biomarkers of mDCs.

These findings could significantly improve our understanding
of DCs in immune-induced diseases.
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