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Interleukin 10 is one of the important cytokines of immune system inflammatory response in critical diseases
such as sepsis. The regulation mechanism of its signal pathway and the mining of key members can provide
targets for disease diagnosis and treatment. Alarge number of studies have analyzed the response of interleukin
10 treated cells by means of transcriptome and identified the members of signal pathway from differentially
expressed genes. However, the conditions of different studies are different, resulting in great differences in
results. It is necessary to integrate and analyze the inherent differentially expressed genes. In this study,
we collected 17 sets of transcriptome experimental results, all of which were analyzed in the treatment of
interleukin 10 in peripheral blood cells. Through meta-analysis of 4695 gene expression in all experiments,
we screened 134 genes, which were statistically significant differentially expressed genes in the random effect
model (p<0.005). These genes enrich biological pathways related to immunity and wounding. Among them,
the p value of tissue inhibitor of metalloproteinase 1, leupaxin, FAM20A Golgi associated secretory pathway
pseudo kinase and interferon induced protein 44 is <9.82e-06. In 17 groups of experiments, the difference
trend is relatively consistent and more experiments have detected more than twice the difference. These
genes are valuable biomarkers for interleukin 10 related diseases such as sepsis. At the same time, it is a key
member of the relatively more conservative interleukin 10 signaling pathway under different conditions.
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Sepsis is a systemic inflammatory response syndrome
caused by microbial invasion and infection. Septic
shock and Multiple Organ Dysfunction Syndrome
(MODS) are the follow-up symptoms of sepsis. It
is one of the main causes of death in hospitalized
patients. Early identification of the clinical outcome
of patients with sepsis is of great significance, which
is helpful to the disease outcome and improves
the prognosis. An important feature of sepsis is
overexpression of inflammatory mediators such as
Tumor Necrosis Factor Alpha (TNF-a), Interleukin
(IL)-10, IL-6, IL-9 and macrophage inflammatory
protein and release a large number of oxygen free
radicals and nitrogen oxides. Proinflammatory and
anti-inflammatory factors participate in the early
inflammatory response of sepsist!. IL-10 is the
key anti-inflammatory factor in the inflammatory
cascade, which is closely related to the development
and prognosis of the disease!?. At present, a large
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number of studies have shown that IL-10 may
become a drug for the treatment of sepsis, especially
the transgenic treatment technology provides the
possibility for the application of IL-10, but a large
number of animals and clinic are still needed to
further prove the feasibility and effectiveness of the
application of IL-10 in sepsis.

IL-10 is one of the hubs of the main anti-
inflammatory factor and cytokine network. The
level of IL-10 in plasma is closely related to the
occurrence, severity and prognosis of sepsis. IL-10 is
an endogenous anti-inflammatory cytokine, which is
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secreted and regulated by a variety of cells, including
T helper 2 (Th2) cells, monocytes/macrophages,
dendritic cells and epithelial cells. It has a variety of
regulatory effects on inflammatory response, which
can reduce the chemotaxis of inflammatory cells and
inhibit TNF-a, Interferon-gamma (IFN-y), release of
inflammatory factors such as IL-12 and Nitric oxide
(NO)BI, TIts receptors are distributed on a variety
of cell surfaces and the level of IL-10 can rise
gradually in the early stage of inflammatory response.
Rukavina et al™ found in the mouse model of
intraperitoneal infection with Klebsiella pneumoniae
that the level of IL-10 increased within 6 h. The
early anti-inflammatory cytokine characteristics of
IL-10 make it possible to predict the role of IL-10
in patients with sepsis. Many studies have shown
that inflammatory cytokines overexpressed during
infection play an important and decisive role in
the occurrence and development of inflammatory
response. IL-10 can inhibit the characteristics of
inflammatory cytokines, which makes its application
in inflammatory diseases such as sepsis, adverse drug
reactions, rheumatoid arthritis and inflammatory
bowel disease possible and plays an important role
in inhibiting inflammatory response and promoting
disease prognosis!®.

IL-10 can further predict the occurrence of multiple
organ failure and with the aggravation of sepsis, I1L-
10 also increasest®l. At the same time, IL-10 level can
be further used as a predictor of 28 d death in sepsis.
In receiver operating characteristic curve analysis,
IL-10 level on the day of admission is a strong
predictor of 28 d death in patients with sepsis(’?l.
Subsequently, more and more experimental evidence
and clinical data show that IL-10 is an immune
activating factor in sepsis, but its mechanism is still
not very clear. Therefore, how IL-10 regulates cell
function needs to be further studied.

Transcriptome analysis is the most commonly
used means to analyze regulatory networks. A
large number of literatures have reported the study
of transcriptome regulation based on IL-10. The
transcriptional network of cells was analyzed in
a certain cell treated with exogenous IL-10. These
cells include human polarized macrophages,
peripheral blood mononuclear cells, human
monocyte derived dendritic cells, B cells and so on!-
151, However, there are errors in the analysis results
under different experimental conditions and there is
a lack of most stable regulation mechanism for the
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integrated analysis of these transcriptional profiles.
Recently, some studies have directly analyzed the
transcriptome results by meta-analysis!'®. In the past,
the integration analysis often simply compared the
repeatability of different experimental results, while
the meta-analysis used statistical methods to integrate
and recount different experimental results more
accurately according to the number of samples and
experimental deviation. In this study, we collected
the transcriptome data of exogenous IL-10 treatment,
integrated them by meta-analysis and analyzed the
most statistically significant IL-10 regulatory genes.

MATERIALS AND METHODS
Strategy of transcriptome data collection:

The reported transcriptome studies were retrieved
from various databases, including the Gene
Expression Omnibus (GEO) database from the
National Center for Biotechnology Information
(www.ncbi. NLM. Gov/GEO), and Array Express
from European Bioinformatics Institute (EBI)
(https://www.ebi.ac.uk/arrayexpress/) using "IL-
10" as the keyword, each database was screened
from the establishment date to December 10, 2022.
There are no restrictions on language, race or year
of publication. Then, the peripheral blood cells
such as "peripheral blood", "T cells", "monocytes",
"macrophages", "natural killer", "dendritic cells",
"B cells" were screened again and only the studies
related to peripheral blood were retained. Moreover,
the platform of transcriptome research is limited and
only the data detected by chip are used. In addition,
the experimental and control data of different IL-
10 treatments in the same study were extracted and
listed as one experiment. Finally, the references
of the retrieved studies were manually checked to
determine the control samples and experimental
group samples and the experiments with less than
3 samples were eliminated and then the original
data source was found. According to the gene ID
of different chip platforms, integrate all data and
only retain the genes detected in all experiments for
further analysis.

Data integration and meta-analysis:

We performed a meta-analysis of all integrated
gene transcription tests, including the analysis to
calculate the 95 % Confidence Interval (CI) based
on the initial raw data; heterogeneity was measured
by quantitative Higgins I? statistics. When the I?
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statistical value is higher than 75 %, 50 % and 25 %,
it represents large, medium and small heterogeneity,
respectively. Therefore, both fixed effect model
(I’<50 %, p>0.1) and random effect model (I>>50
% and p<0.1) were used to measure combined and
95 % CI. Finally, the random effect model is used
for treatment. Chi square (y?) test was performed
in the control group to evaluate the deviation from
Hardy-Weinberg equilibrium. In these comparisons,
p<0.05 were considered significant and all statistical
analyses were completed by R software.

Gene Ontology (GO) enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
analysis:

Gene set in David (David; http://david.abcc.nciferf.
gov/) GO enrichment analysis and KEGG analysis
is carried out. The functional annotation diagram is
used in the analysis and the graphic display results
are displayed by R software.

RESULTS AND DISCUSSION

A total of 8 studies were collected and divided into
17 experiments for meta-analysis. There are at least 3
samples and at most 12 samples. The overall number
of samples is 72 in IL-10 treatment group and 75
in control group (Table 1). According to the usual
analysis method, first analyze the two-fold difference
genes of each group of experiments and analyze the
repeatability of the difference genes under each group
of experiments. It can be seen from the results of Venn
diagram that there are not many different genes in
each group, up to 120 genes or less than 10 (fig. 1).
Only 9 groups of differential genes have overlap, but
the overall overlap is not strong. At most, only 17 genes
are differentially expressed in set 1, set 2 and set 8.
Only set 1 and set 8 have good overlap and a total of

TABLE 1: DATASETS

99 genes are differentially expressed genes. This show
that only from the double difference gene analysis, the
data of each group are integrated, and the repeatability
is not good, which is not conducive to mining useful
information from the data.

Through the random effect model, meta-analysis,
the expression of 4695 genes was calculated from
the above transcriptome data and then the screening
conditions with p<0.005 were set. A total of 134 genes
can be determined as differentially expressed genes.
Among them, 8 genes are at the level of 10"-5. Among
them, Tissue Inhibitor of Metalloproteinase 1 (TIMP1)
is the most significant, p=1.93e-06.

According to the molecular biological function
classification of genes, most of the 134 genes have
binding (GO: 000548), catalytic activity (GO:
0003824) and molecular function regulator (GO:
0098772). A small number of gene data, molecular
transporter activity (GO: 0060089) and transporter
activity (GO: 0005215). According to the classification
of biological process, most of these genes belong
to cellular process (GO: 0009987) and metabolic
process (GO: 0008152). There are also a few gene data
response to stimulus (GO: 0050896), immune system
process (GO: 0002376), signaling (GO: 0023052).
According to the classification of subcellular location,
more than half of these genes belong to intracellular
(GO: 0005622). We performed GO enrichment analysis
on these Differentially Expressed Genes (DEGs).
The results showed that the genes were enriched in
GO: 0000139~Golgi membrane, GO: 0005925~focal
adhesions GO: 0005789~endoplasmic reticulum
membranes. In blood pressure classification, genes
are enriched in GO: 0001775~cell activation, GO:
0042060~won healing, GO: 0031589~cell substrate
adhesion, GO: 0016477~cell migration as shown in fig.
2 and fig. 3.

IL10

GSE ID Cells

Treatment Control
GSE55029-1 3 3 Macrophages
GSE55029-2 3 3 Macrophages
GSE55029-3 3 6 Macrophages
GSE57614-1 3 3 Macrophages
GSE59184-1 4 4 Adherent peripheral blood mononuclear cells
GSE59184-2 4 4 Adherent peripheral blood mononuclear cells
GSE45466-1 4 4 Human monocyte-derived dendritic cells
GSE45466-2 4 4 Human monocyte-derived dendritic cells
GSE45466-3 4 4 Human monocyte-derived dendritic cells

January-February 2023

Indian Journal of Pharmaceutical Sciences 251



www.ijpsonline.com

GSE45466-4 4 4 Human monocyte-derived dendritic cells
GSE45466-5 4 4 Human monocyte-derived dendritic cells
GSE43700 4 4 Peripheral blood mononuclear cells

GSE35002 12 12 Human peripheral B cell

GSE35683-1 5 5 Cord blood polymorphonuclear leukocytes and monocytes
GSE35683-2 5 5 Cord blood polymorphonuclear leukocytes and monocytes
GSE17493-1 3 3 Peripheral blood mononuclear cells
GSE17493-2 3 3 Peripheral blood mononuclear cells

Total 72 75
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Fig. 1: Venn diagram of differential expressed genes in individual experiments
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Fig. 2: Functional category analysis of differential expressed genes after meta-analysis

Note: ( m ): Binding (GO: 0005488); ( = ): Catalytic activity (GO: 0003824); ( ™ ):Molecular adaptor activity (GO: 0060090); ( ® ): Molecular
function regulator (GO: 0098772); ( = ): Molecular transducer activity (GO: 0060089); ( ™ ): Structural molecule activity (GO: 0005198) and
( ' ): Transporter activity (GO: 0005215), ( ™ ): Biological adhesion (GO: 0022610); ( ™ ): Biological regulation (GO: 0065007); ( M ): Cellular
process (GO: 0009987); ( ™ ): Developmental process (GO: 0032502); ( ™ ): Immune system process (GO: 0002376); ( ™ ): Interspecies interaction
between organisms (GO: 0044419); ( ™ ): Localization (GO: 0051179); ( M ): Locomotion (GO: 0040011); ( ™ ): Metabolic process (GO: 0008152);
( ™ ): Multicellular organismal process (GO: 0032501); (  ): Response to stimulus (GO: 0050896); ( M ): Signaling (GO: 0023052); (* ): Cellular
anatomical entity (GO: 0110165); (™ ): Intracellular (GO: 0005622) and ( ™ ): Protein-containing complex (GO: 0032991)
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Fig. 3: GO enrichment analysis of differential expressed genes after meta-analysis

We use the forest tree to show the most statistically
significant DEGs. TIMP1 is the most statistically
significant DEG, p=1.93e-06. From the forest map,
among the 16 experiments, 9 experimental groups
are larger than the control group and the difference of
4 experiments is 2 times. The 4 experiments include
GSE45466-2, 3, 4 and 5, and there is little difference
between the two groups in other experiments. Overall, it
has great heterogeneity I>’=88 %. According to statistical
significance, the second gene was leupaxin, p=3.69¢-06
from the forest map, the heterogeneity 1°=90 %. In
the 16 experiments, the 10 experimental groups were
smaller than the control group. In the other experiments,
there was little difference between the two groups
and there was no experiment with two differences.
Further down is FAM20A Golgi Associated Secretory
Pathway Pseudokinase (FAM20A), p=8.66e-06 from
the forest map, the heterogeneity 1>=96 %. Among the
16 experiments, the 9 experimental groups were greater
than the control group and the difference reached twice
in 8 experiments. There was little difference between the
two groups in other experiments. Moreover, Interferon
Induced Protein 44 (IF144), p=9.82e¢-06 from the
forest map, the heterogeneity I’=74 %. Among the 16
experiments, the 10 experimental groups were smaller
than the control group and the difference reached twice
in 5 experiments. There was little difference between
the two groups in other experiments as shown in fig.
4-fig. 7.

Transcriptome analysis is a high-throughput method,
which is of great significance to analyze the regulatory
mechanism of IL-10. However, the analysis results of
high-throughput method in different experiments are
difficult to be consistent. Especially in transcriptome
analysis, it is difficult to find completely consistent
differentially expressed genes in the results of 16
experiments. Although the conditions and environment
January-February 2023

of each experiment, such as cells, treatment
concentration and time are very different, as an
important signal cytokine, IL-10 needs to regulate some
conservative and fixed reactions. From this point of
view, simply observing the repeated results in different
experiments is not enough for useful information. In this
analysis, in 17 experiments, only duplicate differential
genes were found in two experiments. Using the standard
meta-statistical analysis, we considered the sample
size and the deviation of each experiment and finally
obtained 147 statistically significant differentially
expressed genes. It shows that our analysis method is
improved. For the four most statistically significant
genes we analyzed, the trend of increase and decrease
was very consistent in 17 experiments and there were
basically 2-fold differences in experiments, especially
FAM20A. There were 8 times more than 2-fold changes
in 9 differential expressions. It shows that it is a key
conservative member of IL10 signaling pathway.

Through gene function enrichment analysis, some of
the differentially expressed genes we found have been
revealed in the published literature to be associated
with IL-10 and sepsis. For example, peroxisome
proliferator-activated receptor alpha gene enriched in
cell activation and wounding has been reported that its
agonist can increase the expression of IL-10 in lymphoid
organs and play an important role in mouse colitis!'”!. In
sepsis, it was found that peroxime proliferator-activated
receptor delta can regulate inflammation!'8.

The most statistically significant differential genes
identified by us have also been explained to be
associated with IL-10 and sepsis. In 2011, a study
infected cattle with respiratory diseases identified
the suppressor gene of IL-10, including IFI44!") In
another study on novel coronavirus, it was found that
the excessive release of IL-10 and IFI44 in patients
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with severe clinical manifestations was higher than
that in patients with mild and moderate symptoms2".
The relationship between IL-10 and TIMP1 is clear.
Some reports have confirmed that IL-10 can induce
dendritic cells to produce TIMPI1, especially in the
blood of patients with severe Coronavirus Disease-19
(COVID-19), IL-10 and TIMP1 are potential molecular
markers?!. The role of TIMP1 in sepsis has also been
revealed. It is reported that compared with the healthy
control group, the plasma concentration of TIMP1 in
patients with sepsis is higher, which is a marker of acute
renal injury and can be used to predict the prognosis!?*. Tt
has also been reported that plasma TIMP1 concentration

is associated with organ dysfunction in patients with
sepsis!'®l. The change of urinary TIMP1 was even
used to determine the progress of sepsis patients and
its ratio to matrix metalloproteinase 1 was used as a
good diagnostic marker.*, Together, the literature
has shown that the differential genes we identified are
important members of IL-10 pathway.

In conclusion, we used meta-analysis to integrate
transcriptome data from different experiments,
identified novel differential expressed genes which did
not revealed by previous study. These genes could be
valuable biomarkers of IL-10 related disease such as

Sepsis.
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Fig. 4: Forest plot of TIMP1 expression in different microarray analysis
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Fig. 5: Forest plot of leupaxin expression in different microarray analysis
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Fig. 6: Forest plot of FAM20A expression in different microarray analysis
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Fig. 7: Forest plot of IFI44 expression in different microarray analysis
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