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Abstract

Purpose: An increasing amount of evidence suggests that psoriasis and nonalcoholic
steatohepatitis (NASH) may occur simultaneously, whereas the underlying mech-
anisms remain unclear. Our research aims to explore the potential comorbidity
mechanism in psoriasis and nonalcoholic steatohepatitis.

Materials and Methods: The expression profiles of psoriasis (GSE30999, GSE13355)
and NASH (GSE24807, GSE17470) were downloaded from GEO datasets. Next, com-
mon differently expressed genes (DEGs) of psoriasis and NASH were investigated.
Then, GO and KEGG enrichment, protein interaction network (PPI) construction, and
hub gene identification for DEGs were performed. Finally, immune cells expression,
target genes predicted by common miRNAs, and transcription factors interaction
analysis for hub genes were carried out.

Results: Twenty DEGs were identified in totally. GO analysis revealed response to the
virus was the most enriched term, and hepatitis C and coronavirus disease-COVID-
19 infection-associated pathways were mainly enriched in KEGG. A total of eight hub
genes were collected, including IFIT1, IFIT3, OAS1, HPGDS, IFI27, IFI44, CXCL10,
IRF9, and 11 TFs were predicted. Then, neutrophils and monocytes were identified
as immune cells that express the most hub genes. Moreover, five common miRNAs
for psoriasis and NASH and one common miRNAs (hsa-miR-1305)-mRNAs (CHL1,
MBNL2) network were presented.

Conclusion: CHL1 and MBNL2 may participate in the process of psoriasis and NASH
via regulating hsa-miR-1305, and together with eight hub genes may be potential
therapeutic targets for future treatment for the co-occurrence of these two diseases.
This comprehensive bioinformatic analysis provides new insights on molecular patho-
genesis and identification of potential therapeutic targets for the co-occurrence of

them.

Ningyi Xian and Ruimin Bai contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.
© 2023 The Authors. Skin Research and Technology published by John Wiley & Sons Ltd.

Skin Res Technol. 2023;29:e13457.
https://doi.org/10.1111/srt.13457

wileyonlinelibrary.com/journal/srt | 1of 14


https://orcid.org/0009-0004-5079-2461
https://orcid.org/0000-0002-1691-7521
https://orcid.org/0000-0003-0834-0301
mailto:zenyan66@126.com
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/srt
https://doi.org/10.1111/srt.13457

2 | WILEY

XIAN ET AL.

KEYWORDS

bioinformatics, differentially expressed genes, microRNAs (miRNAs), nonalcoholic steatohepati-

tis, psoriasis

1 | INTRODUCTION

Psoriasis is a common, chronic papulosquamous skin disease occur-
ring worldwide with an incidence of about 2%, presenting at any age,
and leading to both physical and psychological substantial burden for
individuals and society.! Typical histologic findings of psoriasis contain
spinous hypertrophy with elongation of the epidermal process, granu-
lar thinning, hyperkeratosis and dyskeratosis, dermal vasodilation, and
neutrophil infiltration. There are two main causes of psoriasis: innate
genetic susceptibility as well as acquired environmental triggers, which
include infections, HIV, hypocalcemia, stress, alcohol consumption,
obesity, smoking, and drugs.! So far, it has been broadly acknowl-
edged that psoriasis is triggered by T cell activation associated with
proinflammatory cytokines secretion, including interleukin (IL)—17A,
IL-22, IL-23, tumor necrosis factor-a (TNF-a), and interferon-y (IFN-
}/).2'3 Meanwhile, psoriasis is associated with an increased incidence
of many comorbidities, which comprise cardiovascular disease, inflam-
matory bowel disease, nonalcoholic fatty liver disease, and various
metabolic diseases including diabetes mellitus, obesity, hypertension,
and dyslipidemia compared with the general population.®+>

Nonalcoholic steatohepatitis (NASH), a type of liver damage that is
strongly associated with visceral adiposity and metabolic syndrome,
is considered as the progressive form of nonalcoholic fatty liver dis-
ease (NAFLD), and has become a major cause of cirrhosis and liver
cancer.6-8 Although many individuals with simple steatosis develop no
more severe disease, NASH can progress to both cirrhosis and even
end-stage liver disease.? So far, it has become one of the leading causes
of liver-related morbidity and mortality worldwide and a primary
indication for liver transplantation.”2%-13 A number of inherited and
environmental factors increase the risk of NASH and influence its pro-
gression. Existing studies have been revealing its possible pathogenesis
including metabolic stress, inflammation, and fibrosis.® Nevertheless,
the exact pathophysiology of NASH has not been completely under-
stood yet. Moreover, some research has identified that once hereditary
conditions are excluded, nearly all patients diagnosed with NAFLD
share the characteristics associated with metabolic risks, such as obe-
sity, type 2 diabetes mellitus, hypertension, and dyslipidemia, sharing
the same pathophysiologic mechanism of insulin resistance.”. 141>

The above contents suggest that both psoriasis and NASH are
related to some systematic metabolic diseases and inflammatory
responses. What’s more, the identical pathogenic link between pso-
riasis and NAFLD is chronic inflammation and peripheral insulin
resistance, and many metabolic diseases have been shown to cause
both psoriasis and NAFLD, where obesity comes firstly.1® Also, more
evidence indicates that there is a bidirectional association between
psoriasis and NASH from the perspective of clinical research. So far,

it has been identified that patients with psoriasis were at significantly

increased risk for NAFLD compared with the general population.*
Other teams reported that patients with psoriasis and NAFLD at the
same time had more severe psoriasis in comparison with patients who
had psoriasis alone, and NAFLD was a significant predictor of higher
Psoriasis Area and Severity Index (PASI) scores.'* Contrarily, PASI was
aremarkable and independent predictor of NAFLD grade.!’

From the clinical level, despite there is an obvious clinical relation-
ship between psoriasis and NASH, the etiology of the co-occurrence
of the two diseases is unknown. In terms of mechanism, although
there are many researches on differentially expressed genes (DEGs)
in psoriasis’®21 and NAFLD?2-25 separately, which revealed possible
mechanisms in each disease, the common DEGs in both of them have
not been investigated yet. So far, on the basis of previous research,
we inferred that there are similar mechanisms in the pathogenesis
of psoriasis and NASH, for example, some common DEGs and path-
ways. Therefore, we use bioinformatics approaches here to verify the
hypothesis. As a result, the purpose of this study is to explore the
relationship between psoriasis and NASH, discover the underlying
comorbidity mechanism by bioinformatics analysis, and provide certain
data support as well as innovative perspectives for the joint prevention
and treatment of psoriasis and NASH.

2 | MATERIAL AND METHODS

2.1 | Data source

The GEO dataset (https://www.ncbi.nlm.nih.gov/geo/) contains mil-
lions of microarray datasets and high-throughput sequences submitted
by researchers worldwide. We used the key word “Psoriasis” or “NASH”
to search gene expression datasets. Inclusion and exclusion criteria: (1)
the test specimens should be Homo sapiens. (2) The gene expression
profiles should include cases as well as controls. (3) The samples of both
diseases should be local pathological tissues, which means skin tissues
for psoriasis and liver tissues for NASH. (4) The sequencing platform
should be consistent. (5) The patients receiving clinical intervention
are excluded. As a result, GEO datasets: GSE30999 & GSE13355 for
psoriasis and GSE24807 & GSE17470 for NASH were selected. For
these datasets, we used GEO2R online for further analysis. The infor-
mation of these datasetsis displayed in Table 1, including disease types,

platforms, sample types, quantities, and experiment types.

2.2 | Identification of DEGs

GEO2R online was used to identify DEGs. When multiple probes
corresponded to a single gene symbol, the first probe was selected.
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TABLE 1 Details of the GEO datasets.
Disease Series Platform Case Control Total Experiment type
Psoriasis GSE30999 GPL570 85 85 170 Array
GSE13355 GPL570 58 64 122 Array
GSE31037 GPL10999 47 20 67 High throughput sequencing
NASH GSE24807 GPL570 12 5 17 Array
GSE17470 GPL570 7 4 11 Array
GSE33857 GPL10656 7 12 19 Array

Abbreviations: NASH, nonalcoholic steatohepatitis; NAFLD, nonalcoholic fatty liver disease; DEGs, differently expressed genes; PPI, protein protein network;
TFs, transcription factors; IL, interleukin; TNF-¢, tumor necrosis factor-a; IFN-y, interferon-y; PASI, psoriasis area and severity index; BP, biological process;
CC, cellular component; MF, molecular function; HGNC, human gene nomenclature committee; FC, fold change; ROS, reactive oxygen species; JNK, Jun
N-terminal kinase; IFIT, IFN-y stimulated genes; OASs, oligoadenylate synthetases; ISGs, interferon-stimulated genes; CXCL10, interferon gamma-induced
protein 10; RA, rheumatoid arthritis; SLE, systemic lupus rythematosus; COVID-19, coronavirus disease 2019; miRNAs, MicroRNAs; CHL1, cell adhesion

molecule L1 like.

When some probes did not correspond to any gene symbol, they
were removed. The criteria of DEGs are |logFC (fold change)|>1 and
adjusted p-value < 0.05. Their common DEGs were obtained by draw-
ing Venn diagram via http://bioinformatics.psb.ugent.be/webtools/
Venn/.

2.3 | Enrichment analysis of common DEGs

R Package “clusterProfiler” was used to perform GO and KEGG
pathway enrichment analysis. The GO analysis contains three terms:
biological process (BP), cellular component (CC), and molecular func-
tion (MF). R Package “ggplot2” was used for visualization. R version is
4.2.1.

2.4 | PPI network construction and hub genes
selection

The complex regulatory relationships among interested proteins
were explored via String (https://cn.string-db.org/). The combined
score over 0.4 was set as statistically significant. The Degree algo-
rithm of Cytohubba in Cytoscape was used to explore hub genes.
HUGO Gene Nomenclature Committee (HGNC) database (https://
www.genenames.org/) is a standard website for providing a unique
symbol for all genes on the human genome, which was used to search
details of each hub gene.

2.5 | Enrichment analysis and expression in
immune cells of hub genes

GeneMANIA (http://www.genemania.org) is an effective tool to
identify the interconnectedness of gene sets, where we estab-
lished the co-expression network of the hub genes. Human
Protein Atlas Database (https://www.proteinatlas.org/) is a use-

ful immunohistochemical database of many genes, through which

we explored the expression of each hub gene in various immune

cells.

2.6 | Prediction of transcription factors (TFs)

TRRUST (https://www.grnpedia.org/trrust) is a database for identify-
ing target genes of common TFs and regulatory relationship between
TFs, which is used to predict transcriptional regulatory networks.
TFs that regulate the hub genes were explored in TRRUST where

p-value < 0.05 was set in the analysis.

2.7 | Identification of common miRNAs in psoriasis
and NASH

MicroRNAs carry out gene regulation by degrading mRNAs or inhibit-
ing their function. R Package “edgeR” and GEO2R online were used to
identify the miRNAs associated with two diseases via GEO datasets
(GSE31037 for psoriasis, GSE33857 for NASH), and the information
of these datasets was displayed in Table 1, including disease types,
platform, sample types, quantities, and experiment type. The miRNAs
associated with psoriasis and NASH were obtained and intersected, in
addition, miRDB database (http://mirdb.org) was used to search for the
mature miRNA for further analysis. TAM 2.0 (http://www.lirmed.com/
tam2) was used to perform miRNA function analysis. The terms ranked
by p-values and p-value < 0.05 were identified as significant.

2.8 | The common miRNAs-mRNAs network

MiRTarbase is a miRNA target interactions database (https://
mirtarbase.cuhk.edu.cn) validated experimentally, which included
plentiful miRNAs and target genes verified by experiments. The
miRNAs-mRNAs regulated network was established after taking the
intersection of common DEGs and predicted consensus miRNAs in

psoriasis and NASH.
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GSE30999, GSE13355:
psoriasis lesion VS
matched non-lesion

GSE24807, GSE17470:
NASH affected liver tissue
VS unaffected tissue

20 common DEGs were identified by
GEOZ2R online, including 16 upregulated
and 4 downregulated.

Based on adjusted P-value < 0.05 and
|logFC (fold change)|=1.

GO and KEGG
enrichment analysis of
the common DEGs by
clusterProfiler package.

PPI network was constructed with a combined score:
0.4 in String, and visualized by Cytoscape software.

8 hub genes were identified by the cytoHubba
plug-in of Cytoscape. The Degree algorithms
were used.

GO and KEGG A co-expression
enrichment analysis network of the 8
of the 8 hub genes hub genes via
via clusterProfiler GeneMANIA

package. database.

TFs that regulate

The common miRNAs of two
diseases were identified by

the hub genes edgeR package. The function

were enrichment of common miRNAs
obtained Via was from TAM2.0 database.
TRRUST The construction of common
database miRNAs-target genes network

was from MiR Tarbase database|

The expression of 8 hub genes in immune cells
and their 15 nearest neighbour genes based
on immune cell RNA expression via
Human Protein Atlas Database database.

FIGURE 1 The flowchart of this study.

2.9 | Ethics exemption statement

According to the latest governmental legal ethical regulation titled
“Ethical Review Measures for Life Science and Medical Research
Involving Human Beings,” issued and approved by the National Science
and Technology Ethics Committee and State Council of PR Chinaonthe
Feb 18th, 2023, a study utilizing public database data is exempt from

ethical review.

3 | RESULTS

3.1 | Identification of common DEGs

The data analysis process is shown in the flowchart (Figure 1). There
were 3002 DEGs obtained in GSE30999, 936 in GSE13355, 2679 in
GSE24807 and 1436 in GSE17470 (Figure 2A-D). A Venn diagram

intersection revealed 16 common upregulated DEGs (IFI127, OAS1,
CWH43, CXCL10, IRF9, IFIT3, DNASE1L3, CD36, VSNL1, FAM26F,
SLC16A6, IFIT1, UNC93A, LYNX1, IFI44, CTSC) and four common
downregulated DEGs (HPGDS, MBNL2, CHL1, IGFL2) (Figure 2E,F).

3.2 | Enrichment analysis of common DEGs

Analysis of GO and KEGG pathway enrichment were performed
to explore the functions and pathways of the 20 common DEGs.
From GO analysis, major biological processes (BPs) and molecular
functions (MFs) were shown in Table S1, including each function and
their p-values. According to the KEGG pathway, major enrichment
pathways were shown in Table S1 as well, including each pathway and
their p-values. Then, bar charts (Figure 3A), bubble charts (Figure 3B),
and network plots (Figure 3C) were presented respectively to show

the enrichment results. These results expressed strongly that viral
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FIGURE 2 Volcano map of GSE30999, GSE13355, GSE24807, and GSE17470 and Venn diagram of common DEGs. (A) The volcano map of
GSE30999. (B) The volcano map of GSE13355. (C) The volcano map of GSE24807. (D) The volcano map of GSE17470. Red represents upregulated
genes, and blue represents downregulated genes. (E) The four datasets have an overlap of four common downregulated genes. (F) The four

datasets have an overlap of 16 common upregulated genes.

infection, immune response, and lipid metabolism are primarily
responsible for the comorbidity of psoriasis and NASH.

3.3 | PPI network construction and identification
of hub genes

Cytoscape was used to build PPl networks containing 15 nodes and
31 interactions for the common DEGs (Figure 3D). Eight hub genes
were evaluated and selected by the Degree algorithm of Cytohubba
in Cytoscape, containing IFIT1, OAS1, HPGDS, IFI27, IFI44, CXCL10,

IFIT3, and IRF9 (Figure 3E), which were acquired at the intersec-
tion of the Upset diagram. Orange represents upregulated genes, and
blue represents downregulated genes. The details of their roles were
searched in the HGNC database (Table S2).

34 |
genes

Co-expression and enrichment analysis of hub

According to the co-expression network of hub genes by using Gen-
eMANIA, we identified top five related functions and their different
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weight interaction, including co-expression of 57.24%, physical inter-
actions of 31.80%, pathway 8.40%, co-localization of 2.34%, and
predicted functional relationships of 0.22% (Figure 4A). Analysis of GO
and KEGG pathway enrichment was performed to explore the func-

tions and pathways of the eight hub genes. From GO analysis, major

biological processes (BPs), cellular components (CCs), and molecular
functions (MFs) were shown in Table S3, including each function and
their p-values. According to the KEGG pathway, major enrichment
pathways were shown in Table S3 as well, including each pathway and

their p-values. The results emphasized the important role of various
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viral infections, chemokines, lipid metabolism, and inflammatory fac-
tors in these two diseases, and bar charts (Figure 4B), bubble charts
(Figure 4C), and network plots (Figure 4D) were presented respec-
tively to show the enrichment results. Moreover, the expression of hub
genes in various immune cells was shown by the chart, and neutrophils
and monocytes have been identified as cells that express the most hub
genes (Figure 5A-H). What's more, the network of eight hub genes and
their nearest neighbor genes based on immune cell RNA expression
was shown (Figure 6A).

3.5 | TFs prediction of hub genes

On the basis of the TTRUST database, 11 TFs were obtained that
regulate the hub genes, including STAT3, POU2F1, IRF1, IRF3, IRF7,
NFKB1, RELA, SPI1, STAT1, STAT2, and BRCA1. Details such as
descriptions, corresponding target genes, mode of regulation, and
references (PMID) have been recorded (Table S4). The TFs-Hub

genes network was constructed, including 16 nodes and 13 edges
(Figure 6B).

3.6 | Exploration of common miRNAs in psoriasis
and NASH

Totally, 96 miRNAs related to psoriasis and 84 miRNAs related to
NASH were identified via the GEO datasets (GSE31037, GSE33857)
and Linux operating system. There were five common miRNAs
between psoriasis and NASH shown in the Veen diagram, includ-
ing hsa-miR-1305, hsa-miR-483-3p, hsa-miR-139-3p, hsa-miR-142-5p,
hsa-miR-142-3p (Figure 7A).

As aresult, these miRNAs are cell-specific to COBL-a rinderpest (-C)
infection, hepatic sinusoidal endothelial cells, amniotic epithelial cells,
CD19+B cells, CD14+ monocytes, pineal gland, and chorionic mem-
brane cells, which were shown as a bar chart (Figure 7B). Also, these

miRNAs were involved in the top nine functions: regulation of Wnt
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order.

signaling pathway, erythrocyte differentiation, cell migration, T-cell
differentiation, wound healing, innate immunity, hematopoiesis, regu-
lation of stem cell and inflammation, presented by cell chart (Figure 7C)
and bar chart (Figure 7D).

3.7 | The common miRNAs-mRNAs network

Atotal of 2394 target genes were obtained via miRTarbase. Two impor-
tant genes were found in both 2394 target genes and 20 common
DEGs, including CHL1 and MBNL2 (Figure 7E). Then, the miRNAs-

mRNAs network was established, presenting the relationship between
one miRNA and two mRNAs (Figure 7F).

Exploration of hub genes in immune cells. (A-H) Eight bar charts showing expression of each hub gene in immune cells in decreasing

4 | DISCUSSION

In our research, we obtained 20 DEGs, eight hub genes and five
common mMiRNAs via bioinformatic methods and further investigated
11 TFs based on experimental databases in psoriasis and NASH. Mean-
while, the enrichment of biological processes, molecular functions, and
signaling pathways most relevant to these genes as well as miRNAs
has been identified.

The primary pathogenesis of psoriasis is: (1) Genetic contributions:
The major genetic risk factor for early-stage psoriasis is HLA-C*06:02.1
(2) Environmental triggers: Psoriasis requires various environmen-
tal triggers, including stress, infection, alcohol consumption, smoking,
drugs, sunlight, weight gain, and obesity.> (3) Crosstalk between
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innate and adaptive immune systems and feedforward amplification
of inflammation: IL-23 produced by dendritic cells stimulates Th17
cells to release 1L-17/22, which leads to hyperplasia of keratinocytes
and inflammation of skin by activating JAK-STAT and NF-xB signal-
ing pathways.! The primary pathogenesis of NASH is: (1) Injured
hepatocytes release factors promoting accumulation of immune cells
which produce hepatotoxic substances and irritate further injury and
inflammation.2627 (2) Excessive lipid accumulation in liver causes hep-

atocellular lipotoxicity via cellular and organelle oxidative stresses,

IRF9

increases the production of reactive oxygen species (ROS), and even-
tually leads to hepatic inflammation by activating NF-xB or c-Jun N-
terminal kinase (JNK) pathways where insulin resistance plays a large
role.141528 (3) A proinflammatory cytokine cascade with recruitment
of amounts of immune cells contributes to NASH.2427 Meanwhile,
there are also researches that specifically summarize the mechanisms
of comorbidities of PSO and NSAH from perspectives of epidemiol-
ogy, genetics, microbiology, and immunology. They put forward that

IL-17 signaling pathway, which plays a crucial role in psoriasis, is also
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especially significant to facilitate the progression in NASH by regulat-
ing adipogenesis and glucose metabolism.'#1°

According to our findings, IFIT1, IFIT3, OAS1, HPGDS, IFI27, IF144,
CXCL10, and IRF9 are eight hub genes for both psoriasis and NASH. As
members of IFIT (IFN-y stimulated genes) family, IFIT1 and IFIT3 may
act as a regulator of anti-inflammatory and immune responses.2?-30
In some researches, IFIT1 was identified low expression when inter-
ventions were used to suppress nonalcoholic hepatitis, 2?31 and the
expression of IFIT1 and IFIT3 was validated as upregulated in
psoriasis,2132-34 which was consistent with the high expression in both
psoriasis and NASH we found. OAS1 is a member of OASs (2'-5'-
oligoadenylate synthetases) family, which also contains OAS2, OAS3,
and OASL, being IFN-induced enzymes with multiple antiviral activi-
ties. The overexpression of OAS1 in psoriasis and low expression after
biologics were revealed in some researches,**3° accordant with ours.
Although OAS1 has not been studied in NASH so far, OAS2, which
belongs to the same family as OAS1, related to cell growth, inflamma-
tion, and the immune response, has been shown to be overexpressed in
cirrhosis when NASH subsequently progresses to the terminal stage,3¢
accordant with ours as well. As the only downregulated hub gene in our
study, HPGDS is a cytosolic protein, mainly located in mast cells and
antigen-presenting cells, which converts prostaglandin H2 into anti-
inflammatory factors prostaglandin D2.3738 |t has been reported that
enhanced inflammatory response in oviduct is due to the deficiency of
HPGDS.?® Another research confirmed that HPGDS was downregu-
lated in diabetic wounds, and its deficiency delayed normal mice wound
healing.?” Despite there have been no research on the relationship
between HPGDS and psoriasis or NASH, we hypothesize that due to its
low expression in both diseases, the ability to suppress inflammation
is weakened, which contributes to the development of psoriasis and
NASH. IFI27 and IFI44 are some of few ISGs (Interferon-stimulated
genes) with antibacterial activity which are cellular products that
mediate the type | interferon response against a wide range of invad-
ing viruses.3? Same as the results of this study yield, IFI127 is highly
expressed in psoriasis, and has been identified the involvement in
proliferation of skin keratinocytes in imiquimod-induced psoriasis-like
skin.%? IRF9 is a member of the interferon regulatory transcription
factor family, which function in the regulation of immune cells, cell
cycles, and apoptosis in response to various stimulation.* A gene
cluster comprising PI3, IRF9, IFIT1, and NMI were found as posi-
tively correlated and differentially co-expressed for women.*! From
another aspect, IRF9 knockout increased inflammation insulin resis-
tance, hepatic steatosis, in mice on high-fat diet.*2 CXCL10 (interferon
gamma-induced protein 10) is classified as an inflammatory chemokine
functionally, and is identified to combine with receptor CXCR3 and
regulate immune responses via the activation and recruitment of T
cells, eosinophils, and monocytes, which often amplifies effects of
other cytokines.*>#> Increases of serum and/or tissue expressions
of CXCL10 in various autoimmune diseases like rheumatoid arthritis
(RA) and systemic lupus erythematosus (SLE) have been reported.*
Other researchers identified that CXCL10 expressed highly in many
Th1-type human inflammatory diseases, including psoriasis, which is
an organ-specific autoimmune disease as well.2%*¢ Moreover, CXCL10

correlates positively with the incidence of obesity and type 2 diabetes

and is upregulated in NASH because of the activation of NF-xB signal
pathway and oxidative stress through CYP2E1 and C/EBPB.*3

Among our enrichment results, multiple types of viral infections,
metabolic processes, and pathways were speculated to be associated
with these two diseases mostly, including hepatitis C, influenza A,
Epstein-Barr virus infection, coronavirus disease-COVID-19, measles,
herpes simplex virus 1 infection, glutathione metabolism, arachidonic
acid metabolism, NOD-like receptor signaling pathway, RIG-I-like
receptor signaling pathway, IL-17 signaling pathway, toll-like receptor
signaling pathway, C-type lectin receptor signaling pathway, and TNF
signaling pathway. From our data, it seems that viral infection draws
close ties with psoriasis and NASH. Meanwhile, HCV and HPV infec-
tion were reported as an inducing factor for psoriasis.*”=4? In hepatitis
C patients, elevated tumor necrosis factor-o may cause progression
of hepatic disease including NASH and trigger psoriasis in patients
with a certain predisposition.*”>%-51 Other researches have uncovered
a critical innate immune pathway where RIG-I-mediated antiviral
response is critical to trigger IL-23 expression and the development of
psoriatic pathology in psoriasis.”2 IRF-3/7, as the predicted TFs for our
hub genes, together with NF-xB being the main downstream signaling
pathways of RIG-I, may promote the production of type | interferon
and IFN-a via pDCs, contributing to initiate psoriasis.’? Also, hepatic
steatosis can result from direct viral cytopathic effect in genotype 3
HCV infection.®® In an observational study, researchers found that
HPV infection triggered plaque-type psoriasis by promoting lesion
to an inflammatory state, upregulating of nerve growth factor, and
finally leading to classical pathological features of psoriasis, including
keratinocyte proliferation, angiogenesis, and T cell activation.>3>*
There was a novel coronavirus named as SARS-CoV-2 triggering an
outbreak of coronavirus disease 2019 (COVID-19) at the end of 2019.
A few new-onset psoriasis were reported in the context of COVID-19
infection.?>>¢ Stimulation of toll-like receptor 3 by viral RNA, causing
dysregulation of innate immune response and production of IL-36-y
and CXCL8 may be the possible pathogenesis of COVID-19 infec-
tion leading to psoriasis,**57->? and the hyperinflammatory state
of COVID-19 may exacerbate psoriasis.*?¢° Moreover, COVID-19
infection can trigger inflammatory cytokine storms involving both the
innate and the cellular adaptive immunity, which play a critical role in
the pathogenesis of liver disease and exacerbate steatohepatitis.®*

MicroRNAs (miRNAs) are short (20-24 nt) non-coding RNAs that
are involved in post-transcriptional regulation of gene expression in
multicellular organisms by affecting both the stability and transla-
tion of mMRNAs. Our findings identified five common miRNAs for
both psoriasis and NASH, including hsa-miR-1305, hsa-miR-483-3p,
hsa-miR-139-3p, hsa-miR-142-5p, and hsa-miR-142-3p. So far, hsa-
miR-1305 has been found to participate in the regulation of TGF-8
pathway members, which were related to lymphocytes T activation,
virus infections, ventricular remodeling, and HF progression, and also
has been identified to be associated with type 2 diabetes mellitus,

62,63 | ater, its

which is well known to be a usual metabolic disease.
relationship with cell cycles and differentiation was revealed. Low
expression of hsa-miR-1305 facilitated the maintenance of pluripo-
tency and increased cell survival, while its upregulation increased

cell apoptosis and sped up G1/S transition.®* As so much abnormal
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proliferation of keratinocytes in psoriasis, it may be a potential ther-
apeutic method by upregulating hsa-miR-1305. In common metabolic
diseases, hsa-miR-483-3p was proved to inhibit the repair of endothe-
lial cells in type 2 diabetes and contribute to high risk of cardiovascular
diseases.®> Moreover, as a terminal disease stage of NASH, liver cirrho-
sis could cause cirrhotic cardiomyopathy, where hsa-miR-483-3p was
found to be a key miRNA to promote its occurrence and progression.®®
However, hsa-miR-139-3p has only been proved to participate in vari-

67.68 and there has been no research about its relationship

ous cancers,
with psoriasis, NASH, or other metabolic diseases, which suggests
more further studies. As for hsa-miR-142-3p and hsa-miR-142-5p,
some researchers identified their participation in metabolic diseases,
including insulin resistance and obesity in preadolescent children®?.7°
as well as metabolic syndrome-associated cardiovascular disease by
regulating metabolic and inflammatory signals.”? So, we suppose hsa-
miR-142-3p and hsa-miR-142-5p may take part in psoriasis and NASH
as well, and even be possible therapies for them, which need more
experiments.

By taking the intersection of 20 DEGs and 2394 target genes pre-
dicted by the common miRNAs, two DEGS (CHL1, MBNL2) and one
miRNA (hsa-miR-1305) were obtained at the end of our findings. CHL1
(cell adhesion molecule L1 like) was discovered as promotion of neu-
rite growth and a coreceptor with integrins to enhance cell migration,
and it has been linked to metabolic diseases. In type 2 diabetes, CHL1
was proved to reduce insulin resistance by activating AKT pathway
and reducing inflammatory factor expression levels including IL-6 and
TNF-a, and be downregulated in type 2 diabetes.”>7* As a member of
RNA binding protein MBNL family, MBNL2 was identified to be low
expression in cancers and myotonic dystrophy type 1.141¢ Despite
no researches have investigated its expression in metabolic diseases
related with psoriasis or NASH, an enrichment of PI3K/AKT pathway in
MBNL2-depleted cells was identified.”> So we assume that upregulat-
ing the expression of MBNL2 may induce less inflammatory factors by
inhibiting PI3K/AKT pathway, and be a potential therapeutic target for
the co-occurrence of psoriasis and NASH. Although there has been no
research about the relationship between CHL1, MBNL2, and hsa-miR-
1305, we infer that CHL1 and MBNL2 may participate in the process of
psoriasis and NASH via regulating hsa-miR-1305 based on our results,
and may be a potential therapeutic target for future treatment for the
co-occurrence of psoriasis and NASH.

However, there are still some limitations in our study: (1) We did
not verify further by experiments even if we try to choose high-
throughput sequencing data and experimentally-based databases dur-
ing our research. (2) Due to the limitations of public dataset sample size
and sequencing platform, the datasets we chose are not all blood sam-
ples, and supplemental blood samples will be more comprehensive. (3)

The sample size of NASH is not large enough.

5 | CONCLUSION

IFIT1, IFIT3, OAS1, HPGDS, IF127, IFI44, CXCL10, and IRF9 are eight
hub genes we got for both psoriasis and NASH, and this provides

new approaches and possible targets for the treatment of the co-
occurrence of these two diseases in the future. Moreover, a potential
relationship between the common miRNA (hsa-miR-1305) and DEGs
(CHL1, MBNL2) were shown at last. Further experiments will be inves-
tigated to verify how hsa-miR-1305 plays a significant role in the
pathogenesis of both psoriasis and NASH by regulating CHL1 and
MBNL2.
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