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Background: Psoriasis is characterized by accelerated proliferation of epidermal keratinocytes. IL-27 is relevant to psoriasis
pathogenesis. We previously found that IL-27 stimulates the proliferation of keratinocytes. However, the mRNAs involved in the
process have not been fully studied. This study aims to identify potential pathways and hub genes associated with proliferation in
keratinocytes with IL-27 intervention by bioinformatics analysis.

Methods: The mRNA expression profiles from HaCaT cells with or without IL-27 treated were analyzed by bioinformatics tools. The
protein—protein interaction (PPI) network was constructed to screen gene clusters and hub genes associated with proliferation. Gene
Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and Gene Set Enrichment Analysis (GSEA) were used to
identify the function of the mRNAs. The GEO database and quantitative real-time PCR (qPCR) were used to verify the expression
levels of hub genes in psoriatic skin lesions and IL-27-treated psoriasiform keratinocytes, respectively.

Results: We found 1257 differentially expressed genes and screened 2 crucial gene clusters. GO analysis revealed that Cluster 1 was mainly
enriched in “Mitotic sister chromatid segregation” and “Spindle”. Cluster 2 was mainly enriched in the “Pyruvate metabolic process” and
“Oxidoreductase complex”. KEGG analysis showed that Cluster 1 and Cluster 2 were mainly enriched in “Cell cycle” and “Glycolysis/
Gluconeogenesis”, respectively. We then identified 6 hub genes enriched in the two pathways, including CCNBI, PTTGI, CDC20, PLK1,
PKM, and LDHA. GSEA complemented the role of the mitochondrial “Oxidative phosphorylation” pathway. Moreover, we found that 6 hub
genes were upregulated in psoriasis skin lesions and IL-27 elevated the hub genes expression in M5-induced psoriasiform keratinocytes.
Conclusion: IL-27 possibly promotes glycolysis, mitochondrial oxidative phosphorylation, and cell cycle progression in keratino-
cytes. Additionally, we identified CCNBI, PTTGI, CDC20, PLKI, PKM, and LDHA as hub genes that may be involved in the
mechanism of IL-27 facilitating keratinocyte proliferation in psoriasis.
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Introduction

Psoriasis is a common chronic relapsing papulosquamous dermatosis induced by the complicated interplay among immunity,
genetics, and environment.' The pathogenesis of psoriasis is associated with the complex crosstalk between immune cells and
epidermal keratinocytes. There are many activated immune cells, especially T cells, dendritic cells, and macrophages, that
infiltrate psoriatic skin lesions. Under the influence of internal and external factors, myeloid dendritic cells are activated and
release cytokines such as IL-12 and IL-23. IL-12 induces Thl cells to differentiate and release TNF-o and IFN-y, while IL-23
induces Th17 and Th22 cells to differentiate and release IL-17, TNF-a and IL-22. These pro-inflammatory factors promote
proliferation, abnormal differentiation, and secretion of multiple cytokines in keratinocytes, which activates and attracts more

immune cells to the lesion, further exacerbating inflammation and leading to psoriasis.** Among them, the accelerated

Journal of Inflammation Research 2024:17 8165-8180 8165
Received: 7 June 2024 © 2024 Wu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 26 October 2024
Published: 4 November 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0002-1921-9822
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wu et al Dove

proliferation and shortened mitotic cycle of keratinocytes in the basal layer of the epidermis are important pathophysiological
features of psoriasis.>*

As a member of the IL-12 cytokine family, IL-27 is a heterodimeric cytokine comprised p28 and Epstein-Barr virus-induced
gene 3 subunits. IL-27 is primarily generated by activated antigen-presenting cells and activates downstream signaling by
combining its receptor which consists of gp130 and IL-27Ra.”® TL-27 exerts both pro-inflammatory and anti-inflammatory
effects on psoriasis. On the one hand, Shibata et al find that in psoriatic patients, serum IL-27 level is significantly increased and
positively related to the severity of the disease.'® IL-27 increases IFN-y levels in imiquimod-treated mouse and induces the
production of CXCL9, CXCL10, and CXCLI11 in keratinocytes. These chemokines selectively attract activated Th1 cells, leading
to disease onset.”'® On the other hand, Chen et al report that in patients with moderate to severe psoriasis, serum IL-27 level and
skin lesional mRNA levels of IL-27p28, IL-27Ra, and gp130 are significantly decreased. IL-27 inhibits the secretion of IL-17 by
CD4+ T cells and reduces the level of IL-17A in the mouse psoriasiform model.” Additionally, IL-27 dose-dependently inhibits
TNF-a-induced secretion of IL-1a and CCL20 in keratinocytes. IL-27 may act as an anti-inflammatory factor in the inflammation
expansion phase of psoriasis.'® Our previous study found that IL-27 can drive keratinocyte proliferation.'' This may be one of the
mechanisms by which IL-27 acts as a pro-inflammatory player in psoriasis. However, the mRNAs involved in the process have
not been fully studied.

This study aims to identify potential pathways and hub genes associated with proliferation in keratinocytes with IL-27
intervention. The mRNA expression profiles from human immortalized keratinocytes (HaCaT cells) with or without IL-
27 treated were analyzed. The protein—protein interaction (PPI) network was established to identify important gene
clusters and hub genes associated with proliferation. Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes
(KEGG), and Gene Set Enrichment Analysis (GSEA) were performed to investigate the functions of mRNAs. Finally, the
Gene Expression Omnibus (GEO) database and quantitative real-time PCR (qPCR) were used to verify the expression
levels of hub genes in psoriatic skin lesions and IL-27-treated psoriasiform keratinocytes, respectively. This study will
provide new insight into how IL-27 facilitates the proliferation of keratinocytes in psoriasis.

Materials and Methods

Cell Culture

HaCaT cells (CL-0090, Procell, China) were grown in MEM (G4550-500ML, Servicebio, China) with 15% FBS and 1% P/S
and were incubated at 37°C with 5% CO,. Cells in the logarithmic growth stage were collected for subculture and further
experimentation. In our previous study, HaCaT cell viability was significantly increased and approached maximum after being
stimulated by 50 ng/mL IL-27 (200-38, PEPROTECH, USA) for 24 h. Therefore, 50 ng/mL and 24 h were selected as the
optimal conditions for IL-27 intervention in RNA sequencing or subsequent experiments. The cells were divided into the IL-
27 group (50 ng/mL IL-27) and the control group (0 ng/mL IL-27). M5 is a cytokine cocktail to construct a psoriasiform cell
model at a concentration of 10 ng/mL for 24 hours. It consists of IL-17A (200-17), IL-22 (200-22), IL-1a. (200-01A), TNF-a
(300-01A), and oncostatin M (300-10), which we all purchased from PEPROTECH, USA.

RNA Extraction and qPCR

Following the manufacturer’s instructions, total RNAs of HaCaT cells were isolated using RNAiso Plus (9108, TaKaRa,
China) and reverse transcribed into cDNA using the PrimeScript™ RT reagent Kit with gDNA Eraser (Perfect Real Time)
(RR047A, TaKaRa, China). The cDNA was then amplified by PCR using TB Green™ Premix Ex Taq™ II (Tli RNaseH Plus)
(RR820A, TaKaRa, China) with the following primers: CCNBI Forward: AATAAGGCGAAGATCAACATGGC, Reverse:
TTTGTTACCAATGTCCCCAAGAG; CDC20 Forward: ATGCGCCAGAGGGTTATCAG, Reverse: GATACGGTC
TGGCAGGGAAG; PTTGI! Forward: ACCCGTGTGGTTGCTAAGG, Reverse: ACGTGGTGTTGAAACTTGAGAT;
PKM Forward: AAGGGTGTGAACCTTCCTGG, Reverse: GCTCGACCCCAAACTTCAGA; LDHA Forward: ATG
GCAACTCTAAAGGATCAGC, Reverse: CCAACCCCAACAACTGTAATCT; PLKI Forward: CCTGCACCGAAA
CCGAGTTAT, Reverse: CCGTCATATTCGACTTTGGTTGC; ACTB Forward: CATGTACGTTGCTATCCAGGC,
Reverse: CTCCTTAATGTCACGCACGAT. The relative changes in mRNA expression levels were analyzed with the
2-AACt method and normalized to ACTB.
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Differentially Expressed Genes ldentification

The mRNA expression profiles of the IL-27 group and control group were from previously published data.'' The devtools
package in the R software (version 4.2.3) was performed to draw a principal component analysis (PCA) plot. Log,|FC| >1.1
and g-value <0.05 were used as the threshold for screening differentially expressed genes (DE genes). The ggplot2 package in
the R software was performed to draw a volcano plot to display the DE genes. Genes with -log;o(g-value) >40 were labeled.

KEGG and GO Enrichment Analyses

KEGG and GO analyses were performed using the clusterProfiler package in the R software to explore the function of
mRNAs. We regarded terms with p-value <0.05 as statistically significantly enriched. KEGG is used for signaling pathway
analysis and GO is used for biological process (BP), cellular component (CC), and molecular function (MF) analyses. The
KEGG pathway map was visualized by the KEGG Mapper — Color tool (https://www.kegg.jp/kegg/mapper/color.html).

PPl Network Construction

The STRING database (version 11.5) and Cytoscape software (version 3.8.0) were used to construct the PPI network.
The minimum required interaction score is set to high confidence (0.700). The MCODE and cytoHubba plugins in
Cytoscape software were performed to identify crucial gene clusters and hub genes, respectively. We defined clusters
with scores greater than 6.5 and closely associated with cell proliferation as crucial gene clusters. The hub genes were
identified by four algorithms (EPC, EcCentricity, Closeness, and Radiality) in the cytoHubba plug-in, which was
visualized by the Draw Venn Diagram website (https://bioinformatics.psb.ugent.be/webtools/Venn/).

Gene Set Enrichment Analysis

The GSEA was performed to verify and supplement the results of the KEGG analysis. After preparing the expression dataset
file (gct format) and phenotype labels file (cls format), we imported them into the GSEA software (version 4.3.3). The analysis
parameters are set as follows. The gene sets database was selected as “c2.cp.kegg medicus.v2023.2.Hs.symbols.gmt” and the
number of permutations was 1000. The permutation type was gene set and the metric for ranking genes was
log2 Ratio_of Classes. [NES| >1, nominal p-value <0.05 and FDR g-value <0.25 indicated statistically significant results.

GEO Database Analysis

Open access Gene Expression Omnibus (https://www.ncbi.nlm.nih.gov/geo/) database was used to analyze the levels of

hub genes in psoriasis skin lesions. GSE14905 and GSE13355 datasets comprise normal skin from healthy controls and
non-lesional skin and lesional skin from psoriasis patients. Raw data were processed using the transcripts per million
(TPM) method and then transformed by normalization using log2 (TPM+1). Data analysis and visualization were
performed using the ggplot2 package in the R software.

Statistical Analysis

Data analysis and plotting were performed using GraphPad Prism (version 8.3.0). The results were presented as mean +
SEM. An independent-sample ¢-test was applied to identify significant differences between two groups. Kruskal-Wallis
test was used to compare multiple groups and Dunn’s multiple comparison test was used for multiple comparisons.
p-value <0.05 indicated statistically significant results.

Results

Differentially Expressed Genes Analysis and Functional Enrichment Analysis

To determine the effect of mRNAs in IL-27-related keratinocyte proliferation, the mRNA expression profiles from the
IL-27 group and control group were analyzed. The PCA plot showed that the IL-27 group and control group could be
distinguished (Supplementary Figure 1). We found that 1257 genes were statistically differentially expressed (Figure 1A).

These included 310 up-regulated genes and 947 down-regulated genes. To discover the function of DE genes, KEGG and
GO enrichment analyses were performed. The results showed that the up-regulated DE genes were mainly enriched in
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“Steroid biosynthesis”, “Cell cycle”, “Glycolysis/Gluconeogenesis”, “Cholesterol metabolic process” and
“Oxidoreductase activity, acting on the CH-OH group of donors, NAD or NADP as acceptor” (Figure 1B and C). The

down-regulated DE genes were mainly concentrated in the “MAPK signaling pathway”, “Calcium signaling pathway”,
“Calcium channel complex” and “DNA-binding transcription repressor activity” (Figure 1D and E).

PPl Network Construction and Crucial Gene Clusters Screening

To identify important gene clusters in IL-27 facilitating the proliferation of keratinocytes, we established the PPI network
for DE genes and then screened 2 crucial gene clusters related to cell proliferation. Cluster 1 (score = 11.455) included 12
nodes and 126 edges (Figure 2). GO analysis revealed that the BP term of Cluster 1 was involved in “Mitotic sister
chromatid segregation” and “Mitotic nuclear division”, CC was involved in “Spindle” and “Kinetochore”, and MF was
involved in “Microtubule binding” and “Tubulin binding” (Figure 3). Cluster 2 (score = 6.6) consisted of 11 nodes and 66
edges (Figure 2). Based on the GO analysis, the BP term of Cluster 2 was involved in the “Ribonucleotide metabolic
process” and “Pyruvate metabolic process”, CC was involved in the “Oxidoreductase complex” and “Vesicle lumen”, and
MF was involved in “Oxidoreductase activity, acting on CH-OH group of donors” and “Carbohydrate binding”
(Figure 4). KEGG analysis showed that Cluster 1 and Cluster 2 were mainly associated with “Cell cycle” (Figure 3)
and “Glycolysis/Gluconeogenesis” (Figure 4), respectively.

A

C

EcCentrici

0

Figure 2 Two gene clusters extracted by MCODE and the Venn plot of hub genes. (A and B) PPl network diagram of Cluster | (A) and Cluster 2 (B). The red color
indicates up-regulated genes and the blue color indicates down-regulated genes. (C) The Venn plot of hub genes.
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Hub Genes Analysis

To find out hub genes relevant to IL-27-stimulated proliferation of keratinocytes, we further explored the genes enriched
in the “Cell cycle” and “Glycolysis/Gluconeogenesis” pathway. According to the results of the KEGG analysis, 4 genes
enriched in the “Cell cycle” pathway of Cluster 1, containing CCNBI, PTTGI, PLKI, and CDC20 (Figure 3D).
Additionally, 7 genes enriched in the “Glycolysis/Gluconeogenesis” pathway of Cluster 2, including PGAM4, HKDCI,
LDHC, ALDOC, PKM, PKLR and LDHA (Figure 4D). According to the results of four algorithms (EPC, EcCentricity,
Closeness, and Radiality) in the cytoHubba plug-in, the top 6 hub genes were selected from these 11 genes, consisting of
CCNBI, PTTG1, CDC20, PLKI, PKM, and LDHA (Figure 2) (Table 1).

Gene Set Enrichment Analysis

Next, to validate the results of the KEGG analysis, a GSEA was conducted. The results showed that the enriched
pathways concentrated in “Mitochondrial complex UCP1 in thermogenesis”, “Electron transfer in complex I, “Origin
unwinding and elongation”, “Nuclear export of mRNA”, “DNA replication licensing” and “Glycolysis” (Figure 5). The
GSEA not only verified the role of the “Glycolysis” and “Cell cycle” pathways but also revealed the role of mitochondria
in IL-27 driving the proliferation of keratinocytes.

Bioinformatics Analysis of Mitochondria-Related Genes

To further investigate mitochondrial function in IL-27 facilitating the proliferation of keratinocyte, KEGG and GO
analyses were performed for 31 up-regulated core genes enriched in “Mitochondrial complex UCP1 in thermogenesis” or
“Electron transfer in complex 1”, based on the results of GSEA. The results showed that the KEGG pathway mainly
involved “Oxidative phosphorylation” (Figure 6A). GO BP involved specifically “Oxidative phosphorylation” and
“Mitochondrial ATP synthesis coupled electron transport”. CC mainly contained “Mitochondrial inner membrane” and
“Respiratory chain complex”. MF is mainly enriched in “Electron transfer activity”, “Oxidoreduction-driven active
transmembrane transporter activity”, and “NADH dehydrogenase (ubiquinone) activity” (Figure 6B). Subsequently, the
above 31 genes were used to construct a PPI network. These genes were ranked by the EPC algorithm. The top 6 genes
were singled out (Figure 6C). Among these, NDUFABI, NDUFA2, NDUFA10, NDUFA6, and NDUFS?2 were enriched in
NADH dehydrogenase. The 26 genes enriched in “Oxidative phosphorylation” were visualized in the KEGG pathway
map (Figure 6D) (Table 2).

Confirmation of Hub Genes Using qPCR

The transcriptional changes of hub genes were detected by qPCR. The results indicated that the expression levels of
CCNBI (P <0.05), PTTGI (P <0.05), CDC20 (P < 0.001), PLKI (P <0.001), PKM (P <0.001), and LDHA (P < 0.001)
were significantly increased in the IL-27 group when compared with the control group, which was in line with the
bioinformatics analysis (Figure 7).

Table | The Information of 6 hub Genes

Gene Name Description KEGG Pathway Log,|FC| | g-value | Regulation
CCNBI Cyclin BI Cell cycle 1.414 5.207E-14 up
CDC20 Cell Division Cycle 20 Cell cycle 1.347 2.676E-12 up
PLK1 Polo Like Kinase | Cell cycle 1.361 1.788E-12 up
PTTGI Pituitary Tumor-Transforming | Cell cycle 1.154 2.143E-10 up
PKM Pyruvate Kinase M1/2 Glycolysis/Gluconeogenesis 1.129 1.729E-09 up
LDHA Lactate Dehydrogenase A Glycolysis/Gluconeogenesis 1.403 1.698E-15 up

Abbreviation: KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 5 The results of GSEA for mRNAs profiles from HaCaT cells with or without IL-27 treated.

Expression Levels of Hub Genes in Psoriatic Skin Lesions

To analyze the expression of hub genes in psoriasis skin lesions, we used the GEO database. GSE14905 and GSE13355
comprise non-lesional skin and lesional skin from psoriasis patients and normal skin from healthy controls. The results
showed that the levels of CCNBI, PTTGI, CDC20, PLK1, PKM, and LDHA in psoriasis lesional skin were significantly
higher than in normal and non-lesional skin (P < 0.001) (Figure 8).

IL-27 Elevated Hub Genes Expression in M5-Induced Psoriasiform Keratinocytes
To explore the effects of IL-27 on hub genes in psoriatic keratinocytes, we induced psoriasiform inflammation in
HaCaT cells with an M5 cocktail. The results indicated that IL-27 elevated the expression levels of CCNBI1
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Figure 6 Bioinformatics analysis of mitochondria-related genes. (A) Result of KEGG analysis of mitochondria-related genes. (B) Result of GO analysis of mitochondria-
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Table 2 The Information on Genes Enriched in the Oxidative Phosphorylation Pathway

Gene Description Log,| q-value Regulation Core
Name FC| Enrichment
ATP5FIA ATP Synthase Fl Subunit Alpha 0.680 9.062E-05 up yes
COX4l1 Cytochrome C Oxidase Subunit 411 0.173 0.267 up yes
COX6A2 Cytochrome C Oxidase Subunit 6A2 0.523 0.940 up yes
COXeéBI Cytochrome C Oxidase Subunit 6BI 0.647 0.002 up yes
CYCI Cytochrome ClI 0.172 0.285 up yes
NDUFAI NADH:Ubiquinone Oxidoreductase Subunit Al 0.515 0.032 up yes
NDUFAI0 NADH:Ubiquinone Oxidoreductase Subunit A10 0314 0.059 up yes
NDUFAI2 NADH:Ubiquinone Oxidoreductase Subunit Al2 0.240 0.307 up yes
NDUFA2 NADH:Ubiquinone Oxidoreductase Subunit A2 0.243 0.262 up yes
NDUFA4 NDUFA4 Mitochondrial Complex Associated 0.578 0.001 up yes
NDUFAé6 NADH:Ubiquinone Oxidoreductase Subunit A6 0.189 0.343 up yes
NDUFAS8 NADH:Ubiquinone Oxidoreductase Subunit A8 0.378 0.077 up yes
NDUFABI NADH:Ubiquinone Oxidoreductase Subunit ABI 0.637 0.001 up yes
NDUFBI0 NADH:Ubiquinone Oxidoreductase Subunit BI0 0.464 0.072 up yes
NDUFBI | NADH:Ubiquinone Oxidoreductase Subunit Bl | 0.507 0.011 up yes
NDUFB3 NADH:Ubiquinone Oxidoreductase Subunit B3 0.507 0.054 up yes
NDUFB4 NADH:Ubiquinone Oxidoreductase Subunit B4 0814 2.871E-05 up yes
NDUFB6 NADH:Ubiquinone Oxidoreductase Subunit Bé 0.822 3.669E-04 up yes
NDUFB7 NADH:Ubiquinone Oxidoreductase Subunit B7 0.535 0.028 up yes
NDUFS2 NADH:Ubiquinone Oxidoreductase Core Subunit S2 0.239 0.144 up yes
NDUFS5 NADH:Ubiquinone Oxidoreductase Subunit S5 1.068 2.570E-06 up yes
SDHB Succinate Dehydrogenase Complex Iron Sulfur Subunit B 0.532 0.005 up yes
SDHC Succinate Dehydrogenase Complex Subunit C 0.474 0.005 up yes
UQCRB Ubiquinol-Cytochrome C Reductase Binding Protein 0.680 0.047 up yes
UQCRC2 Ubiquinol-Cytochrome C Reductase Core Protein 2 0310 0.046 up yes
UQCREFSI Ubiquinol-Cytochrome C Reductase, Rieske Iron-Sulfur 0.206 0.172 up yes
Polypeptide |

(P <0.001), PTTG1 (P < 0.05), CDC20 (P < 0.001), PLK1 (P < 0.001), PKM (P < 0.01), and LDHA (P < 0.001)
in M5-induced keratinocyte (Figure 9).

Discussion

In this study, we obtained 1257 DE genes in IL-27-treated keratinocytes. By using PPI, GO, and KEGG analyses, we
found that pathways of “Cell cycle” and “Glycolysis” were essential for IL-27 facilitating keratinocyte proliferation.
Then, we identified 6 hub genes enriched in the two pathways, including CCNBI, PTTGI, CDC20, PLKI, PKM, and
LDHA. The GSEA complemented the role of mitochondrial “Oxidative phosphorylation” in IL-27 facilitating the
proliferation of keratinocytes.

Moreover, we found that 6 hub genes were upregulated in psoriasis skin lesions and IL-27 elevated the hub genes
expression in M5-induced psoriasiform keratinocytes.

The balance between cell proliferation and differentiation is essential for maintaining epidermis homeostasis.
Enhanced proliferation and attenuated differentiation are concomitant with the occurrence of hyperplastic skin disorders,
such as psoriasis. This process depends on the interplay of multiple regulators involved in the cell cycle.'? In the present
study, the cell cycle signaling pathway was discovered associated with IL-27-induced proliferation of keratinocytes.
Meanwhile, we identified CCNBI, PTTG1, CDC20, and PLK1 as hub genes that were enriched in this pathway. CCNBI
(cyclin B1) is an indispensable regulator involved in the transition of G1/S and G2/M phase in the cell cycle. The
enhanced level of Cyclin B1 appears to be characteristic of psoriasis.'® 1,25-dihydroxyvitamin D3, which can inhibit
CDC2 and cyclin B1 and thus lead to G2/M phase arrest in keratinocytes, is used as a therapeutic for psoriasis.'* PTTGI
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Figure 7 Verification of hub genes by qPCR. qPCR results of 6 hub genes: CCNBI, CDC20, LDHA, PKM, PLKI, and PTTGI. Data is displayed as mean * SEM. *P < 0.05,
P < 0.001.

is responsible for regulating the separation of sister chromatids and the transition from metaphase to anaphase.'* PTTGI
upregulation is associated with skin diseases characterized by increased proliferation and impaired differentiation in the
epidermis.'® Studies have shown that PTTG/ is a susceptibility gene for psoriasis.'®'” In keratinocytes, there is a positive
feedback loop between PTTGI and TNF-0.'> Overexpressed PTTGI also elevate cyclin B1. These cause anomalous
proliferation and suppressed early differentiation in psoriasis skin lesions.'> CDC20 is involved in nucleus motion and
chromosome separation at the metaphase—anaphase transition. Quek et al report that CDC20 merely exists in basal and
suprabasal layers of the epidermis. Its mRNA abundance is 10-fold higher in human primary keratinocyte stem cells than
in differentiated keratinocytes. Silencing CDC20 with siRNA reduces clonogenicity and stimulates differentiation.'®
PLK] is a serine/threonine kinase that has a vital role in regulating centrosome maturation, spindle assembly, chromo-
some segregation, and cytokinesis.'>*° Previous reports revealed that PLK/ increases in squamous cell carcinoma and
basal cell carcinoma. In addition, the inhibition of PLK/ in the squamous cell carcinoma keratinocytes can lead to G2/M
arrest, cell viability reduction, and apoptosis.?'** Taken together, IL-27 possibly upregulates CCNBI, CDC20, PLKI,
and PTTG1, facilitating cell cycle progression, to stimulate the proliferation of psoriatic keratinocytes.

Aerobic glycolysis is a sign of rapidly proliferating cells.”> Recently, an accelerated glycolytic rate has been revealed
in psoriasis keratinocytes.”**> According to our bioinformatics analysis, glycolysis was involved in IL-27 facilitating the
proliferation of keratinocytes. In this pathway, PKM and LDHA were identified as hub genes. PKM is one of the rate-
limiting enzymes in glycolysis, catalyzing the conversion of phosphoenolpyruvate to pyruvate. It consists of two
isozymes: PKM1 and PKM2.%° Severely attenuated PKMI expression by Ex9 mutation reducing keratinocytes
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Figure 8 Expression levels of hub genes in the skin of psoriasis patients and healthy controls from GEO database. Expression levels of 6 hub genes: CCNBI, CDC20, LDHA,
PKM, PLK1, and PTTGI. *P < 0.05, **P < 0.001.

proliferation.”” Likewise, lack of PKM2 inhibits keratinocyte proliferation and psoriasis inflammation in psoriatic mouse
models.?® Additionally, in psoriasis epidermis, TRIM33 is found elevated and induces the ubiquitination and nuclear
retention of PKM2, thus stimulating glycolysis and proliferation of keratinocytes.** LDHA, one of the subunits of lactate
dehydrogenase, significantly affects glycolytic metabolism by catalyzing the conversion of pyruvate to lactate. LDHA and
lactate are highly expressed in psoriatic skin lesions.?* ' Luo et al report that keratin 17 and alpha-enolase are increased
in the psoriasis epidermis. Their interplay drives keratin 17 translocating into the nucleus, which induces the transcription
of LDHA and thus promotes the glycolysis and proliferation of keratinocytes.>? All these studies imply an essential role
for PKM and LDHA in psoriasis pathogenesis. Therefore, it is likely that IL-27 induces the abnormal proliferation of
psoriatic keratinocytes by regulating PKM and LDHA.

Based on the GSEA, KEGG, and GO analyses, in addition to enhancing glycolysis, IL-27 increased mitochondrial
oxidative phosphorylation as well. Oxidative phosphorylation can supply energy and promote the synthesis of aspartate, which
is conducive to cell proliferation.*® Increased mitochondrial oxidative phosphorylation level is found in the highly proliferative
psoriatic keratinocytes.* ¢ IL-17A, a well-known pathogenic factor of psoriasis, significantly enhances oxidative phosphor-
ylation in keratinocytes.*’*® Studies have shown that ND1, ND2, ND4, ND5, and ND6, mitochondrial NADH dehydrogenase
subunits that participate in the construction of complex I in the respiratory chain and contribute to electron transfer, are highly
expressed in psoriasis skin lesions. The decoction of Jianpi-Yangxue-Jiiedu, a psoriatic effective therapeutic, diminishes their
expression to decrease energy generated from oxidative phosphorylation, thus attenuating keratinocyte hyperproliferation.*
Similarly, in our findings, 5 mitochondria-associated genes with higher scores, including NDUFABI, NDUFA2, NDUFAI0,

Journal of Inflammation Research 2024:17 hetps: 8177

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

c c c
S S S
@ 55 @ 3. @ 1.5+
g 25 g 3 xx g iy
(X Q. o
1

E 2.0 kK E X

2 < 1.0-
4 P4
£ £ £
s - [=}
g 10 O 1- £ 0.5-
& 8 5
O 0.5+ O P
¢ $ 2
& 0.0- . 8 0- T 5 0.0- ,
[5) [}
© o e ¢ 4 = N,

g g g
& 8 8
5 1.5 2 2 §
» 1.97 »n 2.5+ 2.0-
e — 2 2.0- * Kk g
ks 10 &5 20 T LE 1.5-
g™ S 1.5- 2
¥ Z x
£ £ £ 1.0
S 54 T ®
g 05 X o
o [ = 0.5+
2 2 ®
3 0.0- - 5 . £ 0.0 :
= e 4 f e 4 ¢ ¢
& & &
A\ 3 A\

Figure 9 IL-27 elevated hub genes expression in M5-induced psoriasiform keratinocyte. qPCR results of 6 hub genes: CCNBI, CDC20, LDHA, PKM, PLKI, and PTTGI.
Data is displayed as mean + SEM. *P < 0.05, **P < 0.01, **P < 0.001.

NDUFA6, and NDUFS2, were enriched in NADH dehydrogenase. These suggest the possibility that IL-27 drives the
proliferation of keratinocytes by stimulating mitochondrial oxidative phosphorylation in the pathogenesis of psoriasis.

This study has several shortcomings. Firstly, whether the six hub genes we determined play a primary role in IL-27
facilitating the proliferation of keratinocytes remains to be explored. In addition, we did not observe the effects of 1L-27
on proliferation-related pathways and genes in keratinocytes of the psoriasis animal model. Lastly, we did not perform
functional experiments to further validate the identified pathways and genes.

Conclusion

IL-27 possibly promotes glycolysis, mitochondrial oxidative phosphorylation, and cell cycle progression in keratinocytes.
In addition, we identified six hub genes, including CCNBI, PTTG1, CDC20, PLKI, PKM, and LDHA, highly expressed
both in psoriatic lesions and IL-27-treated psoriasiform keratinocytes. Therefore, IL-27 may be involved in the
pathogenesis of psoriasis by regulating these genes, but the specific molecular mechanism remains to be further studied.

Abbreviations

HaCaT cells, human-immortalized keratinocytes; PPI, protein—protein interaction; GO, Gene Ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes; GSEA, Gene Set Enrichment Analysis; GEO, Gene Expression Omnibus; qPCR,
quantitative real-time PCR; PCA, principal component analysis; DE genes, differentially expressed genes; BP, biological
process; CC, cellular component; MF, molecular function; TPM, transcripts per million.
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