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Purpose: Psoriasis is an incurable chronic inflammatory skin disease. The exact function and regulatory mechanism of non-coding
RNA upregulation in psoriasis remains to be elucidated. The aim of this study was to analyse the role of the IncRNA-miRNA-mRNA
network of psoriasis and LINCO01176 in the pathogenesis of psoriasis.

Patients and Methods: We performed miRNA, IncRNA, and mRNA sequencing analysis in pretreatment and treatment psoriatic
tissues and normal tissues, constructed an IncRNA-miRNA-mRNA coexpression network and screened mRNA-associated pathways
using bioinformatics analysis. We further validated the regulatory role of LINC01176-miR-218-5p on the proliferation and inflamma-
tion of the psoriatic model by dual-luciferase reporter assay, cell transfection, CCK-8 method, TUNEL staining and animal model
construction method. An IncRNA-miRNA-mRNA coexpression network was successfully constructed by RNA-seq data analysis.
Results: We obtained the relationship between LINCO01176, miR-218-5p and IL36-G. Analysis of the apoptotic and proliferative
capacity of the transfected cells showed that miR-218-5p up-regulation significantly inhibited cell proliferation and promoted
apoptosis. A mouse model of psoriasis was successfully established. Phenotypic observations revealed that keratin-forming cells in
mice coated with LINC01176-shRNA emulsifier were significantly lower than those in the model group and close to those in the
normal group. HE and immunohistochemical experiments were performed, and the results showed the role and mechanism of action of
LINCO01176-shRNA. Suppression of LINC01176 significantly inhibited the expression of IL-36G in psoriatic tissues. LINC01176
showed a targeting and positive correlation with IL36-G expression.

Conclusion: Our study shows that LINC01176 promotes the proliferation and invasion of keratinocytes and inhibits apoptosis by
targeting miR-218-5p, which acts as a repressor of the psoriasis-associated IL-36G. The shRNA-LINCO01176 emulsion showed
potential treatment capability in alleviating symptoms of psoriasis.

Keywords: psoriasis, LINC01176, IL-36G, inflammation

Introduction

Psoriasis is a common chronic, recurrent, immune-mediated disease of the skin and joints." The underlying pathological
mechanisms include complex interactions between the innate and adaptive immune systems.” The prevalence is approximately
3% worldwide but varies by region, with the highest prevalence in Caucasians (3.6%).> In addition to affecting the skin, psoriasis
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also affects the quality of life of patients due to its embarrassing appearance.* The risk of suicide for people with psoriasis is
reported to be as high as 30%, equivalent to life-threatening diseases such as heart diseases, diabetes, and depression.” Treatment
options for psoriasis depend on the severity of the disease, comorbidities, and access to health care. Mild to moderate psoriasis
can be treated with a combination of topical glucocorticoids, vitamin D analogues, and phototherapy, while moderate to severe
psoriasis usually requires systemic treatment.® In the past decade, biologics targeting tumour necrosis factor-o, interleukin (IL)-
23, and IL-17 have been developed and approved for the treatment of psoriasis.” These biologics dramatically improve skin and
joint symptoms in patients with moderate-to-severe psoriasis and psoriatic arthritis.® Despite extensive research into psoriasis
treatment and pathogenesis, a complete cure remains elusive, largely due to the complex and multifaceted nature of the factors
and mechanisms involved in its development.

Long non-coding RNAs (IncRNAs) are a type of non-coding RNA with a length of >200 nt.” LncRNAs are hypothesized
to be involved in many important biological processes such as intracellular homeostasis, genomic imprinting, immunity, and
development.'® In addition, IncRNAs have a role in various aspects of gene expression regulation through different
mechanisms. LncRNAs and microRNAs are usually interconnected and act upon each other to regulate gene expression. '’
LncRNAs have recently been reported to play a key role in psoriasis. In 2005, Sonkoly et al'? identified and characterized
a new long non-coding RNA, named the psoriasis susceptibility-related RNA gene induced by stress (PRINS), which is
increased in uninvolved epidermis from psoriatic patients compared with epidermis from healthy individuals. Szegedi et al
showed that PRINS regulates psoriasis susceptibility and the cellular stress response and is involved in the pathogenesis of
psoriasis by directly reacting with NPM (nucleolar phosphoprotein) or regulating the expression of the G1P3 protein, leading
to altered functions of keratinocytes.'*'* Zhou et al® identified some key IncRNAs related to the pathogenesis of psoriasis
through statistical analysis, but there were no further functional validations such as cell transfection analyses.

Building upon these insights, we conducted comprehensive sequencing of psoriatic and paired tissues to identify
a coexpression network involving LINC01176-miR-218-5p-IL36G. Subsequently, we carried out rigorous validation of
its biological functions in both cellular and animal models.

Materials and Methods

Collection of Clinical Samples

In this study, we collected tissue samples from six patients who had been pathologically diagnosed with psoriasis and had
not received any other drug treatments or reported other skin complaints. All patients were sourced from Shanghai Xuhui
Central Hospital, and all provided written informed consent. Ethical approval for all experimental procedures was
obtained from the Ethics Committee of Shanghai Xuhui Central Hospital, Fudan University Zhongshan Xuhui Hospital
(Approval document No. 2021-103). Clinical psoriasis tissue samples obtained before any treatments, after treatment
with an IL-17A inhibitor, and adjacent healthy tissue samples (normal skin tissue located 5 cm away from the psoriatic
tissue, referred to as the NC cohort) were collected and properly preserved.

RNA Isolation

The tissues were extracted and stored at —80°C, followed by the addition of TRIzol for thorough grinding and
homogenization. The resulting mixture was centrifuged to isolate the supernatant containing RNA. To remove impurities,
the RNA was washed with isopropyl alcohol and 75% ethanol, and then centrifuged again to precipitate the RNA.
Subsequently, an appropriate quantity of DEPC water was added to fully dissolve the precipitate, completing the RNA

sample preparation process.

LncRNA/mRNA and miRNA Library Preparation and Sequencing

The RNA samples underwent purification using the Ribo-Zero Golden kit (Epicentre, [llumina, USA), while the TruSeq
total RNA sample preparation kit (Illumina, USA) was applied for the sequencing of both long non-coding RNA
(IncRNA) and messenger RNA (mRNA). Following library preparation, the quality of the samples was validated using
the Qubit dsDNA HS assay kit (Thermo Fisher Scientific, USA).

2 https: Clinical, Cosmetic and Investigational Dermatology 2024:17
Dove!


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

Dove Zhao et al

For microRNA (miRNA) analysis, the TruSeq Small RNA Library Preparation Kit (Illumina, USA) was employed to
prepare the library. Subsequently, all libraries were diluted to 2nM and pooled at a 1:1 ratio for sequencing using the
Novaseq 6000 platform (Illumina, USA). The sequencing was performed in a paired-end mode with a read length of

150bp.

Reverse Transcription-Quantitative (RT-q) PCR

Quantitative Polymerase Chain Reaction (qPCR) was conducted for IL36-G, LINC01176, and miR-218-5p following the
instructions provided in the respective kits, after the reverse transcription of RNA. Data analysis was performed using the
2-AACq calculation method.'> The primers were designed as follows, for IL36-G Foward Primer 5’-AGGAAG
GGCCGTCTATCAATC, Reverse Primer 5’-CACTGTCACTTCGTGGAACTG, for LINCO01176, Forward Primer, 5°-
CGGATAACAAGGAGCTAAAGG, Reverse Primer 5’-TCCACTTGAATCCTCTAGTCC, for miR-218-5p, Reverse
Transcription Primer 5’-AGCCTTGGCTCAAGCGTGGCTATCTGCCTGCGGTACG, Forward Primer 5’-CGTACC
GCAGGCAGATAGCCACCCTTGAGCCAAGGCT, universal-Reverse Primer 5’-TGTCGTGGAGTCGGCAATTC.

Coexpression Network and Pathway Analysis

The data from the NC cohort, pretreatment, and IL-17A inhibitor-treated skin samples underwent several preprocessing
steps. These included filtering through trimmomatic to remove adapters and low-quality reads, Hisat2 alignments against
the reference genome (GRCh38), and quantification of fragments using FeatureCounts with the GTF file (GRCh38.99) to
obtain an expression matrix. Subsequently, singular value decomposition was performed using R’s “prompt” function for
clustering analysis of differentially expressed IncRNAs and mRNAs based on count values. Differential gene analysis
was carried out using “edgeR” with a false discovery rate (FDR) threshold of <0.05. For miRNA prediction, the ENCORI
database was utilized to generate two tables: one for miRNAs predicted by differentially expressed IncRNAs and another
for miRNAs predicted by differentially expressed mRNAs. The miRNAs predicted from both tables were intersected to
construct the IncRNA-miRNA-mRNA network.A ceNetwork focusing on key miRNA genes related to the NLRP family
and IL36 family was constructed. Finally, functional analysis was conducted using the Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology Biological Process (GOBP) to explore related biological functions.

Dual-Luciferase Report Assay

HaCaT cells were cultured and seeded into 24-well culture plates at a density of 1*105 cells per well, the cells were then
incubated overnight in a cell culture incubator. For transfection experiments, Either the wild-type (WT) plasmid
(containing the wild-type LINCO01176 or IL36G sequence along with a luciferase reporter gene) or the mutant (MUT)
plasmid (containing the mutant LINCO01176 or IL36G sequence along with a luciferase reporter gene) was added to each
experimental group. Additionally, 20 pmol of miR-218-5p mimics or mimics control were co-transfected into the cells,
following the instructions provided with the transfection reagent. After 48 hours of transfection, the cells were harvested,
and luciferase activity was measured using the Luciferase Reporter Gene Assay Kit.

LINCOI1 176 Targets miR-218-5p to Regulate IL-36G Expression-qPCR Verification

HaCaT cells were cultured and seeded into 6-well culture plates at a density of 3*105 cells per well. For transfection,
following the instructions provided with the transfection reagent, 4 pg of the LINC01176 over-expression plasmid or an
empty plasmid, along with 80 pmol of mir-218-5p mimics or mimics control, were added to each experimental group.
The cells were then incubated in a cell incubator for 6 hours. After the incubation period, the medium was replaced with
fresh complete medium, and the cells were returned to the incubator for an additional 48 hours. To verify the effects of
the transfection, qPCR was performed to assess the expression levels of miR-218-5p and IL-36G.

CCKS8 Proliferation Assay

The transfected cells were seeded in a 96-well cell culture plate at a density of 1*104 cells per well. To assess changes in
the proliferation capacity of the cells over time, measurements were taken at 0 hours, 24 hours, 48 hours, and 72 hours
after the medium replacement using the CCK-8 assay method. Specifically, the old medium was discarded, and 95 pL of
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fresh medium was added to each well along with 5 uL. of CCK-8 solution. The plate was then incubated at 37°C for 1-3
hours.Following incubation, the optical density (OD) of each well was measured at 450 nm using iMark(Bio-Rad).

Apoptosis Assay

The transfected cells were seeded at a density of 1*105 cells per well in a 24-well culture plate and incubated in a cell
culture incubator for 48 hours.Following trypsinization, the cells were washed twice with PBS and once with binding
buffer.To prepare the cells for flow cytometry analysis, the cell pellet was resuspended in binding buffer, and the cell
concentration was adjusted to 1*106 cells/mL. Subsequently, SuL of annexin V-FITC and 5 pL of propidium iodide were
added to 100 pL of the cell suspension and mixed thoroughly. The cell suspension was then shielded from light and
allowed to incubate at room temperature for 15-20 minutes.After the incubation period, binding buffer was added to the
cell suspension to bring the total volume to 500 pL, and the mixture was thoroughly mixed. Finally, the cell suspension
was analyzed using a flow cytometer.

shRNA Liposome Emulsifier Formulation

The shRNA-LINCO01176 plasmid was diluted with phosphate buffer (PBS) to create a solution with a concentration of 50
pg/uL of shRNA, then six microliters of the shRNA solution (equivalent to 300 pg) were mixed with 100 puL of Vivo-
jetPEI® reagent for solution A. Additionally, Solution B was prepared by diluting 50 uL of Vivo-jetPEI® buffer with 50
pL of sterile water. Solution B was gently added to Solution A, followed by gentle vortexing. The resulting mixture was
incubated for 15 minutes at room temperature, resulting in the preparation of transfection mix referred to as the
LINCO01176- shRNA liposome emulsifier mix.

Psoriasis Animal Model

Eighteen C57 male mice (4 weeks old, SPF) were randomly selected and divided into 3 groups of 6 each (divided into the
control group, psoriasis model group, and LINC01176-shRNA treatment group). A 2 cm*3 cm area on the back of the mice
was selected for hair removal, and the corresponding treatment drugs were administered separately. The control group (NC)
received a uniform application of petroleum jelly. The psoriasis model group (OC) received an application of 5% imiquimod
cream. The LINCO01176-shRNA treatment group first received 5% imiquimod cream followed by LINCO01176-shRNA
liposome emulsifier mixture 2 hours later. The mice were kept separately to avoid skin inflammation caused by fighting
during mixing male mice. At the end of ten consecutive days of treatment, the mice were anaesthetized with ether and
euthanized. Specimens of mouse skin lesions and normal skin tissue were taken for HE staining and immunohistochemistry.

Immunohistochemical Staining

The skin samples from the mice were embedded and sectioned for histological staining using hematoxylin and eosin
(HE). The expression of IL-36G proteins (PA5-81,417, Thermo Fisher Scientific) was detected by immunohistochem-
istry. Images of the stained sections were captured and analyzed through scanning for further examination and analysis.

Results
RNA Sequencing Revealed the hsa_LINC_01176-miR-218-5p-IL-36G Axis

RNA sequencing analysis was performed on each group of skin lesions. RNAseq deconvolution can decode micro-
environments. A heatmap of the relative expression of immune cells is shown in Figure la. The results of principal
component analysis (PCA) showed significant differences between groups, with the greatest distance between the normal
and psoriasis groups, while the treatment group was in between the two groups, indicating good sample reproducibility
and a significant treatment effect (Figure 1b). The HCA clustering results also showed significant differences between
normal and psoriasis group and good sample reproducibility (Figure 1c).

The results of the trend gene heatmap showed that IL-36G and LINCO01176 were significantly increased in the psoriasis group
compared with the normal group, and the gene expression of the treatment group decreased to a similar level as in the normal
group. miR-218-5p was significantly decreased in the psoriasis group, and the gene expression of the treatment group increased
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Figure | Analysis of the immune microenvironment of psoriatic lesions and trend gene heat map. (a) RNA-seq deconvolution showed significant activation of plasmacytoid
dendritic memory cells and T cell CD4+ Thl in the model group, with the treated group returning to levels similar to those in the NC group. (b) PCA cluster analysis. (c)
cluster analysis. (d) Trend gene heat map.

to a similar level as that in the normal group (Figure 1d). gPCR showed that both IL-36G and LINCO01176 were significantly
increased in the psoriasis group compared to the normal group (P<0.001, P<0.001) and that the expression levels of the genes IL-

36G and LINCO1176 were significantly decreased in the treated group compared to the psoriasis group (P<0.01, P<0.05), as

shown in Figure 2a and b. miR-218-5p expression was significantly lower in the psoriasis group than in the normal group

(p<0.01) and increased to a similar level in the treatment group (p<0.05), as shown in Figure 2c. The trend of gene expression
levels was consistent with the sequencing results.
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Figure 2 Trend validation and trend gene pathway analysis. (a) Verification of IL-36G by qPCR. (b) Verification of LINCOI176 by qPCR. (c) Verification of mir-218-5p by
qPCR. (d) GO BP pathway analysis. (€) KEGG pathway analysis (*P < 0.05, **P < 0.01, **P < 0.001.).

GOBP and KEGG analyses of the key IncRNAs revealed that IL-36G was involved in the HTLV-1 infection pathway,
proteoglycans in the cancer pathway, thermogenesis pathway, cytokine-cytokine receptor interaction pathway, cornifica-
tion pathway, inflammatory response to antigenic stimulus pathway, and positive regulation of the JNK cascade pathway
(Figure 2d and e). Comparing the differentially expressed IncRNA and mRNA predicted miRNA tables and taking the
intersection to perform a ceNetwork revealed that they were linked by miRNA (miR-218-5p) (Figure 3).

LINCOI1 176 Targets miR-218-5p and Affects Downstream IL-36G in Hacat Cell Line
Model

A search of the IncTarD and starBase databases revealed complementary sequences between the 3’UTR of miR-218-5p
and LINCO01176 or IL-36G (Figure 4a and b). In the dual-luciferase reporter gene assay, LINC01176 or IL-36G (Wild or
MUT) plasmids were transfected into HaCat cells, followed by transfection of miR-218-5p mimics or mimics control.
The results showed that miR-218-5p mimics significantly inhibited the luciferase activity of the LINC01176-WT reporter
molecule compared to the normal group (P<0.01) (Figure 4c), and miR-218-5p mimics significantly inhibited the
luciferase activity of the IL-36G-WT reporter molecule (P<0.01) (Figure 4d). The qPCR results in Figure 4e and
f show that the LINC01176 vector group significantly inhibited the expression of miR-218-5p (P<0.05) and significantly
increased the expression of IL-36G (P<0.001) compared to the NC group. The LINC01176 vector+miR-218-5p mimics
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group significantly promoted the expression of miR-218-5p (P<0.01) and significantly inhibited the expression of IL-36G
(P<0.001) compared to the LINCO01176 vector group. The above results demonstrate that miR-218-5p is a downstream
target of LINCO1176 and that IL-36G is negatively regulated by miR-218-5p. That is, LINCO01176 positively regulates
IL-36G expression by inhibiting miR-218-5p.

LINCOI176 and miR-218-5p Had Opposite Effects on HaCaT Cells

The CCK-8 assay (Figure 5a) showed that LINCO01176 significantly promoted the proliferation of HaCaT cells (48 h,
P<0.05; 72 h; P<0.001). However, miR-218-5p mimics inhibited cell proliferation (48 h, P<0.01; 72 h, P<0.01).
Similarly, flow cytometry showed that LINC01176 significantly inhibited apoptosis in HaCaT cells (P<0.01), and miR-
218-5p mimics significantly promoted apoptosis (P<0.01) (Figure Sb—e).

The Intervention of LINCOI 176 in a Mouse Model of Psoriasis

We successfully established the psoriasis mouse model group, and the degree of skin damage in the model group was
increasingly serious. Ten days after treatment, erythema, thin scales, skin wrinkles, thickening, and scaly detachment
appeared. Compared with the OC group, the LINC01176 shRNA treatment group had lighter and thinner skin erythema
and fewer silvery-white scales (Figure 6a).

The results of HE staining showed that compared with the NC group, the epithelial layer of the OC group was
thickened, the keratosis of the stratum corneum was incomplete, and the infiltration of dermatitis cells was obvious,
which was similar to the histological manifestations of psoriasis. Compared with the OC group, the Stratum Spinosum of
the LINC01176-shRNA treatment group became thinner, and the epidermis gradually returned to normal (Figure 6b).
Compared with NC group, the expression of IL-36G in the OC group increased significantly; Compared with OC group,

o
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Figure 5 miR-218-5p and LINCRNA 01176 had opposite effects on HaCaT cells. (a) CCK8 results showed that LINCOI 176 promoted the proliferation of HaCaT cells, and
mir-218-5p inhibited the proliferation of HaCaT cells. (b—e) Flow cytometry showed that LINCOI | 76 inhibited the apoptosis of HaCaT cells, and mir-218-5p promoted the
apoptosis of HaCaT cells (*P < 0.05, **P < 0.01, ***P < 0.001.).
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showed that IL-36G expression after interference with LINCOI 176 approximated that of the NC group, the scale in the figures is 200:1. (d) qPCR results showed that

interference with LINCOI 176 decreased the gene expression levels of inflammatory factors IL-17, IL-23, and TNF-o in a mouse model of psoriasis (*P < 0.05, **P < 0.01,
P < 0.001.).
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the expression of IL-36G in the LINCO1176-shRNA treatment group was significantly decreased, similar to that of the
NC group (Figure 6¢). The qPCR results showed that the gene expression levels of inflammatory factors IL-17 (P<0.01),
IL-23 (P<0.01), and TNF-a (P<0.001) were significantly increased in the OC group relative to the NC group; Comparing
with the OC group, the gene expression levels of inflammatory factor IL-17 (P<0.05), IL-23 (P<0.05), and TNF-a
(P<0.05) had significantly decreased gene expression levels in the LINC01176-shRNA treatment group (Figure 6d). This
finding indicates that LINC01176 and IL-36G are positively correlated with the severity of psoriasis.

Discussion

Psoriasis is a chronic, recurrent, and immune-mediated inflammatory disease that affects 2—3% of the world population.'®
The roles of various cytokines in psoriasis have been extensively studied over the last few decades.'” Therefore,
cytokine-targeted drugs have been developed, including adalimumab (which targets tumour necrosis factor-alpha),
secukinumab (which targets IL-17A), and ustekinumab (which targets IL-12 and IL-23 P40).'® However, the role of
IncRNAs in psoriasis remains largely unclear.

IncRNAs are a class of genes that do not encode proteins and play a key role in cell metabolism, senescence, and apoptosis.'”
IncRNAs have important roles in immune and inflammatory pathways by regulating gene expression through multiple
mechanisms.”® Some IncRNAs (eg, MEG3, AL162231.4, and NONHSAT044111) were down-regulated during psoriasis
pathogenesis, whereas other IncRNAs (eg, PRINS, MIR31HG, RP6-65G23.1, MSX2P1, SLC6A14-1:1, and NR_003062)
were up-regulated.”’ According to ceRNA theory, IncRNAs act as “sponges” for miRNAs, reducing the effect of miRNAs on
their target genes and thus promoting their expression.”? For example, IncRNA-MSX2P1 activates S100A71 and facilitates the
growth of IL-22-stimulated keratinocytes by inhibiting miR-6731-5p,> and IncRNA H19 regulates the differentiation of
keratinocytes by increasing desmoglein 1 expression through sponging miR-130b-3p.** YW et al showed that LncRNA XIST
was highly expressed in the serum of patients with psoriasis, and was positively correlated with disease severity and inflamma-
tion, XIST may regulate keratinocyte proliferation and inflammation via regulating miR-338-5p/IL-6 axis.*’

In the present study, psoriasis-associated IncRNA-miRNA-mRNA networks were constructed based on ceRNA
theory, and the DEGs were also subjected to GOBP enrichment analysis and KEGG pathway enrichment analysis. We
have identified a molecular mechanism for the action of LINC01176. Dual-luciferase reporter gene analysis revealed that
LINCO1176 could target miR-218-5p and regulate the expression of IL-36G. GOBP analysis of the key IncRNAs
revealed that IL-36G was involved in the cornification pathway, inflammatory response to antigenic stimulus pathway,
and positive regulation of the JNK cascade pathway. These findings align with prior research. Upregulation of miR-218-
5p inhibits the invasion and migration of PCa cells. The expression of miR-218-5p was decreased in bone metastatic
prostate cancer tissues and serum samples, which was positively correlated with poor clinicopathological features and
bone metastasis-free survival of prostate cancer patients.® The level of miR-218-5p in GBC was significantly lower than
that in adjacent noncancerous tissues, which was also related to the prognosis of patients.”” Serum levels of IL-36G are
closely linked to psoriasis disease activity (as measured by PASI) and decrease under treatment with anti-TNFa drugs.
IL-36G has a highly specific positive predictive diagnostic value for psoriasis.*®

However, this study has some limitations to consider. First, a single biological signaling molecule may not provide
a complete cure. Additionally, the prognosis and staging of LINC01176, miR-218-5, and IL-36G in psoriasis were not

investigated, necessitating further research.

Conclusion

In conclusion, this study proposes a new and important psoriasis-related Cerna network based on ceRNA theory. These
findings suggest that LINCO01176 plays a key role in the development of psoriasis. LINC01176 can act as a ceRNA for miR-
218-5p and promote keratinocyte proliferation and invasion and inhibit apoptosis by increasing the expression of IL-36G. The
present study provides insight into the molecular mechanisms of psoriasis, and this may help to identify novel therapeutic
targets for the treatment of psoriasis in the future.
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