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Secukinumab affects the expression levels of LncRNAs MEG3 and
MSX2P1 in an in vitro psoriasis model
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Abstract

Purpose: Psoriasis is a common chronic inflammatory skin disease characterized by recurrent, scaly plaques.
IL-17 plays a central role in its pathogenesis, and Secukinumab—an anti-IL-17A monoclonal antibody—is
widely used for treatment. Long non-coding RNAs (LncRNAs) regulate keratinocyte proliferation and immune
responses, yet their response to IL-17 inhibition remains unclear. This study aimed to investigate the effect of
Secukinumab on MEG3 and MSX2P1 IncRNA expression in a psoriasis cell culture model.

Materials and methods: HaCaT cells were stimulated with lipopolysaccharide (LPS) to mimic inflammatory
conditions, followed by treatment with various doses of secukinumab. Cell viability was assessed at 24, 48,
and 72 hours using CCK-8, with 7.5 mg/ml determined as the LD, concentration. RNA was isolated, and gene
expression levels were measured via qRT-PCR.

Results: The results demonstrated an approximately 20-fold reduction in MEG3 expression and an approximately
190-fold reduction in MSX2P1 expression following secukinumab treatment compared to the control group.
These findings suggest that IL-17 inhibition may influence keratinocyte function through the modulation of
LncRNAs associated with proliferation and inflammation.

Conclusion: Secukinumab appears to alter the expression patterns of key LncRNAs in keratinocytes. Further
investigation is warranted to clarify the downstream molecular pathways involved and their relevance in the
clinical management of psoriasis.
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Oz

Amag: Psoriasis, tekrarlayan ve pullu plaklarla karakterize edilen yaygin bir kronik inflamatuar deri hastaligidir.
IL-17, hastaligin patogenezinde merkezi bir rol oynamakta olup, IL-17A’y1 hedefleyen monoklonal bir antikor
olan Secukinumab bu amagla yaygin olarak kullaniimaktadir. Uzun zincirli kodlamayan RNA'lar (IncRNA'lar),
keratinosit proliferasyonu ve bagisiklik yanitlarinin diizenlenmesinde rol oynamaktadir; ancak IL-17 blokajina
verdikleri yanit hala net olarak bilinmemektedir. Bu ¢calisma, bir psoriasis hlcre kultiri modelinde IL-17 inhibitort
Secukinumab’in, keratinosit proliferasyonu ve inhibisyonunda rol oynayan MEG3 ve MSX2P1 adli iki IncRNA'nin
ekspresyonu uzerindeki etkisini arastirmayi amaclamaktadir.

Gereg¢ ve yontem: HaCaT hicreleri, inflamatuar kosullari taklit etmek amaciyla lipopolisakkarit (LPS) ile
uyarilmis ve ardindan gesitli dozlarda Secukinumab ile tedavi edilmistir. Hiicre canliidi 24, 48 ve 72 saatlerde
CCK-8 yontemi ile degerlendiriimis ve 7,5 mg/ml konsantrasyonu LD, olarak belirlenmigtir. RNA izolasyonu
yapilmis ve gen ekspresyon seviyeleri qRT-PCR yontemiyle Sl¢tlmuistar.

Bulgular: Secukinumab tedavisi sonrasi, kontrol grubuna kiyasla MEG3 ekspresyonunda yaklasik 20 kat,
MSX2P1 ekspresyonunda ise yaklasik 190 kat azalma gozlenmistir. Bu bulgular, IL-17 inhibisyonunun,
proliferasyon ve inflamasyonlailigkiliincRNA'larin modulasyonu yoluyla keratinosit fonksiyonunu etkileyebilecegini
distndirmektedir.

Sonug: Secukinumab keratinositlerde dnemli IncRNA'larin ekspresyon diizenini degistirebilmektedir. Psoriasis'in
klinik ydnetiminde bu degisikliklerin roltinu ve iligkili molekdler yollari aydinlatmak icin ileri calismalara ihtiyac
vardir.
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Introduction

Psoriasis is a prevalent, chronic inflammatory
dermatological condition defined by well-defined
flaky plaques. It exhibits a high incidence rate
and a propensity for relapse. The pathogenesis
of psoriasis is intricate and not fully understood;
it is believed to be related to multiple elements,
including atypical keratinocyte proliferation and
differentiation and immune disorders [1].

The epidermis is a continuously regenerating
epithelial tissue, typically consisting of several
layers: at the bottom, the basal layer (stratum
basale), and at the top, the stratum corneum.
Its primary function is protecting the body from
possibly harmful surroundings by providing
barriers. The basal layer cells account for
the ongoing regeneration of the epidermis;
however, only 15% of these cells are actively
engaged in this process, while the remainder
are in a quiescent state [2].

Nine distinct genomic regions have been
identified as susceptible to psoriasis. Only the
PSORS1 (Psoriasis susceptibility gene) has
been robustly confirmed across all examined
organisms [3].

Long noncoding RNAs (LncRNAs) are RNAs
more than 200 nucleotides in length that lack
protein-coding capacity. LncRNAs play roles
in several critical biological functions, such
as cellular balance, genomic imprinting, and
growth [4].

Secukinumab is a human monoclonal
antibody targeting interleukin-17  (IL-17A).
In Phase lll clinical trials involving moderate
to severe plaque psoriasis, secukinumab
demonstrated high efficacy and tolerability [5].

Advancements in understanding the critical
role of T cells in psoriasis pathogenesis and
chronic inflammatory pathways have facilitated
the development of various biological agents
targeting specific inflammatory processes [6].
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LncRNA maternally expressed 3 (MEG3)
is located at the DLK71-MEG3 locus on
chromosome 14q32.3. Significantly reduced
expression of MEG3 has been observed
in various neoplasms, gastric NSLC, and
gallbladder cancer. Overexpression of MEG3
may inhibit proliferation and promote apoptosis
in certain tumor cells. MEG3 influences the
growth, apoptosis, and metastasis of gastric
and cervical cancer cells by regulating miR-21
expression. Physically, MEG3 is associated with
miR-21 expression. Nonetheless, the effect of
MEG3 on miR-21 on the growth and apoptosis
of psoriatic cells remains uncertain [7].

Numerous mechanisms contribute to the
reduction of MEG3 expression in tumors,
including  deletion, hypermethylation  of
promoter and intergenic sites. The expression
of MEG3 has been shown to inhibit tumor
proliferation and colony formation in Vvitro.
The growth prevention is partially attributed to
MEG3-induced apoptosis. MEG3 facilitates
the accumulation of p53 protein, stimulates
transcription from a p53-dependent promoter,
and selectively regulates the expression of
p53 target genes. MEG3 is composed of ten
exons. Its transcription results in various MEG3
transcripts arising from different RNA splicing. 12
MEG3 RNA isoforms, designated as MEG3 and
MEG3a to MEG3k, have been identified. The
predominant variant is MEG3, which includes
1-4 and 8-10 exons. The mature MEG3 RNA
is approximately 1600 nucleotides in length [8].
MEGS3 has been implicated in the elimination of
mycobacteria through autophagy, indicating its
potential role in regulating psoriasis autophagy
and inflammation, a function not previously
reported [9].

The IncRNA Msh homeobox 2 pseudogene
1 (MSX2P1) is associated with the MSX gene
family, which belongs to the homeobox family.
Homeobox genes constitute a ginormous and
heterogeneous group of genes that perform a
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crucial task in embryonic development across
most organisms. The genes are defined
with a specific DNA sequence known as a
homeobox, which codes a recognizable protein
homeodomain. Many homeodomains’ proteins
function as transcription factors integral to
embryonic formation and cell differentiation [10].
MSX2P1 promotes the proliferation of [L-22-
stimulated keratinocytes by inhibiting microRNA
(miRNA/miR)-6731-5p and upregulating
S100A7 expression [11].

This study investigates the impact of
keratinocyte proliferation and the inhibition of the
IL-17 inhibitor secukinumab, the latest biological
agent employed in psoriasis treatment, on the
expression levels of MEG3 and MSX2P1 in a
cell culture psoriasis model.

Materials and methods
HaCaT cell culture

HaCaT human keratinocyte cells were
cultured to evaluate the effects of secukinumab
(Verxant). Cells were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM; Sigma)
supplemented with 10% fetal bovine serum
(FBS), 1% penicillin-streptomycin, and 1%
amphotericin B (Capricorn). A total of 2.5 x 10°
cells were seeded in 25 cm? flasks containing
complete medium and incubated at 37°C in a
humidified atmosphere with 5% CO,. Upon
reaching approximately 80% confluency, cells
were passaged.

For subculturing, cells were washed with
phosphate-buffered saline (PBS), treated with
trypsin-EDTA, and incubated at 37°C for 5
minutes. After detachment, cells were collected
by centrifugation. Cell viability and counts were
assessed using a Neubauer chamber following
trypan blue staining.

Cell viability test

To establish an in vitro psoriasis-like model,
HaCaT cells were pre-treated with 200 ng/
mL lipopolysaccharide (LPS; Sigma, L2630)
for 24 hours. Following LPS stimulation, cells
were exposed to increasing concentrations of
secukinumab (Verxant) (0.1, 0.25, 0.5, 1, 2.5, 5,

7.5, and 10 mg/mL) to assess drug cytotoxicity.
For this purpose, cells were cultured in 96-well
plates and incubated at 37°C with 5% CO,
for 24 hours. After treatment with LPS and
secukinumab, cell viability was evaluated at
24, 48, and 72 hours using the Cell Counting
Kit-8 (CCK-8; Dojindo). Briefly, 10 yL of CCK-8
solution was added to each well and incubated
for 4 hours. Absorbance at 450nm was
measured using a plate reader, and the half-
maximal inhibitory concentration (LD,,) was
calculated based on viability results.

RNA isolation

For total RNA extraction, HaCaT cells were
seeded in each well of 6-well plates. After 24
hours of incubation, cells were stimulated with
LPS, followed by 7.5 mg/mL secukinumab
treatment after an additional 24 hours. Cells
were then incubated for 72 hours before RNA
isolation using the Hybrid-R Mini Kit (GeneALL),
following the manufacturer’s protocol.

Shortly, cells were lysed with RiboEx™,
mixed with chloroform, and centrifuged at
12,000 x g for phase separation. The aqueous
phase was recovered and mixed with RB1 buffer
before loading onto Hybrid-R spin columns.
Washing steps were sequentially performed
with SW1 and RNW buffers. RNA was eluted
in nuclease-free water, and concentration
and purity were assessed using a NanoDrop
spectrophotometer.

cDNA synthesis

cDNA conversion was performed for
IncRNA expression analysis using (A.B.T.™
cDNA Synthesis Kit). The reaction mixture
was prepared with 1x buffer in a 20 pl reaction
volume.

Expression analysis

The expression reaction of MEG3 and
MSX2P1was prepared using the original primers
and A.B.T. ™ 2X PCR MasterMix in a 20 pl total
reaction volume for 40 cycles. The analysis was
performed using PCR array data. The primers
used in this study and their corresponding base
sequences are shown in Table 1.
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Table 1. Primers and base sequences

Primers Base Sequence

MEG3-F 5 TTGAAACTTAACTCTTTTGGGGCA 3’
MEG3-R 5 TGCCGATATTGTTGTTCATCTTGT 3
MSX2P1-F 5" CGTCACTGATACTCACCTCATA 3
MSX2P1-R 5 GTACTGGCCTACAGAACTGGTA 3
GAPDH-F 5 ATGTTCCAATATGATTCACCC 3’
GAPDH-R 5 ATGAGTCCTTCCACGATACC 3

Potential targets analysis

Potential targets of MEG3 were determined
utilizing Encori (https://rnasysu.com/encori/).
Afterwards, hierarchical classification and plot
analysis were conducted utilising ShinyGO
(https://bioinformatics.sdstate.edu/go/).

Statistical analysis

Expression changes were discovered using
the 2-AACT method and web-based RT2
IncRNA PCR data analysis. The web-based
analysis was performed based on Student’s
t-tests. All experiments were performed in
triplicate. A p-value of <0.05 was considered
statistically significant.

In this study, cell line experiments do not
require ethical approval.

Results
Cell viability test

Based on the CCK-8 assay results, treatment
with Secukinumab at a concentration of 7.5 mg/
ml corresponded to the LD, value, indicating
that this dose induced approximately 50% cell
death under the experimental conditions.

Expression analysis

Upon the induction of the psoriasis model
in HaCaT cell culture, the expression levels of
the INcRNA MEG3 and the MSX2P1 gene were
assessed using quantitative real-time PCR,
with GAPDH serving as the internal control.
Relative to the control group, MEG3 expression
increased approximately 20.68-fold, while
MSX2P1 expression exhibited a substantial
upregulation of approximately 190.02-fold.
These results indicate that psoriasis-like
inflammatory conditions in HaCaT cells may
lead to significant dysregulation of MEG3 and
MSX2P1, suggesting a potential role for these
genes in the molecular pathology of psoriasis.

To investigate the potential therapeutic
effect of Secukinumab, induced HaCaT cells
were subsequently analyzed. Secukinumab
treatment resulted in a 0.27-fold change in
MEG3 expression and a 1.77-fold change in
MSX2P1 expression. These findings suggest
that Secukinumab partially reversed the
psoriasis-associated dysregulation of MEG3
and MSX2P1 expression (Table 2).

Table 2. Fold change in MEG3 and MSX2P1 expression in HaCaT cells after LPS-induced psoriasis

model and subsequent secukinumab treatment

Control Fold Change Secukinumab Fold Change
1 GAPDH 1 1
2 MEG3 20.68 0.27
3 MSX2P1 190.02 1.77
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MEG3 targets and signaling pathway
analysis

The possible targets of IncRNA MEG3 were
identified using the ENCORI platform. These
targets were then organized into a hierarchical
structure using ShinyGO software, followed
by chart analyses. The analysis indicated that

MEGS3 target genes are primarily involved in
signaling cascades pertinent to keratinocyte
biology, including the IL-17, mTOR, PI3K-Akt,
Hippo, Wnt, cell cycle, ErbB, and EGFR tyrosine
kinase inhibitor resistance pathways, as well
as metabolic processes such as cysteine and
methionine metabolism and purine metabolism
(Figure 1).
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Figure 1. Hierarchical Classification and Chart analysis of MEG3 keratinocyte-related target genes
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A separate pathway analysis concentrating
on psoriasis-related targets of MEG3
demonstrated enrichment in a similar array of
pathways, including mTOR, PI3K-Akt, ErbB,
cell cycle, and EGFR tyrosine kinase inhibitor
resistance, alongside metabolic pathways
such as cysteine and methionine metabolism

(Figure 2). The overlap between keratinocyte-
associated and psoriasis-associated pathway
profiles suggests that MEG3 may regulate
common molecular mechanisms underlying
both epidermal cell function and triggering
psoriatic disease processes.
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Figure 2. Hierarchical Classification and Chart analysis of MEG3 psoriasis-related target genes
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Discussion

Psoriasis, recognized by the WHO as
one of the major non-infectious disorders,
impacts around 2-3% of the world’s people.
Mechanistically, = immunological = mediators
of the IL-23 and IL-17 route cause the
hyperproliferation and disrupted epidermal
keratinocyte differentiation, leading to psoriatic
lesions. Therapies that specifically aim at IL-
23, IL-17, and IL-17RA are licensed for clinical
usage and have excellent performance; in fact,
psoriasis is the foremost iliness to be effectively
cured with therapies that directly inhibit the
function of the cytokines of this pathway [12].

Secukinumab is a new-generation biologic
drug that specifically targets IL-17, a key
molecule in the disease course. Clinical trials
have shown that secukinumab is effective
in treating plaque psoriasis, in addition to
psoriatic arthritis and ankylosing spondylitis. It
targets IL-17 and prevents binding to the IL-17
receptor found in various cell types, including
keratinocytes, thereby reducing IL-17-mediated
effects [13, 14].

Chen et al. [15] reported that reduced
expression of MEG3led to decreased expression
of caspase-8 and Bax, while increasing the
expression of Bcl-2, which acts as an inhibitor of
apoptosis. Overexpression of MEG3 significantly
diminished miR-21 expression. In HaCaT
and NKEK cells, overexpression of miR-21
counteracted the reduction in cell proliferation,
elevated apoptosis, increased expression
of caspase-8 and Bax, and decreased Bcl-2
expression induced via MEG3 overexpression.
In summary, MEG3 can mitigate abundant
proliferation and poor apoptosis of psoriatic
keratinocytes by controlling the expression of
miR-21 and caspase-8.

Recently, increasing  evidence  has
elucidated the significant regulatory function of
IncRNA MEGS3 in keratinocyte biology and the
pathogenesis of psoriasis. Tang et al. [9] pointed
out that MEG3 expression is downregulated in
keratinocytes and psoriatic mouse skin with
TNF-a-treated, and that its overexpression
suppresses inflammation while promoting
autophagy by inhibiting the PI3K/AKT/mTOR
signaling pathway. This is consistent with our
bioinformatic findings, where MEG3-associated

pathways were enriched in the control of
inflammation, keratinocyte proliferation, and
autophagy, suggesting a convergent mechanism
in disease modulation. Furthermore, several
psoriasis-related studies have emphasized the
role of MEG3 in broader regulatory networks
involving immune—epidermal interactions. Shi
etal. [16] reviewed that multiple psoriasis-
associated LncRNAs, including MEGS3,
can regulate  keratinocyte  proliferation,
differentiation, and inflammatory signaling, often
through crosstalk with cytokine pathways such
as IL-17 and TNF-a. This supports our pathway
analysis, which identified cytokine-receptor
interactions and NF-kB—mediated inflammation
as downstream targets of MEG3. Collectively,
our bioinformatic mapping of MEG3 target
genes in keratinocytes and psoriasis aligns
closely with experimental studies showing its
role in suppressing PISK/AKT/mTOR-mediated
inflammation, influencing IL-17—-related immune
pathways, and modulating keratinocyte
function. These connections reinforce the
notion that MEG3 may serve as a therapeutic
target bridging the epidermal and immune
components of psoriasis.

In addition, immune-related literature
connects these MEG3-modulated pathways to
T cell-mediated psoriasis pathogenesis. Chen
etal. [15] highlighted that IL-17—producing
yo T cells play a dominant role in sustaining
psoriatic inflammation and driving keratinocyte
hyperproliferation, linking our MEG3 target
map to IL-17—-driven epidermal changes. Shi
et al. [17] further reported that IL-17 enhances
keratinocyte proliferation and inflammatory
mediator production, while regulatory T cell
dysfunction exacerbates this effect, underlining
the significance of MEGS3-related cytokine
signaling modulation.

In 2018, Qiao et al. [11], reported that
following IL-22 treatment, there was a notable
rise in MSX2P1 mRNA levels in both HaCaT
and HNEK cells. IncRNA-MSX2P1 acts as
an endogenous sponge RNA by binding
directly to miR-6731-5p, resulting in increased
S100A7 and other pro-inflammatory cytokines
by suppressing miR-6731-5p expression
and activating S7100A7 in IL-22-stimulated
keratinocytes, thereby contributing to the
development of psoriasis.
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In this study, which explores the impact of
the interleukin-17 inhibitor Secukinumab on the
expression levels of two LncRNAs associated
with keratinocyte proliferation and inhibition,
notable findings emerged from the cell culture
psoriasis model. Specifically, MEG3 expression
was decreased by 20 times following the addition
of secukinumab treatment, while MSX2P1
expression decreased by 190 times. Given
these data, the observed changes indicate that
Secukinumab is associated with the MEG3 and
MSX2P1 pathways.

It is still necessary to investigate the impact
of treatments that target the IL-23 and IL-17
pathways on the long-term fate of the disease.
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