:' frontiers ‘ Frontiers in Immunology

@ Check for updates

OPEN ACCESS

Emanuele Bizzi,
Vita-Salute San Raffaele University, Italy

Stefano Ministrini,

University of Zurich, Switzerland
Anber Ancel Tanaka,

Faculdade Evangélica do Parand, Brazil

Piero Ruscitti
piero.ruscitti@univag.it

These authors share last authorship

24 July 2025
12 August 2025
02 September 2025

Mastrangelo M, Ruscitti P, Bruni M,
Lucantonio E, De Berardinis A, Barile A,
Fargnoli MC, Cipriani P, Esposito M and
Pellegrini C (2025) Assessment of gene
signatures following the inhibition of IL-23:
a study to evaluate the mechanistic effects
behind the clinical efficacy of guselkumab
in patients with psoriatic arthritis.

Front. Immunol. 16:1672667.

doi: 10.3389/fimmu.2025.1672667

© 2025 Mastrangelo, Ruscitti, Bruni,
Lucantonio, De Berardinis, Barile, Fargnoli,
Cipriani, Esposito and Pellegrini. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Immunology

Brief Research Report
02 September 2025
10.3389/fimmu.2025.1672667

Assessment of gene signatures
following the inhibition of

IL-23: a study to evaluate the
mechanistic effects behind the
clinical efficacy of guselkumab
in patients with psoriatic arthritis

Mirco Mastrangelo®, Piero Ruscitti®*, Manfredo Bruni®,
Eleonora Lucantonio®, Andrea De Berardinis®, Antonio Barile®,
Maria Concetta Fargnoli?, Paola Cipriani*, Maria Esposito®!
and Cristina Pellegrini*!

‘Department of Biotechnological and Applied Clinical Sciences, University of L'Aquila, L'Aquila, Italy,
2San Gallicano Dermatological Institute, Istituto di ricovero e cura a carattere scientifico (IRCCS),
Rome, Italy

Objectives: The aim of this study was to evaluate the transcriptome of peripheral
blood mononuclear cells (PBMCs) derived from patients affected by psoriasis
(PSO) and psoriatic arthritis (PSA) following treatment with guselkumab, an
interleukin (IL)-23 inhibitor.

Methods: mMRNA was extracted by PBMCs, before and after 24 weeks of
treatment with guselkumab, and RNA sequencing was performed in paired-
end mode by Illumina technology using the Novaseq6000 platform.
log2FoldChange > 1 and p,q; < 0.05 were the established cutoff to discriminate
genes differentially expressed between pre- and post-therapy. For annotation
and predictive enrichment analysis of deregulated genes in biological pathways,
RStudio was used, and Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) databases were queried. Cytoscape_v3.10.3 was used for
the development of the network between deregulated genes.

Results: Six naive active patients with PSO and PSA, diagnosed with a duration <2
years, were assessed before and after 24 weeks of treatment with guselkumab.
Performing the quality check and filtering analyses, we found 506 transcripts
deregulated between pre- and post-therapy, of which 129 were upregulated and
377 were downregulated. The most upregulated mRNAs included SYTL3, CPT1A,
TMEM208, GINS4, and TNFRSF13C. The most downregulated mRNAs included
CCR2, TPT1, MYCBP, CMPK1, and TMEMG65. Enrichment with the GO database
showed the following main deregulated processes: “protein targeting”, “the
establishment of protein localization to membrane”, and “metabolism of fatty
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acids”. The analysis of the main macro-process showed the several pathways
deregulated after therapy, including signaling related to ethanol metabolism,
thermogenesis, oxidative phosphorylation, and fatty acid metabolism (KEGG).
Conclusions: Our findings may give further insights into manipulated
mechanistic pathways by IL-23 inhibition in patients with PSO and PSA.

psoriasis, psoriatic arthritis, guselkumab, therapy, transcriptome

Introduction

Psoriasis (PSO) is an inflammatory skin disease characterized
by well-defined erythematous and scaly plaques mainly localized on
the extremities and the scalp, which can be associated with
musculoskeletal manifestations, involving peripheral joints,
entheses, and axial skeleton, under the umbrella of the so-called
psoriatic arthritis (PSA) (1, 2). In this context, the idea of the
psoriatic disease continuum has been progressively prompted based
on the advances of the knowledge about the occurrence of PSO and
PSA (3). A complex and multidimensional pathogenetic model has
been recently proposed linking the inflammatory mechanisms
underlying both skin and joint manifestations (4, 5). On a
predisposing genetic background, a combination of
environmental triggering factors, such as smoking, biomechanical
stress, infections, or obesity, and an aberrant immune response may
induce the development of a chronic inflammatory process and
aberrant production of inflammatory cytokines (6). The resulting
dysregulation of the innate and adaptive immune system,
underpinning the disease development, may simultaneously
involve both the skin and the joints, leading to the clinical
manifestations (7-9). In this context, multiple lines of evidence
show the importance of interleukin (IL)-23 in the pathogenesis of
psoriatic disease since it may induce and perpetuate the activity of
Th17 cells (4-9). This heterodimeric cytokine is composed of IL -
12B (IL - 12p40) and IL - 23A (IL - 23p19) subunits. Given this
pathogenic background, IL - 23 inhibitors have been successfully
used to treat patients with PSO and PSA (10, 11). The
administration of these drugs is suggested in patients, who are
identified as non-responders to first-line therapies (12, 13). Among
IL - 23 inhibitors, guselkumab specifically targets the p19 subunit of
IL - 23; it shows a high rate of efficacy in patients with PSO and in
those with PSA (10-13). However, the mechanisms underlying the
efficacy of guselkumab are not fully elucidated yet. In this context,
bulky RNA sequencing of peripheral blood mononuclear cells
(PBMCs) could provide the landscape of mechanisms associated
with the efficacy of guselkumab in these patients (14, 15) and how
the inhibition of IL - 23 could also affect other pathways in psoriatic
disease, resulting in patient clinical response. On these bases, we
aimed at evaluating the data of RNA sequencing of PBMCs derived
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from patients affected by PSO and PSA following treatment
with guselkumab.

Methods
Study design and patients

Consecutive active patients diagnosed with PSO and PSA (16, 17)
were assessed among those attending the Dermatologic and/or
Rheumatologic Clinics of the University of L’Aquila, L’Aquila, Italy
(16, 17). We included adult patients (age >18 years) with PSO, naive to
systemic immunomodulating therapies, diagnosed to have PSA with a
duration <2 years, and eligible to treatment with an IL - 23 inhibitor
since they were affected by a moderate to active disease evaluated by the
Psoriasis Area Severity Index (PASI) for skin involvement and Disease
Activity Index for Psoriatic Arthritis (DAPSA) for joint manifestations.
We included patients with PSO and PSA to find possible common
pathogenic mechanisms, across the concept of the psoriatic disease
continuum (1-5), in a hypothesis generating exploratory work to
provide the basis for further studies. Considering the route of
administration, following the induction phase, guselkumab was given
every 8 weeks. In these patients, blood samples were collected before and
after 24 weeks of treatment with guselkumab. PBMCs were obtained
from 10 mL of whole blood by standard protocols and stored at —80°C.

The Internal Review Board of the University of L’Aquila
(protocol number: Internal Review Board University of L’Aquila
01/2022) approved this study.

RNA extraction

Total RNA was extracted at baseline and after treatment with
guselkumab from PBMCs, by using the AllPrep DNA/RNA/miRNA
Universal kit (Qiagen, Germany) according to the manufacturer’s
instructions. RNA quantification and purity were measured with
Qubit Fluorometer v3.0 (Thermo Fisher Scientific). One microgram
of RNA was subjected to retro-transcription by using the TaqMan®
Micro-RNA Reverse Transcription kit (Thermo Fisher Scientific,
CA, USA).
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RNA sequencing

RNA sequencing was performed in paired-end mode by
IMumina technology using the Novaseq6000 platform. A quality
check was performed on the sequencing data using the FastQC tool
(18). The reference track was the assembly Human obtained from
GenCode (relese35-v44) (19, 20) for human samples.

The quantification of transcripts expressed for each sequenced
sample was performed using the featureCount algorithm. The DESeq2
tool (21) was used to normalize the data and perform the differential
expression analysis. In this case, we performed PostTherapy (PostT) vs.
PreTherapy (PreT) comparison. log2FoldChange > 1 and p,g; < 0.05
were used to discriminate genes that were differentially expressed. For
annotation and predictive enrichment analysis of deregulated genes in
biological pathways, Gene Ontology (GO) term ontologies and Kyoto
Encyclopedia of Genes and Genomes (KEGG) 2021 Human were
queried trough RStudio (22). Cytoscape_v3.10.3 and ClueGO were
used for the development of the network between deregulated genes.

Results
Clinical findings

Six patients (mean age, 54.5 + 9.9 years; four women and two
men) with PSO and PSA, diagnosed for a duration <2 years, were
assessed before and after 24 weeks of treatment with guselkumab.
All these patients were naive to systemic immunomodulating
therapies and eligible to treatment with an IL - 23 inhibitor
according to clinician judgment since all were affected by a
moderate to active disease considering both skin and joint
involvement. All patients were affected by moderate to severe
plaque-type PSO and underwent current topical therapies (mean
PASI, 3; range, 1.5-15). All patients were also affected by peripheral
arthritis (mono- or oligoarthritis), enthesitis, and axial involvement.
Before the administration of guselkumab, they were treated with
nonsteroidal anti-inflammatory drugs (NSAIDs) but without a
good clinical response (mean DAPSA, 18; range, 14-26). All
patients were treated with guselkumab in monotherapy.
Following the administration of such drug for 24 weeks, all
patients achieved a clinically relevant response for the skin
involvement with an almost complete remission of the lesions
(achievement of PASI90). Considering the joint manifestations,
all patients but one attained a clinically significant response
during the follow-up (DAPSA < 4). The non-responder patient
did not present differences compared to the other patients and did
not reach the clinical target for the joint involvement (DAPSA >
14). No side effects were reported in these patients.

Bulky RNA sequencing
Bulky RNA sequencing was performed in PBMCs of these

patients to discriminate gene differentially expressed between
before and after the administration of guselkumab
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(Supplementary Figure 1). Performing the quality check and then
the filtering analyses (log2FoldChange > 1 and p,q; < 0.05)
(Supplementary Figure 2) and filtering only coding mRNAs, we
found 506 deregulated genes, of which 129 were upregulated and
377 were downregulated (Figure 1) between before and after the
administration of guselkumab. In Table 1, the top 10 upregulated
and downregulated genes are reported. We list the entire set of
deregulated genes in Supplementary Tables 1, 2.

In Figure 2A, we observe the enrichment analysis in the GO
database of the upregulated processes, and in Figure 2B, we observe
the downregulated ones. For KEGG enrichment, we performed the
analysis for upregulated pathways (Figure 2C) and downregulated
pathways (Figure 2D). In both enrichments, the significant
upregulated processes were those related to B-lymphocyte
activation (pagy = 0.052) and proliferation (p,q; = 0.036). The
downregulated processes in GO were Protein targeting (p.g =
0.016) and Positive regulation by host of viral processes (pag; =
0.018). The main processes downregulated in KEGG were
endocytosis (p,g; = 0.020) and oxidative phosphorylation (p,g =
0.004) (Figure 2D).

Analyzing into the main processes querying GO Biological
Processes, we identified the genes that contribute most to these
deregulated pathways. In Figure 3, through Cytoscape, we
consequently constructed an intricate network within the
enriched pathway, and we reported the downregulated immune
system network after the administration of guselkumab
(Supplementary Figures 3A, B, respectively).

Discussion

In this study, we provided a mechanistic scenario of the
manipulated pathways following the administration of
guselkumab in PSO and PSA by bulky RNA sequencing of
PBMCs. This study may suggest how the inhibition of IL - 23
may have “pleiotropic” effects beyond the deregulated immune
response underlying the development of PSO and PSA. In fact,
the drug effects may be associated with some deeper consequences
on cellular activities underpinning the clinical observed efficacy in
treated patients.

The idea of the psoriatic disease continuum is increasingly
prompted by multiple lines of evidence proposing a spectrum of
inflammatory manifestations ranging from cutaneous to joint
features according to a shared pathogenesis (4, 5, 8, 23). In this
scenario, IL - 23 appears to play a key role by stimulating Th17 cells,
and the inhibitors of this interleukin, including guselkumab, are
effective in patients with PSO and PSA who do not respond to first-
line therapies. However, the precise mechanisms of guselkumab
efficacy are not fully understood yet (24). To elaborate further, RNA
sequencing of PBMCs could offer a more detailed understanding of
the molecular mechanisms involved, revealing how IL - 23
inhibition affects other pathological pathways.

In this study, we performed the assessment of transcriptome on
PBMC:s of six patients before and after treatment with guselkumab.
We observed 558 deregulated mRNA, of which 135 were
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FIGURE 1
Heatmap of deregulated genes between pre- and post-therapy. The hierarchically clustered genes are represented by rows, and the samples are
represented by columns. The red and blue colors indicate gene upregulation and downregulation, respectively.

TABLE 1 Top 10 upregulated and downregulated genes.

Depregulated genes FoldChange log2FoldChange

SYTL3 2.035251497 1.02520708 0.179317 1.08E-08 1.35E-05
CPTI1A 2.066934732 1.047492833 0.223078 2.66E-06 0.000583
TMEM208 2.012805082 1.00920747 0.225197 7.41E-06 0.001086
KRT8P52 2.801802281 1.486355151 0.340035 1.24E-05 0.001481
GINS4 2.101707984 1.071562232 0.246373 1.37E-05 0.001579
TNFRSF13C 2.991907818 1.581065726 0.370181 1.95E-05 0.002014
BTBD6P1 3.551366023 1.82837406 0.432779 2.39E-05 0.002361
ZBTB32 4.381363037 2.13137976 0.509365 2.86E-05 0.002625
LAMAS 4.34668184 2.1199145 0.509216 3.14E-05 0.002808
POUSF1P5 2.679498168 1.42196283 0.342086 3.23E-05 0.002874
CCR2 -3.324075244 -1.732953039 0.260797 3.04E-11 5.78E-07
TPT1 —2.676707621 —1.420459561 0.230584 7.26E-10 2.77E-06
HSPE1P13 —9.323992966 —3.220947916 0.544015 3.21E-09 7.63E-06
MYCBP —5.82854984 —2.543136981 0.429048 3.08E-09 7.63E-06
CMPK1 —4.061323098 —2.021949805 0.344425 4.34E-09 7.99E-06
(Continued)
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TABLE 1 Continued

10.3389/fimmu.2025.1672667

Depregulated genes FoldChange log2FoldChange IfcSE p-value Padj
CNIH1 ~3.644073719 ~1.865552145 0317737 432E-09 7.99E-06
TMEM65 ~2.295849806 ~1.199028265 0.204595 4.61E-09 7.99E-06
ARL5A ~2.846598904 ~1.509239226 0263513 1.02E-08 1.35E-05
UBE2K ~3.212611531 ~1.68374654 0.299001 1.79E-08 1.9E-05
GZMK ~4.807008048 ~2.265139219 0.404158 2.09E-08 1.99E-05

upregulated and 423 were downregulated post-therapy. In
particular, we found an upregulation of SYTL3 gene recognized
as increasing serum lipids and thus related to the risk of
hyperlipidemia, which is one of the side effects in patients treated
with guselkumab (25, 26). CPT1A was also found to be upregulated
post-therapy. An interesting study in mice, investigating the action
of rapamycin in autoimmune diseases and its role in inhibiting
Th17 cells by increasing Treg cells, showed that CPTIA was
upregulated following administration of the drug. Rapamycin was
also able to abolish glycolysis in Th17 cells and to promote the fatty
acid oxidation in Treg cells by upregulating the Treg/Th17 ratio
(27). Furthermore, the TNFR13C gene, encoding for a TNF
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pathway receptor, showed increased expression levels after the
inhibition of IL - 23. The role of this receptor in inflammatory
diseases is still not entirely clear, although its interaction with other
proteins is thought to play a crucial role in the presence of high
amounts of autoantibodies (28).

The downregulated genes included CCR2, which is modulated
in patients with PSA and is responsible for the Th2 immune
response (29). Its downregulation after IL - 23 inhibition may
suggest its ability to act not only on the IL23-Th17 axis but also on
the Th2 response (30). Another interesting result is the
downregulation of TPT1 after treatment with guselkumab. TPT1
is released in the serum of patients with PSO and is able to inhibit
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Enrichment of downregulated genes in GO biological processes.

Treg cells, leading to an increase in type 1 macrophages. Its
downregulation may suggest the role of IL - 23 inhibition in
regulating the immune environment (31).

Our studies are in line with the work of Siebert et al., who
observed an upregulation of B cells in a large case series. However,
their work focuses on the enrichment of cell populations and not on
the pathways that can modulate these populations and their
functions (32).

Another important finding is the downregulation of signaling
related to ethanol metabolism (named “alcoholism” in the KEGG
database). Indeed, ethanol has been described in the literature as a
factor that increases inflammatory cytokines and consequently
increases the severity of PSO (33).

An interesting study by Liu et al. also conducted an analysis on
PBMC:s of healthy controls and patients with PSO and PSA. The
single-cell analysis of this study showed that hemopoietic stem
precursors were downregulated in patients with PSA together with
genes encoding ribosomal proteins. In contrast, in patients with
PSA, genes involved in metabolism and mitochondrial processes
were upregulated (34). The results of our study may confirm that
guselkumab could be also able to remodulate these deregulated
processes in the disease context. In fact, after treatment, we noted an
increase in processes regulating hemopoietic precursors and
translational and transcriptional processes, and a decrease in
pathways involved in metabolism, particularly those related to
unsaturated fatty acids and oxidative phosphorylation that could
re-establish a proper Treg/Th17 ratio. In particular, Th17 cells are
strictly dependent on oxidative phosphorylation, and their
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downregulation has been shown in an in vivo study to attenuate
their inflammatory response (35).

It is also interesting to note that fatty acids play an important role
in PSA. In fact, patients with PSA have elevated serum levels of fatty
acids that act as pro-inflammatory mediators, accentuating
inflammation in the joints and psoriatic lesions, with the added
risk of developing cardiovascular events and metabolic syndrome.
The downregulation of unsaturated fatty acids after treatment
therefore acts not only by reducing inflammation in the joints and
psoriatic lesions but also by reducing the risk of comorbidities
associated with this disease (36, 37). Another aspect that might be
of interest is that guselkumab may be able to enhance the immune
response to viral agents as we observed a downregulation of positive
host regulation of viral processes (26). Thus, although, in the long
term, the most frequently reported side effect after guselkumab
therapy is infection, our findings may suggest that this drug could
also be able to enhance the response against viruses, although further
studies are needed to fully clarify this aspect. The increased likelihood
of infection in these patients after guselkumab treatment is probably
due to the fact that Th17 and IL17 play a crucial role in protecting
against infection, and their inhibition leads to reduced protection
against external agents (38, 39).

Despite providing further insights into the mechanism of action
of guselkumab, our study has its share of limitations that affect the
generalization of the results. The relatively low sample size, in spite
of the evaluation of patients who were naive to systemic
immunomodulating therapies and diagnosed to have PSA with a
duration < 2 years, may suggest the need of further studies to fully
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clarify this exploratory study. In addition, our bulky RNA
sequencing has some limitations in evaluating the cell-specific
heterogeneity despite its usefulness for understanding the average
gene expression in a specific sample. A single-cell analysis to
evaluate deregulated pathways in individual populations could
elucidate the mechanisms of this drug and clarify the mechanisms
that trigger side effects. A larger case series could also allow for an
analysis of the differences between responders and non-responders.
Taking together these observations, the hypothesis-generating
nature of our study should be recognized in paving the way for
further larger confirmatory-specific studies. In addition, keeping in
mind the idea of the psoriatic disease continuum (1-5), further
studies are needed to mechanistically compare the different clinical
phenotypes in this context (i.e., patients with PSO but without PSA,
patients with PSO and PSA, and patients with PSA without PSO)
and how these diverse clinical presentations may benefit from the
administration of the same drugs inhibiting IL - 23.

In conclusion, a deeper evaluation of manipulated mechanistic
pathways by the inhibition of IL - 23 in patients with PSO and PSA
was performed in our work. These hypothesis-generating results
may provide the basis for further confirmatory studies to fully
clarify the effects of IL - 23 in patients, underpinning the clinical
efficacy of the administration of guselkumab in these patients. Our
findings may suggest that behind the efficacy of IL - 23 inhibition in
PSO and PSA, the deregulation of pathways beyond the immune
system may be involved in a complex pathogenic scenario.
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PCA (Principal Component Analysis) Analysis in which by evaluating the set of
all genes, it is possible to observe how the analyzed samples are distributed in
space. With the Euclidean distances among all samples in each condition
considered we performed PCA.
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