
Contents lists available at ScienceDirect

Journal of Dermatological Science

journal homepage: www.elsevier.com/locate/jdermsci

Original Article 

Risankizumab differentially modulates circulating T-cell populations  
in psoriasis according to autoreactivity status

Rebecca Favaro a,b, Paola Facheris b, Alessandra Formai a,b, Luigi Gargiulo a,b, Luciano Ibba a,b,  
Giovanni Fiorillo a,b, Roberta Valeria Latorre a,b,1, Jessica Avagliano a,b, Alessandra Narcisi a,b,  
Giampiero Girolomoni c, Santo Raffaele Mercuri d, Antonio Costanzo a,b,⁎

a Department of Biomedical Sciences Humanitas University, Milan, Italy 
b Dermatology Unit, IRCCS Humanitas Research Hospital, Milan, Italy 
c Department of Medicine, Section of Dermatology and Venereology, University of Verona, Verona , Italy 
d Unit of Dermatology, San Raffaele Hospital, Milan, Italy 

a r t i c l e  i n f o

Article history: 
Received 26 March 2025 
Received in revised form 19 July 2025 
Accepted 12 August 2025

Keywords: 
psoriasis
autoantigens
LL37
ADAMTSL5
biomarkers
autoreactivity

a b s t r a c t

Background: In a recent paper, our group described that the presence of double autoreactivity to both LL37 
and ADAMTSL5 autoantigens in psoriatic patients decreased the clinical responses to risankizumab, but 
how this influences the changes in the peripheral inflammatory T-cell populations is still unknown.
Objective: This study aims to evaluate how risankizumab modulates the circulating inflammatory T-cell 
populations in psoriatic patients and, specifically, in autoreactive subjects.
Methods: The presence of LL37- and ADAMTSL5-reactive circulating T-cells was assessed in a cohort of 142 
psoriatic patients, and 87 demonstrated autoreactivity at baseline. Patients were treated with risankizumab 
for 52 weeks, and specific T-cell populations were analyzed at different timepoints.
Results: The frequency of Ki67+CD4+, Ki67+CD8+ T-cells, CD8+IL-17+ and CD8+IL-22+ T-cells showed a posi
tive correlation with baseline PASI and decreased with treatment. Notably, CD8+IL-17+ T-cells decreased 
both in single-LL37 and single-ADAMTSL5-reactive subjects, but not in subjects that showed autoreactivity 
to both autoantigens. LL37 autoreactivity of CD4+ and CD8+ T-cells decreased with treatment, but not for 
CD4+ in double-reactive subjects. While Treg frequency negatively correlated with baseline PASI and in
creased within 16 weeks of treatment, significantly decreasing the IL-17+CD4+/Treg ratio over time, Treg 
modulation was not evident in double-reactive subjects. 

Interestingly, the subpopulations of CD8+MAIT IL-17+ and CD3+MAIT IL-22+ cells, involved also in psoriatic 
arthritis, decreased in treated subjects following IL-23 inhibition.
Conclusion: Rizankizumab efficiently decreases the circulating inflammatory T-cell populations and modulates 
Tregs’ plasticity in single-LL37- or single-ADAMTSL5-reactive subjects, but not in double-reactive subjects.
© 2025 Japanese Society for Investigative Dermatology. Published by Elsevier B.V. All rights are reserved, including 

those for text and data mining, AI training, and similar technologies. 

1. Introduction

Psoriasis is a chronic immune-mediated disease with features of 
T-cell–driven autoimmunity, where T-cell activation and the pro
duction of specific inflammatory cytokines play a central role in the 
disease pathogenesis [1,2].

While the adaptive immune response remains the primary driver 
of psoriatic inflammation, components of the innate immune 
system, including keratinocytes and dendritic cells, may contribute 
to disease initiation by activating NF-κB and type I interferon path
ways. Moreover, genetic variants in innate immune genes such as 
CARD14, IFIH1 (MDA5), and DDX58 (RIG-I) have been associated 
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with enhanced inflammatory signaling, potentially amplifying and 
sustaining chronic skin inflammation [3].

In psoriatic lesional skin and in the blood of severe psoriatic patients, 
high levels of inflammatory cytokines, including interleukin (IL)-17, IL- 
22, IL-23, IL-21, IFN-γ, and TNF-α, have been demonstrated [4–6]. IL-23 
and IL-17 play a crucial role in chronic inflammation [1–3] and represent 
the target of selective biologic drugs for moderate-to-severe psoriasis. IL- 
23, binding to the IL23Rα, induces the terminal differentiation of CD4+IL- 
17+ [7] and modulates the secretion of important effector cytokines, 
including IL-17 and IL-22, from different cellular sources [8,9]. Risanki
zumab, an anti-IL-23 monoclonal antibody that efficiently blocks the 
binding of IL-23 to IL-23Rα, has proven to be a highly effective treatment, 
achieving high rates of PASI100 in both clinical trials [10,11] and in real- 
world studies [12].

Different T-cell populations contribute to psoriasis pathogenesis. 
CD8+ T-cells are considered the ultimate effectors in psoriatic skin 
inflammation [1,13], but CD4+ T-cells are also crucial [14,15]. A subset 
of the IL-17A-producing CD8+ T cell population in psoriatic lesional 
skin is represented by the Mucosal-Associated Invariant T (MAIT) 
cells [16,17], which display innate-like effector functions upon acti
vation. Interestingly, MAITs, which are regulated by IL-23, have been 
found in the synovial fluid of patients affected by psoriatic arthritis 
[18], suggesting a pivotal role in the development of psoriatic ar
thritis. Regulatory T cells (Treg), on the other hand, have strong anti- 
inflammatory functions, and an imbalance of the CD4+IL-17+/Treg 
ratio has been observed in moderate-to-severe psoriasis [19,20].

In up to two-thirds of moderate-to-severe patients, an auto
immune response to skin autoantigens contributes to psoriasis pa
thogenesis [21–23]. To date, at least four psoriasis-associated 
autoantigens have been described: self-nucleic acid complexes of 
the cathelicidin antimicrobial peptide (LL37) [21], the melanocytic 
antigen ADAMTS-like protein 5 (ADAMTSL5) [22], the lipid antigen 
PLA2G4D [24], and keratin 17 [25]. The autoantigens LL37 and 
ADAMTSL5 are presented to CD8+ T-cells mainly via HLA-C*06:02 
and to CD4+ T-cells via different class II HLAs [23]. LL37 autoreactive 
T-cells can have either a CD8+ or CD4+ phenotype and are rare in 
healthy controls [21]. Little is known about the role of the T-cell 
autoreactivity in influencing the response to treatment. In a recent 
work [26], we described that the presence of reactive circulating T- 
cells to both LL37 and ADAMTSL5 autoantigens was associated with 
a suboptimal clinical response to risankizumab; on the contrary, the 
presence of reactive T-cells to either LL37 or ADAMTS5 did not in
fluence the effectiveness of the drug [26]. While in our previous 
paper, we focused on the clinical efficacy of risankizumab, differ
entiating the patients based on autoreactivity status, with the pre
sent study, we explored the underlying changes in the circulating T- 
cell populations that can justify the differences in effectiveness.

We aimed to investigate how risankizumab treatment modulates 
distinct inflammatory T-cell populations involved in psoriasis patho
genesis, including IL-17A (hereafter referred to as IL-17)- and IL-22- 
producing T cells, circulating LL37- and/or ADAMTSL5-autoreactive T 
cells, Tregs, and MAITs, according to the patient’s autoreactivity status.

2. Materials and methods

2.1. Study population

This study is conducted in accordance with the Note for Guidance 
on Good Clinical Practice (Humanitas ICH Harmonized Tripartite 
Guideline E6(R1); the general guideline indicated in the Declaration 
of Helsinki, and all applicable regulatory requirements. The study 
was approved by the Humanitas ICH Ethic Committee (Institutional 
Review Board, EUDRA 2019–004250–28) as in Favaro et al., 2024 
[26]. Written informed consent was obtained from all participants 
before enrolment. Patients affected by moderate-to-severe psoriasis 
(PASI > 10 and BSA > 10 %) for at least 6 months were enrolled in one 

year (April 2021-April 2022) (n = 142). All patients received ri
sankizumab treatment as per protocol. Blood samples were collected 
at baseline and tested for reactivity to LL37 and ADAMTSL5. PASI was 
collected at baseline and at every time point until week 52.

2.2. PBMC isolation and analysis

Peripheral blood was collected after venipuncture in heparin-con
taining tubes from enrolled patients and controls after informed consent 
(EUDRA 2019–004250–28 ICH). PBMCs were isolated and stimulated as 
previously described [26]. The LL37 or ADAMTSL5 reactivity of CD4+ and 
CD8+ cells was expressed by Stimulation Index (SI) of proliferation, 
which was calculated as the ratio of Ki67+ cells in treated samples 
compared with control after 6 days of in vitro culture. A subject was 
considered autoreactive if either CD4+ or CD8+ stimulation demonstrated 
an SI >  2. We also verified the expression of the marker CD25 in com
bination with Ki67+ on the PBMCs of a subset of reactive subjects 
(n = 20). We assessed that cells that respond to the antigen stimulation 
with proliferation (Ki67+) are indeed cells that express CD25 
(CD25High+, as indicated in Suppl. Fig. 1).

Immunostaining was performed with Zombie Aqua™ 
Fixable Viability Kit (Biolegend 77143), and human surface 
markers α-CD3(UCHT1)-PERCPCY5.5(Biolegend-300430), α- 
CD4(RPA-T4)–FITC(Biolegend-300538), α-CD8(RPA-T8)-BV421(BD- 
562428) and/or α-CD25(2A3)-BV421(BD-564033); internal marker: 
α-Ki67(B56) AF700 (BD-561277), α-IL-17A (BL168)-PE (Biolegend- 
B255234), α-IL-22 (22URTI)-PE-Cy7 (e-bioscience-25–7229–42) and 
α-FOXP3(259D/C7)-AF647 (BD-560045) after FOXP3/Transcription 
Factor Fixation/Permeabilization (e-bioscience-00–5521–00). MAIT 
staining panel: α-CD3(UCHT1)-PERCPCY5.5(Biolegend-300430), α- 
CD4(OKT4)-BV650 (Biolegend 317436) α-TCRVα7.2-FITC(Miltenyi 
130–123–685) α-CD161(HP-3G10)-BV605(Biolegend 339916) α-IL- 
17A (BL168)-PE (Biolegend-B255234), α-IL-22 (22URTI)-PE-Cy7 (e- 
bioscience-25–7229–42) and α-IL23R-PE (R&D Bio-techne FAB- 
14001P-100). To test ILs, cells were treated for 2 h (37°C and 5 % CO2) 
with Cell activation cocktail w/o Brefeldin (423302 Biolegend) and 
Golgi plug (555029 BD) in complete medium. All stained-cell sam
ples were acquired on a BD-LSR-Fortessa and analyzed with DIVA 
software (BD). The gating strategy is described in Suppl. Fig. 2 and 
Suppl. Fig. 3A-B.

2.3. Statistical analysis

Continuous variables are presented as mean, SEM or Min to Max 
boxes. Discrete variables were summarized as frequencies and per
centages. Data were compared by t-test (unpaired or paired t-test 
with Welch’s correction) for single comparison, multiple t-test or 
ANOVA for multiple comparisons, non-normal distributions were 
tested using Kruskal-Wallis or Friedman test, and uncorrected 
Dunn’s test was applied. R is calculated as Pearson correlation 
coefficient. GraphPad Prism 7.1 Software was used to analyze data 
with the appropriate statistical test. The significance threshold was 
defined as P  <  0.05 (2-sided).

3. Results

3.1. Study population and autoreactivity frequencies

As described in our previously published clinical work [26], one 
hundred forty-two patients affected by moderate-to-severe psoriasis 
(PASI > 10, BSA > 10 %) were screened at baseline for the presence of 
circulating LL37 and ADAMTSL5 autoreactive T-cells (SI > 2). Their de
mographic and genetic characteristics are listed in Suppl. Table 1. Thirty- 
three healthy controls (HD) with no personal history of psoriasis or other 
dermatological diseases were included in the study for comparison 
(Suppl. Table 1 and Favaro et al., 2024 [26]). A total of 87 out of 142 (61 %) 
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psoriatic patients were found to be autoreactive: 31 (22 %) had a positive 
SI for LL37, 37 (26 %) for ADAMTSL5, and 19 patients showed a positive SI 
for both (double reactive, 13 %). Autoreactivity frequency was sig
nificantly higher in psoriatic patients (87/142) compared to HD (13/33; 

p = 0.022). Reactive patients were sampled at all specific timepoints 
(weeks 4, 16, 28, and 52). Three patients were excluded from the study 
(one for pregnancy at week 16 and two for positivity to TB-quantiferon 
at week 4).

Fig. 1. The frequencies of circulating Ki67+CD4+ and CD8+ T-cells correlated with baseline PASI and decreased with treatment. A. The frequencies of Ki67+CD4+ and Ki67+CD8+ 

were significantly higher in psoriatic patients compared to healthy donors (HD) (Ki67+CD4+: 1.26 % ± 0.05 vs 1.05 % ± 0.07 respectively; Ki67+CD8+: 1.71 % ± 0.12 vs 1.29 % ± 0.11 
respectively, Welch t-test p = 0.018 and p = 0.0134, respectively). The percentage of Ki67+CD4+ and Ki67+CD8+ T-cells showed statistically significant Pearson correlation with PASI 
(r = 0.44, p  <  0.0001 and r = 0.35, p  <  0.0001, respectively). Linear regression represented with a 95 % Confidence Interval. B. Frequencies of circulating Ki67+CD4+ and Ki67+CD8+ 

in psoriatic patients at baseline in the three different autoreactivity groups: non-reactive (black), reactive to LL37 and/or ADAMTSL5 (green), and double reactive to both LL37 and 
ADAMTSL5 (orange). Minimum to Maximum representation, One-way ANOVA Kruskal-Wallis, uncorrected Dunn’s test; significant threshold p  <  0.05 two-sided. C. Risankizumab 
treatment decreased the proliferation of circulating CD4+ and CD8+ T-cells in reactive subjects. Data represented as Minimum to Maximum graph, One-way ANOVA: Friedman test 
with Uncorrected Dunn’s test applied; significant threshold p  <  0.05 two-sided.HD, healthy donors; PSO, psoriatic patients; t0, baseline. * p  <  0.05; ** p  <  0.01; *** p  <  0.001; **** 
p  <  0.0001; ns, non-significant.
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3.2. The frequency of peripheral proliferating Ki67+CD4+ and Ki67+CD8+ 

T-cells correlated with baseline PASI and decreased with risankizumab 
treatment

Ki67+ is a marker of cell proliferation and is expressed in ac
tively proliferating cells. To verify the proliferation rate of per
ipheral T-cells and its correlation with the disease activity, we 
analyzed the frequencies of circulating Ki67+CD4+ and Ki67+CD8+ 

T-cells at baseline. We found higher frequencies compared to HD 
(Ki67+CD4+: p = 0.018 and Ki67+CD8+: p = 0.0134, Fig. 1A) and a 
positive correlation with baseline PASI (r = 0.44, P  <  0.0001 for 
Ki67+CD4+; and r = 0.35, P  <  0.0001 for Ki67+CD8+, Fig. 1A), in
dicating a higher presence of activated and proliferating T-cells in 
severe patients.

Then we stratified the frequency of Ki67+ cells based on auto
reactivity status. We observed that antigen-reactive patients 
showed a higher frequency of Ki67+CD4+ and Ki67+CD8+ T-cells 
compared to HD (for overall reactive patients, p = 0.042 for 
Ki67+CD4+ and p = 0.045 for Ki67+CD8+, for double reactive 
p = 0.021 for Ki67+CD4+ and p = 0.036 for Ki67+CD8+), while no 
differences were observed between non-reactive and HD (Fig. 1B). 
The frequencies of Ki67+CD8+ T-cells in single reactive and double 
reactive subjects were also higher compared to non-reactive pa
tients (p = 0.044 and p = 0.045 respectively, Fig. 1B), suggesting that 
reactive subjects have a higher systemic inflammatory burden 
compared to non-reactive subjects.

In reactive patients, risankizumab treatment decreased the cir
culating Ki67+CD4+ T-cells starting from week 16 to week 52, while 
Ki67+CD8+ T-cells decreased as early as week 4 (Fig. 1C). In non-re
active patients, we noticed that the frequency of Ki67+CD4+ T-cells 
was also reduced at week 52, while no significant changes were seen 
for Ki67+CD8+ T-cells (Suppl. Fig. 4). Overall, these results suggest 
that risankizumab strongly affects the Ki67+CD8+ T-cells population 
in reactive subjects, while the effect is weaker in non-reactive sub
jects (Suppl. Fig. 4).

3.3. LL37-autoreactivity was decreased by treatment, but less efficiently 
in double-reactive subjects

To assess the effect of anti-IL-23 treatment on circulating auto
reactive LL37 T-cells, we evaluated the SI at different timepoints (weeks 
4, 16, 28, and 52) for CD4+ and CD8+ T-cells. Risankizumab reduced the 
LL37-induced proliferation of CD4+ T-cells and CD8+ T-cells as early as 
week 4 until week 52 in patients that were LL-37-reactive only; on the 
contrary, in double-reactive patients, the LL37-induced SI was reduced 
only for CD8+ T-cells but not for CD4+ (Fig. 2A), indicating a more specific 
effect of risankizumab on CD8+ T-cells.

3.4. ADAMTSL5-autoreactivity was less impacted by IL-23 inhibition

In single ADAMTSL5-reactive patients, the SI for ADAMTSL5-sti
mulated CD4+ T-cells was strongly decreased only at week 4 (Fig. 2B) 
and in double-reactive subjects only at week 4 and week 16. 
ADAMTSL5-reactive CD8+ T-cells demonstrated more inconsistent 
responses: the SI for single ADAMTSL5-reactive patients was re
duced only at week 28, while no changes were seen for double-re
active patients over time. These results suggest that risankizumab 
treatment does not affect the reactivity of CD8+ T-cells in 
ADAMTSL5-reactive subjects.

3.5. CD8+IL-17+ and CD8+IL-22+ T-cells decreased with risankizumab 
treatment, but CD8+IL-17+ T-cells did not decrease in double-reactive 
subjects

IL-17 and IL-22 are key pathogenetic cytokines in psoriasis, 
therefore, we evaluated the changes in circulating CD8+IL-17+ and 
CD8+IL-22+ over time. The frequency of CD8+IL-17+ in the peripheral 
blood of psoriatic patients was higher compared to HD (p = 0.0026) 
and positively correlated with PASI at baseline in severe subjects 
(PASI≥15, r = 0.44, p = 0.0002, Fig. 3A). Similarly, the frequency of 
CD8+IL-22+ was also higher in psoriatic patients compared to HD 

Fig. 2. Stimulation index of LL37 and ADAMTSL5 reactive T-cells consistently decreased after risankizumab treatment only in LL-37-reactive subjects. A. The changes in SI of 
the CD4+ and CD8+ LL37-reactive cells in LL37-reactive subjects and double-reactive subjects. B. The changes in SI of the CD4+ and CD8+ ADAMTSL5-reactive cells in 
ADAMTSL5-reactive and double-reactive subjects. Histograms with dispersed dots represent mean ± SEM; one-way ANOVA: Friedman test with Uncorrected Dunn’s test 
applied; significant threshold p  <  0.05 two-sided. NT, non-treated sample; REV, reverse peptide; SI, stimulation Index, T0, baseline. * p  <  0.05; ** p  <  0.01; *** p  <  0.001; ns, 
non-significant.
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(p = 0.0006, Fig. 3B) and positively correlated with PASI at baseline in 
severe subjects (PASI≥15, r = 0.45, p = 0.0042). The rates of CD8+IL- 
17+ and CD8+IL-22+ consistently decreased after treatment from 
week 4 until week 52 (Fig. 3A-B). The subpopulation of proliferating 
Ki67+CD8+IL-17+ also significantly decreased over time indicating 
that IL-23 inhibition reduces their proliferation (Suppl. Fig. 5). 

Analyzing the changes in the frequency of circulating CD8+IL-17+ T- 
cells in the three different autoreactive populations, we observed a 
significant decrease in single LL37-reactive subjects starting from 
week 4 to week 28 and in single ADAMTSL5-reactive subjects at 
week 4, week 16 and week 52 (Fig. 3C). In double-reactive patients 
CD8+IL-17+ T-cells significantly decreased only at week 4 and no 

Fig. 3. Circulating pathogenic CD8+IL-17+ and CD8+IL-22+ T-cells correlated with PASI at baseline and decreased after treatment. A. CD8+IL-17+ frequency was higher in psoriatic 
patients compared to healthy donors (0.19  ±  0.19 vs 0.09  ±  0.08, p = 0.0026), correlated with PASI in severe patients (PASI≥15, Pearson correlation r = 0.44; p = 0.0002, n = 67) and 
decreased with treatment. B. CD8+IL-22+ frequency was higher in psoriatic patients compared to healthy donors (0.08  ±  0.08 vs 0.03  ±  0.03, p = 0.0006), correlated with PASI in 
severe psoriatic patients (PASI≥15, Pearson correlation r = 0.45; p = 0.0042, n = 38) and decreased with treatment. C. In the subpopulation of reactive subjects, CD8+IL-17+ de
creased with treatment in single LL37- and single ADAMTSL5-reactive patients but not in double reactive oneswith the exception of a significant initial decrease at week 4. 
Minimum to Maximum dot representation, Mann Whitney test, or in multiple analyses,Friedman test or Kruskall-Wallis test are applied with Uncorrected Dunn’s test; significant 
threshold P  <  0.05 two-sided. AD5, ADAMTSL5 antigen. AD5, ADAMTSL5; HD, healthy donors; PSO, psoriatic patients; P0, psoriatic patients at baseline; t0, baseline. * p  <  0.05; ** 
p  <  0.01; *** p  <  0.001; ns, non-significant.
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changes were seen at later timepoints compared to baseline 
(Fig. 3C).

3.6. Circulating MAIT-IL-17+ cells and MAIT-IL-22+ cells were reduced 
by risankizumab treatment

A subgroup of IL-17-producing CD8+ T-cell population in psoriatic 
lesional skin is represented by MAITs (CD3+TCRVα7.2+CD161+), 
which constitute the largest circulating innate-like αβT-cell com
munity in human adults, characterized by a semi-invariant TCRVα7.2 
receptor and by MHC-related protein-1 MR1 restricted affinity to
ward microbial metabolites [16]. The frequency of circulating 
CD3+MAIT-IL-17+ cells was higher in psoriatic patients compared to 
HD (p = 0.0292) and it decreased with treatment starting from week 
16 (Fig. 4A); the CD8+MAIT-IL-17+ subpopulation was also higher at 
baseline compared to HD (p = 0.0009) and it strongly decreased as 
early as at week 4 until week 52 (Fig. 4B). Similarly, the CD3+MAIT 
population that express IL-22 (CD3+ MAIT-IL-22+) was higher in 
psoriatic subjects compared to HD (p = 0.035 vs HD) and decreased 
with treatment (Fig. 4C). This is possibly due to the direct effect of 
anti-IL23 on MAITs. We verified the expression of IL23R on MAITs in 
psoriatic patients and found that it is present with a frequency of 
1.43 % ± 1.29 in circulating CD3+MAITs and with a frequency of 
0.88 % ± 0.73 of CD3+CD8+MAITs. These frequencies are very similar 
to the rate of IL-17-producing CD3+MAITs and CD8+MAITs cells, re
spectively (CD3+MAIT-IL-17+: 1.47 % ± 1.64; CD3+CD8+MAIT-IL-17+: 
0.95 % ± 0.97, Suppl. Fig. 6), suggesting that there is a specific IL-17- 
producing MAIT subpopulation that expresses IL-23R and responds 
to IL-23 inhibition.

3.7. Treg frequency was lower in severe psoriatic patients and increased 
with treatment in single-reactive patients, but not in double- 
reactive ones

Treg cells act as suppressors of inflammation and an effective 
treatment in psoriatic patients induces their upregulation [27]. We 
assessed the frequency of circulating Treg (CD4+CD25+FOXP3+ T- 
cells) at baseline and after anti-IL-23 treatment with risankizumab. 
For the more severe psoriatic patients (PASI≥15, n = 46), we found a 

negative correlation (r = -0.48, p = 0.0007) between Treg frequency 
and baseline PASI (Fig. 5A).

The frequency of circulating Tregs in the different categories of 
reactive patients at baseline showed a significant difference only 
between double-reactive and LL-37-reactive subjects, with double- 
reactive showing higher values (Fig. 5B). This result was in
dependent of the PASI score of the patients (Suppl. Fig. 7). Matched 
data collected after treatment indicated an increase in Treg in all- 
reactive (LL37 or ADAMTSL5) and single LL37-reactive patients at 
week 4 and week 16 (Fig. 5C) and at week 4 in single ADAMTSL5- 
reactive ones. Interestingly, double-reactive subjects did not show 
any variation in the frequency of the Treg population over time 
(Fig. 5C). We also analyzed these data considering patients based on 
the presence of the HLA-C*06:02 alleles and we found that only in 
HLA-C*06:02+subjects there was a statistically significant increase in 
Tregs compared to baseline, but not in HLA-C*06:02- (Suppl. Fig. 8).

3.8. The CD4+IL-17+ population and the CD4+IL-17+/Treg ratio decreased 
with treatment

In psoriatic patients, an imbalance between the CD4+IL-17+ and 
Treg ratio has been described [28]. CD4+IL-17+ frequency was higher 
in the psoriatic cohort at baseline (p = 0.0032) compared to HD and 
decreased at week 4 and week 16 (Fig. 6A). This result was asso
ciated with a strong decrease in the frequency of the proliferating 
counterpart (Ki67+CD4+IL-17+), at every time point compared to the 
baseline (Fig. 6B).

The CD4+IL-17+/Treg ratio can be considered an indicator of the 
inflammatory status in psoriatic patients. We observed a positive 
correlation (r = 0.445; p = 0.001) between the CD4+IL-17+/Treg ratio 
and PASI in severe psoriatic patients (PASI≥15), indicating a promi
nent inflammatory environment (Fig. 6C). When we analyzed the 
changes in the CD4+IL-17+/Treg ratio over time, we observed a sig
nificant reduction at week 4, 16, and week 52, (Fig. 6D) according to 
the decrease of CD4+IL-17+ T-cells and the increase of Treg (Fig. 5C), 
suggesting the restoration of a less inflammatory environment.

Increasing evidence shows that Tregs are a heterogeneous po
pulation. In particular, an interesting Treg subpopulation expressing 
IL-17 and RoRγT (IL-17+ Treg) has been described [29]. IL-17+Treg 
population is characterized by high plasticity and by the ability to 

Fig. 4. Reduction of circulating CD3+MAIT-IL-17+, CD8+MAIT-IL-17+, and CD3+MAIT-IL-22+ with risankizumab treatment. A. Circulating CD3+MAIT-IL-17+ were significantly higher at baseline 
in psoriatic subjects compared to HD (1.74  ±  1.81 vs 0.69  ±  0.39, respectively, p = 0.0125), and their frequency significantly decreased with treatment starting from week 16 until week 52. B. 
CD8+MAIT-IL-17+ were significantly higher at baseline in psoriatic subjects compared to HD (0.73  ±  0.93 vs 0.20  ±  0.15, respectively, p = 0.0009), and their frequency significantly decreased 
with treatment from week 4 until week 52. C. Circulating CD3+ MAIT-IL-22+ were significantly higher at baseline in psoriatic subjects compared to HD (p = 0.035), and their frequency 
decreased with treatment starting from week 4 until week 52. Data represented as Minimum to Maximum graph, Mann Whitney or Friedman test with Uncorrected Dunn’s test applied; 
significant threshold p  <  0.05 two-sided. HD, healthy donors; P0, psoriatic patients at baseline. * p  <  0.05; ** p  <  0.01; *** p  <  0.001; ns, non-significant.
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switch phenotype towards Treg in the presence of IL-7, IL-15, or IL- 
35 or towards Th17 in the presence of IL-23 or IL-6. We investigated 
the IL-17+Treg population changes compared to the Treg changes, 
and monitored the IL-17 Treg/Treg ratio. We found that, in single 
LL37-reactive patients, the ratio IL-17+Treg/Treg decreased during 
treatment, while in double-reactive patients, no significant change 
was evident (Suppl. Fig. 9).

4. Discussion

Our study gives a significant contribution to understanding the 
effect of IL-23 inhibition through risankizumab on different patho
genic T-cell populations, especially in auto-reactive subjects. In a 
previous article [26], we demonstrated that single autoreactivity for 
either LL37 or ADAMTSL5 does not affect the effectiveness of anti- 
IL23 treatment, while double reactivity to both LL37 and ADAMTSL5 
decreases the response to treatment. Consistent with these findings, 
risankizumab effectively modulated pathogenic T-cell populations in 
single-reactive patients, whereas in double-reactive individuals, 
these populations exhibited a distinct modulation pattern compared 
to single-reactive subjects.

In single-reactive subjects, risankizumab reduced the frequencies 
of the circulating CD8+IL-17+ and CD8+IL-22+ cells, increased the Treg 

population in the first 16 weeks of treatment (in particular in HLA- 
C*06:02+ subjects), and restored the IL-17+CD4+/Treg balance. 
Risankizumab also significantly reduced the proliferation of auto- 
reactive T-cells to the autoantigen LL37 in LL37-single-reactive 
subjects. On the contrary, double-reactive subjects demonstrated 
differences in their pathogenetic populations at baseline and in their 
changes after treatment. First of all, while both single-reactive and 
double-reactive subjects demonstrated higher frequencies of per
ipheral proliferating Ki67+CD4+ and Ki67+CD8+ T-cells at baseline 
compared to HD, double-reactive subjects demonstrated higher 
frequencies of Ki67+CD8+ T-cells also compared to LL37-single-re
active. Secondly, in double reactive subjects, the CD8+IL-17+ popu
lation decreased only at week 4 but not at later timepoints. Thirdly, 
the autoreactive CD4+ and CD8+ T-cells did not consistently decrease 
after treatment, with the exception of LL37-reactive CD8+ T-cells. 
ADAMTSL5-autoreactive CD4+ and CD8+ T-cell populations demon
strated inconsistent changes in their frequency as well, suggesting 
that in double-reactive and ADAMTSL5-reactive subjects, IL-23 in
hibition induced by risankizumab does not significantly impact the 
autoreactivity. Finally, Treg cells are not modulated with treatment 
in double-reactive subjects, and, interestingly, their frequency was 
higher at baseline compared to the single LL37-reactive subjects, and 
this result was PASI-independent.

Fig. 5. Tregs frequency negatively correlated with PASI and was modulated by treatment in single LL37- and ADAMTSL5-reactive patients, but not in double-reactive ones. A. Treg 
frequency negatively correlated with baseline PASI in severe patients (PASI≥15; r = -0.479,p = 0.0007; n = 46). Linear regression with 95 % Confidence Interval Pearson correlation. 
B. Treg frequency at baseline in patients subdivided into categories by antigen reactivity. The only significant difference in the frequency of circulating Tregs at baseline was seen 
for double-reactive subjects compared to single LL37-reactive (p = 0.039), with double-reactive showing the higher value. C. Changes after treatment in the frequency of Tregs in 
patients subdivided into categories by antigen reactivity. B-C: Data represented as Minimum to Maximum graph, Friedman test with Uncorrected Dunn’s test applied; significant 
threshold P  <  0.05 two-sided. HD, healthy donors; P0, psoriatic patients at baseline; T0, baseline. * p  <  0.05; ** p  <  0.01; *** p  <  0.001; ns, non-significant.
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Our results suggest that the immunological profile of double- 
reactive patients differs from that of single-reactive and non-re
active individuals, potentially contributing to the distinct clinical 
response to treatment previously observed in this subgroup. While 
our findings support a differential behavior of T-cell populations in 
double-reactive subjects, the underlying mechanisms remain spec
ulative. We hypothesize that in double-reactive patients, the stan
dard dose of risankizumab may be insufficient to induce sustained 
modulation of pathogenic T-cell subsets. Alternatively, IL-17 pro
duction in this group may be maintained through IL-23-independent 
pathways. These proposed mechanisms are not directly addressed by 
our study and are interpretations that underscore the need for future 

mechanistic studies to explore these hypotheses and clarify the 
distinct immunopathogenic features of this subgroup.

In our study, we also found an interesting decrease in the fre
quency of circulating MAIT cells and verified the expression of IL23R 
on their surface. Multiple studies have demonstrated that MAITs 
express IL-23R, are functionally regulated by IL-23 signaling 
[18,30,31], and contribute as a source of IL-17 within the circulating 
CD8+ T-cells [17,32,33]. We found that risankizumab reduced the 
circulating MAITs that produce IL-17 or IL-22 as early as week 4, 
suggesting a direct inhibitory effect on these pathogenic IL23R-ex
pressing cells. MAIT cells have been detected in the synovial fluid of 
patients with psoriatic arthritis [18]. In a previous study, their 

Fig. 6. CD4+IL-17+ population and the CD4+IL-17+/Treg ratio decreased with risankizumab treatment. A. CD4+IL-17+ frequency was higher in psoriatic patients compared to HD 
(0.85  ±  0.84 vs 0.45  ±  0.36, respectively, p = 0.0032) and decreased with treatment at week 4 (p = 0.044) and week 16 (p = 0.0096). Minimum to Maximum representation Mann 
Whitney or Friedman test with Uncorrected Dunn’s test applied; significant threshold p  <  0.05 two-sided. B. The proliferating Ki67+CD4+IL-17+ population strongly decreased at 
every time point compared to the baseline. Minimum to Maximum representation Mann Whitney or Friedman test with Uncorrected Dunn’s test applied; significant threshold 
p  <  0.05 two-sided. C. The CD4+IL17+/Treg ratio negatively correlated with baseline PASI (r = 0.445; p = 0.0011) in the more severe patients (PASI≥15, n = 52). Linear regression with 
95 % Confidence Interval Pearson correlation. D. The CD4+IL-17+/Treg ratio decreased in psoriatic patients at each time point except for week 28. Mean with SEM connected graph 
Friedman test with Uncorrected Dunn’s test applied; significant threshold P  <  0.05 two-sided. HD, healthy donors; P0, psoriatic patients at baseline. * p  <  0.05; ** p  <  0.01; *** 
p  <  0.001; ns, non-significant.
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enrichment in the joint, coupled with reduced frequencies in per
ipheral blood, suggested antigen-driven recruitment mediated by 
CXCR3–CXCL10 interactions and the acquisition of an activated, 
tissue-resident phenotype [33]. Interestingly, recent evidence sug
gests that anti-IL-23 treatment could reduce the incidence of PsA in 
psoriatic patients [22]. Our findings on MAIT cells support their in
volvement in a potential mechanism that may reduce the risk of 
developing psoriatic arthritis.

Our study provides valuable insights into the modulation of T-cell 
populations associated with clinical response to risankizumab, al
though it is not without limitations. As previously mentioned, it 
represents a descriptive analysis of the changes in the circulating 
pathogenetic T-cell populations; thus, the involved mechanisms and 
the effector functions of the cells can only be speculated. 
Furthermore, given the systemic nature of the disease, our project 
focused on the changes in the blood T-cell populations, while 
changes in the skin compartment were not assessed. In patients with 
more severe disease, immunological alterations in peripheral blood 
reflect those occurring within lesional skin, supporting the use of 
circulating immune signatures to monitor disease activity [34]. Thus, 
blood-based analyses offer complementary information by capturing 
systemic immune activity [35]. Nonetheless, integrating skin data 
would help clarify how risankizumab affects immune shifts over 
time, providing deeper insight into the impact of IL-23 inhibition on 
both tissue-resident and circulating immune cells. Finally, although 
we confirmed the disease specificity of LL37 reactivity by analyzing a 
small group of atopic dermatitis patients (Suppl. Fig. 10), the inclu
sion of an additional control group with a different inflammatory 
skin condition involving tissue remodeling would have further re
inforced our findings.

In conclusion, while risankizumab efficiently modifies key pa
thogenic T-cell populations in single LL37- or single ADAMTSL5-re
active subjects, promoting an anti-inflammatory phenotype, it is less 
effective in reducing systemic inflammation in double-reactive 
subjects.
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