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Abstract 46 
Background: Recent single-cell studies indicated that IL-17-producing T-cells (T17) have diverse subsets 47 
expressing IL-17A, IL-17F, or a combination of them in human psoriasis skin. However, it is unknown how 48 
T17 subsets are differently regulated by IL-23 versus IL-17A blockades. 49 
Objective: We sought to investigate how systemic monoclonal antibody injections blocking IL-23 versus IL-50 
17A differently modify immune cell transcriptomes in human psoriasis skin. 51 
Methods: We analyzed a total of 93 human skin single-cell libraries, including 42 psoriasis pretreatment 52 
lesional skin, 25 psoriasis pretreatment non-lesional skin, 12 psoriasis posttreatment after IL-23 inhibition, 4 53 
psoriasis posttreatment after IL-17A inhibition, and 10 control skin samples. 54 
Results: Of the six T17 cell subsets identified, an IL17A+ IFNG+ subset and an IL17F+ IL10- subset expressed 55 
the IL-23 receptor along with other inflammatory cytokines, and IL-23 inhibition downregulated these 56 
potentially pathogenic T17 subsets. In contrast, T17 cells expressing both IL-17A and IL-17F did not express 57 
the IL-23 receptor, and the percentage of this potentially non-pathogenic T17 subset increased after IL-23 58 
inhibition. In addition, the expression of the IL-17 negative regulation genes, such as TNFAIP3, increased in 59 
myeloid cells more after IL-23 inhibition than after IL-17A inhibition. 60 
Conclusions: This study suggests multiple immune mechanisms of how IL-23 inhibition can modify the 61 
complex inflammatory environment present in psoriatic skin, highlighting the roles of specific T17 subsets in 62 
psoriasis development and background skin protection.  63 

 64 
*This study was registered through ClinicalTrials.gov (NCT04630652). 65 

 66 
Key messages 67 

• Psoriasis has complex subsets of type 17 T-cells (T17) in active lesions, but pathogenic vs. protective 68 
subsets are not known. 69 

• Treatment with risankizumab (anti-IL-23) at its maximal clinical effect selectively reduces or eliminates the 70 
likely pathogenic T17 subsets (thus defining them), while other subsets are retained. 71 

• This response differs from secukinumab treatment (anti-IL-17A), highlighting differences in their 72 
mechanisms of action. 73 

 74 
Capsule Summary: Analysis of single T-cell phenotypes in response to IL-23 inhibition provides new insights 75 
into the function of pathogenic T17 subsets in psoriasis and non-pathogenic T17 subsets in background skin 76 
protection.  77 

 78 
Keywords: psoriasis; IL-17A; IL-17F; IL-23; type 17 T-cells; single-cell RNA sequencing; T-cell; dendritic 79 
cell; myeloid cell; keratinocyte 80 
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Abbreviations: 82 
cDC1:    Conventional type 1 dendritic cell  83 

DC:  Dendritic cell 84 
DC3:  Type 3 dendritic cell 85 

DEG:  Differentially expressed gene 86 
FCH:  Fold change  87 

FDR:  False discovery rate 88 
FLG:  Filaggrin 89 

GEO:  Gene Expression Omnibus 90 
IL1R1:  IL-1 receptor  91 

IL23R:  IL-23 receptor 92 
IL6R:  IL-6 receptor  93 

KC:  Keratinocyte 94 
LS:  Lesional skin 95 

MHCII: Major histocompatibility complex class II  96 
mregDC: Mature dendritic cell enriched in immunoregulatory molecule  97 

NCBI:  National Center for Biotechnology Information 98 
NL:  Non-lesional 99 

PASI:  Psoriasis Area-and-Severity Index 100 
PostTx: Posttreatment 101 

PreTx:  Pretreatment 102 
scRNA-seq: Single-cell RNA sequencing 103 

slanDC: 6-sulfo LacNAc+ dendritic cell 104 
T17:  Type 17 T-cell 105 

TGFBR1: TGF-β receptor  106 
TNFAIP3:  TNF-α-induced protein 3 107 

Treg:  Regulatory T-cells 108 
TRM:  Tissue-resident memory T-cell 109 

TRM17:  Tissue-resident memory Type 17 T-cell 110 
 111 
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Introduction 113 
Psoriasis is a debilitating chronic inflammatory disease that affects over 60 million people worldwide1. 114 

It is characterized by red and scaly demarcated patches on the skin and gradually becomes a systemic 115 
inflammatory condition. Approximately 75% of patients with psoriasis will eventually have at least one 116 
comorbid condition, such as psoriatic arthritis, cardiovascular diseases, diabetes, and obesity. Increasing 117 
evidence from population-based studies indicates that psoriasis's systemic inflammation shortens the affected 118 
individuals' lifespan by at least 3–5 years2. 119 

In psoriasis skin, IL-23 from inflammatory dendritic cells activate IL-17-producing T-cells (Type 17 T-120 
cells; T17 cells), and the activated T17 cells produce IL-17A and IL-17F3. In response to IL-17, keratinocytes 121 
produce a range of “feed-forward” inflammatory mediators, such as IL-36γ, amplifying cellular immunity to 122 
sustain chronic T-cell activation4. The roles of IL-23 and IL-17 as key drivers of psoriasis inflammation have 123 
been strongly supported by the high efficacy of biologic agents targeting IL-23 or IL-17 for psoriasis treatment4, 124 
and almost all the phase 3 clinical trials evaluating the efficacy of IL-23 and IL-17 blockades have measured the 125 
improvement of psoriasis 3 to 4 months after the first injection. However, IL-23 and IL-17 blockades might 126 
have different efficacy for inducing disease remission in the long term or suppressing disease relapses after 127 
stopping the injections. In the head-to-head comparison clinical trials, more patients achieved Psoriasis Area-128 
and-Severity Index (PASI) 90 response with an IL-23 inhibitor (guselkumab) (84%) than IL-17A inhibitor 129 
(secukinumab) (70%) after 12 months5, and more patients achieved PASI90 response with an IL-23 inhibitor 130 
(risankizuamb) (86.6%) than IL-17A inhibitor (secukinumab) (57.1%) after 13 months6. In addition, structured 131 
drug wash-out studies identified that many patients maintained PASI90 responses for long, even after receiving 132 
a final dose and stopping further injections of IL-23 blockades. In a phase II clinical trial of an IL-23 inhibitor 133 
(risankizumab)7, psoriasis patients received the IL-23 inhibitor injections until month 4 and stopped further 134 
injections. Approximately 2/3 of psoriasis patients who attained a PASI90 response in month 3 (76%) still 135 
maintained a PASI90 response until 8 months after the last drug dose (47% in month 12).  136 

In our previous studies8, we have established 5 different IL-17-producing T-cell (T17) subsets with 137 
highly differing transcriptomes depending on IL17A versus IL17F expression and IFNG versus IL10 expression 138 
in human psoriasis skin. More recently, it has been demonstrated in psoriasis that a population of IL-26-139 
expressing T-cells that are considered to be T17 intermediates differentiate into pathogenic T17 cells expressing 140 
high levels of IL-17 via epithelial crosstalk9. Furthermore, we have proposed that systemic monoclonal antibody 141 
injections blocking the IL-23/T17 pathway not only downregulate the entire feed-forward immune amplification 142 
loop but also promote regulatory gene expression in myeloid cells in human psoriasis skin10. In this study, we 143 
advanced our single-cell RNA sequencing (scRNA-seq) analysis framework to T17 subsets, T17 intermediates, 144 
and regulatory myeloid cells and investigated how systemic monoclonal antibody injections blocking IL-23 145 
versus IL-17A differently modify immune cell transcriptomes in human psoriasis skin. Our study shows that IL-146 
23 inhibition downregulates IL-23 receptor (IL23R) expressing T17 subsets, including IL17A+ IFNG+ and 147 
IL17F+ IL10- T17 subsets, while IL23R- IL17A+ IL17F+ T17 cells are retained after IL-23 inhibition. This could 148 
potentially explain why the risk of candidiasis is not increased after IL-23 inhibition, unlike IL-17A inhibition. 149 
We also report that the expression of the IL-17 negative regulation gene (TNFAIP3) increased more after IL-23 150 
inhibition than IL-17A inhibition, indicating that the negative regulation of IL-17 in myeloid cells is more 151 
upregulated by IL-23 inhibition than IL-17A inhibition. 152 
 153 
Methods 154 

The study was designed to compare single-cell genomic profiles of immune cell subsets in human psoriasis skin 155 
before and after blocking IL-23 versus IL-17A. In total, 93 human skin single-cell libraries, including 42 156 
psoriasis pretreatment (PreTx) lesional skin (LS), 25 psoriasis PreTx non-lesional (NL) skin, 12 psoriasis 157 
posttreatment (PostTx) IL-23 inhibition, 4 psoriasis PostTx IL-17A inhibition, and 10 control skin samples were 158 
analyzed (Figs E1 and E2). Table E1 summarizes age, gender, PASI, biopsy location, and Gene Expression 159 
Omnibus (GEO) Series accession number for each single-cell library. The single-cell RNA sequencing data 160 
have been deposited in the National Center for Biotechnology Information (NCBI)'s GEO and are publicly 161 
accessible through GEO Series accession number GSE278330. Rationale, design, and conduct of clinical trials 162 



(NCT04630652), detailed experiment methods, and statistical analysis are provided in the Supplemental 163 
Materials in this article’s Online Repository available at www.jacionline.org. 164 
 165 
Results 166 

Systemic anti-IL-23 monoclonal antibody injections downregulate but do not eradicate IL-23/T17 cell 167 
transcriptome in the posttreatment psoriasis skin 168 

In the anti-IL-23 monoclonal antibody (risankizumab) clinical trial, psoriasis patients received 169 
risankizuamb 150 mg injections at baseline, month 1, and month 4 (3 injections). PreTx LS and NL skin biopsy 170 
tissues were harvested at baseline, and PostTx LS biopsy tissue was harvested at month 7 (Fig 1, A). PostTx LS 171 
IL-17A inhibition single-cell libraries were generated from skin biopsy tissues harvested at month 3, after anti-172 
IL-17A monoclonal antibody (secukinumab) 300 mg injections at baseline, week 1, week 2, week 3, week 4, 173 
and week 88,10,11. The average PASI score was 16.1 ± 0.9 in psoriasis PreTx, 0.2 ± 0.4 in psoriasis PostTx LS 174 
IL-23 inhibition, and 0.7 ± 0.5 in psoriasis PostTx LS IL-17A inhibition (Fig 1, B). There was no statistical 175 
difference in PASI score in psoriasis PostTx LS between IL-23 inhibition and IL-17A inhibition (p > 0.05). 176 

We compared the expression of canonical IL-23/T17 pathway genes at total transcriptome levels (Fig 1, 177 
C). The T17 cell cytokine (IL17A and IL17F) transcriptomes were detected in psoriasis PreTx LS and NL, but 178 
they were not in control skin. In contrast, the T17 intermediate cytokine (IL269), IL23A, and IL23R 179 
transcriptomes were detected not only in psoriasis LS and NL but also in control skin. The expression levels of 180 
those cytokines all increased in psoriasis PreTx LS compared to PreTx NL or control skin, and all decreased in 181 
psoriasis PostTx LS IL-23 inhibition compared to PreTx LS (False Discovery Rate [FDR] < 0.05). In particular, 182 
the expression of IL23R in psoriasis PostTx LS IL-23 inhibition was lower than the expression in control skin 183 
(FDR < 0.05). Still, IL17A, IL17F, IL26, IL23A, and IL23R transcriptomes were detected in PostTx LS IL-23 184 
inhibition.  185 

The results showed that systemic IL-23 inhibition substantially downregulated but did not eradicate 186 
canonical IL-23/T17 pathway gene expressions even when the systemic IL-23 inhibition had the maximal 187 
impact on the skin. 188 
 189 
 Trajectory of human psoriasis skin type 17 T-cell differentiation is associated with IL-23 receptor, IFNγ, 190 
and tissue-resident memory T-cell gene expressions  191 

We identified clusters of T-cells (30,367 cells), dendritic cells (DCs; 25,483 cells), myeloid cells (2,852 192 
cells), melanocytes (4,184 cells), keratinocytes (KCs; 103,910 cells), and fibroblasts (9,149 cells) by 193 
dimensionality reduction analysis (Fig 2, A and Fig E3, A). T-cells were composed of TRAC+ IL17A+ IL17F+ 194 
T17 cells (fold change [FCH] > 2 and FDR < 0.05) and TRAC+ IL17A- IL17F- non-T17 T-cells at cluster levels. 195 
The average expression of the canonical markers for each cluster is presented in Fig 2, B.  196 

To identify what genes are regulated in transcriptional re-configuration over the course of cell transition 197 
from non-pathogenic T17 cells to pathogenic T17 cells in human psoriasis skin, we constructed the T17 cell 198 
differentiation trajectory in the T17 cell cluster, selecting IL17A, IL17F, and IL26 as the progress-defining 199 
genes. Then, we tested what genes are differentially expressed in association with the trajectory (Fig 2, C). 200 
Next, we validated if T17 cluster cells expressing genes associated with the trajectory express more IL17A, 201 
IL17F, and IL26 than T17 cluster cells that do not express those genes (Fig 2, D).  202 

Among the cytokines involved in T17 development (IL-1β12,13, IL-614, TGF-β15,16, IL-2317, and IFN-203 
γ18,19), we observed that IL23R and IFNG were differentially expressed in association with the T17 cell 204 
differentiation trajectory in psoriasis skin T17 cells (q < 0.05, Fig 2, C). T17 cells expressing IL23R and IFNG 205 
expressed more IL17A, IL17F, IL26, or other T17 cell transcriptomes than T17 cells who did not express those 206 
genes (FCH > 2 and FDR < 0.05, Fig 2, D). In contrast to IL23R and IFNG, the IL-1 receptor (IL1R1), IL-6 207 
receptor (IL6R), and TGF-β receptor (TGFBR1) were not differentially expressed in association with the 208 
trajectory (q > 0.05). T17 cells expressing IL1R1, IL6R, or TGFBR1 did not express more IL17A, IL17F, and 209 
IL26 than IL1R1, IL6R, or TGFBR1 negative T17 cells (FCH < 2 and FDR > 0.05). 210 



Among human tissue-resident memory T-cell (TRM) markers (CD103 (ITGAE), CD69, and CXCR6)20 211 
implicated in psoriasis relapses21–23, CD103 and CXCR6 were differentially expressed in association with the 212 
T17 cell differentiation trajectory (q < 0.05, Fig 2, C). T17 cells expressing CD103 and CXCR6 expressed more 213 
IL17A, IL17F, IL26, and other T17 cell transcriptomes than T17 cells who did not express those genes (FCH > 214 
2 and FDR < 0.05, Fig 2, D). In contrast, CD69 was not differentially expressed in association with the 215 
trajectory (q > 0.05). CD69+ T17 cells did not express more IL17A, IL17F, and IL26 than CD69- T17 cells 216 
(FCH < 2 and FDR > 0.05). 217 

The numbers of T17 cluster cells expressing IL26, IL17A, IL17F, IL23R, and IFNG increased in 218 
psoriasis PreTx LS compared to psoriasis PreTx NL. They decreased in psoriasis PostTx LS IL-23 inhibition 219 
compared to psoriasis PreTx LS (adjusted p < 0.05, Fig 2, E). Likewise, the percentages of T17 cluster cells 220 
expressing IL26, IL17A, IL23R, and IFNG increased in psoriasis PreTx LS compared to psoriasis PreTx NL. 221 
They decreased in psoriasis PostTx LS IL-23 inhibition compared to psoriasis PreTx LS (adjusted p < 0.05). 222 

The results showed that the expression of IL-23 receptor (IL23R) and IFNG, together with T17 markers 223 
(CXCL13 and CD161) and TRM markers (CD103 and CXCR6), were upregulated in transcriptional re-224 
configuration throughout cell transition from non-pathogenic to pathogenic T17 subsets, and IL-23 inhibition 225 
downregulated the expression of IL23R and IFNG in T17 cells. 226 

 227 
Systemic IL-23 inhibition selectively downregulates IL-23 receptor expressing pathogenic T17 subsets, 228 
different from IL-17A inhibition 229 

When we performed differential expression testing in the T17 cell cluster, the expression levels of the 230 
T17 intermediate marker of IL26 and psoriasis-specific genes with less established functional roles, such as 231 
ENTPD124, increased in psoriasis PreTx NL compared to control skin (FCH > 2 and FDR < 0.05, Fig 3, A and 232 
B). The expression levels of active T17 cells (IL17A and IL17F) and T17 cell markers (CXCL13 and EBI325) 233 
increased in psoriasis PreTx LS compared to psoriasis PreTx NL or control skin (FCH > 2 and FDR < 0.05). 234 
When we compared transcriptome changes induced by IL-23 inhibition versus IL-17A inhibition, the 235 
expressions of T17 cell marker (CD16126–30 (KLRB1)), T17 cytokine31 (CSF2), and cytotoxic T17 cell 236 
transcripts8 (GZMB, GNLY, and PRF1) decreased (FCH < 0.5 and FDR < 0.05) more in psoriasis PostTx LS IL-237 
23 inhibition than in PostTx LS IL-17A inhibition, indicating that T17 transcriptome expression was more 238 
significantly downregulated by IL-23 inhibition than IL-17A inhibition (Fig 3, B). The expression level of 239 
IL23R trended to be decreased after IL-23 inhibition (FCH > 2, p < 0.05, and FDR = 0.09) but not after IL-17A 240 
inhibition (FCH < 2, p > 0.05, and FDR > 0.05) (Fig E3, B). 241 

Since we observed IL-23/T17 cell transcriptomes in the clinically improved psoriasis skin after systemic 242 
IL-23 inhibition (Fig 1, C), we hypothesized that IL-23 inhibition selectively downregulates pathogenic T17 243 
subsets while non-pathogenic T17 subsets are still present in the posttreatment psoriasis skin, and compared 244 
single-cell transcriptome profiles of different T17 subsets8,9 in the T17 cluster - 1) IL17A+ IFNG+ T17 subset, 2) 245 
IL17A+ IFNG- T17 subset, 3) IL17A+ IL17F+ T17 subset, 4) IL17F+ IL10- T17 subset, 5) IL17F+ IL10+ T17 246 
subset, and 6) IL26+ IL17A- IL17F- T17 intermediates (Fig 3, C and Figs E4 and E5; Table 1).   247 

The IL17A+ IFNG+ T17 subset supported the hypothesis that IL-23 inhibition selectively downregulates 248 
IL23R-expressing pathogenic T17 subsets. The IL17A+ IFNG+ T17 subset expressed high levels of IL23R, TRM 249 
markers20 (CD103 (ITGAE), CD49a (ITGA1), and CXCR6), cytotoxic T17 cell transcripts8 (CD8A, GZMB, 250 
GNLY, and PRF1), T17 markers (CXCL1324,32–34), T17 transcription factor (BATF35,36), T17 cytokines31 (IL26, 251 
IL22, IFNG, CSF2, and TNF), and psoriasis-specific genes (ENTPD124) (FCH > 2 and FDR < 0.05, Fig 3, C 252 
and Fig E4). The IL17A+ IFNG+ T17 subset was observed in psoriasis PreTx LS but not in psoriasis PreTx NL 253 
or control skin, and this subset expressing IL23R was eradicated to 0% after IL-23 inhibition in PostTx LS (Fig 254 
3, D). In contrast to the IL17A+ IFNG+ T17 subset, the IL17A+ IFNG- T17 subset was less inflammatory without 255 
expressing cytotoxic T17 cell transcripts, but this subset expressed IL12A (p35), which is known to inhibit T17 256 
cell induction37–39 (FCH > 2 and FDR < 0.05, Fig 3, C and Fig E4). The IL17A+ IFNG- T17 subset percentage 257 
among T17 subsets did not decrease after IL-23 inhibition (Fig 3, D). 258 



The IL17F+ IL10- T17 subset was another IL23R-expressing pathogenic T17 subset selectively 259 
downregulated by IL-23 inhibition. The IL17F+ IL10- T17 subset expressed high levels of IL23R, TRM 260 
markers20 (CD103 and CXCR6), T17 markers (CXCL1324,32–34, CD16126–30, CCR640, and EBI325), T17 261 
cytokines31 (IL26, IL22, IFNG, and CSF2), and inflammatory cytokines (IL1B and IL34) (FCH > 2 and FDR < 262 
0.05, Fig 3, C and Fig E4). The IL17F+ IL10- T17 subset percentage among T17 subsets decreased from 45.91% 263 
in PreTx LS to 16.67% in PostTx LS IL-23 inhibition (Fig 3, D). The IL17F+ IL10+ T17 subset best fit the 264 
description of nonpathogenic T17 cells in murine models8,41–45, but it constituted only 1.17% of T17 cells in 265 
psoriasis PreTx LS.  266 

The IL17A+ IL17F+ T17 subset expressed no IL23R expression but expressed high levels of regulatory 267 
cytokines (IL1346–48 and IL3349), which may reduce T17 inflammation, together with TRM markers20 (CD103 268 
and CXCR6), T17 markers (CXCL1324,32–34 and CD16126–30), T17 transcription factor (BATF35,36), T17 269 
cytokines31 (IL26, IFNG, CSF2, and TNF), and psoriasis-specific genes (ENTPD124) (FCH > 2 and FDR < 0.05, 270 
Fig 3, C and Fig E4). The percentage of IL17A+ IL17F+ T17 subset among T17 subsets increased from 15.95% 271 
in psoriasis PreTx LS to 50.00% in psoriasis PostTx LS IL-23 inhibition (Fig 3, D). 272 

IL26+ T17 intermediates (IL26+ IL17A- IL17F- T17 cells) expressed high levels of T17 transcriptional 273 
regulator (RORC50) together with IL23R, TRM markers20 (CD103, and CXCR6), T17 markers (CXCL1324,32–34 274 
and CD16126–30), T17 cytokines31 (IL26, IL22, IFNG, CSF2, and IL21), and psoriasis-specific genes 275 
(ENTPD124) (FCH > 2 and FDR < 0.05, Fig 3, C and Fig E4). Overall, IL26+ T17 intermediates were present 276 
not only in psoriasis PreTx LS but also in psoriasis PreTx NL and control skin, and they were not eliminated by 277 
both IL-23 inhibition and IL-17A inhibition (Fig E6).  278 

The results proposed that the IL17A+ IFNG+ T17 subset and the IL17F+ IL10- T17 subset were 279 
pathogenic T17 subsets expressing IL-23 receptor (IL23R), and the IL17A+ IL17F+ T17 subset was non-280 
pathogenic or regulatory T17 subset without IL23R expression. After systemic IL-23 inhibition, the percentages 281 
of pathogenic T17 subsets decreased, the percentage of a non-pathogenic or regulatory T17 subset increased, 282 
and T17 intermediates were not eliminated in psoriasis skin.  283 

 284 

Systemic IL-23 inhibition downregulates IL-23 expression in dendritic cells, different from IL-17A inhibition 285 
The recent single-cell analysis identified CD14+ type 3 dendritic cells (DC3s) and CCR1+ macrophages/ 286 

6-sulfo LacNAc+ DCs (slanDCs)/monocyte-derived DCs as the primary cellular sources of IL23A in human 287 
psoriasis skin51. CD14+ DC3s, marked as CD5- CD1C+ CD163+ CD11C (ITGAX)+ DCs52, are reported to co-288 
express IL23A and IL1B51. Supporting the roles of CD14+ DC3s and CCR1+ macrophages in psoriasis, the 289 
expressions of CD14+ DC3 markers (CD14, CD1C, CD163, CD11C (ITGAX), CXCL3) and CCR1 macrophage 290 
marker (CCR1) increased together with IL23A and IL1B in psoriasis PreTx LS DCs compared to psoriasis 291 
PreTx NL DCs or control skin DCs (FCH > 2 and FDR < 0.05, Fig 4, A and B). The expression of other T17-292 
stimulating cytokines (IL6 and TGFB1), the adhesion molecule involved in DC migration (ITGB253), DC 293 
maturation (CD80 and CD209 (DC-LAMP)), and a DC scavenger receptor (CD3654) also increased in psoriasis 294 
PreTx LS DCs compared to psoriasis PreTx NL DCs or control skin DCs (FCH > 2 and FDR < 0.05). 295 

We observed decreased expressions of IL23A, IL1B, CD14+ DC3 markers, and CCR1 macrophage 296 
markers in PostTx LS DCs 7 months after IL-23 inhibition (FCH < 0.5 and FDR < 0.05, Fig 4, A and B). Like 297 
IL-23 inhibition, IL-17A inhibition also decreased expressions of IL1B, CD14+ DC3 markers, and CCR1 298 
macrophage markers in PostTx LS DCs (FCH < 0.5 and FDR < 0.05). However, IL-17A inhibition did not 299 
significantly decrease IL23A in PostTx LS DCs (FCH > 0.5 and FDR > 0.05). When we compared 300 
transcriptome changes induced by IL-23 inhibition versus IL-17A inhibition, the expression of IL23A was 301 
significantly lower after IL-23 inhibition compared to IL-17A inhibition (FCH < 0.5 and FDR < 0.05).  302 

The expression changes of IL6 and TGFB1 in DCs differed from the expression changes of IL23A in 303 
DCs after IL-23 versus IL-17A inhibition. The expression of IL6 and TGFB1 in DCs decreased after IL-17A 304 
inhibition (FCH < 0.5 and FDR < 0.05), but they did not significantly decrease after IL-23 inhibition (FCH > 305 
0.5 and FDR > 0.05, Fig 4, B). 306 



We also observed that the expression of regulatory DC subset and Langerhans cell genes trended to be 307 
recovered after IL-23 inhibition (Fig 4, A and Fig E7). The expression of marker genes for mature DC enriched 308 
in immunoregulatory molecule (mregDCs) (LAMP3 and BIRC355), tolerogenic phenotype of IFN-γ–induced 309 
IDO+ DCs (IDO156–58), and Langerhans cells (CD207, CD1A, or EPCAM) increased in psoriasis PreTx NL 310 
compared to control, decreased in psoriasis PreTx LS compared to PreTx NL, and then increased in PostTx LS 311 
IL-23 inhibition compared to PreTx LS (FDR < 0.05).  312 

The results showed that systemic IL-17A inhibition and IL-23 inhibition regulate skin dendritic cell gene 313 
expression differently, and dendritic cell IL-23 expression in the skin was more significantly downregulated by 314 
IL-23 inhibition than IL-17A inhibition. 315 

 316 
Systemic IL-23 inhibition upregulates TNFAIP expressions in myeloid cells, different from IL-17A 317 
inhibition 318 

Myeloid cells were reported as ‘semimature DCs’ in our previous scRNA-seq studies3,8,59 to emphasize 319 
their intermediate expression of major histocompatibility complex class II (MHCII) molecules, and IL10 320 
expression and regulatory transcriptome profiles consistent with skin-resident BDCA3+-regulatory DCs in 321 
human normal skin described by Chu et al.60. The myeloid cell cluster expressed conventional type 1 DC 322 
(cDC1) markers (THBD (BDCA3, CD141), regulatory immunoreceptors (CLEC4A (DCIR61), LILRB162, and 323 
LILRB463), and inhibitory cytokine (IL10) compared to other clusters (FCH > 2 and FDR < 0.05, Fig 5, A). 324 
Together with IL10, IL1B was highly expressed in the myeloid cell cluster  (FCH > 2 and FDR < 0.05), as 325 
previously described in inflammatory skin conditions such as psoriasis and hidradenitis suppurativa59.  326 

The expression of regulatory immunoreceptor (CLEC9A (DNGR-164) in psoriasis PostTx LS IL-23 327 
inhibition increased in psoriasis PostTx LS IL-23 inhibition compared to PreTx LS (FCH > 2 and FDR < 0.05, 328 
Fig 5, B and C). In addition, the expression changes of TNFAIP3 and NFKB1 supported the hypothesis that 329 
systemic IL-23 inhibition upregulates negative regulation of IL-17 in myeloid cells. Stimulated DCs/myeloid 330 
cells activate the NF-kB to initiate transcription of proinflammatory cytokines such as IL-1, and NF-kB 331 
activation is negatively regulated by TNF-α-induced protein 3 (TNFAIP3 (A20))65–69. The expressions of 332 
TNFAIP3 in myeloid cells increased in psoriasis PostTx LS IL-23 inhibition compared to PreTx NL (FCH > 2 333 
and FDR < 0.05). At the same time, the expression of NFKB1 decreased in psoriasis PostTx LS IL-23 inhibition 334 
compared to PreTx LS or NL (FCH < 0.5 and FDR < 0.05, Fig 5, C).  335 

The results showed systemic IL-23 inhibition upregulated regulatory gene expression in myeloid cells. 336 
 337 
Feed-forward inflammatory mediators induced by IL-17 in keratinocytes are more downregulated with IL-23 338 
inhibition than IL-17A inhibition 339 

 The single-cell transcriptome of KCs in psoriasis PreTx LS in contrast to PreTx NL or control skin was 340 
characterized by 1) increased expressions of IL-17-induced feed-forward inflammatory mediators such as 341 
IL36G (FCH > 2 and FDR < 0.05, Fig 6, A and B), 2) increased expression of cytokines stimulating T17 342 
differentiation (TGFB19, IL1B, and IL6) (FCH > 2 and FDR < 0.05), 3) increased expression of IL-17-mediated 343 
antimicrobial peptides (S100 proteins – S100A9, S100A8, S100A12, and S100A7A, and defensins – DEFB4B, 344 
DEFB4A) and a KC hyperproliferation marker (KRT16) (FCH > 2 and FDR < 0.05), and 4) decreased 345 
expressions of chemotactic ligand for skin-associated memory T lymphocytes binding to CCR10 (CCL2770), a 346 
cytokine that promotes the differentiation of Langerhans cell precursors71 (IL34), a KC stem marker of 347 
quiescence (KRT1572), and filaggrin (FLG8) (FCH < 0.5 and FDR < 0.05, Fig 6, A and B). 348 

The expressions of IL36G, TGFB1, IL1B, IL6, S100A4, S100A7A, DEFB103A, and DEFB103B in KCs 349 
decreased (FCH < 0.5 and FDR < 0.05) and the expressions of CCL27 and FLG in KCs increased (FCH > 2 and 350 
FDR < 0.05) in psoriasis PostTx LS IL-23 inhibition compared to PreTx LS (Fig 6, A and B). Among them, the 351 
expressions of IL36G, S100A4, S100A7A, DEFB103A, and DEFB103B in KCs decreased (FCH < 0.5 and FDR 352 
< 0.05), and the expressions of CCL27 in KCs increased (FCH > 2 and FDR < 0.05) more in psoriasis PostTx 353 
LS IL-23 inhibition than in PostTx LS IL-17A inhibition. 354 



The results showed that the feed-forward inflammatory mediators in KCs were more significantly 355 
downregulated by IL-23 inhibition than by IL-17A inhibition. 356 
 357 
Discussion 358 

T17 cells were initially described based on their secretion of IL-17A and IL-17F in the reciprocal 359 
relationship with regulatory T-cells (Tregs)73. The conditional conversion between pathogenic T17 cells 360 
inducing autoimmune inflammation and non-pathogenic IL-17-producing T17 cells controlling excessive 361 
inflammation has been demonstrated in animal models of multiple sclerosis and inflammatory bowel 362 
diseases42,74–77. More recently, scRNA-seq studies of human psoriasis skin identified that IL-26+ T17 363 
intermediates differentiate into IL-17-expressing T17 cells via epithelial crosstalk9, and discrete T17 subsets 364 
express IL-17A or IL-17F, or the combination of IL-17A and IL-17F8. However, the diversity and phenotypic 365 
differences among T17 subsets are still poorly understood in human skin. It is unknown which T17 subsets are 366 
pathogenic T17 cells for the target to treat psoriasis and which T17 subsets are non-pathogenic T17 cells for the 367 
target to preserve to defend the skin against extracellular organisms after treatment78. 368 

Here, we studied the phenotypic diversity of T17 cells in human psoriasis skin and their transcriptomic 369 
modifications by systemic IL-23 blockade compared to IL-17A blockade. Our study design was unique for 370 
capturing IL-23 blockade transcriptomic modification when the reagent of the highest long-term efficacy 371 
(risankizumab) has fully established clinical clearing effects in a cohort of patients whose psoriasis is well-372 
controlled (PASI90 responders) up to 1 year (NCT04630652). A network meta-analysis identified that 373 
risankizuamb is currently the reagent with the highest long-term efficacy (estimated PASI90 response rate = 374 
72.5%79), and we previously reported that the molecular phenotype of treated psoriasis skin evolves over time 375 
after risankizumab injections as gene abundance progressively changed over 3 months25.  Since transcriptome 376 
modification by risankizumab may not be fully developed at an early stage of treatment or soon after the initiation 377 
of treatment, we decided to study the effect of risankizumab at a point of stable disease control when clinical 378 
effects are near maximum (7 months after the first injection80,81).  379 

The analysis of our scRNA-seq data at total transcriptome levels was consistent with previous bulk RNA 380 
sequencing studies at different time points25,82–84 , indicating that systemic IL-23 inhibition downregulates the 381 
canonical IL-23/T17 cell pathway gene (IL26, IL17A, IL17F, IL23A, and IL23R) expressions (FCH > 2 and FDR 382 
< 0.05, Fig 1, C). Cook et al.85 and Wu et al.86 analyzed scRNA-seq data at least 2 months85 or 4 months86 after 383 
the first injection of tildrakizumab (estimated PASI90 response rate in a network meta-analysis = 39.7%79) and 384 
detected a recurring set of recalcitrant, disease-specific transcriptional abnormalities, even in IL-23 inhibition-385 
responsive psoriasis patients. We also observed IL-23/T17 cell transcriptomes in the clinically improved psoriasis 386 
skin after systemic IL-23 inhibition at single-cell levels (Fig 2, E). In particular, IL26+ IL17A- IL17F- T17 387 
intermediates expressed high levels of TRM markers20 (CD103 (ITGAE) and CXCR6), T17 markers 388 
(CXCL1324,32–34 and CD16126–30 (KLRB1)), T17 cytokines31 (IL26, IL22, IFNG, CSF2, and IL21), and IL23R (Fig 389 
3, C and Fig E4) and were retained in psoriasis PostTx LS IL-23 inhibition (Fig E6). The T17 intermediates may 390 
represent a TRM subset that can convert to effector TRM subsets expressing IL-17A and/or IL-17F (TRM17) 391 
when exposed to an increasing IL-23 signal after stimulation. 392 

Previous flow cytometry studies with guselkumab reported that IL-23 inhibition partially reduced the 393 
frequency of CD8+ CD49a+ CD103+ TRMs, but concluded that the frequencies of TRM17 cells were not 394 
decreased after IL-23 inhibition87. Our study also showed the overall reduction of TRMs after IL-23 inhibition 395 
(Fig 2, E), but we further dissected the different effects of IL-23 inhibition on different TRM17 subsets (Fig 3, 396 
C). Our scRNA-seq study indicated that the IL17A+ IFNG+ T17 subset and IL17F+ IL10- T17 subset are likely 397 
pathogenic TRM17 subsets expressing IL23R that are selectively downregulated by IL-23 inhibition (Fig 3, C 398 
and D and Fig E4). Those T17 subsets commonly expressed TRM markers20 (CD103 and CXCR6) and the 399 
percentage of the IL17A+ IFNG+ TRM17 subset decreased from 15.18% in PreTx LS to 0% in PostTx LS IL-23 400 
inhibition, and the percentage of the IL17F+ IL10- TRM17 subset decreased from 45.91% in PreTx LS to 16.67% 401 
in PostTx LS IL-23 inhibition.   402 

In contrast, the IL17A+ IL17F+ T17 subset is likely non-pathogenic TRM17 subset expressing TRM 403 
markers20 (CD103 and CXCR6) and regulatory cytokines (IL1346–48 and IL3349) without expressing IL23R. The 404 



percentage of this T17 subset increased from 15.95% in psoriasis PreTx LS to 50.00% in psoriasis PostTx LS IL-405 
23 inhibition (Fig 3, C and D and Fig E4). Considering that IL-23 inhibition is not associated with an increased 406 
risk of candidiasis, unlike IL-17A/IL-17F dual inhibition that is associated with an increased risk of candidiasis88, 407 
the IL17A+ IL17F+ T17 subset may represent the non-pathogenic TRM17 cells preserved after IL-23 inhibition 408 
due to its lack of IL23R expression, defending skin against external surface microbes after treatment88. The 409 
defending function of the IL17A+ IL17F+ T17 subset against microbes is further supported by its dual expressions 410 
of IL17A and IL17F because candidiasis occurred more often with dual blockade of IL-17A and IL-17F 411 
(bimekizumab) than with selective blockade of IL-17A alone (secukinumab) in psoriasis patients89. In addition, 412 
Puel et al. reported that genetic etiologies of chronic mucocutaneous candidiasis disease involved autosomal 413 
recessive deficiency in the receptor for IL-17A and IL-17F (IL-17RA) or autosomal dominant deficiency of IL-414 
17F, indicating that the protective function of T17 cells may involve the expression of IL-17F90. 415 

Psoriasis lesions have an expanded number of TRMs, but only a percentage of those TRMs are TRM17 416 
cells (Fig 2, E). Furthermore, our study indicated that pathogenic TRM17 cells and non-pathogenic TRM17 cells 417 
are differently regulated by IL-23 inhibition (Fig 3, D). Therefore, immunologic goal of psoriasis treatment should 418 
not be eradicating all TRMs but selectively targeting pathogenic TRM17 subsets (IL17A+ IFNG+ and IL17F+ 419 
IL10- T17 subsets) while retaining the non-pathogenic TRM17 subset (IL17A+ IL17F+ T17 subset) to improve 420 
psoriasis and prevent skin infection91.  421 

Studies in the past decades have established that Tregs are a central element in maintaining peripheral 422 
tolerance, including psoriasis skin immune tolerance3,77. Surprisingly, our prior studies3,8,59 have identified higher 423 
production of IL10 in myeloid cells than in Tregs and overwhelming numbers of IL10+ BDCA3+ regulatory 424 
myeloid cells in psoriasis skin. Because these myeloid cells are less mature (semi-mature) and express other 425 
negative regulators, they may contribute to overall immune regulations in human skin10. More recently, Frances 426 
et al.92 reported that the expression of TNFAIP3, a negative regulator of IL-17 and NF-κB signaling, increased in 427 
DC3 after 2 weeks of IL-23 inhibition, suggesting that DCs modulate negative feedback loops regulating IL-428 
17/IL-23 signaling93. Expanding the previous studies, our current study showed that IL-23 inhibition upregulates 429 
regulatory gene expressions in myeloid cells in two different aspects. 1) The expression of regulatory 430 
immunoreceptor (CLEC9A (DNGR-164)) increased after IL-23 inhibition (Fig 5, C) and 2) The expression of 431 
TNFAIP3 increased, and the expression of NFKB1 decreased after IL-23 inhibition (Fig 5, C).  432 

Our study has limitations. Since it was a single time point study, we could not characterize the kinetics 433 
and evolution of transcriptomic changes over different time points. For immune cell-enriched scRNA-seq, we 434 
harvested emigrating cells from skin tissues after 48 hours of incubation in a culture medium as previously 435 
described8. Sato et al.94 reported that our method induces T-cell antigen recovery and upregulation of T-cell 436 
activation without antigen cleavages, which are observed when skin immune cells are dissociated by the enzyme 437 
tissue digestion method. While our approach enhanced the resolution of T-cell subsets and captured DC/myeloid 438 
cells and KCs together, our approach may have enriched the transcriptome of specific immune cell subsets 439 
inconsistent with other groups’ scRNA-seq data with enzyme tissue digestion and/or immune cell preselection 440 
with flow cytometry. To minimize batch-to-batch variability, all the single-cell libraries presented in this study 441 
were generated by one investigator using the same experiment protocol. The IL-23 and IL-17 blockers were 442 
administered at different doses and dosing intervals, skin biopsies were obtained at different time points, and the 443 
PostTx LS IL-17A inhibition group did not have the same statistical power as the PostTx LS IL-23 inhibition 444 
group due to the limited sample size. Under these circumstances, it was difficult to determine whether any 445 
differences in drug impact can be attributed to different mechanisms of action. To overcome the limitation, we 446 
need to conduct a head-to-head clinical trial of IL-23 and IL-17 blockers. In addition, it is unclear whether T17 447 
subsets are unique for psoriasis or if it applies to other skin disorders or other target organs. To further elucidate 448 
T17 subsets in human skin, we plan to test the T17 subsets in hidradenitis suppurativa, where T17 cells are 449 
stimulated by more diverse cytokines (IL-1β, IL-1α, and IL-6) compared to psoriasis (IL-23)59. 450 

Unlike diseases of other organs or tissues that involve T17 cells, skin is an organ where T17 cells provide 451 
the main mechanism for protection from infection with Candida albicans and other environmental 452 
pathogens78.  Conversely, psoriasis is the most common disease driven by excess activation of the IL-23/T17 cell 453 
axis, and high levels of disease control possible with IL-23 or IL-17 antagonists suggest overt dependence of this 454 



disease on pathogenic T17 cells4. Given the unresolved assignment of distinct T17 subsets to protective versus 455 
pathogenic immunity in human skin, analyzing single T-cell phenotypes in response to risankizuamb (IL-23 456 
inhibition) versus secukinumab (IL-17A inhibition) treatments has provided new insights into T-cell functions in 457 
psoriasis and background skin protection. Two T17 subsets with the IL-23 receptor expression: an IL17A+ IFNG+ 458 
T17 subset and an IL17F+ IL10- T17 subset, both synthesizing other inflammatory cytokines, are likely pathogenic 459 
for psoriasis (Figs 3, C and D and Fig E4). In contrast, the IL17A+ IL17F+ T17 subset that largely lacks expression 460 
of the IL-23 receptor remains as a resident-memory population in resolved psoriasis lesions and might mediate 461 
protective immunity as its main function. A population previously identified as non-pathogenic and perhaps 462 
regulatory (IL17F+ IL10+ T17 subset8,41–45) constitutes only 1.17% in untreated psoriasis lesions and does not 463 
expand with risankizumab treatment, suggesting treatment outcomes do not depend on T-cell plasticity or 464 
switching to this likely regulatory phenotype. Moreover, risankizumab upregulates negative regulation of NF-kB 465 
activation by TNFAIP3 expression in cutaneous myeloid cells (Fig 5, C), suggesting multiple immune 466 
mechanisms by which risankizumab can modify the complex inflammatory environment present in psoriatic skin. 467 
These mechanisms may help restore immune homeostasis that lasts for many months after treatment 468 
discontinuation. 469 
  470 
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Figure Legends 712 
FIG 1. Clinical and molecular responses to IL-23 and IL-17A inhibition in psoriasis. (A) Clinical improvement 713 
of psoriasis after 7 months of IL-23 inhibition (risankizumab) and skin biopsy sites (LS = Lesional Skin, NL = 714 
Non-lesional Skin). (B) Psoriasis Area-and-Severity Index (PASI) scores of single-cell libraries. (C) Canonical 715 
IL-23/Type 17 T-cell pathway gene expression in control, psoriasis pretreatment (PreTx) LS and NL skin, and 716 
psoriasis posttreatment after IL-17A inhibition (secukinumab) and IL-23 inhibition (risankizumab) at total 717 
transcriptome levels.  718 
FIG 2. Single-cell transcriptome profile of human psoriasis skin. (A) The Uniform Manifold Approximation 719 
and Projection plot of single-cell clusters. (B) Dot plot displaying expression levels of cluster-defining genes. 720 
(C) Heatmap illustrating pseudotime-dependent genes in the T17 cell differentiation trajectory. (D) Volcano 721 
plots displaying differentially expressed genes in IL23R, IFNG, CXCL13, CD161 (KLRB1), CD103 (ITGAE) 722 
or CXCR6-expressing T17 cluster cells compared to T17 cluster cells who are not expressing those genes. (E) 723 
Numbers and percentages of IL26, IL17A, IL17F, IL23R, or IFNG-expressing T17 cluster cells per sample in 724 
groups of psoriasis pretreatment (PreTx) non-lesional (NL) and lesional skin (LS), and posttreatment (PostTx) 725 
LS (after) IL-17A inhibition and IL-23 inhibition. 726 
FIG 3. Single-cell transcriptome changes of T17 cells after IL-17A/IL-23 inhibition. (A) Heatmap illustrating 727 
different average gene expression between control, psoriasis PreTx NL and LS, and PostTx LS IL-17A and IL-728 
23 inhibition in the T17 cell cluster. (B) Volcano plots displaying differentially expressed genes between 729 
control, psoriasis PreTx NL and LS, and PostTx LS IL-17A and IL-23 inhibition in the T17 cell cluster. The last 730 
panel presents the fold change between psoriasis PostTx LS IL-23 inhibition and IL-17A inhibition, without 731 
accounting for transcriptomic changes from psoriasis PreTx LS. (C) Heatmap illustrating the average gene 732 
expression of T17 cell subsets. (D) The proportion changes of T17 subsets between psoriasis PreTx NL and LS, 733 
and PostTx LS IL-23 inhibition.  734 
FIG 4. Single-cell transcriptome changes of dendritic cells after IL-17A/IL-23 inhibition. (A) Heatmap 735 
illustrating different average gene expression between control, psoriasis pretreatment (PreTx) non-lesional (NL) 736 
and lesional skin (LS), posttreatment (PostTx) LS (after) IL-17A inhibition and IL-23 inhibition in the dendritic 737 
cell (DC) cluster. (B) Volcano plots displaying differentially expressed genes between control, PreTx NL, 738 
PreTx LS, PostTx LS IL-17A inhibition, and PostTx LS IL-23 inhibition in the DC cluster. 739 

FIG 5. Single-cell transcriptome changes of myeloid cells after IL-17A/IL-23 inhibition. (A) Co-expression of 740 
myeloid cell cluster-defining genes visualized in low-dimensional space. (B) Heatmap illustrating different 741 
average gene expression between control, psoriasis pretreatment (PreTx) non-lesional (NL) and lesional skin 742 
(LS), posttreatment (PostTx) LS (after) IL-17A inhibition and IL-23 inhibition in the myeloid cell cluster. (C) 743 
Volcano plots displaying differentially expressed genes between PreTx NL, PreTx LS, and PostTx LS IL-23 744 
inhibition in the myeloid cluster.  745 

FIG 6. Single-cell transcriptome changes of keratinocytes after IL-17A/IL-23 inhibition. (A) Heatmap 746 
illustrating different average gene expression between control, psoriasis pretreatment (PreTx) non-lesional (NL) 747 
and lesional skin (LS), posttreatment (PostTx) LS (after) IL-17A inhibition and IL-23 inhibition in the 748 
keratinocyte cluster. (B) Volcano plots displaying differentially expressed genes between control, PreTx NL, 749 
PreTx LS, PostTx LS IL-17A inhibition, and PostTx LS IL-23 inhibition in the keratinocyte cluster. 750 
  751 



Supplementary Figure Legends 752 
Supplementary Fig. 1. Summary of single-cell RNA sequencing data in groups of control, psoriasis 753 
pretreatment (PreTx) non-lesional (NL) skin, psoriasis PreTx lesional skin (LS), psoriasis posttreatment 754 
(PostTx) LS (after) IL-17A inhibition (secukinumab), and psoriasis PostTx LS IL-23 inhibition (risankizumab): 755 
number of cells, number of samples, clinical trial registration number, and publicly accessible National Center 756 
for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO) accession numbers.  757 

Supplementary Fig. 2. An alluvial diagram visualizes how individual cells are allocated across single-cell 758 
libraries, patients, condition (control, psoriasis pretreatment (preTx) non-lesional (NL) and lesional skin (LS), 759 
posttreatment (PostTx) IL-17A inhibition (secukinumab) and IL-23 inhibition (risankizumab), and single-cell 760 
clusters (T-cell, dendritic cell (DC), myeloid cell, melanocyte, keratinocyte (KC), and fibroblast clusters). 761 

Supplementary Fig. 3. (A) The Uniform Manifold Approximation and Projection plot of single-cell clusters 762 
before excluding doublets and merging common immune cell subsets. (B) Volcano plots displaying 763 
differentially expressed genes between psoriasis PreTx LS, PostTx LS IL-23 inhibition, and IL-17A inhibition 764 
in the T17 cell cluster.   765 

Supplementary Fig. 4. Volcano plots displaying differentially expressed genes (DEGs) in T17 subsets 766 
compared to other T17 subsets in the T17 cluster. 767 

Supplementary Fig. 5. Co-expression of T17 subset-defining genes visualized in low-dimensional space. 768 
Supplementary Fig. 6. Numbers of T17 intermediates (IL26+ IL17A- IL17F- T17 cluster cells) per sample in 769 
groups of control, psoriasis pretreatment (PreTx) non-lesional (NL) and lesional skin (LS), and posttreatment 770 
(PostTx) LS (after) IL-17A inhibition and IL-23 inhibition. 771 

Supplementary Fig. 7. Volcano plots displaying differentially expressed regulatory dendritic cell (DC) genes 772 
between control, psoriasis pretreatment (PreTx) non-lesional (NL) skin, psoriasis PreTx lesional skin (LS), and 773 
psoriasis posttreatment (PostTx) LS (after) IL-23 inhibition in the DC cluster. 774 
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Table legend  776 

Table 1. Phenotype and characteristics of type 17 T-cell subsets. 777 

 778 
 779 

Phenotype IL-23 Receptor 
expression 

Characteristic gene expression Response after 
IL-23 inhibition 

IL17A+ IFNG+  Yes IL26, IL22, IFNG, CSF2, and TNF (T17 
cytokines) 
CD8A, GZMB, GNLY, and PRF1 (cytotoxic T17 
cell transcripts) 

Eradicated 
 

IL17A+ IFNG-  Yes IL12A (T17 inhibition) Retained  
IL17A+ IL17F+  No IL26, IFNG, CSF2, and TNF (T17 cytokines) 

IL13 and IL33 (regulatory cytokines) 
Retained  

IL17F+ IL10-  Yes IL26, IL22, IFNG, and CSF2 (T17 cytokines) 
IL1B and IL34 (inflammatory cytokines) 

Reduced 

IL17F+ IL10+  No IL1RN (regulatory cytokines) Not expanded 
IL26+ IL17A- 
IL17F-  

Yes IL26, IL22, IFNG, CSF2, and IL21 (T17 
cytokines) 

Retained 




