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42 Abstract

43 Psoriasis is a multifactorial disorder mediated by IL-17-producing T cells,

44  involving immune cells and skin-constituting cells. Semaphorin 4A (SemadA), an

45 immune semaphorin, is known to take part in T helper type 1/17 differentiation and

46 activation. However, SemadA is adso crucial for maintaining periphera tissue

47 homeostasis and its involvement in skin remains unknown. Here, we revealed that while

48  SemadA expression was pronounced in psoriatic blood lymphocytes and monocytes, it

49  was downregulated in the keratinocytes of both psoriatic lesions and non-lesions

50 compared to controls. Imiquimod application induced more severe dermatitis in

51  SemadA knockout (KO) mice compared to wild-type (WT) mice. The naive skin of

52 SemadAKO mice showed increased T cell infiltration and IL-17A expression along with

53  thicker epidermis and distinct cytokeratin expression compared to WT mice, which are

54  hallmarks of psoriatic non-lesions. Analysis of bone marrow chimeric mice suggested

55  that SemadA expression in keratinocytes plays a regulatory role in imiquimod-induced

56 dermatitis. The epidermis of psoriatic non-lesion and SemadAKO mice demonstrated

57  mTOR complex 1 upregulation, and the application of mMTOR inhibitors reversed the

58  skewed expression of cytokeratins in SemadAKO mice. Conclusively, SemadA-

59  mediated signaling cascades can be triggers for psoriasis and targets in the treatment
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60  and prevention of psoriasis.
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61 INTRODUCTION

62 While the infiltration of immune cells into skin plays a critica role in the

63  development of psoriasis, as evidenced by interleukin (IL) -23/IL-17 axis (Fitch, Harper,

64  Skorcheva, Kurtz, & Blauvelt, 2007; Hawkes, Yan, Chan, & Krueger, 2018; Kim &

65  Krueger, 2017), recent studies have revealed that cells constructing skin structure, such

66 as keratinocytes, fibroblasts, and endothelial cells, aso play pivotal roles in the

67  development (Heidenreich, Rdcken, & Ghoreschi, 2009; Lowes, Russell, Martin, Towne,

68 & Krueger, 2013; Zhang et al., 2023) and maintenance (Arasa et al., 2019; Francis et al.,

69  2024; Q. Li et a., 2023; Maet al., 2023; Tan et al., 2015; Zhu et a., 2020) of psoriasis.

70  Among these cells, keratinocytes function as a barrier and produce cytokines,

71 chemokines, and antimicrobial peptides against foreign stimuli, resulting in the

72 activation of immune cells (Ni & Lai, 2020; Zhou, Chen, Cui, Shi, & Guo, 2022).

73 Semaphorins were initially identified as guidance cues in neural development

74 (Kolodkin, Matthes, & Goodman, 1993; Pasterkamp & Kolodkin, 2003) but are now

75  regarded to play crucia roles in other physiological processes including angiogenesis

76 (Iragavarapu-Charyulu, Wojcikiewicz, & Urdaneta, 2020; Serini, Maione, Giraudo, &

77 Bussolino, 2009), tumor microenvironment (Hui, Tam, Jiao, & Ong, 2019; Jiang €t a.,

78 2022; Nakayama, Kusumoto, Nakahara, Fujiwara, & Higashiyama, 2018; Rajabingad
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79  etd., 2020), and immune systems (Garcia, 2019; Kanth, Gairhe, & Torabi-Parizi, 2021;

80 M. Naito & Kumanogoh, 2023). Semaphorin 4A (SemadA), one of the immune

81  semaphorins, plays both pathogenic and therapeutic roles in autoimmune diseases

82  (Cavalcanti et a., 2020; He et al., 2023), alergic disecases (Maeda et a., 2019), and

83  cancer (lyer & Chapoval, 2018; Liu et a., 2018; Y. Naito et a., 2023; Pan, Wang, & Ye,

84  2016). While SemadA expression on T cells is essentia for T helper type 1

85  differentiation in the murine Propionibacterium acnes-induced inflammation model and

86  delayed-type hypersensitivity model (Kumanogoh et al., 2005), SemadA amplifies only

87 T helper type 17 (Thl7)-mediated inflammation in the effector phase of murine

88  experimental autoimmune encephalomyelitis (Koda et al., 2020). Accordingly, in

89  multiple sclerosis, high serum SemadA levels correlate with the elevated serum IL-17A,

90 earlier disease onset, and increased disease severity (Koda et al., 2020; Nakatsuji et al.,

91  2012). In anti-tumor immunity, research involving human samples and murine models

92  suggests that SemadA expressed in cancer cells and regulatory T cells promotes tumor

93  progression (Delgoffe et al., 2013; Liu et a., 2018; Pan et al., 2016), while other reports

94  reved that SemadA in cancer cells and dendritic cells bolsters anti-tumor immunity by

95 enhancing CD8 T cell activity (Y. Naito et al., 2023; Suga et a., 2021). In addition to

96  these roles in immune reactions, mice with a point mutation in SemadA develop retina
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degeneration, suggesting that SemadA is also crucia for peripheral tissue homeostasis

(Nojima et a., 2013). These reports suggest that the role of SemadA can differ based on

the disease, phase, and involved cells.

Herein, we investigated the roles of SemadA in the pathogenesis of psoriasis by

analyzing skin and blood specimens from psoriatic subjects and using a murine model.
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103 RESULTS

104  Epidermal SemadA expression is downregulated in psoriasis

105 The analysis of previously-published single-cell RNA-sequencing data from
106 control (Ctl) and psoriatic lesional (L) skin specimens (Kim et al., 2023) reveaed
107  detectable expression of SEMA4A in keratinocytes, dendritic cells, and macrophages in
108 both Ctl and L. SEMAJA expression was low in neural crest-like cells, fibroblasts, CD4
109 T cells, CD8 T cells, NK cells, and plasma cells, making the comparison of expression
110  levelsimpractical (Figure 1A and B; Figure 1-figure supplement 1A-C). Dendritic cells
111 and macrophages showed comparable SEMA4A expression levels between Ctl and L
112 (Figure 1C). The adjusted p-value (padj) for SEMA4A in keratinocytes between Ctl and
113 L was 2.83x10%, indicating a statistically significant difference despite not being
114  visually prominent in the volcano plot, which shows comprehensive differential gene
115  expression in keratinocytes (Figure 1C; Figure 1-figure supplement 1D).

116 Immunohistochemistry of Ctl and psoriasis demonstrated SemadA expression
117 in keratinocytes (Figure 1D). The staining intensity of SemadA in epidermis was
118  dgnificantly lower in both non-lesions (NL) and L than in Ctl (Figure 1E). Relative
119  mRNA expression of SEMA4A was also decreased in the epidermis of NL and L

120  compared to Ctl, while it remained comparable in the dermis (Figure 1F). In contrast,
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121 the proportions of SemadA-positive cells were significantly higher in blood CD4 and
122 CD8 T cells, and monocytes in psoriasis compared to Ctl (Figure 1G; Figure 1-figure
123 supplement 2). Serum SemadA levels, measured by enzyme-linked immunosorbent
124  assay (ELISA), were comparable between Ctl and psoriasis (Figure 1H). These findings
125  demonstrate that the expression profile of SemadA in psoriasis varies across cell types.
126

127 Psoriasis-like dermatitisis augmented in SemadAK O mice

128 When psoriasis-like dermatitis was induced in wild-type (WT) mice and
129  SemadA knockout (KO) mice by imiquimod application on ears (Figure 2A), ear
130 swelling on day 4 was more pronounced in SemadAKO mice (Figure 2B) with
131 upregulated ll17a gene expression (Figure 2C). Flow cytometry analysis of cells
132 isolated from the ears revealed increased proportions of Vy2" T cells, Vy2'Vy3 double-
133 negative (DN) vd T cells, and IL-17A-producing cells of those fractions in SemadAKO
134 epidermis (Figure 2D and E; Figure 2-figure supplement 1). In SemadAKO dermis,
135  there was aso an increase in the proportions of Vy2" T cells and IL-17A-producing
136 Vy2' T cells (Figure 2D and E). These results suggest that SemadA deficiency in mice
137 accelerates psoriatic profile. IL-17A-producing T cells in skin-draining lymph nodes

138 (dLN) remained comparable between WT mice and SemadAKO mice (Figure 2F).

10
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139 Though the imiquimod model is well-established and valuable murine psoriatic model

140 (van der Fits et a., 2009), the vehicle of imiquimod cream can activate skin

141  inflammation that is independent of toll-like receptor 7, such as inflammasome

142  activation, keratinocyte death and interleukin-1 production (Walter et al., 2013). This

143 suggests that the imiquimod model involves complex pathway. Therefore, we

144 subsequently induced IL-23-mediated psoriasis-like dermatitis (Figure2-figure

145  supplement 2A), a much simpler murine psoriatic model, because I1L-23 is thought to

146  play a central role in psoriasis pathogenesis (Krueger et al., 2007; Lee et a., 2004).

147 Although ear swelling on day 4 was comparable between WT mice and SemadAKO

148  mice (Figure2-figure supplement 2B), the epidermis, but not the dermis, was

149  dgnificantly thicker in SemadAKO mice compared to WT mice (Figure2-figure

150  supplement 2C). We found that the proportion of CD4 T cells among T cells was

151 significantly higher in Semad4A KO mice compared to WT mice, while the proportion of

152 Vy2 and DNy3 T cells among T cells was comparable between them (Figure 2-figure

153 supplement 2D). On the other hand, focusing on IL-17A-producing cells, the proportion

154 of IL-17A-producing Vy2 and DNyd T cells in CD3 fraction in the epidermis was

155  sgnificantly higher in SemadA KO mice, consistent with the results from imiquimod-

156 induced psoriasis-like dermatitis. (Figure 2-figure supplement 2E).

11
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157

158  SemadA in Kkeratinocytes may play a role in preventing murine psoriasis-like
159  dermatitis

160 To investigate the cells responsible for the augmented ear swelling in
161 SemadAKO mice, bone marrow chimeric mice were next analyzed (Figure 3A). Since it
162  has already been reported that bone marrow cells contain keratinocyte stem cells (Harris
163 etal., 2004; Wu, Zhao, & Tredget, 2010), we confirmed that epidermis of mice deficient
164  in non-hematopoietic SemadA (WT—KO) showed no obvious detection of Semada,
165  thereby ruling out the impact of donor-derived keratinocyte stem cells infiltrating the
166  host epidermis (Figure 3-figure supplement 1A). WT—KO mice displayed more
167  pronounced ear swelling than mice with intact SemadA expression (WT—WT)
168  following imiquimod application (Figure 3B). Similarly, mice with a systemic
169  deficiency of SemadA (KO—KO) showed severe ear swelling compared to mice
170 deficient in hematopoietic SemadA (KO—WT) (Figure 3B). Ear swelling was
171 comparable between WT—WT mice and KO—WT mice (Figure 3B). Flow cytometry
172 analysis revedled increased infiltration of IL-17A-producing DNys T cells in the
173 epidermis, as well as Vy2' T cells and IL-17A-producing Vy2" T cellsin the dermis, in

174  WT—KO mice compared to WT—WT mice (Figure 3C; Figure 3-figure supplement

12
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175 1B). These findings suggest that non-hematopoietic cells, possibly keratinocytes, are

176 primarily responsible for the increased imiquimod-induced SemadAKO mice ear

177 swelling.

178

179  SemadAKO epidermis is thicker than WT epidermis with increased yo T17

180 infiltration

181 Even without imiquimod application, SemadAKO ears turned out to be slightly

182  but significantly thicker than WT ears on week 8 while their appearance remained

183 normal (Figure 4A). While epidermal thickness of back skin was comparable at birth

184  (Figure 4B), on week 8, epidermis of SemadAK O back and ear skin was notably thicker

185  than that of WT mice (Figure 4B), suggesting that acanthosis in SemadAKO mice is

186  accentuated post-birth. Dermal thickness remained comparable between WT mice and

187 SemadAKO mice at both times (Figure 4B). The epidermis of WT ear at week 8 showed

188 significantly higher Semada mRNA expression compared to the dermis (Figure 4C).

189  Based on these observations, SemadA appears to play a more pronounced role in

190  epidermisthanin dermis.

191 SemadAKO epidermis exhibited increased expression of Ccl20, Tnfa, and

192 1l17a and atrend of upregulation of S100a8 compared to WT epidermis (Figure 4-figure

13
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193 supplement 1A). These differences were not observed in dermis (Figure 4-figure
194  supplement 1A). Flow cytometry analysis revealed increased infiltration of yd T cellsin
195  SemadAKO ear (Figure 4-figure supplement 1B). These cells predominantly expressed
196  resident memory T cell (Tru)-characteristic molecules, CD69 and CD103 (Figure 4-
197  figure supplement 1B). SemadAKO skin also had a higher number of Try in both CD4
198 and CD8 T cells (Figure 4-figure supplement 1B). The percentages of Vy2" T cells,
199 DNyd T cells, and CD8 T cells in epidermis were higher in SemadAKO mice than in
200  WT mice, which was not the case in dermis (Figure 4-figure supplement 2A). The
201 proportion of Vy3" dendritic epidermal T cells was comparable between WT mice and
202 SemadAKO mice (Figure 4-figure supplement 2A). Epidermal Vy2' T cells and DNys T
203 cells in SemadAKO mice showed higher I1L-17A-producing capability (Figure 4D),
204  while IFNy and IL-4 production was comparable between WT mice and SemadAKO
205  mice (Figure 4-figure supplement 2B and C). Conversely, the frequency of IL-17A-
206 producing T cells from dLN was comparable (Figure 4E). The production of IL-17A
207 and IFNy from splenic T cells under T17-polarizing conditions remained consistent
208 between WT mice and SemadAKO mice (Figure 4-figure supplement 3).

209 Taken together, it is suggested that T17 cells are specifically upregulated in

210  epidermis, indicating that the epidermal microenvironment plays a pivotal role in

14
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211 facilitating theincreased T cell infiltration observed in naive SemadAKO mice.

212

213 SemadAK O skin shares features with human psoriatic NL

214 Previous literatures have identified certain features common to psoriatic L and

215 NL, such as thickened epidermis (Figure 5-figure supplement 1) (Gallais Sérézal et d.,

216 2019), CCL20 upregulation (Gallais Sérézal et al., 2019), and accumulation of IL-17A-

217 producing T cells (Vo et a., 2019), which were detected in SemadAKO mice.

218 Gene expression analysis using public RNA-sequencing data (Tsoi et a., 2019)

219 with RaNA-seq (Prieto & Barrios, 2019) showed upregulation of keratinization and

220  antimicrobia peptide genesin NL compared to Ctl (Figure 5A). Gene Ontology analysis

221  highlighted an upregulation in biological processes, predominantly in peptide cross-

222 linking involved in epidermis formation and keratinocyte differentiation, with a

223 secondary increase in the defense response to viruses in NL (Figure 5B). While the

224  expression of Keratin (KRT) 10 was comparable between NL and Ctl, upregulation in

225  KRT5, KRT14, and KRT16 was observed in NL (Figure 5C).

226 In the murine model, relative expression levels of Krtl0, Krtl4, Krtl6, and

227  Filaggrin were elevated in SemadAKO epidermis. (Figure 5D). Immunofluorescence

228  anaysis showed that SemadAKO epidermis had a higher density of keratinocytes

15
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229  positive for Krt5, Krt10, Krtl4, and Krt16 compared to WT epidermis (Figure 5E). This

230 upregulation was not observed in back skin at birth (Figure 5-figure supplement 2).

231  Comparable transepidermal water loss between WT mice and SemadAKO mice

232 indicated preserved skin barrier function in SemadAKO mice (Figure 5F).

233 Based on these results, it is implied that the epidermis of human psoriatic NL

234 and SemadAKO mice exhibit shared pathways, potentially leading to an acanthotic state.

235  Combined with the observed acanthosis and increased T17 infiltration in SemadAKO

236 mice, SemadAKO skin is regarded to demonstrate the features characteristic of human

237 psoriatic NL.

238

239  mTOR signaling is upregulated in the epidermis of psoriatic NL and Sema4AKO

240  mice

241 Previous reports have shown that mTOR pathway plays a critical role in

242 maintaining epidermal homeostasis, as evidenced by mice with keratinocyte-specific

243 deficiencies in Mtor, Raptor, or Rictor, which exhibit a hypoplastic epidermis with

244 impaired differentiation and barrier formation (Asrani et al., 2017; Ding et al., 2016;

245  Ding et al., 2020). We thus investigated mTOR pathway in both human and murine

246 epidermis.

16
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247 Immunohistochemical analyses highlighted the increase in phospho-S6 (p-S6),

248 indicating the upregulation of mMTOR complex (C) 1 signaling, in the epidermal upper

249  layers of both L and NL compared to Ctl (Figure 6A). The activation of mMTORC2 in the

250  epidermis, inferred from phospho-Akt (p-Akt), was scarcely detectable in L, NL, and

251  Citl (Figure 6A). In the epidermis of WT mice and SemadAK O mice, the upregulation of

252 both mTORC1 and mTORC2 signaling was observed in SemadAKO epidermis by

253 immunohistochemistry (Figure 6B). Western blot analysis showed upregulated

254  mMTORCL signaling in SemadAKO epidermis compared to WT epidermis (Figure 6C).

255  The enhancement of MTORC1 and mTORC2 signaling became obvious in the

256 SemadAKO epidermis after developing psoriatic dermatitis by imiquimod application

257  (Figure 6D).

258

259 Inhibition of mTOR signaling modulates cytoker atin expression in Sema4AK O mice

260 To investigate the contribution of MTORC1 and mTORC2 signaling in the

261  development of psoriatic features in the SemadAKO epidermis, mTORCL1 inhibitor

262  rapamycin and mTORC2 inhibitor JR-AB2-011 were intraperitoneally applied to

263 SemadAKO mice for 14 days. Although epidermal thickness remained unchanged by

264  the inhibitors (Figure 7A and B), relative gene expression of Krt5 was significantly

17
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265  upregulated and that of Krtl6 was significantly downregulated after rapamycin

266 application (Figure 7C). While the upregulation of 1117a in SemadAKO epidermis was

267 not clearly modified by rapamycin (Figure 7C), immunofluorescence revealed the

268  decrease in the number of CD3 T cells in SemadAKO epidermis by rapamycin (Figure

269  7D). We additionally conducted topical application of rapamycin gel and vehicle gel on

270  the left and right ears of SemadAKO mice, respectively. Although there were no

271  detectable changes in epidermal thickness and epidermal T cell counts, the upregulation

272 of Krt5 and downregulation of Krtl6 was observed again (Figure 7-figure supplement

273 1). Conversely, the application of JR-AB2-011 resulted in decreased expression of Krt5,

274  Krtl0, and Krtl4 with a trend towards increased Krtl6 expression (Figure 7E). JR-

275  AB2-011 did not influence the number of infiltrating T cells in the epidermis (Figure

276 7F). Next, we investigated whether intraperitoneal rapamycin treatment effectively

277 downregulates inflammation in the IMQ-induced murine model of psoriasis in

278 SemadAKO mice (Figure 7-figure supplement 2A). Rapamycin significantly reduced

279 epidermal thickness compared to vehicle treatment (Figure 7-figure supplement 2B).

280  Additionally, rapamycin treatment downregulated the expression of Krtl10, Krtl14, and

281  Krtle (Figure 7-figure supplement 2C). While the upregulation of [117a in the

282  SemadAKO epidermisin IMQ model was not clearly modified by rapamycin (Figure 7-
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283 figure supplement 2C), immunofluorescence revealed a decrease in the number of CD3

284 T cellsin SemadAKO epidermis by rapamycin (Figure 7-figure supplement 2D). In the

285  naive states, mMTORCL primarily regulates keratinocyte proliferation, whereas mTORC2

286 mainly involved in the keratinocyte differentiation through SemadA-related signaling

287  pathways. Conversely, in the psoriatic dermatitis state, rapamycin downregulated both

288  keratinocyte differentiation and proliferation markers. The observed similaritiesin 1117a

289  expression following treatment with rapamycin and JR-AB2-011, regardless of

290  additional IMQ treatment, suggest that II17a production is not significantly dependent

291  on SemadA-related mTOR signaling.

292
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293  DISCUSSION

294 Recent studies have highlighted the significance of IL-17A-producing Tgrm in

295  psoriatic NL (Cheuk et al., 2014; Gallais Sérézal et a., 2018; Vo et a., 2019; Vu,

296  Koguchi-Yoshioka, & Watanabe, 2021). This condition is also characterized by

297  epidermal thickening with elevated CCL20 expression (Gallais Sérézal et d., 2019) and

298 adistinct cytokeratin expression pattern, marked by increased levels of Krt5, Krt14, and

299  Krtle (Tsoi et a., 2019) (Figure 5C). Here, we identified that murine SemadA

300  deficiency could induce these features of psoriatic NL.

301 SemadA expression in epidermis, but not in dermis, was diminished in

302  psoriatic L and NL compared to Ctl. While SemadA expression on blood immune cells

303  was upregulated in psoriasis, its serum levels were comparable between Ctl and

304  psoriasis. Despite the reported involvement of increased SemadA expression on immune

305  cellsin the pathogenesis of multiple sclerosis (Koda et a., 2020; Nakatsuji et a., 2012),

306 our results suggest that the diminished expression of SemadA in skin-constructing cells

307 plays a more prominent role in the pathogenesis of psoriasis than its increased

308  expression on immune cells.

309 In our murine model, regardless of imiquimod application, IL-17A-producing

310 T cells were increased in Semad4AKO skin although their frequency was comparable in
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311 dLN of WT mice and SemadAKO mice. Additionaly, the potential for in vitro T17

312  differentiation did not differ between T cells from WT mice and SemadAKO mice.

313 These findings suggest that the absence of SemadA in the skin microenvironment plays

314 acrucia role in the localized upregulation of IL-17A-producing T cells in SemadAKO

315 mice.

316 It is well-documented that upregulated mMTORCL1 signaling promotes the

317 pathogenesis of psoriasis (Buerger, 2018; Karagianni, Pavlidis, Maakou, Piperi, &

318 Papadavid, 2022; Ruf, Andreoli, Itin, Pluschke, & Schmid, 2014), and that rapamycin

319  can partially ameliorate the disease activity in psoriatic subjects and murine models

320 (Burger et a., 2017; Gao & Si, 2018; Reitamo et al., 2001). Our results using

321  SemadAKO mice revealed that inhibition of mMTORC1 leads to the downregulation of

322 Krtl6, and inhibition of mMTORC2 leads to the downregulation of undifferentiated

323 keratinocytes, while the SemadAKO epidermal thickening and the upregulated 1L-17A

324  dignaling are not reversed by mTOR blockade in the naive state. It is plausible that the

325 downregulation of SemadA can lead to the upregulation of MTORC1 and mTORC2

326 signaling in keratinocytes, and the augmented signaling leads to the psoriatic profile of

327  proliferation and differentiation of keratinocytes, which is part of the psoriatic NL

328  disposition.

21


https://doi.org/10.1101/2024.04.02.587777
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.04.02.587777; this version posted October 26, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

329 This study has limitations. SemadA expression in skin cells other than

330  keratinocytes was not thoroughly investigated. However, since single-cell RNA-

331  sequencing has shown that SemadA is predominantly expressed in keratinocytes,

332 dendritic cells, and macrophages, with a notable reduction in keratinocytes in psoriasis,

333 we infer that keratinocytes are the primary cells responsible for the psoriatic features

334 resulting from SemadA downregulation. We were not able to determine whether

335 SemadA functions as a ligand or a receptor in epidermis (Ito & Kumanogoh, 2016;

336 Kumanogoh et al., 2002; Lu et a., 2018; Sun et al., 2017) in this study, either. We were

337  not able to reveal how SemadA expression is regulated. Although we showed that

338 downregulation of SemadA is related to the abnormal cytokeratin expression observed

339 inpsoriasis, we could not determine the relationships between SemadA expression and

340  the essential molecules upregulated in psoriatic keratinocytes. While both mTORC1 and

341  mTORC2 signals are upregulated in SemadAKO epidermis, we were not able to

342 confirm mTORC2 signaling from human skin due to technical limitation and sample

343 limitation, while the results from augmented mTORC2 signal in SemadAKO mice and

344  the normalization of Krt5 and Krtl4 by mTORC2 inhibitor imply the involvement of

345  mTORC2 signal in psoriatic epidermis. The role of SemadA other than mTOR signaling,

346 which may be involved in the regulation of T17 induction in skin, is not discussed,
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347  ether. These limitations should be overcomein the near future.

348 In summary, epidermal Sema4A downregulation can reflect the psoriatic non-

349  lesiona features. Thus, targeting the downregulated SemadA and upregulated mTOR

350  signaling in psoriatic epidermis can be a promising strategy for psoriasis therapy and

351  modification of psoriatic diathesisin NL for the prevention of disease development.

352

23


https://doi.org/10.1101/2024.04.02.587777
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.04.02.587777; this version posted October 26, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

353  MATERIALSAND METHODS

354  Human sample collection

355 Psoriatic L and NL skin specimens were acquired from 17 psoriasis patients.
356 Ctl specimens were obtained from 19 subjects who underwent tumor resection or
357  recongtructive surgery. For epidermal-dermal separation, specimens were incubated
358  overnight at 4°C with 2.5 mg/mL dispase T (Wako, Osaka, Japan) in IMDM (Wako).
359  Blood samples were collected from 73 psoriasis and 33 Ctl. In addition to ELISA
360  (Nakatsuji et al., 2012), peripheral blood mononuclear cells were isolated using Ficoll-
361  Paque PLUS density gradient media (Cytiva, Tokyo, Japan). Patient details are provided
362 in Supplemental Table 1.

363

364  Mice

365 C57BL/6J WT mice were procured from CLEA Japan (Tokyo, Japan).
366  SemadAKO mice with C57BL/6J background were generated as previously described
367  (Kumanogoh et al., 2005). We examined female mice in order to reduce the result
368  variation. Neonatal mice and female mice aged 8 to 12 weeks, maintained under
369  specific pathogen-free conditions, were used.

370 To develop psoriasis-like dermatitis, 10 mg of 5% imiquimod cream (Mochida,
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371  Tokyo, Japan) was applied to both ears for 4 consecutive days. To induce IL-23-
372 mediated psoriasis-like dermatitis, 20 pl of phosphate-buffered saline containing 500 ng
373 of recombinant mouse IL-23 (BioLegend, San Diego, CA) was injected intradermally
374  into both ears of anesthetized mice using a 29-gauge needle for 4 consecutive days. Ear
375  thickness was measured using athickness gauge (Peacock, Tokyo, Japan).

376 For bone marrow reconstitution, 2 x 10° bone marrow cells obtained from the
377  indicated strains were intravenously transferred to recipient mice that had received a
378  single 10 Gy irradiation. The reconstituted mice were subjected to the experimentsin 8
379 weeks.

380 In the specified experiments, skin specimens were separated into epidermis and
381  dermis by 5 mg/mL dispase (Wako) in IMDM for 30 minutes at 37°C.

382 Transepidermal water loss measurements were performed on the back skin of
383  mice a week 8 using a Tewameter (Courage and Khazaka Electronic GmbH, Cologne,
384  Germany), according to the manufacturer's instructions.

385

386 Immunofluor escence and immunohistochemistry

387 Specimens were fixed in 4% paraformaldehyde phosphate buffer solution

388 (Wako), embedded in paraffin, and sliced into 3-um thickness on glass slides. After
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389  deparaffinization and rehydration, antigen retrieval was performed using citrate buffer

390  (pH 6.0, Nacalai tesque, Kyoto, Japan) or TE buffer (pH 9.0, Nacalai tesque).

391 For immunohistochemistry, samples were incubated with 3% H,O, (Wako) for

392 5 minutes. After blocking (Agilent, Santa Clara, CA), the specimens were incubated

393 with the indicated primary antibodies under specified conditions (Supplemental Table 2).

394  The specimens were applied with the Dako REAL EnVision Detection System,

395  Peroxidase/DAB, Rabbit/Mouse, HRP kit (Agilent) and counterstained with

396  hematoxylin (Wako). For immunofluorescence, the blocked specimens were incubated

397  with the indicated primary antibodies followed by the secondary antibodies (Table E4).

398 Mounting medium with DAPI (Vector Laboratories, Burlingame, CA) was used. Slides

399  were observed using a fluorescence microscope (BZ-X700, Keyence, Osaka, Japan).

400  The staining intensity was measured using Fiji software (ImageJ, National Institutes of

401  Health, Bethesda, MD) over lengths of 200 um in human samples and 100 um in murine

402  samples. This measurement was taken from five areas of each specimen, and the

403  average score is presented. The average thickness of epidermis and dermis from 10

404  spotsis presented. The number of epidermal cells positive for the indicated cytokeratins

405  was counted per 100 um width, with the average number from 5 areas being presented.

406 Additionally, the numbers of CD3-positive cells in murine ears were counted across 10

26


https://doi.org/10.1101/2024.04.02.587777
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.04.02.587777; this version posted October 26, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

407  fields of 400 um width, with the total sum being presented.

408

409  Quantitativereverse transcription polymerase chain reaction (QRT-PCR)

410 Total RNA was extracted from homogenized skin tissue using Direct-zol RNA
411 MiniPrep Kit (ZYMO Research, Irvine, CA). cDNA was synthesized by High-Capacity
412 RNA-to-cDNA™ Kit (Thermo Fisher Scientific, Waltham, MA). qPCR was performed
413 using TB Green Premix Ex Tag'™ Il (Takara-bio, Shiga, Japna) on a ViiA 7 Real-Time
414  PCR System (Thermo Fisher Scientific). The primers are listed in Supplemental Table 3.
415  All samples were run in triplicate, and the median CT value was calculated. Relative
416 gene expression levels were normalized to the housekeeping gene GAPDH using the
417 AACT technique.

418

419  Flow cytometry analysis

420 Single-cell suspensions from murine skin-dLN and spleen were prepared by
421 grinding, filtering, and lysing red blood cells (BioLegend). Skin specimens were minced
422 and digested with 3 mg/mL collagenase type |11 (Worthington Biochemical Corporation,
423 Lakewood, NJ) in RPMI 1640 medium (Wako) at 37°C for 10 minutes for epidermis,

424  and 30 minutes for dermis or whole skin. Cells were surface-stained with directly
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425  conjugated monoclonal antibodies (Supplemental Table 4). Dead cells were identified
426 using LIVE/DEAD™ Fixable Dead Cell Stain Kit (Thermo Fisher Scientific). To
427  evauate cytokine production, cells were stimulated with Phorbol 12-Myristate 13-
428  Acetate (PMA; 50 ng/mL, Wako) and ionomycin (1000 ng/mL, Wako), plus BD
129  Golgiplug™ (BD Biosciences, San Jose, CA) for 4 hours before surface staining.
430 Fixation, permeabilization, and intracellular cytokine staining were performed using BD
431 Cytofix/Cytoperm™ Fixation/Permeabilization Kit (BD Biosciences) according to the
432 manufacturer’s protocol. In specified experiments, the numbers of each cell subset per
433 ear were estimated using CountBright'™™ Absolute Counting Beads (Thermo Fisher
434 Scientific). Sample analysis was conducted using BD FACSCanto |1 (BD Biosciences),
435  and data were analyzed with Kaluza software (Beckman Coulter, Brea, CA).

436

437 Invitro Th17 differentiation

438 Murine splenic T cells were isolated using Pan T Céll Isolation Kit Il (Miltenyi
439  Biotec, Bergisch Gladbach, Germany). Two hundred thousand T cells per well were
440  cultured in 96-well plates in the presence of T Cell Activation/Expansion Kit (Miltenyi
441  Biotec) for 2 weeks. The medium was supplemented twice per week with the following

442 recombinant cytokines. mouse recombinant IL-6 (207 Tng/mL), IL-1B (207 ng/mL), and
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443 I1L-23 (40Cng/mL) for the IL-23 dependent Th17 cell condition; IL-6 (20C ng/mL) and
444  TGFB1 (3rng/mL) for the IL-23 independent Thl7 cell condition; or IL-23
445  (400ng/mL) for the IL-23 only Thl7 cell condition. The cytokines listed were
446 purchased from BioLegend (Supplemental Table 5). Afterward, the cultured cells were
447  processed for flow cytometry analysis.

448

449  Western blotting

450 Murine epidermis was lysed using RIPA buffer (Wako) containing
451  phosphatase-and protease-inhibitor cocktail (Nacala tesque). Protein lysates were
452 separated by 10% SuperSepTM Ace (Wako), transferred onto polyvinylidene difluoride
453 membranes (0.45 um, Merck, Darmstadt, Germany) by Trans-Blot Turbo Transfer
454  System (Bio-Rad, Hercules, CA). The membrane was blocked with 5% bovine serum
455  albumin and subjected to immunoblotting targeting the indicated proteins overnight 4°C,
456 followed by the application of HRP-conjugated secondary antibody for one hour at
457 room temperature (Supplemental Table 2). WB stripping solution (Nacalai tesque) was
458  used to remove the antibodies for further evaluation.

459

460  Inhibition of MTOR
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461 Rapamycin (4 mg/kg, Sanxin Chempharma, Hebei, China), JR-AB2-011 (400

462  pg/kg, MedChemExpress, Monmouth Junction, NJ) and vehicle were applied

463  intraperitoneally to mice once daily for 14 consecutive days. Rapamycin and JR-AB2-

464 011 were dissolved in 100% DM SO and diluted with 40% Polyethylene Glycol 300

465  (Wako), 5% Tween-80 (Sigma-Aldrich, St. Louis, MO) and 45% saline in sequence. For

466  topical application, 0.2% rapamycin gel and vehicle gel were prepared by the

467  pharmaceutical department as previously described (WatayaKaneda et al., 2017).

468  Rapamycin gel was applied to the left ear, and vehicle gel to the right ear (10mg/ear) of

469  SemadAKO, once daly for 14 consecutive days. To analyze the preventive

470  effectiveness of rapamycin in an IMQ-induced murine model of psoriatic dermatitis,

471 SemadAKO mice were administered either vehicle or rapamycin intraperitoneally from

472 Day Oto Day 17, and IMQ was topically applied to both ears for 4 days starting on Day

473 14. Then, on Day 18, ears were collected for further analysis.

474

475  Data processing of single-cell RNA-sequencing and bulk RNA-sequencing

476 The raw count matrix data from the previously reported single-cell RNA-

477 sequencing data from GSE220116 (Kim et al., 2023) were imported into Scanpy (1.9.6)

478 using Python for further analyses. For each sample, cells and genes meeting the
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479 following criteria were excluded: cells expressing over 200 genes (sc.pp.filter_cells),

480  cells with a high proportion of mitochondrial genes (> 5%), and genes expressed in

481 fewer than 3 cells (sc.ppfilter_genes). Counts were normaized using

482  sc.pp.normalize per cell, logarithmized (sc.pp.loglp), and scaled (sc.pp.scale). Highly

483  variable genes were selected using sc.pp.filter_genes dispersion with the options

484  min_mean = 0.0125, max_mean = 2.5, and min_disp = 0.7.

485 Principal Component analysis was conducted with sc.pp.pca, selecting the 1st

486 to 50th Principal Components for embedding and clustering. Neighbors were cal culated

487  with batch effect correction by BBKNN (Polanski et al., 2020). Embedding was

488  performed by sc.tl.umap, and cells were clustered using sc.tl.leiden. Some cells were

489  further subclassified in a similar manner. The data was integrated into an h5ad file,

490  which can be visualized in Cellxgene VIP (K. Li et al., 2022). We then performed

491  differentia analysis between two groups of cells to identify differential expressed genes

492 using Welch's t-test. Multiple comparisons were controlled using the Benjamini-

493 Hochberg procedure, with the false discovery rate set at 0.05 and significance defined as

494  padj < 0.05.

495 Bulk RNA-sequencing data from GSE121212 (Tsoi et a., 2019) were re-

496  analyzed using RaNAseq (Prieto & Barrios, 2019) for differential expression in Cil
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497  versus psoriatic NL. Our analysis included normalization, differential gene expression

498  (defining significance as padj < 0.05), and focused on Gene Ontology biological

499  process analysis. The gene expression was calculated with the transcripts per million

500  values.

501

502  Statistical analysis

503 GraphPad Prism 10 software (GraphPad Software, La Jolla, CA) was used for

504  all satistical analyses except for RNA-sequencing. Mann-Whitney test was used for

505  two-group comparisons, while Kruskal-Wallis test followed by Dunn's multiple

506  comparisons test was applied for comparison among three or more groups. Statistical

507  significance was defined as p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***). In the

508  analysis of RNA-sequencing data, statistical significance was defined as padj < 0.01

509  (**), and padj < 0.001 (***).

510

511  Study approval

512 All experiments involving human specimens were in accordance with the

513  Declaration of Helsinki and were approved by the Institutional Review Board in Osaka

514  University Hospital (20158-6). Written informed consent was obtained from all
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participants. All murine experiments were approved by Osaka University Animal

Experiment Committee (J007591-013) and all procedures were conducted in

compliance with the Guidelines for Animal Experimentation established by Japanese

Association for Laboratory Animal Science.

Data availability

The single-cell RNA-sequencing datasets generated by Kim et al. (Kim et al.,

2023) and Tsoi et al. (Tsoi et al., 2019) used in this study are available in the NCBI

Gene Expression Omnibus under accession codes GSE220116 and GSE121212,

respectively. Values for all data points in graphs are reported in the Source data.
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778 Figurel: Epidermal SemadA expression is downregulated in psoriasis.
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779  (A) UMAP plots, generated from single-cell RNA-sequencing data (GSE220116),

780 illustrate cell distributions from control (Ctl) and psoriatic lesion (L) samples (n = 10

781  for Ctl, n = 11 for L). (B) Subclustering of immune cells. (C) SEMA4A expression in

782  keratinocytes, dendritic cells, and macrophages. ****padj < 0.001. NS, not significant.

783 Anayzed using Python and cellxgene VIP. (D) Representative immunohistochemistry

784  and magnified views showing SemadA expression in Ctl, psoriatic non-lesion (NL), and

785 L. Scale bar = 50 um. (E) Mean epiderma (Epi) SemadA intensity in

786 immunohistochemistry (n = 10 per group). Each dot represents the average intensity

787  from 5 unit areas per sample. (F) Relative SEMA4A expression in Epi (n =10 for Ctl, L,

788 n=7for L and NL) and dermis (Derm, n = 6 per group). (G) Proportions of SemadA-

789  expressing cells in blood CD4 T cells (left), CD8 T cells (middle), and monocytes

790  (right) from Ctl and psoriatic (Pso) patients. (n = 13 per group in CD4 and CD8, n = 11

791 for Ctl and n = 13 for Pso in Monocytes). (H) Serum SemadA levelsin Ctl (n = 20) and

792  Pso(n=60). EtoH: *p<0.05, **p <0.01, ****p < 0.0001. NS, not significant.

793

794  Figure 1-source datal

795  Excel file containing quantitative datafor Figure 1.

796
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Figure 2: Imiquimod-induced Psoriasis-like dermatitis is augmented in
SemadAK O mice.

(A) Experimental scheme. Wild-type (WT, green) mice and SemadA knockout (KO,
black) mice were treated with 10 mg/ear of 5% Imiquimod (IMQ) for 4 consecutive
days. Samples for flow cytometry analysis were collected on Day 4. (B) Ear thickness
of WT mice and KO mice on Day 4 (n = 15 per group). (C) Relative expression of [117a

in epidermis (n = 5 per group). (D and E) The percentages of Vy3, Vy2, Vy2-Vy3-yd
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805  (DNyd), CD4, and CD8 T cells (D) and those with IL-17A production (E) in CD3

806  fraction in the Epi (top) and Derm (bottom) of WT and KO ears (n = 6 per group, each

807  dot represents the average of 4 ear specimens). (F) The percentages of IL-17A-

808  producing y8, CD4, and CD8 T cells in CD3 fraction in skin-draining lymph nodes

809  (dLN) (n = 9 per group). B-F: *p < 0.05, **p < 0.01, ****p < 0.0001. NS, not

810  significant.

811

812  Figure 2-source data 1

813  Excel file containing quantitative datafor Figure 2.

814
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815

816  Figure3: SemadA in keratinocytes may play arolein preventing murine psoriasis-

817 likedermatitis.

818  (A) Experimental scheme for establishing BM chimeric mice. (B) IMQ Day 4 ear

819  thicknessin the mice with the indicated genotypes (n = 14 for WT—WT, n =13 for WT

820 —KO, n =9 for KO—WT, n = 9 for KO—KO). (C) The percentages of IL-17A-

821  producing Vy3, Vy2, DNys, CD4, and CD8 T cells in CD3 fraction from IMQ Day 4

822  Epi (top) and Derm (bottom) of the ears from WT— WT mice and WT— KO mice (n =

823 6 per group). Each dot represents the average of 4 ear specimens. B-C: *p < 0.05, **p <
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824  0.01, ****p < 0.0001. NS, not significant.

825

826  Figure 3-source data 1

827  Excel file containing quantitative datafor Figure 3.

828
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829

830  Figure 4: Naive SemadAKO epidermis is thicker than WT epidermis with
831 increased yo T17 infiltration.

832  (A) Ear thickness of WT mice and KO mice at week (WK) 8 (n = 15 per group) and
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833  representative images. (B) Left: representative Hematoxylin and eosin staining of Day O

834  back and Wk 8 back and ear. Scale bar = 50 um. Right: Epi and Derm thickness in Day

835 0 back (n=5) and Wk 8 back (n = 5) and ear (n = 8). (C) Relative Semada expression

836  in WT Epi and Derm (n = 5 per group). (D) The percentages of the IL-17A-producing

837  Vy3, Vy2, DNys, CD4, and CD8 T cells in CD3 fraction (n = 4 per group) in Epi (top)

838  and Derm (bottom). Each dot represents the average of 4 ear specimens. (E) The graphs

839  showing the percentages IL-17A-producing v, CD4, and CD8 T cells in CD3 fraction

840  from draining LN (dLN) of WT mice and SemadAKO mice (n = 6 per group). A-E: *p

841  <0.05, **p<0.01, ****p < 0.0001. NS, not significant.

842

843  Figure 4-source data 1

844  Excel file containing quantitative datafor Figure 4.

845
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847  Figure5: SemadAK O skin sharesthe features of human psoriatic NL.

848 (A and B) The volcano plot (A) and Gene ontology (GO) analysis (B), generated from

849  RNA-sequencing data (GSE121212) using RaNA-seq, display changes in gene
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850  expression in psoriatic NL compared to Ctl. (C) The difference in the expression of

851  epidermal differentiation markers between Ctl and NL (n = 38 for Ctl, n = 27 for NL)

852  was calculated with the transcripts per million values. **padj < 0.01. NS, not significant.

853 (D) Relative gene expression of epidermal differentiation markers between wk 8 Epi of

854  WT mice and KO mice (n =5 for Krt14 and Krt16, n = 8 for Krt5, Krt10, Filaggrin, and

855  Loricrin). (E) Left: Representative immunofluorescence pictures of Krt5, Krt10, Krt14,

856  and Krtl16 (red) overlapped with DAPI. Scale bar = 50 um. Right: Accumulated graphs

857  showing the numbers of Krt5, Krt10, Krtl14, and Krt16 positive cells per 100 um width

858  (n =5 per group) of wk 8 ear (right). Each dot represents the average from 5 unit areas

859  per sample. (F) Transepidermal water loss (TEWL) in back skin of WT mice and KO

860  miceat wk 8 (n=5 per group). D-F: *p < 0.05, **p < 0.01. NS, not significant.

861

862  Figure 5-source data 1

863  Excel file containing quantitative datafor Figure 5.

864

50


https://doi.org/10.1101/2024.04.02.587777
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.04.02.587777; this version posted October 26, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

cil

B
p-S6 (Ser2357236) p-Ak: (Serd73)
wr o - S
KO = R, |
107, 125y x
g % 120
Z w ‘FE e
§ ¥ 1o L s
= 601 — —1051— T
WT KO WT KO
865
866  Figure 6:
867  SemadAKO mice.
868
869
870
871

86

p-56 (Ser235/236)

available under aCC-BY 4.0 International license.

Mean intensity

] layer Lower la
p-AKE (Serd7) Akt pper laye yar
_ 1807 T 1807 s
. 3180{ — 180-
%140- 140 .
@ 1204 2 ‘1’ 120 _I_
. 1004 :1-3 B 100- % v 3
* g0l s0l——
cHl NL ctl N_ L
3 1801 Ng 1807 pg
1804 | 180  *
: 140{ — 4 140-
T 8120- {; :]: 120 E"}
100 «f» 100 =
80 T T T B0 T T T
c NL L Ctl N_ L
p-36 p-Ald
c (Ser235/236) (Serd73) D WT Ko
WT KO 3, _* g, NS
p-S6 & - p-S6
(Ser235/236) = - 2 -I— 4 . {Ser235f236)"-
A —
Ss. - = -E'1 -% * 24 - {: SGl ——
Braclin  —— % Bractin  ——
Eol—r0ols—
-; WT KO WT KO
3 S6 Akt
p-Akt . [ * p-Akt
(Serd73) WINEEE g O . 7 ns {Serd73)
Akl e———C 4 . Akt -
——
B-actin ; . ‘}1 _4;_ —I— B-gotin  ——
1 - .
c % T c T T
WT KO  WT KC

Relative band Intensity

p-S6 p-Akt
(Ser21ov236) (Serd73)
2 * 1
—_— *x
ey —,
1 ‘Tr ‘g ,Ir
L] 2] * n
S L] T 3 T
WT KO WT KO
S6 Akt
25 NS 2 NS
20 .
1.5 o™
10 {_ 1_1 ; i_
054 *
o.c T T c T T
WT KO WT KO

MTOR signaling is upregulated in the epidermis of psoriatic NL and

(A) Representative results of immunohistochemistry displaying cells positive for p-S6

(Ser235/236), S6, p-Akt (Ser473), and Akt in Ctl, NL, and L. The graphs of

accumulated data show the mean intensity of p-S6 and S6 in the upper and lower

epidermal layers (n = 9 per group). Scale bar = 100 um. Each dot represents the average
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872  mean intensity from 5 unit areas per sample. (B) The mean intensity of p-S6

873  (Ser235/236) and p-Akt (Serd473), detected by immunohistochemistry in the epidermis

874  of WT mice and KO mice, were analyzed. Scale bar = 50 um. Each dot represents the

875  average intensity from 5 unit areas per sample (n = 8 per group). (C and D)

876  Immunablotting of p-S6 (Ser235/236), S6, p-Akt (Ser473), and Akt in tissue lysates

877  from epidermis without treatment (C) and with IMQ treatment for consecutive 4 days

878 (D) (n =5 per group, except for p-Akt and Akt in C, for which n = 4). A-D: *p < 0.05,

879  **p < 0.01. NS, not significant.

880

881  Figure 6-source data 1

882  Excel file containing quantitative datafor Figure 6.

883
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885  Figure 7: Inhibitors of mTOR signaling modulate the expression of cytokeratinsin
886  SemadAKO mice.
887 (A and B) Epiderma thickness of SemadAKO mice treated intraperitonealy with
888  vehicle (Ctl) or rapamycin (A), and Ctl or JR-AB2-011 (B) (n = 5 per group). (C and D)
889  Relative expression of keratinocyte differentiation markers and 1117a in SemadAKO Epi
890  (C), and the number of T cellsin Epi and Derm under Ctl or rapamycin (D) (n = 5 per
891  group). (E and F) Relative expression of keratinocyte differentiation markers and 1117a
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in SemadAKO Epi (E), and the number of T cells in Epi and Derm under Ctl or JR-

AB2-011 (F) (n = 5 per group). D and F: Each dot represents the sum of numbers from

10 unit areas across 3 specimens. A-F: *p < 0.05, **p < 0.01. NS, not significant.

Figure 7-source data 1

Excel file containing quantitative datafor Figure 7.
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906

907  Figure 1-figure supplement 1-source data 1

908  Excel file containing quantitative datafor Figure 1-figure supplement 1.

909
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910

911  Figure 1-figure supplement 2: Gating strategy in flow cytometry.

912  Gating strategy for human SemadA expression in blood cells. Large and small cells

913  were distinguished using forward scatter (FCS) and side scatter (SSC) in a dot plot

914  panel, with dead cells being excluded. Monocytes were defined within the live large cell

915  population as CD11c positive. CD4 and CD8 T cells were identified within the live

916  small cell population as CD3 positive CD4 positive and CD3 positive CD8 positive

917  populations, respectively. The empty histogram represents the flow cytometry minus

918  one control for SemadA.

919
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921  Figure2-figure supplement 1. Gating strategy in flow cytometry.

922  Gating strategy for murine T cells infiltrating the epidermis and dermis. After excluding
923 dead cells, TCRys positive T cells were evaluated for the expression of Vy2. TCRyo
924  positive Vy2 negative population was further assessed the expression of Vy3. The CD3
9256  positive TCRyd negative population was evaluated for the expression of CD4 and CD8.
926  Each population was analyzed for cytokine production. The empty histogram represents

927  theisotype control for IL-17A.

928

58


https://doi.org/10.1101/2024.04.02.587777
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.04.02.587777; this version posted October 26, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

A B uapyws ©
wr QO L2 Eowy W £
R ALl L 1
DeyD1234 En =1 B
Anshsis B !
Haa =
WT KO
D E L-17A production
B VO w2 Dhys cD4 coe B W8 w2 DN cD4 cos
100, NS 30 80, NS 129 _ 15, NS 200 NS 200 49 B0 g & , 157 NS
0.0052 1w — . — — _—
8 ool T‘.}m — 0 8 10- _14 1= B0 & 10
et . 40 8] 3 S1o{ - | 10 - ..I__
® g0 1“';5-}20- .’;:"}5' 305-_}_‘5-335'30- 21 T 05
ol ol T ol P 1% olww PRE T SPUTE NP P 1Y oold 3+
WT KO WT KO  WT KO WT KD WI KO WIKD WIKD WIKO WIKO
Darm Dearm
100, NS 30, NS @, NS 127 NS 15, NS 207 NS 20, 0085280, NS &, NS 15 NS
N 10+ T
§£ 20 01 el . w{l . 8" bt 4 101
54&}{_ 40 B £ 10 c1q] T 2o
hry 1] 1 T o) 4-} 51 #os] - [ . a0 2 05
Py 2 T e -
u-—.—.—n‘}.c’i'.'".}n ——l nn% j-—.—o- *o——"'l'——.—un--ﬁﬂﬁ?"—
WT KO WT KO WT KO WT KO WrT KO WT KO WT KD WT KD WT KO  WT KO
929

930 Figure 2-figure supplement 2: I|L-23-mediated psoriasis-like dermatitis is
931  augmented in Sema4AK O mice.

932 (A) An experimental scheme involved intradermally injecting 20 ul of phosphate-

933 buffered saline containing 500 ng of recombinant mouse IL-23 into both ears of WT

934  mice and KO mice for 4 consecutive days. Samples for following analysis were

935  collected on Day 4. (B and C) Ear thickness (B) and Epi and Derm thickness (C) of WT

936 mice and KO miceon Day 4 (n = 12 per group). (D and E) The percentages of Vy3, Vy2,
937  DNyd, CD4, and CD8 T cells (D) and those with IL-17A production (E) in CD3 fraction

938 inthe Epi (top) and Derm (bottom) of WT and KO ears (n = 5 per group). Each dot
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represents the average of 4 ear specimens. B-E: *p < 0.05, **p < 0.01. NS, not

significant.

Figure 2-figure supplement 2-source data 1

Excel file containing quantitative data for Figure 2-figure supplement 2.
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945

946  Figure3-figure supplement 1: T cells fractionsinfiltrating in the chimeric mice ear.

947  (A) Semada expression in the Epi of WT— WT mice and WT— KO mice (n = 8 for

948  WT— WT, n=7 for WT— KO). (B) The percentages of Vy3, Vy2, DNys, CD4, and

949  CDS8T cellsin CD3 fraction from IMQ Day 4 Epi (top) and Derm (bottom) of the ears

950  from WT— WT mice and WT— KO mice (n = 6 per group). Each dot represents the

951  average of 4 ear specimens. A-B: *p < 0.05, ***p < 0.001. NS, not significant.

952

953  Figure 3-figure supplement 1-source data 1
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954  Excel file containing quantitative datafor Figure 3-figure supplement 1.

955
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956

957  Figure 4-figure supplement 1. Naive SemadAKO skin shows upregulation of

958  psoriasisrelated genesand an increasein resident memory T cells.

959  (A) Relative expression of psoriasis-associated genesin Epi (top) and Derm (bottom) of

960  WT mice and KO mice (n = 5 per group, #: not detected). (B) Representative dot plots

961  showing CD69 and CD103 expression in the indicated T cell fractions from whole skin.

962  The graphs show T cell counts per ear (top) and those with resident memory phenotype

963  (bottom) (n =7 per group). Each dot represents the average of 4 ear specimens. A-B: *p

964 < 0.05, **p < 0.01. NS, not significant.
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965

966  Fgure 4-figure supplement 1-source data 1

967  Excel file containing quantitative data for Figure 1-figure supplement 1.

968
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971  naive WT and Sema4AK O skin.
972
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975

Figure 4-figure supplement 2: Expression of IFNy and IL-4 is compar able between

(A) The percentages of Vy3, Vy2, DNyg, CD4, and CD8 T cells in CD3 fraction from
naive WT and KO mice. (B and C) The graphs presenting the percentages of IFNy (B)
and IL-4 (C) -producing Vy2, DNys, CD4, and CD8 T cells in CD3 fraction in the Epi

(top) and Derm (bottom) of naive WT mice and KO mice (n = 4 per group). A-C: Each

c L4 productian
¥y3 Wy2 Dhyh €D4 cDa
Er 03q N B2 pNg 05 NS 029 N 029 ps
B 02 2 "4'
o F o %Y 0.1+ 0.1
= 0.1 02.
R .
_F[ a.1-
ool —rpo- 0t P O prmegraf g
WT KO WT KO WT KO WT KO WT KO
Dam
027 NS 057 NS 027 NS 027 NS 029 NS
n-‘- -
a8 ol
2 o014 02 aiy - 0.1 0.1
® .t oe l ‘I’ }
0.0 =gr—aga—0.0- 0- D.O- O e
WT KO WT KO WT KO WT KO WT HO


https://doi.org/10.1101/2024.04.02.587777
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.04.02.587777; this version posted October 26, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

976  dot represents the average of 4 ear specimens. *p < 0.05. NS, not significant.

977

978  Figure 4-figure supplement 2-source data 1

979  Excel file containing quantitative datafor Figure 4-figure supplement 2.

980
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981

982  Figure 4-figure supplement 3: Comparable T17 differentiation potential under

983  Thl7-skewing conditions between WT mice and SemadAK O mice.

984  Splenic T cells were cultured for 2 weeks, followed by flow cytometry analysis. The

985  accumulated data display the percentages of IL-17A-producing (right) and IFNy-

986  producing (left) yo6, CD4, and CD8 T cells within CD3 fraction under various

987  conditions: 1L-23 dependent Th17-skewing condition (top), IL-23 only Th17-skewing

988  condition (middle), and IL-23 independent Th17-skewing condition (bottom) . NS, not

989  significant.

990

991  Figure 4-figure supplement 3-source data 1

992  Excel file containing quantitative data for Figure 4-figure supplement 3.
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Figure 5-figure supplement 1. The epidermis of psoriatic non-lesion isthicker than

that of control skin.

Epidermal thickness of Ctl and psoriatic NL (n = 10 per group). ***p < 0.001.

Figure 5-figure supplement1-source datal

Excel file containing quantitative datafor Figure 5-figure supplement1.
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1003 Figure 5-figure supplement 2: Upregulation of cytokeratin expression related to

funit

20
10
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1004  psoriasisisnot detected at birth in SemadAK O mice.

1005  Representative immunofluorescence pictures of Krt5, Krtl0, Krtl4, and Krt1l6 (red)
1006 overlapped with DAPI, and the accumulated graphs showing the numbers of Krt5,
1007 Krtl0, Krtl4, and Krt16 positive cels per 100 um width (n = 5 per group) in the
1008  epidermis of Day O back. Scale bar = 50 um. Each dot represents the average from 5
1009  unit areas per sample. NS, not significant.

1010

1011  Figure 5-figure supplement 2-source data 1

1012  Excel file containing quantitative data for Figure 5-figure supplement 2.

1013
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1015  Figure 7-figure supplement 1: Topical application of rapamycin gel yields partially

1014

1016 similar resultstointraperitoneal treatment.

1017 (A) Comparison of Epi thickness between vehicle (Ctl) gel-treated right ears and
1018  rapamycin gel-treated left ears of SemadAKO mice (n = 10 per group). (B) Relative
1019  expression of keratinocyte differentiation markers and I117a in Sema4AKO Epi under
1020  Ctl gel or rapamycin gel treatments (n = 5 per group). (C) The number of T cells in the
1021 Epi (left) and Derm (right), under Ctl gel or Rapamycin gel treatments (n = 5 per group).
1022  Each dot represents the sum of numbers from 10 unit areas across 3 specimens. A-C: *p
1023 <0.05, **p < 0.01. NS, not significant.
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1025  Figure 7-figure supplement 1-source data 1

1026 Excel file containing quantitative data for Figure 7-figure supplement 1.
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1028

1029  Figure 7-figure supplement 2: Rapamycin treatment reduced the epidermal
1030  swelling observed in IMQ-treated SemadAKO mice.

1031  (A) Experimental scheme. (B) The Epi thickness on Day 18. (n = 10 for Ctl, n = 12 for
1032  Rapamycin). (C) Relative expression of keratinocyte differentiation markers and 1117a
1033 in SemadAKO Epi (n =10 for Ctl, n = 12 for Rapamycin). (D) The number of T cellsin
1034  the Epi (left) and Derm (right), under Ctl or rapamycin and IMQ treatments (n = 10 for
1035  Ctl, n =12 for Rapamycin). Each dot represents the sum of numbers from 10 unit areas

1036 across 3 specimens. A-C: *p < 0.05, **p < 0.01. NS, not significant.

1038  Figure 7-figure supplement 2-source data 1

1039  Excel file containing quantitative data for Figure 7-figure supplement 2.
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Table S1 Patient information

Psoriasis severity is defined by the total body surface area (BSA) affected: <3%
BSA for mild, 3%-10% BSA for moderate, and >10% BSA for severe disease.

Eig. 1, Dand Analysis of SemadA expression by immunohistochemistry
Fig. S4 Epidermal thickness
Psoriasis (n = 10)
Age Gender Body site Severity
66 Male Leg Severe
55 Male Trunk Moderate
80 Female Trunk Severe
72 Male Trunk Moderate
30 Male Trunk Severe
72 Female Leg Moderate
63 Male Arm Mild
38 Male Trunk Mild
35 Male Leg Mild
71 Male Trunk Moderate
Control (n = 10)
Age Gender Body site
76 Male Neck
52 Female Leg
66 Female Leg
33 Male Leg
68 Female Trunk
57 Female Leg
65 Male Trunk
41 Female Trunk
51 Female Trunk
66 Female Trunk
Fig 1F Analysis of Sema4A expression by gRT-PCR
Epidermis

Psoriasis (n = 7)

Age Gender Body site Severity
71 Male Leg Moderate
76 Female Neck Mild
38 Female Trunk Moderate
49 Female Trunk Moderate
61 Male Arm Mild
68 Female Trunk Moderate
72 Male Leg Mild

Control (n = 10)

Age Gender Body site
57 Female Leg
69 Female Trunk
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66 Female Trunk
86 Female Trunk
53 Female Trunk
84 Male Neck
37 Female Trunk
46 Female Trunk
51 Female Trunk
46 Female Trunk
Dermis

Psoriasis (n = 6)

Age Gender Body site Severity
76 Female Neck Mild
38 Female Trunk Moderate
49 Female Trunk Moderate
61 Male Arm Severe
68 Female Trunk Moderate
72 Male Leg Severe

Control (n = 6)

Age Gender Body site
69 Female Trunk
86 Female Trunk
84 Male Neck
37 Female Trunk
51 Female Trunk
46 Female Trunk

Analysis of Sema4A expression by flow

Fig 1G cytometry
Cell type Ave;gge of Male (n =) Female (n =)
Psoriasis (n = 13) CD4 T cell, CD8 T cell, and monocyte 56.1 9 4
Control (n = 13) CD4 T celland CD8 T cell 52.2 6 7
Control (n = 11) Monocyte 54.1 6 5
Fig 1H Analysis of Serum Sema4A by ELISA
Average of Male (n =) Female (n =)
age
Psoriasis (n = 60) 55.3 43 17
Control (n = 20) 52.1 11 9
Fig 6A Pictures of p-S6, S6, p-Akt, and Akt staining
Psoriasis (n = 1)
Age Gender Body site Severity
30 Male Trunk Severe
Control (n =1)
Age Gender Body site
66 Female Trunk
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Analysis of p-S6, S6 expression by immunohistochemistry

Psoriasis (n = 9)

Age Gender Body site Severity
66 Male Leg Severe
55 Male Trunk Moderate
80 Female Trunk Severe
72 Male Trunk Moderate
30 Male Trunk Severe
72 Female Leg Moderate
38 Male Trunk Mild
35 Male Leg Mild
71 Male Trunk Moderate

Control (n =9)

Age Gender Body site
76 Male Neck
66 Female Leg
33 Male Leg
68 Female Trunk
57 Female Leg
65 Male Trunk
41 Female Trunk
51 Female Trunk
66 Female Trunk

1040

1041

76


https://doi.org/10.1101/2024.04.02.587777
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.04.02.587777; this version posted October 26, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Table S2
Antibodies used for immunohistochemical, inmunofluorescence, and western blot analyses
Incubation Incubation

Target Clone Species Supplier Catalog Dilution ratio time temperature
IHC, IF WB
SemadA Polyclonal Rabbit Abcam ab70178 100 30 min RT
phospho-S6 (Ser235/236) D57.2.2E Rabbit Cell Signaling 4858 400 2000 overnight 4°C
S6 5G10 Rabbit Cell Signaling 2217 100 1000 overnight 4°C
phospho-Akt (Ser473) D9E Rabbit Cell Signaling 4060 50 1000 overnight 4°C
Akt C67E7 Rabbit Cell Signaling 4691 300 1000 overnight 4°C
Keratin 5 Polyclonal Rabbit BioLegend 905503 800 overnight 4°C
Keratin 10 Polyclonal Rabbit BioLegend 905403 400 overnight 4°C
Keratin 14 Polyclonal Rabbit BioLegend 905303 400 overnight 4°C
Cytokeratin 16 8L6R4 Rabbit Invitrogen yzggz 100 overnight 4°C
CD3 CD3-12 Rat Bio-Rad MCA1477 100 overnight 4°C
Rabbit IgG H&L (Alexa Fluor 555) Polyclonal Donkey Abcam ab150074 1000 30 min RT
Rat IgG H&L (Alexa Fluor 555) Polyclonal Donkey Abcam ab150154 1000 30 min RT
B-actin AC-15 Mouse Sigma-Aldrich A5441 5000 overnight 4°C
Anti-Mouse 1gG, HRP-Linked Whole Ab "é'g:gﬁg;’:;' Sheep Cytiva NA931 10000 1 hour RT
Anti-Rabbit IgG, HRP-Linked Whole Ab Polyclonal 1y oy Cytiva NAQ34 10000 1 hour RT
secondary

RT: Room temperature
IHC: immunohistochemistry
IF: immunofluorescence
WB: western blot
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Table S3

Primer sequences of real-time quantitative PCR used in human sample experiments

Gene Symbol Forward primer (5'-3") Reverse primer (5'-3")

GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA
SEMA4A TCTGCTCCTGAGTGGTGATG AAACCAGGACACGGATGAAG

Primer sequences of real-time quantitative PCR in murine sample experiments

Gene Symbol Forward primer (5'-3") Reverse primer (5-3)
Gapdh TGTGTCCGTCGTGGATCTGA TTGCTGTTGAAGTCGCAGGAG
Krt5 CAGAGCTGAGGAACATGCAG CATTCTCAGCCGTGGTACG
Krt10 CGTACTGTTCAGGGTCTGGAG GCTTCCAGCGATTGTTTCA
Krt14 CGTACTGTTCAGGGTCTGGAG GCTTCCAGCGATTGTTTCA
Krt16 TGAGCTGACCCTGTCCAGA TGAGCTGACCCTGTCCAGA
Filaggrin GGAGGCATGGTGGAACTGA TGTTTATCTTTTCCCTCACTTCTACATC
Loricrin TCACTCATCTTCCCTGGTGCTT GTCTTTCCACAACCCACAGGA
Semada ATGGCCCTACCATCCCTGG AGCAGCGTGTCAAAGTCTCG
Ccl20 ATGGCCTGCGGTGGCAAGCGT CATCTTCTTGACTCTTAGGC
S100a8 TGCGATGGTGATAAAAGTGG GGCCAGAAGCTCTGCTACTC
S100a9 CACCCTGAGCAAGAAGGAAT TGTCATTTATGAGGGCTTCATTT
Ifny ATCTGGAGGAACTGGCAAAA TTCAAGACTTCAAAGAGTCTGAGGTA
Tnfa GCCTCCCTCTCATCAGTTCT CACTTGGTGGTTTGCTACGA
14 ACAGGAGAAGGGACGCCAT GAAGCCCTACAGACGAGCTCA
ll17a CTGTGTCTCTGATGCTGTTG ATGTGGTGGTCCAGCTTTC
1123 TCCCTACTAGGACTCAGCCAAC GCTGCCACTGCTGACTAGAA
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Table S4
Antibodies used for flow cytometry analysis
Target Clone Species Supplier Catalog
CD3 OKT3 Mouse BioLegend 317335
CD4 RPA-T4 Mouse BioLegend 300512
CD8a RPA-T8 Mouse eBioscience 47-0088-42
CD11c 3.9 Mouse BioLegend 301628
SEMA4A 5E3/SEMA4A Mouse BioLegend 148404
CD3e 145-2C11 Armenian Hamster BioLegend 100328
CD4 GK1.5 Rat BioLegend 100406
CD8a 53-6.7 Rat BioLegend 100714
CD16/32 93 Rat BioLegend 101301
CD69 H1.2F3 Armenian Hamster BioLegend 104514
CD103 2E7 Armenian Hamster BioLegend 121422
TCR Vy2 UC3-10A6 Armenian Hamster BioLegend 137705
TCR Vy3 536 Syrian Hamster BD Biosciences 743241
TCRYd GL3 Armenian Hamster BioLegend 118124
IFNyY XMGL1.2 Rat BioLegend 505813
IL-4 11B11 Rat BD Biosciences 562915
IL-17A TC11-18H10.1 Rat BioLegend 506925
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Table S5
Mouse recombinant cytokines
Cytokines Supplier Catalog
IL-1B BioLegend 575102
IL-6 BioLegend 575702
IL-23 BioLegend 589002
TGFB1 BioLegend 763102
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