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Abstract

Adoptive T cell therapy (ACT) has demonstrated remarkable efficacy in treating
hematological cancers. However, its efficacy against solid tumors remains limited and the
emergence of cancer cells that lose expression of targeted antigens often promotes
resistance to ACT. Importantly, the mechanisms underlying effective and durable ACT-
mediated tumor control are incompletely understood. Here, we show that adoptive
transfer of TCR-transgenic CD8" T cells eliminates established murine melanoma tumors,
with concomitant accumulation of tumor-infiltrating CD8* T cells exhibiting both
progenitor-exhausted and terminally-differentiated phenotypes. Interestingly, host CD8*
T cells contributed to ACT-mediated elimination of primary tumors and rejected ACT-
resistant melanoma cells lacking the targeted antigen. Mechanistically, ACT induced
TNF-a- and cross-presenting dendritic cell-dependent tumor accumulation of
endogenous CD8" T cells and effective tumor elimination. Importantly, although
lymphodepleting preconditioning enhanced ACT-mediated tumor elimination, it abrogated
host antitumor immunity and protection against ACT-resistant melanoma cells.
Enrichment of transcriptional signatures associated with TNF-a signaling, cross-
presenting dendritic cells and tumor-specific CD8" T cells in human melanoma tumors
correlated with favorable responses to ACT and increased survival. Our findings reveal
that long-term efficacy of ACT is determined by the interplay between transferred and
endogenous CD8* T cells and is undermined by lymphodepleting preconditioning, which
ultimately favors ACT resistance.

Key words: Adoptive T cell therapy, melanoma, CD8" T cells, dendritic cells, TNF-a,

antitumor immunity, lymphodepleting preconditioning, solid tumors.
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INTRODUCTION

Antitumor immunity is largely mediated by tumor-specific CD8" T cells, which are
activated in the lymph nodes by migratory conventional type 1 dendritic cells (cDC1)
cross-presenting tumor antigen-derived peptides onto major histocompatibility complex
(MHC) class | molecules (1-3). CD8" T cells that recognize tumor antigen/MHC-I
complexes through their T cell receptor (TCR), proliferate, and differentiate into cytotoxic
CD8* T cells that then migrate to tumors, where they recognize target cancer cells and
kill them by releasing cytotoxic molecules, such as perforin, granzymes and granulysin
(4). In addition, they also secrete effector cytokines, such as IFN-y and TNF-a, which
promote antigen presentation on target cells and activate myeloid cells, including
macrophages and DCs (5,6). In the tumor microenvironment, chronic TCR stimulation
induces a dysfunctional differentiation program in tumor-specific CD8* T cells, known as
T cell exhaustion, which is characterized by the expression of the transcription factor TOX
and multiple inhibitory receptors, such as PD-1 (7,8). Exhausted CD8" T cells comprise
at least two functionally distinct populations: progenitor-exhausted (Tpex) and terminally-
differentiated (Tdif) cells (9,10). The Tpex subset expresses the transcription factor TCF-
1, has self-renewal potential, and upon antigen-mediated TCR activation, give rise to Tdif
cells. The latter up-regulate cytotoxic molecules and the inhibitory receptor TIM-3, but
lack TCF-1 and self-renewal potential (9). In addition, both Tpex and Tdif populations
acquire a tissue-resident transcriptional program that allows them to adapt and establish
in different microenvironment (10). Accumulating evidence indicates that an effective
antitumor immunity relies on the concerted action of both Tpex (PD1*TOX*TCF-1*GzmB-
TIM3") and Tdif (PD1""TOX*TCF-1-GzmB*TIM3*) cells (11-13). Interestingly, better
clinical outcomes depend on the ability of Tpex cells to lead the tumor accumulation of
Tdif cells (14). All these studies provide evidence supporting that the Tpex pool is
important for long-term establishment in tumors, whereas Tdif cells are critical for exerting

cytotoxic antitumor activity.

Adoptive cell therapy (ACT), which consists of the infusion of autologous tumor-specific
T cells expanded ex vivo, has emerged as a novel treatment for hematological cancers
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78  and has shown promise in the treatment of solid tumors (15). ACT using tumor-infiltrating
79 lymphocytes (TILs) has been shown to induce therapeutic activity with curative potential
80 in patients with melanoma and other solid tumors (16,17). However, the implementation
81  of reproducible TIL therapies remains challenging due to the low frequency, dysfunctional
82  state, and limited proliferation of tumor-reactive T cells (18). On the other hand, ACT
83  strategies using peripheral blood-derived T cells genetically engineered to express tumor-
84  specific TCR or chimeric antigen receptors (CAR) have overcome these limitations and
85 have demonstrated potent antitumor responses (19,20). CAR-T cell immunotherapies
86 have shown remarkable success in patients with different hematological cancers,
87 including subtypes of leukemia, lymphoma, and myeloma (21,22) Currently, six different
88  CAR-T cell immunotherapies are approved by the F.D.A. for hematologic cancers but
89  none for solid tumors (23). TCR-based ACTs have been tested in clinical studies for
90 almost two decades, showing safety and promising antitumor responses in patients with
91  metastatic melanoma and other solid tumors (24). Despite significant advances in the
92  field, most cancer patients with solid tumors fail to respond to ACT or develop resistance
93  through different mechanisms. An important factor contributing to ACT efficacy is the
94  persistence of transferred T cells in vivo (25). Consequently, strategies aimed at
95 improving T cell persistence have been extensively used. Non-myeloablative
96 lymphodepletion as a preconditioning regimen, such as chemotherapy and/or radiation,
97 is an integral part of currently used clinical protocols. Such regimens favor the
98  engraftment of transferred T cells, probably by attenuating the competition between
99 infused and endogenous T cells for cytokines and a niche (26). In addition, the
100  appearance of mutant tumor cells that lack the expression of targeted antigens is a major
101 mechanism of resistance to ACT (27-29). Antigen loss can occur due to several
102 mechanisms ranging from genetic to post-translational alterations (30,31)(32). In this
103  scenario, the immune system acts as a selective pressure that leads to the selection of
104  tumor cell clones with decreased immunogenicity, e.g. lacking the target antigen (33,34).

105

106 Emerging evidence indicates that stimulating the host immune system can help to
107 overcome these mechanisms of ACT resistance (35). In fact, combining ACT with
108  oncolytic viruses, Toll-like receptor agonists and/or DC activators, that expand
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109  endogenous tumor-specific CD8" T cells can provide long-lasting tumor protection and
110  overcome the appearance of antigen-loss escape variants (36,37). However, whether
111 transferred T cells can intrinsically engage the participation of endogenous antitumor T
112 cells to promote effective elimination of primary tumors and provide long-lasting immunity
113 against ACT-resistant tumor cells remains unknown. Here, we show that ACT with TCR-
114 transgenic CD8" T cells engage the participation of endogenous CD8" T cells exhibiting
115 tumor-specific phenotypes to effectively reject established syngeneic melanoma tumors
116  in mice. Moreover, ACT-promoted host CD8" T cell immunity protected against
117 rechallenge with ACT-resistant melanoma cells lacking the targeted antigen.
118  Mechanistically, ACT induced TNF-a- and cross-presenting dendritic cell-dependent
119  tumor accumulation of endogenous CD8" T cells and effective tumor elimination.
120 Interestingly, preexistence of transcriptional signatures associated with TNF-a signaling,
121 cross-presenting DCs and tumor-specific CD8" T cells in human melanoma tumors
122 correlated with favorable responses to ACT and increased survival. Our findings reveal a
123 TNF-a- and cDC1-dependent interplay between transferred and endogenous CD8* T
124  cells that determines the efficacy of ACT to eradicate solid tumors and provide long-term
125 antitumor immunity, which is undermined by lymphodepleting preconditioning, ultimately
126 ~ favoring acquired resistance to ACT.

127
128

129
130
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131 RESULTS
132

133 Effective ACT promotes tumor accumulation of endogenous CD8* T cells

134  exhibiting Tpex and Tdif phenotypes

135 We established an ACT model consisting of intravenous administration of in vitro-
136  activated OTI TCR-transgenic CD8" T cells to mice bearing B16F10-OTl melanoma
137 tumors (~50-200 mm?®) engineered to express the ovalbumin-derived epitope OTI
138 (SIINFEKL) (38) (Fig. 1a). In this setting, tumors were efficiently eliminated within
139  approximately ten days, providing long-term survival (Fig. 1b, c). To understand the
140  mechanisms underlying the effective antitumor immunity observed in this ACT model, we
141 analyzed the tumor cell infiltrates by flow cytometry three days after adoptive transfer,
142 which correspond to the regression phase of tumor growth. We analyzed the frequencies
143 and phenotypes of endogenous (CD45.1°) and transferred (CD45.1%) CD8* T cells (Fig.
144 1d). We observed that ACT increased total CD45" hematopoietic cells in tumors (Fig. 1d).
145 Within the CD45" cell population, we observed a prominent accumulation of endogenous
146 CD8" T cells, as compared to untreated controls (Fig. 1d, e). In particular, we observed
147 an accumulation of PD-1*GzmB- and PD-1"GzmB™ subpopulations (Fig. 1d, e), which
148 correspond to progenitor exhausted (Tpex) and terminally differentiated (Tdif) phenotypes
149 of tumor-reactive CD8" T cells, respectively (11). In addition, Tpex cells expressed TCF1
150 and TOX1, whereas Tdif cells expressed TOX-1 and TIM3 (Fig. 1f). Transferred OTI cells
151 displayed an effector phenotype characterized by intermediate levels of PD-1 and
152 granzyme B, as well as low levels of TOX-1 and TCF-1 (Fig. 1f), as compared to
153  endogenous subsets (39,40). These results show that effective ACT promotes
154  accumulation of tumor-resident CD8* T cells, including both Tpex (PD1*, GzmB-, TCF1*,
155  TOX* and TIM3") and Tdif subsets (PD1*, GzmB*, TCF1-, TOX* and TIM3*), which have
156 been shown to mediate antitumor immunity and predict favorable response to
157 immunotherapy (12). In contrast, a suboptimal ACT protocol that initially reduces tumor
158 growth but is not able to eliminate tumors, did not increase the frequencies of endogenous
159  CD8" T cells (Supplementary Fig. 1). These observations led us to hypothesize that ACT
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160  engages the participation of endogenous tumor-specific CD8" T cells to mediate effective

161  tumor control.
162

163 Endogenous CD8* T cells contribute to ACT-mediated elimination of primary
164 tumors and reject ACT-resistant melanoma cells

165 We investigated the contribution of host immune system to ACT-mediated tumor
166  control using complementary approaches. First, we tested the ability of ACT to control
167  tumor growth in RAGKO mice, which lack mature T and B cells (Supplementary Fig. 2a).
168  In these mice, tumors grew faster than in immunocompetent wild-type mice, and ACT
169  failed to control tumor growth (Supplementary Fig 2b, c), arguing that endogenous T
170  and/or B cells are required for the antitumor effects of ACT. To confirm the contribution
171 of endogenous T cells in immunocompetent mice, we tested ACT in mice treated with
172 FTY720 (Fig. 2a), which prevented circulation (data not shown) and tumor accumulation
173 of endogenous T cells without affecting tumor infiltration of transferred CD8* T cells (Fig.
174 2b, c) (41). We observed that ACT was unable to control tumor growth in FTY720-treated
175 mice (Fig. 2d, e), indicating that endogenous T cells play a key role in the efficacy of ACT.
176 ~ To evaluate whether host CD8" T cells are directly involved in supporting the antitumor
177  effects of ACT, mice were treated with anti-CD8 depleting antibodies prior to the adoptive
178  transfer (Fig. 3a), which efficiently eliminate CD8"* T cells (Fig. 3b, c). Interestingly, ACT
179  was not able to control tumor growth efficiently in mice depleted of endogenous CD8" T
180  cells, and the protection in terms of survival was completely abolished (Fig. 3d, e). In
181  contrast, CD4* T cell depletion did not impair the ability of ACT to reject tumors (data not
182 shown). To assess the ability of host antitumor immunity to reject ACT-resistant
183  melanoma cells, mice that had eliminated B16F10-OTI melanoma tumors were
184  rechallenged in the opposite flank with wild-type B16F10 cells (Fig. 3f). As hypothesized,
185 most of these mice were protected (Fig. 3g, h), and this protection was abolished when
186  CD8" T cells were depleted prior to rechallenge (Fig. 3g, h), indicating that effective ACT
187  promotes long-term CD8" T cell-mediated host immunity against other melanoma
188  antigens, a phenomenon known as antigen spreading. This response is relevant for
189 controlling tumor cells that lose the expression of the targeted antigen, a well-documented
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190  mechanism of ACT resistance leading to disease progression (42). Taken together, these
191  results highlight the ability of ACT to engage the participation of endogenous CD8" T cells
192 to collectively provide potent and broad long-lasting antitumor immunity.

193

194 ACT induces TNF-a- and cross-presenting dendritic cell-dependent tumor

195 accumulation of endogenous CD8"* T cells and effective tumor elimination

196 To investigate the mechanism underlying the interplay between transferred and
197  endogenous CD8* T cells, we examined the involvement of TNF-a, an effector cytokine
198  thatis known to promote innate and adaptive antitumor immune responses (43). For this
199  purpose, anti-TNF-a blocking antibody was administered starting one day before ACT
200 (Fig. 4a). As expected, TNF-a blockade prevented ACT-induced tumor accumulation of
201 endogenous CD8" T cells exhibiting Tpex and Tdif phenotypes (Fig. 4b) and significantly
202 reduced the elimination of primary tumors and mouse survival (Fig. 4c). These results
203  suggest that TNF-a may promote tumor accumulation of endogenous CD8" T cells via
204  activation of cross-presenting cDC1, which present tumor-derived antigens to tumor-
205 specific CD8" T cells in draining lymph nodes (44,45). Hence, we analyzed DCs in tumors
206 and draining lymph nodes (Fig. 4a; Supplementary Fig. 3) and observed that upon ACT,
207  tumor-infiltrating cDC1 were decreased (Fig. 4d) but exhibited higher maturation levels
208  (frequencies of PDL1Ms" CD86M"9" and CD86"9"PDL 1M cDC1) (Fig. 4e). These effects
209  were impeded in mice treated with anti-TNF-a antibody (Fig. 4d, e), suggesting that ACT
210  promotes maturation and migration to draining lymph nodes of cDC1 in a TNF-a-
211 dependent manner. As expected, ACT induced a TNF-a-dependent increase in the
212 frequency of migratory cDC1 in draining lymph nodes (Fig. 4f), particularly those
213 exhibiting a higher maturation phenotype CD86MI"PDL1"s" (Fig. 4g). To address the
214 participation of cDC1 in the expansion of endogenous CD8" T cells, we used the
215 Langerin-DTR mice that express the human diphtheria toxin receptor (DTR) and the
216  enhanced green fluorescent protein (EGFP) genes under the control of langerin (CD207)
217 promoter (46). In this transgenic mouse model, DTR and EGFP are expressed at different
218  levels among different DC subsets (Supplementary Fig. 4a), allowing the depletion of

219  tissue-migratory and lymph node-resident cDC1s, as well as Langerhans cells after
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220  diphtheria toxin (DTx) administration (Supplementary Fig. 4b, c). In these mice, depletion
221 of tumor cDC1 was not efficient, which likely reflects their relatively low DTR expression
222 (Supplementary Fig. 4a) and ensures the trafficking of transferred effector T cells to
223 tumors (47). In Lang-DTR mice that started receiving DTx administrations one day prior
224  to adoptive transfer (Fig. 5a), we observed that OTl CD8" T cells efficiently infiltrated
225 tumors (Fig. 5b), however, ACT was unable to promote tumor accumulation of
226  endogenous CD8" T cells displaying Tpex and Tdif phenotypes, as compared to wild-type
227 mice (Fig. 5b). Accordingly, ACT induced a transient antitumor effect in Lang-DTR mice
228  but the majority of tumors progressed (Fig. 5c) in contrast to complete protection
229  observed in wild-type mice (Fig. 5d). Taken together, these results demonstrate that
230  effective ACT induces a TNF-a- and cDC1-dependent accumulation of intratumoral

231  endogenous CD8" T cells and tumor elimination.
232

233 Lymphodepleting preconditioning enhances ACT-mediated tumor

234 elimination, but abrogates long-term host antitumor immunity.

235 Next, we assessed the significance of the interplay between transferred and endogenous
236  CD8" T cells in a clinically relevant setting. We studied the effects of lymphodepleting
237  preconditioning, which is a component part of ACT protocols in the clinic, in our mouse
238 ACT model. To this end, we administered two doses of cyclophosphamide (Cy) in
239 consecutive days prior to ACT, which approximates clinical practice and has been widely
240  used in the literature (48) (Fig. 6a). As expected, we observed that Cy induced a marked
241  depletion of immune CD45" cells (data not shown), including endogenous CD8"* T cells
242 (Fig. 6b, c). Despite this, lymphodepleting preconditioning promoted the expansion of
243 transferred OTI CD8* T cells, resulting in efficient elimination of primary tumors, leading
244 to complete responses in most mice tested (Fig. 6b-e). Furthermore, using a suboptimal
245 ACT protocol, Cy also led to expansion of transferred cells and promoted tumor rejection
246  in nearly all mice (Fig. 6b-e), indicating that lymphodepleting preconditioning contributes
247  to effective control of primary tumors in these settings. To evaluate the impact of
248 lymphodepleting preconditioning in the long-term protection against ACT-resistant
249  melanoma cells, mice were rechallenged with B16F10 cells. Despite initial tumor control,
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250  mice treated with Cy and either optimal or suboptimal ACT protocol were unable to reject
251  the rechallenge with B16F10 cells (Fig. 6f, g), indicating that lymphodepleting
252 preconditioning has a detrimental effect on host antitumor immunity. These findings
253  demonstrate that ACT promotes host antitumor immunity, which is severely compromised
254 by lymphodepleting preconditioning regimen

255

256 cDC1, TNF-a signaling, Tpex and Tdif gene signatures positively associate

257  with favorable clinical response to ACT and overall survival in human melanoma

258 Next, to investigate whether these findings might be relevant in humans, we
259  analyzed publicly available datasets of melanoma patients receiving ACT for which tumor
260  bulk RNAseq and clinical response (RECIST) data were available (49). Consistent with
261 our findings in mice, the cDC1 gene signature was enriched in tumors of patients showing
262 favorable clinical responses to ACT, including complete (CR) and partial (PR) responses,
263  whereas it was down-regulated in patients with progressive (PD) and stable (SD) disease
264  (Fig. 7a). In contrast, cDC2 and cDC3 signatures were enriched only in PR and not in CR
265  patients. Non-specific signatures for active DC (acDC) or immature DC (immDC) showed
266  no significant enrichment in PR or CR patients. These results show that among the
267  different DC signatures, cDC1 is specifically associated with complete clinical response
268  to ACT. The TNF-a -signaling gene signature was strongly associated with PR but weakly
269  associated with CR, probably reflecting a far more complex network of signaling pathways
270 involved in protective antitumor responses. Interestingly, Tpex and particularly Tdif gene
271  signatures were enriched in patients who responded favorably to ACT, association that
272 was stronger for CR patients (Fig. 7a). Also, we analyzed an immune gene signature
273 upregulated in melanoma patients with immunotherapy resistance (ImmuneRes) (50),
274  which was enriched in non-responder patients and decreased in responder patients.
275 Finally, we investigated whether cDC1, TNF-a signaling, Tdif and Tpex gene signatures
276 ~ were associated with better survival in a larger cohort of patients with cutaneous skin
277 melanoma (SKCM) from The Cancer Genome Atlas (TCGA) database. Higher expression
278 levels of all these signatures were associated with longer survival. In contrast, high

279  expression of the immune resistance signature showed a negative association with

10
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280  patient survival (Fig. 7b). These results support our findings in mouse models and suggest
281  that cDC1, TNF-a signaling, Tpex and Tdif cells in tumors are indeed critical for the
282  efficacy of ACT and the survival of melanoma patients.

283
284
285  DISCUSSION

286 The reasons for the relatively poor efficacy and development of resistance of ACT
287 in solid tumors are not yet clear (51). Here, we show that effective ACT engage the
288  participation of endogenous CD8" T cells to achieve potent and durable antitumor
289  immunity. Using mouse models, we observed that adoptively transferred TCR-transgenic
290  CTLs promoted a TNF-a- and cDC1-dependent expansion of host CD8™ T cells exhibiting
291  Tpex and Tdif phenotypes. Furthermore, we demonstrated that endogenous CD8" T cells
292 are required for efficient elimination of primary melanoma tumors and rejection of ACT-
293  resistant melanoma cells lacking the expression of the targeted antigen, which represent
294 a major mechanism of ACT resistance is the emergence of antigen-loss mutants that
295  escape immune recognition by ACT leading to cancer progression (27,42,52). Our
296  findings also highlight the dual role of lymphodepleting preconditioning regimens which
297 are used in the majority of ACT clinical protocols, including radiotherapy and
298  chemotherapies such as cyclophosphamide and fludarabine (53). On the one hand, they
299  can promote primary tumor elimination by promoting the expansion of transferred cells,
300  as such regimens eliminate endogenous lymphocytes, reducing competition for niche and
301  cytokines (54). On the other hand, lymphodepleting conditioning depletes endogenous
302 tumor-reactive CD8" T cells and other immune cells that support antitumor immunity,
303 including cDC1, thereby compromising long-term host antitumor immunity, which is
304  critical to combat ACT-resistant cancer cells. Our study uncovers a novel mechanism
305  through which ACT mediates effective and durable tumor control and may underlie a
306  major mechanism of acquired resistance to ACT in the clinic. Also, this study also may

307  help to design optimized ACT protocols with improved efficacy for solid tumors.

308
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309

310 Our work highlights the importance of the host immune system in the efficacy of
311 ACT, which is emerging as a novel concept in the field. It was recently shown that optimal
312 CAR-T cell activity relies on host IFN-y-mediated signaling in a syngeneic mouse model
313 of Burkitt-like lymphoma (55). Particularly, it was observed that CD4" CAR-T cells
314  promoted endogenous tumor-reactive CD8" T cell responses, although their contribution
315 totumor elimination was not addressed (55). In contrast to this study, we provide evidence
316 that TNF-a signaling plays a critical role in this ACT-host immunity crosstalk, which
317 represents a novel mechanism. In line with this, a recent study showed that TNF-a
318  produced by transferred CD8" T cells was associated with better clinical responses to
319 TCR-based ACT in metastatic melanoma patients (56). We also showed that TNF-a
320 promoted ACT-induced maturation and migration to lymph nodes of cDC1, as well as
321 tumor accumulation of endogenous Tpex and Tdif CD8" T cells, resulting in enhanced
322 tumor protection. This is consistent with the ability of CD8* T cell-produced TNF-a to
323 promote DC maturation in the context of viral infections (5) and with the role of migratory
324 ¢cDC1s carrying tumor-derived antigens to prime tumor-specific CD8" T cells in draining
325 lymph nodes (3). Indeed, we show that migratory and/or lymph node-resident cDC1s were
326 needed for tumor accumulation of endogenous Tpex and Tdif CD8" T cells and ACT
327  efficacy, which is consistent with studies reporting that cDC1s maintain tumor-specific
328  Tpex cells in tumor-draining lymph nodes, which then migrate to the tumor, where they
329 differentiate into Tdif cells to sustain effective antitumor immunity (57-59). Our
330 observations in mice align with analyses in RNAseq datasets from melanoma patients,
331  where we found that TNF-a signaling, cDC1, Tpex and Tdif gene signatures in tumors
332 positively correlate with therapeutic responses to ACT and overall survival. Taken
333 together, our results support a key role of TNF-a and cDC1 in mediating the interplay
334  between transferred and endogenous CD8" T cells to achieve long-lasting protective

335  immunity against solid tumors.
336

337 This study offers new insights into the crosstalk between adoptively transferred
338 CD8" T cells and the host immune system, which can be harnessed to improve the
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339  efficacy of ACTs against solid tumors. Consistent with this, some groups have combined
340 ACT with strategies that activate and/or expand DCs, such as oncolytic viruses, TLR
341  agonists, and DC activators (including FLT3L and CD40L). These strategies have been
342 shown to broaden host antitumor T cell immunity and protect against antigen-loss escape
343 variants (36,37,60). In contrast to these studies, we unveiled the intrinsic ability of
344  transferred CD8" T cells to mediate TNF-a-dependent cDC1 activation and tumor
345 accumulation of endogenous Tpex and Tdif CD8" T cells, which collectively provide
346 robust and long-term antitumor immunity. Our findings also support the use of targeted
347  lymphodepleting preconditioning regimens that specifically eliminate dispensable or
348 suppressive cell populations, such as Tregs, while sparing host antitumor T cells and
349  cDC1s that may lead to more effective ACTs against solid tumors. In summary, this study
350 demonstrates the multifaceted role of the host immune system in determining the efficacy
351 of ACT. Therefore, a comprehensive understanding of the interplay between the
352 transferred cells and the host immune system is crucial to achieve the full potential of
353  ACT and improve patient outcomes.

354
355 MATERIALS AND METHODS
356  Study Design

357 The overall objective of the study was to test the hypothesis that endogenous CD8*
358 T cells play a key role in ACT-mediated tumor eradication. Using different mouse models,
359  we evaluated the requirement of endogenous T cells for tumor elimination induced by
360  adoptive transfer of in vitro activated OTI CD8* T cells. The frequencies and phenotype
361 of endogenous and adoptively transferred tumor-infiltrating T cell populations were
362 analyzed by flow cytometry. Sample size was determined via a priori power analysis
363  based on means and SDs estimated from pilot experiments and previous experience. All
364 mice were randomized before treatment initiation, studies were terminated at a defined
365  end point as indicated or when tumor volume reached 1500 mm?, and evaluation of tumor

366  volume was blinded when possible.

367

13


https://doi.org/10.1101/2024.05.16.594554
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.16.594554; this version posted May 21, 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-ND 4.0 International license.

368 Animals

369 C57BL/6/J wild-type (CD45.2), B6.129S7-Rag1imMom/j (RAG1KO), C57BL/6-
370  Tg(TcraTcrb)1100Mjb/d  (OT-l1),  CBy.SJL(B6)-Ptprc?/J  (CD45.1), B6.129S2-
371  Cd207im3(OTR/GFPIMal/j (Langerin-DTR) mice were purchased from Jackson Laboratories.
372 Mice were kept at the animal facility of Fundacion Ciencia & Vida and maintained
373 according to the “Guide to Care and Use of Experimental Animals, Canadian Council on
374 Animal Care”. This study was carried out in accordance with the recommendations of the
375  “Guidelines for the Welfare and use of Animals in cancer research, Committee of the
376 ~ National Cancer Research Institute”. All procedures complied with all relevant ethical
377 regulations for animal research and were approved by the “Comité de Bioética y
378  Bioseguridad” of Fundacion Ciencia &Vida. Blinding or randomization strategies were
379  done whenever possible, no animals were excluded from the analysis, and male and
380 female mice were used indistinctly. Mice were allocated randomly in the different
381  experimental procedures.

382
383  Cell lines

384  Mouse melanoma cell line B16F10 (ATCC CLR-6475) was obtained from American Type
385  Culture Collection. B16F10-OTIx5-ZsGreen (B16F10-OTI) cells were generated by
386 lentiviral transduction of B16F10 cell line with the pLVX-OTIx5-ZsGreen vector encoding
387  the OTI epitope minigene fused to ZsGreen (38). B16F10-OTI cell line was cultured in
388 complete RPMI 1640 (ThermoFisher Scientific, ref 61870-036) media, supplemented with
389 penicillin, streptomycin (ThermoFisher Scientific, ref 15140122), non-essential amino
390  acids (ThermoFisher Scientific, ref11140050), sodium pyruvate (ThermoFisher Scientific,
391 ref 11360070) and 10% of heat-inactivated fetal bovine serum (ThermoFisher Scientific,
392 ref 10437010) in a humidified incubator at 37 °C with 5% COZ2. Cell line was routinely
393 tested for mycoplasma contamination.

394

395 Tumor challenge
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396  Mice were injected intradermally in the lower flank with 50uL of PBS containing 1 x 108
397  of tumor cells. Tumor growth was monitored by measuring perpendicular tumor diameters
398  with calipers. Tumor volume was calculated using the following formula: V= (D x d2)/2
399 where V is the volume (mm?), D is the larger diameter (mm), and d is the smaller diameter
400  (mm). Mice were sacrificed when moribund or when the mean tumor diameter was

401  215mm, according to the approved ethical protocol.
402
403  Adoptive Cell Therapy

404  To generate OTl-specific CD8" T cells for ACT, splenocytes from OT| mice were cultured
405 in RPMI 1640 supplemented media containing 2 ug/mL of SIINFEKL peptide, 100 Ul/mL
406 of recombinant human IL-2 (rhIL-2; Biolegend, ref 589108) and 50 pM of 2-
407  mercaptoethanol (Merck, ref M3148) and expanded daily for 96 hrs. Seven days after
408  tumor challenge, when tumors reached a size of ~50-200 mm?3, mice were intravenously
409  injected with 1x108 (optimal) or 0.5x108 (suboptimal) activated OTI CD8* T cells in 100
410 ML of sterile PBS (ThermoFisher Scienfic, ref 10010023).

411

412 FTY720 treatment, antibody administration, lymphodepleting preconditioning
413 regimen with cyclophosphamide and DC depletion

414  To block T cell circulation, 25 pg of FTY720 (Sigma-Aldrich, ref SML0O700) was injected
415  intraperitoneally every three days starting one day after the tumor challenge. To deplete
416  CD8", one day after the tumor challenge, mice were intraperitoneally injected with three
417  doses of 20 pg of rat monoclonal anti-CD8a antibody (BioXCell, clone YTS169.4, ref
418  BEO0117) on consecutive days. Lymphodepleting preconditioning regimen prior to ACT
419  was performed by two intraperitoneal doses of 300 mg/kg cyclophosphamide (Sigma-
420  Aldrich, ref. PHR1404) on day 4 and 6 after tumor challenge. TNF-a blockade was
421  assessed by intraperitoneal injections of 500 ug of anti-TNF-a (Bioxcell, clone XT.11, ref
422 BEO0O058) every other day starting one day before ACT. To deplete cDC1s, Langerin-DTR
423 mice received 1 ug of diphtheria toxin (Sigma—Aldrich, ref D0564 1MG) by intravenous
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424  injection in the tail vein three days after the tumor challenge and continuously maintained
425  doses of 0.35 ug intraperitoneally every 3 days.

426
427  Preparation of tissue cell suspensions

428  Tumors, inguinal lymph nodes and skin samples were excised, cut in small fragments
429 and mechanically disaggregated. Samples were resuspended in 1 mL RPMI 1640
430  medium (ThermoFisher Scientific, ref 61870-036) containing 5 mg/mL of collagenase type
431 IV (Gibco, ref 17104019) and 5 pyg/mL of DNAse | (AppliChem, ref A3778,0010) and
432 incubated for 60 (tumors) or 30 (lymph nodes and skin) min at 37 °C with shaking.
433  Samples were then resuspended in 1 mL of supplemented of RPMI 1640 medium
434 (ThermoFisher Scientific, ref 61870-036) containing 5 ug/mL of DNAse | (AppliChem, ref
435 A3778,0010) and incubated for 5 min at 4°C. Skin pieces were mechanically
436  disaggregated using microscope slides with ground edges (Sail Brand, ref 7105). Single
437  cell suspensions were obtained using a 70um cell strainer (BD Falcon, ref 352350). For
438  the analysis of tumor DCs, CD45 magnetic positive selection (MACS, Miltenyi ref 130-

439 052-301) was used to enrich hematopoietic cells.
440
441  Surface, intracellular and intranuclear staining for flow cotometry

442 Single cell suspensions were incubated for 10 min with the TruStain fcX (Biolegend, clone
443 93, ref 101320). For surface staining, cell suspensions were incubated with the antibodies
444  for 20 minutes at 4°C followed by two washes with PBS. Cells were then fixed and
445  permeabilized for intracellular and intranuclear staining using the eBioscience
446  FOXP3/transcription factor staining kit (Invitrogen, ref 00-5523-00), followed by
447  intranuclear staining. Monoclonal antibodies specific for mouse molecules were
448  purchased from Biolegend: CD45-FITC (clone 30-F11), CD279/PD1-PE (clone 29f.1a12),
449  CD64-PEDazzle (X54-5/7.1) CD8a -PerCP (clone 53-7.6), PerCP-CD3 (17A2), PerCP-
450 B220 (RA3-6B2), CD45.1-PE/Cy7 (clone A20), CD366/TIM3-PE/Cy7 (clone RMT3-23),
451  PDL1-PE/Cy7 (10F.9G2), CD45.2-APC/Cy7 (clone 104), MHCII-APC/Cy7 (m5/114.15.2),
452 CD3-Brillant Violet 421 (clone 17A2), CD45.1-Brillant Violet 421 (clone AZ20),
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453 CD279/PD1-Brillant Violet 421 (clone 29f.1a12), CD24-Brillant Violet 421 (M1/69),
454  CD366/TIM3-Brillant Violet 605 (RMT3-23), Ly6C-Brillant Violet 605 (HK1.4), CD8-
455  Brillant Violet 650 (53-6.7), XCR1-Brillant Violet 650 (ZET), CD11c-Brillant Violet 711
456  (N418), CD11b-Brillant Violet 785 (M1/70). BD Biosciences: CD86-PE (cloneGL1). Cell
457  signaling technology: TCF1/TCF7-AF488 (clone C63D9). Miltenyi Biotec: TOX-APC
458 (REAA473) and Invitrogen: Granzyme B-APC (clone GB11), Granzyme B-PE-TexasRed
459  (clone GB11). Viability dye was made with ZombieAqua (Biolegend ref 423101). Samples
460  were acquired in a BD FACSCanto Il cytometer or BD FACSAria Il (BDBioscience), and
461  data were analyzed using FlowJo version 10.8.1 (Tree Star, Inc.).

462
463  Gene set enrichment analysis

464  To explore whether gene signatures correlate with clinical response in patients under
465 ACT, we performed a Gene Set Enrichment Analysis (GSEA). Normalized gene
466  expression matrix and clinical data were downloaded from the Gene Expression Omnibus
467  (accession number GSE100797) (49). Patients were divided according to RECIST
468  criteria: complete response (CR), partial response (PR), stable disease (SD), and
469  progressive disease (PD). Signatures were obtained and manually curated from
470  previously reported single-cell RNA-seq data and signature databases (11,50,61-64). For
471 enrichment analysis, we used the GSEA software (Broad Institute, v4.2.3), with 1000
472 permutations, and gene set as permutation type (65) Plot was generated with ggplot2
473 (v3.4).

474
475  TCGA survival analysis

476  To determine whether gene signatures correlate with patients’ survival, we analyzed The
477  Cancer Genome Atlas — Skin Cutaneous Melanoma cohort. Expression and clinical data
478  were downloaded from the Xena Browser (UCSC) (Goldman et al. 2020). For each
479  signature, we calculated the mean log2(FPKM-ug + 1). Patients with inconsistent
480  expression and clinical data were filtered. Survival analysis was performed with the
481  “survival” package (v3.4). Patients were divided in high and low according to the gene
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482  signature optimal cut point determined with the maximally selected rank statistics method.
483  Kaplan-Meier survival curves were drawn with the “survminer” package (v3.2). All
484  analyses were carried out in R environment (v4.1.1). A p<0.05 was considered as
485  statistically significant.

486
487  Statistical analyses

488  Statistical analyses were performed using Graphpad Prism software (Graphpad Software
489  Inc.). Mann-Whitney unpaired test was performed between relevant groups. Statistical
490  analysis for tumor growth was performed using two-way ANOVA Bonferroni post-hoc test.
491  Error bars in the figures indicate the mean plus SEM. Survival analysis was done by
492  Kaplan-Meier curve with a Log-rank test. Overall p value <0.05 was considered
493  statistically significant; *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001.

494
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519  FIGURE LEGENDS
520

521 Figure 1. ACT induces rejection of melanoma tumors and tumor accumulation of

522 endogenous CD8* T cells with Tpex and Tdif phenotypes.

523 C57BL/6 mice bearing B16F10-OTI tumors received i.v. transfer of 1x10€ in vitro activated
524  OTI CD8" T cells (ACT). Untreated mice (No therapy) were used as controls. a
525  Experimental scheme. b-c Individual tumor growth (b) and Kaplan-Meier (c) curves for
526  each group: No therapy (black curves), and ACT (blue curves). d-f Tumor infiltrates were
527 analyzed by flow cytometry three days after ACT. d Left panels: Representative dot plots
528  displaying the frequencies of endogenous (square, CD45.17) and transferred (ellipse, OTI
529 CD45.1") CD8" T cells in live CD45" cells. Middle panels: Representative dot plots
530  displaying the expression of PD-1 and granzyme B in endogenous CD8* T cells and the
531  frequencies of the different subpopulations defined in each quadrant: PD-1* GzmB-
532 (Tpex), PD-1* GzmB- (Tdif), PD-1- GzmB- and PD-1- GzmB®. Right panels:
533 Representative dot plots displaying the expression of PD-1 and granzyme B in transferred
534  OTI CD8* T cells. e Quantifications of CD45" cells as a percentage of total live cells, as
535 well as transferred OTI, total endogenous, Tpex (PD-1* GzmB-) and Tdif (PD-1" GzmB™*)
536 CD8" T cells as a percentage of CD45" cells. f Representative dot plots displaying PD-1
537 and GzmB expression in endogenous CD8" T cells and OTI cells. Histograms show the
538  expression of TCF-1, TOX and TIM3 in the different subpopulations defined in each
539  quadrant: Endogenous PD-1" GzmB- (Tpex, red), Endogenous PD-1* GzmB- (Tdif, blue),
540 Endogenous PD-1- GzmB- (green) and transferred OTI cells (orange). (c) Kaplan-Meier
541  curve shows survival of each condition of two independent experiment n=9-10. *p <0.05,
542 **p <0.01, ***p <£0.001, and ****p < 0.0001 by Log-rank Mantel-Cox test. (e) Pooled data
543 from two independent experiments, n = 8 per group. Bars are the mean £ SEM. *p<0.05,
544 **p<0.01, ***p< 0.001 by Mann-Whitney unpaired.

545
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546  Figure 2. Endogenous T cells are required for ACT-induced tumor protection.

547 WT C57BL/6 mice bearing B16F10-OTI tumors received i.p. injections of FTY720 every
548  three days starting one day after the tumor challenge, then where i.v. transfer with 1x10°
549  in vitro activated OTI CD8* T cells (ACT). a Experimental scheme. b-c Tumor infiltrating
550  lymphocytes were analyzed by flow cytometry three days after ACT. b Representative
551  dot plots displaying the frequencies of endogenous (square, CD45.1°) and transferred
552 (ellipse, OTI CD45.1%) CD8"* T cells in live CD45" cells for each group: No therapy, ACT,
553 No therapy + FTY720 and ACT + FTY720. ¢ Relative (on CD45" cells) and absolute
554  quantifications of transferred OTI (upper panel) and endogenous (lower panel) CD8* T
555  cells for each group: No therapy (black bars), ACT (blue bars), No therapy + FTY720
556  (grey bars), ACT + FTY720 (red bars). d-e Individual tumor growth (d) and Kaplan-Meier
557  (e) curves for each group: No therapy (black curves), ACT (blue curves), No therapy +
558  FTY720 (gray curves), ACT + FTY720 (red curves). (c) Pooled data from two independent
559  experiments, n=9-10 per group. Bars are the mean + SEM. **p <0.05, **p <0.01, ***p <
560 0.001, and ****p < 0.0001 by Mann-Whitney unpaired test. (e) Results from two
561  independent experiment n=8-10. *p <0.05, **p <0.01, ***p < 0.001, and ****p < 0.0001 by
562 Log-rank Mantel-Cox test.

563
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564  Figure 3. Endogenous CD8" T cells are essential for ACT efficacy. C57BL/6 mice
565  bearing B16F10-OTI tumors received i.v. transfer of 1x108 in vitro activated OTI CD8* T
566  cells (ACT). Untreated mice (No therapy) were used as controls. Some groups of mice
567  received three i.p. daily doses of anti-CD8 antibodies starting one day after tumor
568  challenge. a Experimental timeline. b-c Tumor infiltrates were analyzed by flow cytometry
569 three days after ACT. b Representative dot plots displaying the frequencies of
570  endogenous (square, CD45.1°) and transferred (ellipse, OTI CD45.1%) CD8* T cells in live
571  CDA45" cells for each group: No therapy, ACT and ACT + anti-CD8. ¢ Quantification of
572 transferred OTI (left panel) and endogenous (right panel) CD8* T cells as the percentage
573  of CD45" cells for each group: No therapy (black bars), ACT (blue bars), ACT + anti-CD8
574  (red bars). d-e Individual tumor growth (d) and Kaplan-Meier (e) curves for each group:
575 No therapy (black curves), ACT (blue curves), and ACT + anti-CD8 (red curves). Mice
576  that rejected B16F10-OTI tumors after ACT received or did not receive three i.p. daily
577  doses of anti-CD8 and 5 days later were i.d. rechallenged with 1x10¢ of B16F10 WT cell
578 lines in the opposite flank. f Experimental timeline g-h Individual tumor growth (g) and
579  Kaplan-Meier curves (h) for tumor re-challenged groups: Control (black curves) ACT (blue
580  curves) and ACT + anti-CD8 (red curves). (c) one experiments, n=5-6 per group. Bars
581  are the mean £ SEM. **p <0.05, **p <0.01, ***p < 0.001, and ****p < 0.0001 by Mann-
582 Whitney unpaired test. (d-e) Data from three independent experiments n=11-12 and (h)
583  from one experiment n=4-6. *p <0.05, **p <0.01, ***p < 0.001, and ****p < 0.0001 by Log-
584  rank Mantel-Cox test.

585
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586 Figure 4. ACT induces TNF-a-dependent tumor accumulation of endogenous CD8*
587 T cells and cDC1 maturation and migration to draining lymph nodes. C57BL/6 mice
588  bearing B16F10-OTI tumors received i.v. transfer of 1x108 in vitro activated OTI CD8* T
589  cells (ACT). Untreated mice (No therapy) were used as controls. One group of ACT-
590 treated mice received anti-TNF-a antibody i.p. every other day, starting one day before
591  ACT. a Experimental design. b Quantification of tumor-infiltrating transferred OTI CD8* T
592 cells, endogenous CD8" T cells, Tpex and Tdif cells on CD45" cells of all condition
593 analyzed by flow cytometry three days after ACT. ¢ Tumor growth and Kaplan-Meier
594  curves for each group: No therapy (black curves), ACT (blue curves) and ACT + anti-
595  TNF-a (Red curves). d-g Tumors (d, e) and draining lymph nodes (f, g) were analyzed
596 by flow cytometry three days after ACT for each group: No therapy, ACT, ACT + anti-
597  TNF-a. d Representative dot plots and their respective quantification displaying the
598  frequencies of tumor-infiltrating cDC1 (ellipse, CD24*XCR1*) within CD45"*/Lin
599  /MHCII*CD11c* cells. e Histograms showing CD86 and PDL1 expression in tumor-
600 infiltrating cDC1, and frequency quantifications of CD86" PDL1" ¢cDC1 for each group:
601  No therapy (black bars), ACT (blue bars), ACT + anti-TNF-a (red bars). f Representative
602  dot plots and their respective quantification displaying the frequencies of resident (CD8a.*
603 and MHC class II*) and migratory (CD8a and MHC class 1I"9") cDC1 within CD45*/Lin-
604 /MHCII*"CD11c¢*/CD11b"XCR1" in tumor-draining lymph nodes. g Histograms showing the
605  expression of CD86 and PDL1 in migratory cDC1, and frequency quantifications of CD86"
606 PDL1" cDCA1. (b) Pooled data of two independent experiments, n=8 per group. Bars are
607  the mean £ SEM. **p <0.05, **p <0.01, ***p <0.001, and ****p < 0.0001 by Mann-Whitney
608 unpaired test. (c) Kaplan-Meier curve shows survival of each condition of two
609  independent experiment n=8-9. *p <0.05, **p <0.01, ***p < 0.001, and ****p < 0.0001 by
610  Log-rank Mantel-Cox test. (d-g) Pooled data from three independent experiments, n =
611  10-12 per group. Bars are the mean + SEM. **p <0.05, **p <0.01, ***p < 0.001, and ****p
612  <0.0001 by Mann-Whitney unpaired test.

613
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614  Figure 5. Tumor accumulation of endogenous CD8* T cells and tumor elimination
615 induced by ACT require cDC1. C57BL/6 and Langerin-DTR mice bearing B16F10-OTI
616  tumors received i.v. transfer of 1x10° in vitro activated OTI CD8* T cells (ACT). Untreated
617  mice (No therapy) were used as controls. Langerin-DTR mice received diphtheria toxin
618 (DTx) every three days starting four days before the ACT. a Experimental timeline. b
619  Quantifications of OTI, total endogenous, Tpex (PD-1" GzmB-) and Tdif (PD-1* GzmB™)
620 CD8" T cells as a percentage of CD45" cells in tumors analyzed by flow cytometry three
621  days after ACT for each group: No therapy (C57BL/6 WT mice: black bars; Lang-DTR
622 mice: grey bars) and ACT (C57BL/6 WT mice: blue bars; Lang-DTR mice: red bars). c-d
623 Individual tumor growth (¢) and Kaplan-Meier (d) curves for each group: No therapy
624  (C57BL/6 WT mice: black curves) and ACT (C57BL/6 WT mice: blue curves; Lang-DTR
625  mice: red curves). (b) Pooled data from two independent experiments, n = 9-10 per group.
626  Bars are the mean + SEM. **p <0.05, **p <0.01, ***p £0.001, and ****p <0.0001 by Mann-
627  Whitney unpaired test. (d) Kaplan-Meier curve shows survival from two independent
628  experiment n=9-10. *p <0.05, **p <0.01, ***p < 0.001, and ****p < 0.0001 by Log-rank
629  Mantel-Cox test.
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631 Figure 6. Lymphodepleting preconditioning enhances ACT-mediated tumor
632 elimination, but abrogates long-term host antitumor immunity. C57BL/6 mice were
633 intradermally challenged with 1x10% B16F10-OTlI, then mice received two doses of 300
634  mg/kg cyclophosphamide (Cy) on days 4 and 6 after tumor challenge as a preconditioning
635  lymphodepleting regimen. One day later, mice received i.v. transfer of 1x10° or 0.5x10°
636  in vitro activated OTI CD8" T cells as optimal and suboptimal ACT models, respectively.
637  Subsequently, all mice that rejected tumors after ACT were rechallenged with 1x10°
638  B16F10-WT in the opposite flank. Tumor growth and survival were analyzed every other
639  day. a Experimental timeline. b-c Representative dot plots displaying the frequencies of
640  endogenous (square, CD45.1°) and transferred (ellipse, OTI CD45.1%) CD8* T cells in live
641  CD45" cells for each group: No therapy, ACT, No therapy + Cy, ACT + Cy, Suboptimal
642  ACT and Suboptimal ACT + Cy (c) Relative (on CD45" cells) and absolute quantification
643  of transferred OTIl and endogenous CD8* T cells for each group shown in b. d-e Individual
644  tumor growth (d) and Kaplan-Meier (e) curves for each group: No therapy (black curves),
645  ACT (blue curves) and suboptimal ACT (purple curves) in non-lymphodepleted mice, and
646  No therapy (gray curves), ACT (red curves) and suboptimal ACT (green curves) in
647  lymphodepleted mice with 300 mg/kg of Cy. f-g Individual tumor growth (f) and Kaplan-
648  Meier (g) curves of B16F10-WT rechallenged mice for each group: ACT (blue curves) in
649  non-lymphodepleted, and ACT (red curves) and suboptimal ACT (green curves) in
650  lymphodepleted mice with 300 mg/kg of Cy. Bars are the mean + SEM. **p <0.05, **p
651  <0.01, *™*p <0.001, and ****p < 0.0001 by Mann-Whitney unpaired test. (e) Kaplan-Meier
652  curve showing the survival from two independent experiments, n=4-10 and (g) from one
653  experiment, n=5-7. p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 by log-rank
654  Mantel-Cox test
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656 Figure 7. cDC1, TNF-a signaling, Tpex and Tdif gene signatures are positively
657 associated with clinical responses to ACT and overall survival in melanoma
658  patients. To explore the association between gene signatures and melanoma patients’
659  outcome, we analyzed gene expression data from patients under ACT, and from TCGA-
660 SKCM cohort. a GSEA analysis in patients under ACT. Patients are divided according to
661  RECIST clinical response. PD: progressive disease (n = 5); SD: stable disease (n = 10);
662  PR: partial response (n = 5); CR: complete response (n = 5). To obtain the enrichment
663  score, each RECIST response was compared against the others. NES: normalized
664  enrichment score. An FDR < 0.05 (-log1o > 1.3) was considered as statistically significant.
665 b Kaplan — Meier plots showing the overall survival analysis of TCGA-SKCM patients (n
666  =323)divided according to the high (red) and low (blue) expression levels of the indicated
667  signature. p values were obtained with Log — rank test. p < 0.05 was considered as

668  statistically significant.
669
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670 SUPLEMENTARY FIGURES
671

672  Supplementary Figure 1. Suboptimal ACT does not promote tumor accumulation
673  of endogenous CD8 T cells and lead to tumor progression. C57BL/6 mice bearing
674  B16F10-OTI tumors received i.v. transfer of 0.5x10° in vitro activated OTI CD8* T cells as
675  a Suboptimal ACT. Untreated mice (No therapy) were used as controls. a Experimental
676  scheme. b-c Individual tumor growth (b) and Kaplan-Meier (¢) curves for each group: No
677  therapy (black curves) and Suboptimal ACT (red curves). d-e Tumor infiltrates were
678  analyzed by flow cytometry three days after ACT. d Left panels: Representative dot plots
679  displaying the frequencies of endogenous (square, CD45.17) and transferred (ellipse, OTI
680 CD45.1") CD8" T cells in live CD45" cells. Middle panels: Representative dot plots
681  displaying the expression of PD-1 and granzyme B in endogenous CD8* T cells and the
682  frequencies of the different subpopulations defined in each quadrant: PD-1* GzmB-
683 (Tpex), PD-1* GzmB- (Tdif), PD-1- GzmB- and PD-1- GzmB*. Right panels:
684  Representative dot plots displaying the expression of PD-1 and granzyme B in transferred
685 OTI CD8" T cells. e Quantifications of CD45" cells as a percentage of total live cells,
686  transferred OTI, total endogenous, Tpex (PD-1* GzmB-) and Tdif (PD-1* GzmB™*) CD8* T
687  cells as a percentage of CD45" cells. (e) Pooled data from two independent experiments,
688 n = 8 per group. Bars are the mean + SEM. *p<0.05, **p< 0.01, ***p< 0.001 by Mann-
689  Whitney unpaired.
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691  Supplementary Figure 2. Protection induced by ACT relies on mature/adaptative
692 endogenous immune system. RAG1 KO mice bearing B16F10-OTI tumors received i.v.
693  transfer of 1x10° in vitro activated OTI CD8* T cells (ACT). WT untreated mice (No
694  therapy) were used as controls. a Experimental timeline. b-c Individual tumor growth (b)
695 and Kaplan-Meier (c) curves for each group: No therapy WT mice (black curves) No
696  therapy RAG1 KO mice (grey curves) and ACT RAG1 KO mice (red curves). (c) Results
697  from two independent experiment n=9-10. *p <0.05, **p <0.01, ***p < 0.001, and ****p <
698  0.0001 by Log-rank Mantel-Cox test.
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700  Supplementary Figure 3. Dendritic cell analysis by flow cytometry in tumor and
701  draining lymph nodes. CD45" cells from tumor and draining lymph node of B16F10-OTI
702 melanoma tumors bearing mice were isolated and staining for flow cytometry analysis. a
703 Gating strategy to define tumor-infiltrating type 1 and 2 dendritic cells. b Gating strategy
704  to define infiltrating draining lymph node resident and migratory type 1 and 2 dendritic
705  cells.

706

29


https://doi.org/10.1101/2024.05.16.594554
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.16.594554; this version posted May 21, 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-ND 4.0 International license.

707  Supplementary Figure 4. Analysis of dendritic cells from skin, tumor and draining
708  lymph nodes in Langerin-DTR mice. Lang-DTR mice were intradermally challenged
709 with 1x10°% B16F10-OTI melanoma tumor cells, then mice received intravenously 1 ug of
710  DTx and three days later tumor, skin and draining lymph node were processed to analyze
711 EGFP-langerin expressing dendritic cells and Langerhans cells. a Representative
712 histogram showing the expression of EGFP-Langerin in ¢cDC1 and Langerhans cells
713 across the different analyzed tissues in control untreated DTx B16F10-OTI tumor bearing
714  LANG-DTR mice. b Representative pseudocolor dot-plot and frequencies of cDC1 and
715 Langerhans cells in the different tissues in untreated control and DTx treated LANG-DTR
716  mice. ¢ Quantification of cDC1 in tumor on CD45" cells, migratory and resident cDC1 in
717 draining lymph node on Live cells, cDC1 and Langerhans cells in skin on CD45" cells. (c)
718 Pool of two independent experiments, n = 4-7 per group. Bars are the mean + SEM. **p
719 <0.05, **p <0.01, ***p < 0.001, and ****p < 0.0001 by Mann-Whitney unpaired test.
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