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34  ABSTRACT

35 Only a subpopulation of non-small cell lung cancer (NSCLC) patients responds to immunotherapies,
36 highlighting the urgent need to develop new therapeutic strategies to improve patient outcome. We
37 developed a new chemical positive modulator (HEI3090) of the purinergic P2RX7 receptor that
38 potentiates aPD-1 treatment to effectively control the growth of lung tumors in transplantable and
39 oncogene-induced mouse models and triggers long lasting antitumor immune responses.
40  Mechanistically, the molecule stimulates dendritic P2RX7 expressing cells to generate IL-18 which
41 leads to the production of IFN-y by Natural Killer and CD4" T cells within tumors. Combined with
42 immune checkpoint inhibitor, the molecule induces a complete tumor regression in 80% of LLC tumor
43 bearing mice. Cured mice are also protected against tumor re-challenge due to a CD8-dependent
44 protective response. Hence, combination treatment of small-molecule P2RX7 activator followed by
45 immune checkpoint inhibitor represents a promising novel strategy that may be active against

46 NSCLC.

47
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53 Introduction
54

55 Despite new biological insights and recent therapeutic advances, many tumors remain resistant to
56  treatments, leading to premature death of the patient. This is particularly true for lung cancer which
57 is the leading cause of cancer death for men and women worldwide. The 5-year survival rate for
58 patients with any type of lung cancer is around 20%, which dramatically drops to 6% for metastatic
59 lung cancers. Recent advances in new effective therapies such as targeted therapies and
60 immunotherapies have revolutionized lung cancer treatments 1. However, it is limited to a small

61 percentage of patients and new approaches are urgently needed to improve patient outcome.

62 The P2RX7 receptor (also called P2X7R) is an ATP-gated ion channel composed of three protein
63 subunits (encoded by the P2RX7 gene), which is expressed predominantly in immune cells and in
64  some tumor cells 2. Activation of P2RX7 by high doses of extracellular ATP (eATP) leads to Na* and
65 Ca’" influx, and, after prolonged activation, to the opening of a larger conductance membrane pore.
66  One consequence of this large pore opening, a unique characteristic of P2RX7, is to induce cell death
67 in eATP rich microenvironments. Noteworthy, such high doses of eATP are present in the
68 inflammatory and tumor microenvironments >. P2RX7 functions are largely described in immune
69 cells, where it is involved in NLRP3 activation to induce the maturation and secretion of IL-1p and IL-
70 18 pro-inflammatory cytokines by macrophages and dendritic cells (DC) *. In line, several P2RX7
71 inhibitors have been developed with the aim to treat inflammatory diseases. In addition to its ability
72 to finely tune the amplitude of the inflammatory response >, P2RX7 has been shown to orchestrate
73 immunogenic cell death and to potentiate DC activation and ability to present tumor antigens to T
74 cells ©. Among immune cells, regulatory T cells (Treg) are highly sensitive to P2RX7-induced cell death
75 and, in the presence of eATP, P2RX7 negatively regulates their number and their suppressive
76  function ’. Such response can participate in P2RX7-dependent immune surveillance by unleashing the
77  effector functions of adaptive immune T cells é. Therefore, P2RX7 has been proposed to represent a
78 new positive modulator of antitumor immune response. This is in agreement with data from our
79  group showing that P2RX7-deficient mice are more sensitive to colitis-associated cancer °. Also, in
80  this model, we noticed that transplanted Lewis Lung Carcinoma tumors grew faster in line with the
81 findings of Adinolfi and collaborators using transplanted B16 melanoma and CT26 colon carcinoma
82  tumors '°. Collectively, these results support the notion that P2RX7 expression by host immune cells

83 coordinates antitumor immune response.

84 Capture of tumor antigens by antigen-presenting DC is a key step in immune surveillance.

85  Activated DCs present tumor antigens to naive T cells leading to their activation and differentiation in
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86  effector T cells. Tumor infiltrated effector T cells and NK cells can recognize and kill tumor cells
87 resulting in the release of additional tumor antigens and amplification of the immune response.
88 However, this response is often inhibited by immunosuppressive mechanisms present within the
89  tumor microenvironment (TME). Different mechanisms sustain tumor escape as the reduced immune
90 recognition of tumors due to the absence of tumor antigens, or the loss of MHC-I and related
91 molecules, the increased resistance of tumor cells edited by the immune responses, and the
92 development of a favorable TME associated with the presence of immunosuppressive cytokines and
93  growth factors (such as VEGF, TGF-B) or the expression of checkpoint inhibitors such as PD-1/PD-L1
94 ' Inhibitory checkpoint inhibitors (0PD-1/PD-L1 and anti-CTLA-4) are used in daily practice for the
95  treatment of advanced malignancies, including melanoma and non-small-cell lung cancer (NSCLC) 2.
96 These antibodies reduce immunosuppression and reactivate cytotoxic effector cell functions to elicit

131 High response rate to oiPD-1/PD-L1 therapy is often associated with

97 robust antitumor responses
98 immune inflamed cancer phenotype characterized by the presence in the TME of both CD4" and CD8*
99 T cells, PD-L1 expression on infiltrating immune and tumor cells and many proinflammatory and
100  effector cytokines, such as IFN-y *°. Noteworthy, only few cancer patients achieve a response with

101 anti-immune checkpoint administered as single-agent ', suggesting that strategies based on

102 combined therapies would likely enhance antitumor efficacy and immunity.

103 Despite the role of P2RX7 in stimulating antitumor immunity and the observation that tumor
104 development is more aggressive in p2rx7 deficient animals °, it is currently not known whether P2RX7
105 activation can modulate tumor progression in vivo. The purpose of this study is to investigate the
106  effect of a positive modulator (PM) of P2RX7 on lung tumor fate. To do so, we use syngeneic
107  immunocompetent tumor mice models and show that activation of P2RX7 improved mice survival.
108 Mechanistically, activation of P2RX7 leads to increased production of IL-18 in a NLRP3-dependent
109 manner, which in turn activates NK and CD4" T cells to produce IFN-y and consequently increases
110  tumor immunogenicity. Finally, activation of P2RX7 combined with oPD-1 immune checkpoint
111 inhibitor allows tumor regression, followed by the establishment of a robust immunological memory

112 response.

113
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114  Results

115 HEI3090 is a positive modulator of P2RX7

116 In order to identify positive modulator of P2RX7, 120 compounds from the HEI's proprietary
117  chemical library were screened for their ability to increase P2RX7-mediated intracellular calcium
118  concentration during external ATP exposure. We first produced an HEK cell line expressing the cDNA
119 encoding for P2RX7 from C57BL/6 origin (HEK mP2RX7) and determined the minimal dose of ATP that
120  should be used to initiate an increase in Ca** concentration. This dose corresponds to 333 pM (not
121 shown). We tested 5 promising compounds and identified HEI3090 as a hit (patent
122 WO02019185868A1). HEI3090 corresponds to a pyrrolidin-2-one derivative decorated with a 6-
123 chloropyridin-3-yl-amide in position 1 and with a 2,4-dichlorobenzylamide moiety in position 5 (Fig.
124 1A). HEI3090 alone showed no toxic activity (data not shown), was unable to induce intracellular Ca**
125  variation and required the presence of eATP to rapidly and dose dependently enhance the P2RX7
126 mediated intracellular calcium concentration (Fig. 1B and 1C). The maximum effect of HEI3090 was
127  observed at 250 nM, which is in the range of doses identified in pharmacokinetic analysis (Fig. 1G).
128 HEI3090 action required the expression of P2RX7, since HEK cells transfected with empty plasmid
129 (pcDNA6) showed no increase in intracellular calcium concentration (Fig. 1C). P2RX7 has the unique
130  capacity to form a large pore under eATP stimulation. Large pore opening of P2RX7 was assayed with
131  the quantification of the uptake of the fluorescent TO-PRO-3 dye. As expected, HEI3090 alone had no
132 effect and required eATP stimulation to enhance TO-PRO-3 entry within the cells. HEI3090 increased
133 by 2.5-fold the large pore opening (Fig. 1D). The rapid uptake of TO-PRO-3 was consistent with direct
134  P2RX7 activation rather than ATP/P2RX7-induced cell death (Fig. 1E). We also tested HEI3090’s effect
135  on splenocytes expressing physiologic levels of P2RX7 (Fig 1F). In these immune cells, HEI3090 alone
136 did not affect Fluo-4-AM nor TO-PRO-3 uptake. However, in the presence of eATP, HEI3090 enhanced
137  Ca’" influx and TO-PRO-3 uptake. We also showed that HEI3090 required the expression of P2RX7,

138  since its effect was lost in splenocytes isolated from p2rx7/' mice.

139 Collectively these results demonstrate that HEI3090 requires P2RX7 expression to be active and

140 enhances eATP-induced P2RX7 activation.

141
142 HEI3090 inhibits tumor growth and enhances antitumor efficacy of aPD-1 treatment

143 We previously suggested that P2RX7 expression might favor the activation of immune responses

144  °. We therefore evaluated the immuno-stimulatory effect and antitumor efficacy of HEI3090 in vivo,

17

145 hypothesizing that the high level of eATP contained within the TME ~ would be sufficient to

146  stimulate P2RX7. To do so, we used syngeneic Lewis Lung Carcinoma (LLC) and B16-F10 melanoma
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147  cell lines expressing P2RX7 (Supplementary Figure 1). Vehicle or HEI3090 (1.5mg/kg) were
148  administered concomitantly to LLC tumor cell injection and mice were treated daily for 11 days. Mice
149  treated with HEI3090 displayed significantly reduced tumor growth and more than 4-fold decrease in
150  tumor weight (Fig. 2A and Supplementary Fig. 2). We next tested the efficacy of HEI3090 to inhibit
151  tumor growth in a therapeutic model, in which treatment started when tumor reached 10 to 15 mm?
152 in volume. HEI3090 (3mg/kg), inhibited tumor growth and increased by 2-fold the median survival
153 (Fig 2B). We also tested the effect of HEI3090 in the melanoma B16-F10 tumor mouse model and

154  observed the same efficacy (Supplementary Fig. 3A-B).

155 Given the efficacy of HEI3090 to inhibit tumor growth, we next evaluated the combination of
156 HEI3090 and aPD-1 antibody. After tumor inoculations, mice were treated daily with HEI3090 or
157 vehicle and aPD-1 was administered at days 4, 7, 10, 13 and 16. While only 1 mouse out of the 16
158 mice treated with the aPD-1 alone showed a tumor regression, 13 out of the 16 mice treated with
159 HEI3090+0PD-1 were tumor-free, suggesting that this molecule increased the efficacy of immune
160  checkpoint inhibitor to induce effective antitumor immune responses and tumor regression (Fig. 2C).
161 Importantly, only the combo treatment allows a long-lasting improved survival of at least 340 days
162  (Fig. 2C, right panel). The combo treatment also increased the survival of mice grafted with B16-F10
163  tumors (Supplementary Fig. 3C) As illustrated in Fig 2D, we tested the combo treatment on the Kras-

€120y model, which leads to adenocarcinomas 4 months after instillation

164  driven lung cancer (LSL Kras
165 of adenoviruses expressing the Cre recombinase *®. Whereas a.PD-1 treatment tends to reduce the
166 number of ADC (Fig. 2D), HEI3090 was able to enhance oPD-1’s effects in this mouse model. Indeed,
167  tumor burden in mice treated with the combo treatment is reduced by 60% compared to mice
168  treated with aiPD-1 alone. Accordingly, the cell number per mm?” and the number of cells positively
169 stained for the proliferation marker Ki67 were decreased by 50% in lesion areas (Supplementary Fig.

170  3D). One mouse out of the 6 treated with HEI3090 and oiPD-1 was protected against adenocarcinoma

171 formation.
172
173 Dendritic cells mediate the antitumor effect of HEI3090

174 LLC tumor cells express an active P2RX7 since the presence of high doses of eATP leads to an
175  increase in intracellular Ca®* concentration, which is blocked by the GSK1370319A P2RX7 inhibitor *°
176 (Supplementary Fig. 1). To functionally investigate which cells are targeted by HEI3090, we
177 inoculated LLC in p2rx7/' mice and treated them with HEI3090. Whereas HEI3090 efficiently blocked
178 LLC tumor growth in WT mice (Fig. 2A), the same treatment was inefficient in p2rx7/‘ mice, as tumor

179  growth was indistinguishable in treated or untreated groups (Fig. 3A). This result suggests that
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180 HEI3090 requires P2RX7 expression by mouse host cells to inhibit tumor growth. The importance of
181 immune cells was further confirmed by the demonstration that the antitumor efficacy of HEI3090
182  was restored after adoptive transfer of WT splenocytes into p2rx7/' mice. Dendritic cells (DC) express
183 P2RX7 and orchestrate antitumor immunity. Purified DC from WT spleens transferred into p2rx7/’
184 mice were able to restore the antitumor effect of HEI3090 (Fig. 3B). This experiment was further
185 supported by the fact that phagocytic cells (macrophages and DC) were required for HEI3090’s
186  antitumor effect (Extended data and Supplementary Fig.4B) and that macrophages are less
187  implicated in HEI3090’s effect in vivo since HEI3090 is still able to inhibit tumor growth in p2rx7""

188  LysM mice (Supplementary Fig.4C).

189 Flow cytometry analyses revealed that the TME of mice treated with HEI3090 were more
190 infiltrated by immune cells than control mice (Fig. 3D). An increased infiltration of CD8" T cells was
191  also observed in the LSL Kras®*?” lung tumor mouse model (Fig. 3E). Furthermore, we showed that
192 HEI3090-treated mice showed higher levels of P2RX7 on DC (Supplementary Fig. 4A). Deeper
193 characterization of immune cell infiltrate in the LLC tumor model revealed that anti-CD3 staining of
194  tumors from HEI3090-treated mice contained 4 times more CD3" T cells than tumors from vehicle-
195  treated mice (Fig. 3F). Whereas the proportion of CD4"FOXP3" regulatory T cells was comparable
196 between treated or untreated mice (Fig. 3G), we found fewer myeloid derived suppressor cells
197 (PMN-MDSCs) after HEI3090 therapy (Fig. 3H) and higher NK/PMN-MDSC and CD4/PMN-MDSC ratios
198 (Fig. 31) but the treatment failed to consistently increase the CD8/PMN-MDSC ratio. We also showed
199  that HEI3090 targets immune cells in the low immunogenic B16-F10 melanoma syngeneic mouse
200 model, where it was able to increase anti-tumor effector cells and decrease M-MDSCs infiltration

201 (extended data and Supplementary Fig. 5).

202 P2RX7 expressed by DC has been shown to link innate and adaptive immune responses against
203 dying tumor cells upon chemotherapy—induced immunogenic cell death (ICD) and facilitate tumor
204  antigens presentation to T cells ®. We evaluated the capacity of HEI3090 treatment to kill tumor cells
205 and concomitant stimulation of DC maturation. Our results showed that HEI3090 is not an

206 immunogenic cell death inducer (see Extended data and Supplementary Fig. 6).

207 The two tumor cell lines used in this study express different levels of P2RX7 (Supplementary Fig.
208 1), yet HEI3090 required P2RX7’s expressing immune cells to inhibit tumor growth in both tumor
209 mouse models. These results demonstrate that HEI3090 controls tumor growth by recruiting and
210  activating P2RX7-expressing immune cells, especially DC, within the TME to initiate an effective

211 antitumor immune response.

212
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213 IL-18 is produced in response to HEI3090 treatment and is required to mediate its antitumor

214 activity

215 We then investigated how the activation of P2RX7 enhanced antitumor immune responses. In
216  addition to increasing intracellular Ca** concentration and stimulating the formation of a large
217 membrane pore (see Fig. 1), P2RX7’s activation is also known to activate the NLRP3 inflammasome
218  that leads to the activation of caspase-1 and consequently to the maturation and release of the pro-
219 inflammatory cytokines IL-1B and IL-18. We showed that HEI3090 enhanced caspase-1 cleavage
220 (Supplementary Fig. 7). Whereas neutralization of IL-1B did not impact HEI3090’s antitumor activity,
221 neutralization of IL-18 suppressed the antitumor effect of HEI3090 (Fig. 4A). This result was
222 confirmed using il18 " mice in which HEI3090 had no impact on tumor growth (Fig. 4B). IHC staining
223 of LLC tumors from HEI3090 treated mice showed a significant intratumor amount of IL-18 compared
224  to mice treated with the vehicle (Fig. 4C), whereas staining of tumors from il18" mice revealed no
225 staining (Supplementary Fig. 8A). Concordantly, serum levels of IL-18 were statistically more
226  abundant in mice treated with HEI3090 than in vehicle mice (Fig. 4D), and no IL-18 was detected in
227  the serum of mice that received IL-18 neutralizing antibody. In addition, HEI3090 was unable to
228 modulate the levels of IL-18 in p2rx7/' mice. Moreover, HEI3090-treated WT and p2rx7/‘ mice show
229 indeed a significant difference in the release of IL-18. Finally, primary peritoneal macrophages from
230  WT mice cultured ex vivo with ATP and HEI3090 produce more IL-18 than cells cultured with ATP and
231  vehicle (Fig. 4E). IL-18 release by HEI3090 required the NLRP3 inflammasome, since its production is
232 inhibited by the NLRP3 inflammasome-specific inhibitor (MCC950) (Fig. 4E). Moreover, we showed
233 that HEI3090 enhanced caspase-1 cleavage (Supplementary Fig. 7) meaning that HEI3090 was able to
234  increase IL-18 production by enhancing the activation of the NLRP3 inflammasome. Activation of
235 P2RX7 by HEI3090 in macrophages from p2rx7’” mice failed to increase IL-18 secretion
236 (Supplementary Fig. 8B) and no staining was observed in LLC tumors from HEI3090 treated p2rx7/'
237 mice (Supplementary Fig. 8A). In agreement with the observation that HEI3090 retained its antitumor
238  activity in mice treated with IL-1B neutralizing antibody, HEI3090 did not modify IL-1 protein levels
239  in serum (Fig. 4D) and did not modulate IL-18 secretion in macrophages cultured ex vivo

240  (Supplementary Fig. 8D).

241 Increased production of IL-18 was also observed in the LSL Kras®?® lung tumor mouse model.
242 Indeed, cells within lesions of mice treated with HEI3090 combined with aPD-1 expressed more IL-18
243  than mice treated with oPD-1 alone (Fig.4F). IL-18 protein levels in serum of mice that received the
244  combo treatment were also increased by 6-fold (Fig. 4F and Supplementary Fig. 8C). As described
245  with the LLC tumor model, HEI3090 did not impact the levels of IL-1B in this in situ genetic tumor

246  mouse model (Supplementary Fig. 8F).
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247 Collectively, these results demonstrate the antitumor effect of HEI3090 is highly dependent on
248 P2RX7 expression and on its capacity to induce the production of mature IL-18 in the presence of

249  eATP.
250
251 IL-18 is required to increase antitumor functions of NK and CD4" T cells

252 To identify which immune cells were involved in the HEI3090-induced antitumor response, we
253 performed antibody specific cell depletion experiments. While NK and CD4" T cells depletions
254 prevented HEI3090 treatment from inhibiting tumor growth (Fig. 5A and B), CD8" T cells depletion
255 had no impact on HEI3090 treatment efficacy (Fig. 5A). To further study the effect of HEI3090
256  treatment on these subsets, we assessed their cytokine production within the TME. Analyses of
257  tumor infiltrating immune cells first revealed that HEI3090 treatment significantly increased their
258  capacity to produce IFN-y (Fig. 5C). To precisely evaluate which cells in the TME produce IFN-y, we
259 studied the TIL sub-population and determined the ratios of IFN-y to IL-10 production in each subset
260 (Fig. 5D). NK and CD4" T cells were more biased to produce IFN-y than the IL-10 immunosuppressive
261 cytokine. CD8" T cells were relatively less prone to modification in this cytokine ratio profile upon
262 HEI3090 treatment. In addition, two-fold more NK cells from mice treated with HEI3090 degranulate
263 after ex vivo re-stimulation with LLC compared to NK from control mice (Fig. 5E), confirming their
264  activation state, while no effect was noticeable on CD8" T cells. These phenotypic and functional
265 analyses of intratumor immune infiltration suggested furthermore that treatment with HEI3090
266  stimulates CD4" T cells and NK cells’ activation in the TME. Importantly, IL-18 neutralization
267  abrogated the increase of the IFN-y/IL-10 ratio by CD4" T cells and NK cells (Fig. 5F), suggesting that
268 its production is a direct consequence of IL-18 release and signaling. We showed that DC and IL-18
269  were necessary for HEI3090’s activity (Figs. 3B, 4A and B). /n vitro stimulation of splenocytes treated
270  with BzATP and HEI3090 did not increase IFN-y production by T cells and NK cells indicating that its
271 higher production in the tumor of treated mice is rather an indirect consequence of the therapy
272 (Supplementary Fig. 9A). Concordantly, CD45" cells, CD8" T cells and NK cells in the TME of p2rx7/'
273 mice supplemented with WT DC showed an increase in the IFN-y/IL-10 ratio in the HEI3090-treated
274 mice (Supplementary Fig. 9B). This result indicates that WT DC were able to produce IL-18 after the
275  adoptive transfer, since anti-tumor effector cells were more prone to produce IFN-y than the IL-10

276 immunosuppressive cytokine.

277 Finally, we uncovered that HEI3090 treatment of LLC tumor bearing mice in vivo increased the
278  expression of MHC-I and PD-L1 by 2.2-fold (Fig. 5G). However, when LLC cells were treated in vitro

279  with HEI3090, neither MHC-I nor PD-L1 expression were increased. By contrast, IFN-y induced the
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280  expression of these two proteins (Supplementary Fig. 9C). Taken together, our results suggest that
281  the in vivo increase of MHC-I and PD-L1 expression is a consequence of IFN-y upregulation driven by
282 IL-18. Finally, using the LSL Kras®?® tumor mouse model, we showed that tumor cells from mice that
283 received both HEI3090 and aPD-1 expressed more PD-L1 than tumor cells from mice treated with
284  oPD-1 only (Fig. 5H). Altogether, our results indicate that HEI3090 increases IL-18 production
285  allowing the recruitment and activation of NK and CD4" T cells and the production of IFN-y. In turn,
286  IFN-y stimulates expression of MHC-I and PD-L1 on cancer cells, leading to an increased-tumor

287 immunogenicity and an increased sensitivity to anti-immune checkpoint inhibitors.
288

289 Combined with aPD-1 antibody, HEI3090 cures mice carrying LLC tumors and allows memory

290 immune response

291 Combined with an oPD-1 antibody, HEI3090 cured 80% of LLC tumor bearing mice (Fig. 2D). To
292  determine whether cured mice developed an antitumor immune memory response, they were re-
293 challenged with LLC tumor cells 90 days after the first inoculation and were maintained without any
294  therapy as illustrated in Fig. 6A. All long-term recovered mice were protected from LLC re-challenge,
295  whereas all age-matched control mice developed tumors (Fig. 6B). The re-challenged mice were still
296  alive 150 days after the initial challenge (Fig. 6C), sustaining the hypothesis that combo treatment
297  effectively promoted an efficient antitumor memory immune response. Our results suggested that
298 CD8' T cells are not directly involved in the primary antitumor effect of HEI3090 (see Fig. 5A).
299 Nevertheless, it is well characterized that these cells play a pivotal role in the host’s ability to mount
300 an antitumoral adaptative immune response *°. To evaluate the involvement of secondary memory
301 CD8"' T cells response in these mice, we sorted CD8" cells from age-matched naive mice or 5 months
302 (day 150) surviving re-challenged mice (see Fig 6A) and injected them to naive mice prior to
303 inoculation of LLC tumor cell in a 1/1 ratio. No treatment was given to mice. In this experimental
304 condition, tumor growth was reduced by 2-fold in mice that received CD8" T cells isolated from cured
305 mice (Fig. 6D), indicating that the combo therapy promoted a functional immune memory response

306 that partly depends on CD8" T cells.

307 We next characterized the mice that were cured for a very long period (300 days), as illustrated in
308 Fig. 6E. First, to discriminate between dormancy and eradication of tumor cells, we depleted CD8" T
309 cells from 300 days-old cured mice and followed mice welfare in the absence of treatment (Fig. 6F).
310 In this condition, no tumor relapse was observed during the 40 days of the experiment and the
311  weight of the mice remained constant, revealing that the combo treatment efficiently eliminated

312  tumor cells. Second, since circulating CD8" T cells are actively involved in the immune memory
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313 response *° and participated in the HEI3090-induced antitumor response (see Fig. 6D), we

314 investigated their involvement in the long-term memory immune response. To do so, 340 days-old
315 cured or age-matched naive mice were inoculated with LLC tumor cells in the absence of CD8" T cells.
316 Both naive- and cured- age-matched mice developed tumors (Fig 6G and 6H). However, the tumor
317  growth was significantly reduced in cured mice and 3 out of the 6 mice did not have tumors (Fig. 6G,
318 right panel). Cured mice survival was also significantly increased in comparison to naive mice (Fig. 6l).
319 Collectively, these results suggest that circulating CD8" T cells participate in the antitumor immune

320 response induced by HEI3090.
321
322 P2RX7 is positively correlated with high infiltration of antitumor immune cells in NSCLC patients

323 Using the lung adenocarcinomas (LUAD) TCGA dataset, we analyzed the effect of P2RX7
324  expression levels on the recruitment of cytotoxic immune cells. We clustered tumors of 80 patients
325  with all stage (I-1V) of lung adenocarcinoma according to P2RX7 expression and showed that high
326 levels of P2RX7 expression correlated with an increased-immune response in LUAD patients,
327  characterized by a high mRNA expression of CD274 (PD-L1), IL1B, IL18, a signature of primed
328  cytotoxic T cells (defined by CD8A, CD8B, IFN-G, GZMA, GZMB, PRF1) (Fig. 7A). Accordingly, Gene set
329 enrichment analysis (GSEA) demonstrated a positive correlation between high P2RX7 expression and
330 the well characterized established signatures of “adaptive immune response”, “T cell mediated
331 immunity”, “cytokine production” (Fig. 7B). Furthermore, high P2RX7 expression is correlated with
332 high levels of CD274 (PD-L1), independently of the stage of the disease (Fig. 7C). Consistently, a
333 significant reduced overall survival is observed for P2RX7 hi, CD274 hi and P2RX7 hi+CD274 hi LUAD
334 patients (Fig. 7D), suggesting that high expression levels of P2RX7 is sufficient to bypass immune
335 responses in the presence of high levels of CD274. Such a situation is considered to benefit from anti-
336  checkpoint blockade and/or strategies aiming to reactivate immune responses, e.g. with an activator
337  of P2RX7. Indeed, only few cancer patients achieve a response with anti-immune checkpoint
338  administered as single-agent and combined therapies to enhance antitumor immunity and bring a
339 clinical benefit for patients are actively tested. We showed in this study that the combination of

340 HEI3090 and aPD-1 is more efficient to inhibit lung tumor growth than o.PD-1 alone (see Fig.2C).

341
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342 Discussion

343 This study demonstrates for the first time that activation of the purinergic P2RX7 receptor
344 represents a promising strategy to control tumor growth. We developed a new positive modulator of
345 P2RX7, called HEI3090, that stimulates antitumor immunity. HEI3090 induces production of IL-18 by
346 P2RX7 expressing immune cells, by mainly targeting DC. IL-18 drives IFN-y production to increase
347  tumor immunogenicity and reinforces NK and CD4" T cells immune responses and generates
348 protective CD8" T cells responses from recidivism. Noteworthy, therapeutic association of HEI3090
349  with aPD-1 antibody synergizes to cure mice in the LLC syngeneic model of lung cancer and elicits an
350 antitumor immunity. We also observed that the combo treatment is more efficient than o.PD-1 alone
351  to inhibit tumor growth in the LSL-KRas®*?® lung tumor genetic mouse model. Lung tumor regression
352 correlates with an increased immune cell infiltration, more secretion of IL-18 within the TME and
353 higher expression of PD-L1 by tumor cells. Furthermore, this mode of action was confirmed using the
354 B16-F10 melanoma tumor model (Supplementary Fig 5). Collectively these results demonstrate that
355  the antitumor activity of HEI3090 follows the same rules in all tumor models tested and highlight the

356  strength of HEI3090 to reactivate antitumor immunity.

357 The design of P2RX7’s modulators was based on a ligand-based approach allowing the generation
358  of a pharmacophore model. One hundred and twenty compounds were generated and were tested
359 for their ability to enhance P2RX7’s activities; five of them were able to do so. HEI3090 was the most
360 promising and effective compound of the five and was therefore chosen for our study. Other natural
361 or synthetic molecules, have been described to facilitate P2RX7 response to ATP %72, P2RX4 is
362 another member of the P2X family that is described to regulate P2RX7’s activities in macrophages.
363 Recently Kawano and collaborators have shown that a positive modulator of P2RX4, the ginsenoside
364 CK compound?®, calibrates P2RX7-dependent cell death in macrophages®. Therefore, we checked

365 whether HEI3090 modulates P2RX4’s activities which is not the case (data not shown).

366 Until now, neither of these molecules has been tested in cancer models. Moreover, attempt to
367 facilitate P2RX7 activation in the field of oncology has been limited by the finding that P2RX7 variants
368  expressed by some tumor cells may sustain their proliferation and metabolic activity %. To explore
369 this question, we analyzed P2RX7’s functional features in ex vivo lung cancer samples *” and showed
370  that P2RX7 is functional in leukocytes whereas it is nonfunctional in tumor cells. Considering that
371 P2RX7 is a pro-apoptotic receptor, it makes sense that tumor cells express a nonfunctional receptor.
372  Whether this non-functional receptor corresponds to the non-conformational P2RX7 (nfP2RX7),

28

373 described to be expressed by tumor cells °, remains to be determined as well as the effect of

374 HEI3090 on nfP2RX7.
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375 Despite the finding that P2RX7 expression by immune cells restrains tumor growth *°, the use of
376  specific P2RX7 antagonists has been promoted to treat cancers on the basis that inhibition of tumor

377  cell proliferation would be more efficient 2%

. Considerable effort has been made to engineer
378  specific P2RX7 antagonists ** and two of them (A74003 and AZ10606120) inhibited B16 tumor growth
379 in immunocompetent mice '°. However, to our knowledge, these compounds have not been tested
380 to treat cancer and have failed in the first clinical trials to treat inflammatory and pain-related
381 diseases **. In addition, in the preclinical mouse model, we were unable to inhibit LLC and B16-F10
382  tumor growth when we tested the GSK1370319A compound, a well characterized P2RX7 antagonist
383 19 (data not shown). In line with this finding, our present results suggest that facilitation of P2XR7 is
384  associated with efficient antitumor immunity in two different models of transplantable tumor

385  (expressing moderate or higher level of P2RX7) as well as in the LSL-KRas®*?"

genetic lung cancer
386 mouse model. These results illustrate the view that P2RX7 activation, rather than inhibition,
387  represent a promising strategy in cancer immunotherapy to unleash the immune responses, notably
388 in conjunction with anti-checkpoint blockade. Therapeutic antibody represents another promising
389 field of investigation to treat cancer. In particular, Gilbert and collaborators described an antibody
390  against a non-functional P2RX7 variant that is promising to treat basal cell carcinoma *. It would be
391 interesting to combine HEI3090 with the therapeutic P2RX7 antibody and assay the efficacy of this
392 new combo treatment.

393 Antineoplastic action of eATP was previously explored using ATP administration in cancer patients

394  and abandoned for lack of convincing results **3*

. Extracellular ATP is naturally degraded to
395 adenosine by ectoenzymes and adenosine is an immunosuppressive molecule *. To inhibit the
396 production of adenosine, blocking antibodies against CD39 and CD73 ectoenzymes were produced
397 and tested in mouse cancer models but also in ongoing clinical trials (NCT03454451). This strategy
398 seems to be promising, at least in mice tumor models. In a first study, Perrot and collaborators
399 showed that antibodies targeting human CD39 and CD73 promoted antitumor immunity by
400  stimulating DC and macrophages which, in turn, restored the activation of effector T cells *. The
401  authors also reported that the combination of anti-CD39 monoclonal antibody with oxaliplatin
402  increased the survival of tumor bearing mice, at least for 50 days. In a second study, an independent
403 anti-CD39 antibody was generated and tested on different mouse tumor models. This antibody alone
404  dampened tumor growth and when combined with oPD-1, it further slowed tumor progression and
405 50% of the mice showed a complete rejection *’. Mechanistically, the anti-CD39 antibody treatment
406  led to an increased eATP levels via the P2RX7/NLRP3/IL-18 to stimulate myeloid cells. Next, the
407  authors demonstrated that anti-CD39 antibody sensitized a.PD-1 resistant tumors by increasing CD8*

408 T cells infiltration. Our results confirm these findings but also bring new highlights. First, we showed
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409  that activation of the eATP/P2RX7/NLRP3/IL-18 pathway by HEI3090 increased long lasting immune
410 responses when combined with aPD-1 antibody. Second, we demonstrated that the endogenous
411 eATP levels present in the TME was sufficient to enhance P2RX7’s activation in the presence of
412 HEI3090. These conditions are ideal to allow P2RX7 activation where it is needed and avoid the
413 possible adverse effects associated with a systemic increase of ATP levels, such as the one observed
414 in response to anti-CD39 and -CD73 antibodies.

415 It was shown that eATP attracts DC precursors towards the TME and promotes their activation

416  state and their capacity to present antigen **%*

. During the course of this study, we showed that
417 HEI3090 targets P2RX7 expressing immune cells, especially phagocytic cells, such as macrophages
418  and DCs (Supplementary Fig 4B). Between macrophages and dendritic cells, dendritic cells were the
419 most promising candidate; they express high levels of P2RX7, they are able to release IL-18, they are
420  professional antigen-presenting cells able to induce a potent anti-tumor immune response. We
421  therefore tested their involvement by doing an adoptive transfer of WT DC in p2rx7/' mice. Doing so,
422  we restored responsiveness to HEI3090 (Fig. 3B). We also observed that cDC CD4" T from mice
423  treated with HEI3090 expressed higher levels of P2RX7 (Supplementary Fig. 4A). Collectively, these

424 results demonstrated that DCs mediate HEI3090’s antitumor activity, but macrophages may have a

425 secondary role in this effect.

426 Intriguingly, we did not observe an enhanced production of mature IL-1B in mice treated with
427 HEI3090 (Fig. 4D). This was unexpected as secretion of mature IL-1B depends on the ATP/P2RX7-
428 induced NLRP3 inflammasome activation as well “°. However, unlike IL-1B, the inactive precursor
429  form of IL-18 is constitutively expressed in most human and animal cells. Whether this explanation is

430  sufficient alone to account for this differential IL-1B/1L-18 production is currently not known.

431 Whereas IL-1pB is described to induce immune escape **, IL-18 is involved in Th1 polarization and
432 NK cell activation. We showed here that IL-18 produced in response to HEI3090 treatment
433 orchestrated the antitumor immune response by driving IFN-y production by NK and CD4" T cells. This
434 is in line with the well-known IFN-y stimulating activity of IL-18 (originally designated as IFN-y-
435  inducing factor), and with its Th1 and NK cells stimulating activity ****. Protective effect of IL-18, but
436  also the activation of NLRP3, have been previously reported in various mouse cancer models ***
437 NLRP3 activation in DCs as well as IL-18 have been linked to better prognosis, to drive anti-tumor
438 immunity and to enhance the efficacy of immunotherapies in different tumor models *. In fact,
439  when we combined HEI3090 with an oPD-1 antibody, we observed that the combo therapy
440  efficiently controlled tumor burden in the 3 cancer models studied. Notably, the combo treatment

441 cured 80% of LLC tumor bearing mice and very interestingly, cured mice developed an antitumor

442 memory response.
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443 CD8 memory T cells, comprising the circulating memory pool — composed of effector memory
444 (Tem) and central memory (Tew) cells - and the tissue resident (Tgy) pool, play crucial roles in
445 antitumor memory responses *’. We showed that circulating CD8" T cells participated in cancer
446 immunosurveillance after HEI3090 treatment (Fig. 6D). However, this CD8" T cells pool cannot be
447 responsible for the entire response, since antitumor responses were still effective when CD8" T cells
448  were depleted (Fig. 6G). These results suggest that other immune cells participate in local cancer
449 surveillance. Possible candidates are the non-recirculating CD8" Tgy cells. The persistence of Tgy cells
450 in tissues has been shown to depend on signaling programs driven by TGFB and Notch-dependent
451  signaling signature. Whether HEI3090 directly stimulates those programs remains to be determined
452 but we observed, using HEK mP2RX7 cells, that HEI3090 enhanced ATP-stimulated ERK pathways
453 (data not shown). Our results are also compatible with a role for CD4" T memory cells and the setup

454  of a humoral response, in which B lymphocytes produce antibody against tumor cells.

455 Therapy with different aPD-1/PD-L1 antibodies was approved in NSCLC in the first- and second-
456 line settings. However, a significant fraction of patients does not benefit from the treatment (primary
457 resistance), and some responders relapse after a period of response (acquired resistance) *.
458 Expression of PD-L1 per se is not a robust biomarker with a predictive value since the aPD-L1
459  response has also been observed in some patients with PD-L1-negative tumors. Improvement of
460 patient management for immunotherapy undoubtedly relies on the identification of such predictive
461  markers. Using TCGA data set, we uncovered that P2RX7 expression is correlated to CD274 (PD-L1)
462 expression and “hot” immunophenotype signatures in NSCLC patients. In addition, patients with high
463 P2RX7 and low CD274 or high CD274 and low P2RX7 have a better overall survival than patients with
464 high CD274 and high P2RX7. This result suggests that immunotherapies may be efficient in double
465 positive patients and questions the ability of P2RX7 to represent a valuable biomarker for oPD-1/PD-
466 L1 therapies. In this context, we showed in another study *’ that the expression of P2RX7B splice
467  variant in tumor immune cells is associated with less infiltrated tumors in lung adenocarcinoma.
468 Mechanistically, we observed that the differential expression of the P2RX7B splice variant in immune
469 cells within tumor area correlates with the expression of a less functional P2RX7 and lower

470 leukocytes recruitment into LUAD.

471 To our knowledge, this is the first study demonstrating that a small-molecule activator of P2RX7
472 boosts immune surveillance by unleashing the effector functions of adaptive immune T cells and
473 improving the efficacy of aPD-1 treatment. This therapeutic strategy holds new hopes for cancer
474 patients. By increasing tumor immunogenicity, it could first increase the number of patients eligible
475  to immunotherapies and second, it could also be used as a neoadjuvant or adjuvant therapies of
476 locally advanced lung tumors.

477
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478  Methods section
479 Mice

480 This study was approved by the Institutional Care and Use Committee of the University of Nice-
481  Sophia Antipolis. Animal protocols were approved by the committee for Research and Ethics of the
482 PACA region (CIEPAL azur) and followed the European directive 2010/63/UE, in agreement with the
483  ARRIVE guidelines. P2rx7" (B6.129P2-P2rx7"™%/)) and il18" mice were from the Jackson
484  Laboratory. LSL-KRas®*?® tumor lung model has been described in 2. The generation of C57BL/6 mice
485 harboring constitutive and myeloid specific targeted disruption of the p2rx7 gene is described in the
486  extended data section. Control C57BL/6J OlaHsD female (WT mouse) were supplied from Envigo
487 (Gannat, France).

488 In vivo treatments

489 We used Lewis Lung Carcinoma (ATCC CRL-1642) and the melanoma B16-F10 (ATCC CRL-6475)
490  tumor cell lines. Cells were routinely checked for mycoplasma contamination and used between
491 passages 7 to 15. Five x 10° tumors cells were injected s.c. into the left flank of WT mice.
492 Pharmacokinetic analysis (Figure 1G), to characterize the clearance of HEI3090 showed that after a
493  period of 18 h HEI3090 concentration is < 10 nM. Therefore, we have decided to inject HEI3090 daily.
494 Mice were treated i.p. with vehicle (PBS, 10% DMSO) or with HEI3090 (1.5 mg/kg in PBS, 10% DMSO)
495  which corresponds to the highest soluble dose. For therapeutic settings treatment started at day 3,
496  when tumor reached approximately 10 to 15 mm?, for a maximum of 20 days and mice received
497  vehicle or HEI3090 (3 mg/kg in PBS, 10% DMSO) daily. Depleting and neutralizing antibodies from
498 BioXCell were given i.p. in the right flank at days -1, 3, 7 and 10. We used anti-IL-1B (clone B122, 200
499  pg per injection), anti-IL-18 (clone YIGIF74-1G7, 200 ug per injection), anti-CD8 (clone 53-6.7 200
500 pg/injection), anti-CD4 (clone GK1.5, 200 ug per injection) and anti-NK1.1 (clone PK136, 300 pg per
501 injection). aPD-1 antibody (clone RPM1-4, BioXCell) was given i.p. at 200 pug per injection at days 4, 7,
502 10 and 13 (or as stated in the legend of the figure) post tumor cell inoculation. aPD-1 and HEI3090
503  were injected separately, with at least 30 min delay between the two injections. 200 pL liposome
504  clodronate (Liposoma) were injected i.p. 3 days before LLC tumor cell inoculation in WT mice and
505  then every 3 days, at least 1 hour before HEI3090 treatment after the treatment started. CD8" T cells
506  were sorted from peripheral lymph nodes of cured or naive WT mice with Dynabeads® Untouched™
507 Mouse CD8 Cells (Invitrogen) according to the supplier’s instructions. 5.10° CD8" T cells were
508  adoptively transferred into 8 weeks-old naive WT mice (i.v.) one day before tumor inoculation. 5.10°

509 LLC cells were injected s.c. into the left flank of these mice and given no further treatment.

510 Adoptive transfer in p2rx7 deficient mice
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511 Spleens from WT C57BL/6J female mice were collected and digested in RPMI 1640 medium
512 containing 5% FCS, 1 mg/ml collagenase IV (Sigma-Aldrich), and 50 U/ml DNase | (Roche) for 7 min at
513 37°C. Single-cell suspensions of spleens were prepared by passage through 100 um cell strainers (BD
514 Biosciences) and counted. For WT DCs isolation, spleens were digested with the spleen dissociation
515 kit (Miltenyi Biotech) and isolated with the CD11c Microbeads UltraPure (Miltenyi biotech) according
516  to the supplier’s instructions. 5.10° splenocytes or 1.2.10° DCs were injected i.v. in p2rx7/' mice one
517  day before subcutaneous injection of 5.10° LLC cells into the left flank. Mice were treated i.p. every
518  day for 12 days with vehicle (PBS, 10% DMSO) or with HEI3090 (1.5 mg/kg in PBS, 10% DMSO). At day

519 12, tumors were collected, weighted and digested, when flow cytometry analyses were done.
520 Flow cytometry and antibodies

521 Tumors were mechanically dissociated and digested with 1 mg mL™ collagenase A and 0.1 mg
522 mL™ DNase | for 20 min at 37°C. Then single cell suspensions of tumors were prepared by passage
523  through 100 uM cell strainers (BD Biosciences). Surface staining was performed by incubating cells
524 on ice, for 20 min, with saturating concentrations of labeled Abs in PBS, 5% FCS and 0.5% EDTA. After
525 blocking Fc receptors using anti-CD16/32 (2.4G2) antibodies, cells were stained with the appropriate
526  combination of antibodies (see Supplementary Table 1). The transcription factor staining Buffer Set
527 (eBioscience) was used for the FoxP3 staining. For intracellular cytokines, staining was performed
528  after stimulation of single-cell suspensions with Phorbol 12-myristate 13-acetate (PMA at 50 ng mL™,
529  Sigma), ionomycin (0.5 ug mL ™, Sigma) and 1 pL mL™* Golgi Plug™ (BD Biosciences) for 4 h at 37°C 5%
530 CO,. Cells were incubated with Live/Dead Blue stain (Invitrogen), according to the manufacturer’s
531 protocol prior to Ab surface staining. Then, intracellular staining was performed using
532 Cytofix/Cytoperm™ kit (BD biosciences) following the manufacturer's instructions. The production of
533  IFN-y and IL-10 was simultaneously analyzed in CD45", NK, CD4" T or CD8" T cells. Data files were
534  acquired and analyzed on Aria Il using Diva software (BD Biosciences) or on the CytoFlex LX

535  (Beckman Coulter) and analyzed using FlowJo software (LLC).
536 Immunohistological analysis of tumors

537 Collected tumors or lungs were processed as previously described °. We used the following
538 antibodies: anti-CD3 and anti-CD8 (Roche, 790-4341, 750-4460 respectively), anti-IL-18 (BioVision, dil
539 1/200), and oPD-L1 (Dako, clone 22C3, dil 1/50), anti-Ki67 (Abcam, clone sp6, dil 1/100). After
540  staining, slides were captured and analyzed using NDP view2 software. For the analyses, 5 zones per
541  tumor were randomly selected and cells were counted using Figdi software. Results are expressed as
542 number of positive cells per total cell number.

G12D

543 Characterization of lesions in the LSL KRas mouse model
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544 At the end of the treatment mice were sacrificed, exsanguinated and lungs processed for
545 histologic and immunological analyses as described here *°. After deparaffinization, HE stains were
546 performed and slides were captured and analyzed using NDP view2 software. Tumor burden was
547  calculated by determining the mean of total tumor area per lung using the NDPview2 software. To
548  count the cells and determine the percentage of Ki67 positive cells within lesions, 10 lesions per lung,
549  from grade 2 to 5 according to the Sutherland scoring *°, were randomly selected, their perimeter
550 was determined, and positive and negative nuclei were counted using Fidgi software. Results are

551 expressed as number of cells per mm? and the percentage of Ki67 positive cells.

552  Exvivo macrophages stimulation

553 Peritoneal lavage was done with RPMI 1640 medium on WT or p2rx7/’mice. 4.10° macrophages were
554  seeded in a 96 well plate overnight in RPMI 1640 containing 10% FBS, 2% sodium pyruvate, 1%
555 penicillin/streptomycin and 50 uM B-mercaptoethanol. After 2 washes with the complete medium,
556  cells were primed for 4 hours with 100 ng/ml LPS (Sigma-Aldrich) at 37 °C and then stimulated for 30
557 minutes at 37 °C with ATP (Sigma-Aldrich) with or without 50 uM of HEI3090 or with 10 uM nigericin.
558  When indicated, NLRP3 inflammasome was inhibited with 1 uM of MCC950 (Invivogen) for 1 hour at

559 37 °C before cell stimulation.

560  Supernatants were collected and stored at -80°C before cytokine detection by ELISA using mouse IL-1

561 beta/IL-1F2 (R&D) and IL-18 (MBL) according to the supplier’s instructions.

562 Cells were lysed with Laemmli buffer (10% glycerol, 3% SDS, 10 mM Na,HPQ,) with protease inhibitor
563 cocktail (Roche). Proteins were separated on a 12% SDS-PAGE gel and electro transferred onto PVDF
564 membranes which were blocked for 30 minutes at RT with 3% bovine serum albumin (BSA).
565 Membranes were incubated with primary antibodies diluted 1/1000 at 4°C overnight. The following
566  antibodies were used: anti-NLRP3 (clone Cryo-2, Adipogen) anti-ASC (clone AL177, Adipogen), anti-
567  caspase-1 (clone Casper-1, Adipogen) and anti-B-actin (Biorad). Secondary antibodies (Sigma-Aldrich)
568  were incubated for 1 hour at RT. Immunoblot detection was achieved by exposure with a
569 chemiluminescence imaging system (PXI Syngene, Ozyme) after membrane incubation with ECL
570 (Immobilon Western, Millopore). The bands intensity values were normalized to that of B-actin using
571 Imagel software.

572 Calcium uptake assay

573 20.10° HEK293T-mP2RX7%7®% or HEK293T-pcDNAG6 cells were seeded per well on a poly-L-Lysine
574 (Sigma-Aldrich) 96 well-coated plate in complete medium. 24 hours later, cells were washed in
575 sucrose buffer (300 mM sucrose, 5 mM KCl, ImM MgCl,, ImM CaCl,, 10 mM Glucose, 20 mM HEPES,

576 pH 7-7.4) and incubated for 1 hour at 37 °C with 1 uM of Fluo-4 AM (Life Technologies). Cells were

577 washed once with PBS+5% FBS then twice with the sucrose buffer. Fluo-4 AM fluorescence was read
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578  on a Xenius, microplate reader (SAFAS) at 485/528 nm at 37 °C. After 3 minutes of baseline readings,
579 333 uM of ATP (Sigma-Aldrich) were added with or without various concentrations of HEI3090. For
580 the assay on splenocytes, spleens were digested with the spleen dissociation kit (Miltenyi Biotech).
581 5.10° splenocytes were seeded per well on a 96-well plate in sucrose buffer and incubated for 30

582 minutes at RT with 1 uM of Fluo-4-AM.
583  TO-PRO-3 uptake assay

584 30.10° HEK293T-mP2RX77®/% or HEK293T-pcDNAG cells were seeded per well on a poly-L-Lysine
585 (Sigma-Aldrich) black clear bottom 96 well-coated plate (Perkin EImer) in complete medium. 24 hours
586 later, cells were washed twice in sucrose buffer (300 mM sucrose, 5 mM KCI, ImM MgCl,, 1mM
587  CaCly,, 10 mM Glucose, 20 mM HEPES, pH 7-7.4). 1 uM of TO-PRO-3 (Life Technologies) was added in
588  the sucrose buffer. TO-PRO-3 fluorescence was read on a Xenius, microplate reader (SAFAS) at
589 550/660 nm at 37°C. After 10 minutes of baseline readings, 250 pM of ATP (Sigma-Aldrich) were
590 added with or without various concentrations of HEI3090. Alternatively, percentage of TO-PRO-3*

591 cells was analyzed on non-adherent cells by flow cytometry.
592
593  Cell viability

594 Colorimetric assay based on XTT (Roche) was used to quantify the viability of tumor cells treated
595  with 1 mM of BzATP and 50 uM of HEI3090. LLC cells were treated for 16h and B16-F10 for 3h.

596  Cellular viability was determined as described in the supplier’s protocol.
597
598  In vivo assay for immunogenic cell death

599 B16-F10 were exposed to 3mM ATP and 50 uM HEI3090 for 3 hours at 37 °C. Cells were then
600  washed and resuspended in PBS and cell death was determined with trypan blue. Dying B16-F10 cells
601 reached 97% in this assay. One.10> dying cells were injected s.c. into the right flank of WT mice (in
602 200 pL PBS). Control mice received 200 pL PBS into the right flank. Seven days later, mice were
603 challenged with live 5x10° B16-F10 cells into the left flank. Tumor growth was routinely monitored at

604 both injection sites.
605  Synthesis of HEI3090

606 Starting materials are commercially available and were used without further purification
607 (suppliers: Carlo Erba Reagents S.A.S., Thermo Fisher Scientific Inc., and Sigma-Aldrich Co.).
608 Intermediates were synthesized according to the methods described in the literature . Melting
609 points were measured on the MPA 100 OptiMelt® apparatus and are uncorrected. Nuclear magnetic

610 resonance (NMR) spectra were acquired at 400 MHz for "H NMR and at 100 MHz for **C NMR, on a
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611  Varian 400-MR spectrometer with tetramethylsilane (TMS) as internal standard, at 25 °C. Chemical
612 shifts (&) are expressed in ppm relative to TMS. Splitting patterns are designed: s, singlet; d, doublet;
613 dd, doublet of doublet; t, triplet; m, multiplet; sym m, symmetric multiplet; br s, broaden singlet; br t,
614 broaden triplet. Coupling constants (J) are reported in Hertz (Hz). Thin layer chromatography (TLC)
615  was realized on Macherey Nagel silica gel plates with fluorescent indicator and were visualized under
616  a UV-lamp at 254 nm and 365 nm. Column chromatography was performed with a CombiFlash Rf
617  Companion (Teledyne-Isco System) using RediSep packed columns. IR spectra were recorded on a
618  Varian 640-IR FT-IR Spectrometer. Elemental analyses (C, H, N) of new compounds were determined
619 on a Thermo Electron apparatus by ‘Pole Chimie Moléculaire-Welience’, Faculté de Sciences
620 Mirande, Université de Bourgogne, Dijon, France. LC-MS was accomplished using an HPLC combined

621  with a Surveyor MSQ (Thermo Electron) equipped with APCI source.

622  The synthesis of the title compound was accomplished starting from L-pyroglutamic acid also known
623 as the “forgotten amino acid”, bio-sourced affordable raw material (Fig. 1A). After simple
624  esterification of the L-pyroglutamic acid, the resulting methyl pyroglutamate was reacted with 2,4-
625 dichlorobenzylamine in presence of catalytic amount or zirconium (IV) chloride in solvent-less
626  conditions to provide pyroglutamide (HEI2313) in 90% yield. To obtain (S)-N*-(6-chloropyridin-3-yl)-
627  N°-(2,4-dichlorobenzyl)-5-oxopyrrolidine-1,2-dicarboxamide (HEI3090), a mixture of pyroglutamide
628 (HEI2313) (1.86 g, 6.48 mmol) and 2-chloro-5-isocyanatopyridine (1.00 g, 6.48 mmol) in toluene was
629 refluxed for 24 hours under nitrogen atmosphere and magnetic stirring. After cooling to rt, the
630 mixture has been concentrated in vacuo and the resulting crude has been purified by column
631  chromatography (CH,Cl, / MeOH: 1/0 to 9/1) to afford pure HEI3090 as a white powder in 54% vyield
632  (1.62 g, 3.51 mmol). mp 187-190 °C (MeOH); TLC Rf (CH,Cl,/MeOH: 95/5) 0.8; 'H NMR (CDCl;, 400
633  MHz) & ppm 2.21-2.37 (m, 2H, CH,CH,CH), 2.59-2.68 (m, 1H, CH,CH,CH), 2.99-3.10 (m, 1H,
634  CH,CH,CH), 4.49 (dd, J = 15.2, 6.2 Hz, 1H NHCH,), 4.55 (dd, J = 15.2, 6.2 Hz, 1H, NHCH,), 4.77 (dd, J =
635 7.2, 2.8 Hz, 1H, CH,CH,CH), 6.65 (br t, J = 6.2 Hz, 1H, NHCH,), 7.22 (dd, J = 8.1, 2.0 Hz, 1H, ArH), 7.29
636  (d,J=8.6 Hz, 1H, ArH), 7.33 (d, J = 8.1 Hz, 1H, ArH), 7.38 (d, J = 2.0 Hz, 1H, ArH), 7.92 (dd, J = 8.6, 2.5
637 Hz, 1H, ArH), 8.49 (d, J = 2.5 Hz, 1H, ArH), 10.66 (br s, 1H, NHAr); B3C NMR (CDCl5,100 MHz) & ppm
638  21.4 (CH,), 32.4 (CH,), 41.4 (CH,), 59.2 (CH), 124.3 (CH), 127.5 (CH), 129.5 (CH), 130.2 (CH), 130.9
639  (CH), 133.1(C), 133.6 (2 C), 134.2 (C), 141.3 (CH), 146.2 (C), 150.3 (C), 170.0 (C), 177.7 (C); IR (neat): v
640 cm™ 3271, 3095, 1720, 1655, 1594, 1542, 1464, 1217, 1104, 829.

641  Statistical analyses
642 All analyses were carried out using Prism software (GraphPad). Mouse experiments were

643 performed on at least n = 5 individuals, as indicated in Fig legends. Mice were equally divided for

644  treatments and controls. Data were represented as mean values and error bars represent SEM.
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Mann-Whitney, t test and Mantel Cox test were used to evaluate the statistical significance between
groups. The corresponding tests and P -values were mentioned in the legend of each Figure. For
survival analysis, patients were separated based on optimal cut-off of the expression value of the

marker determined using KMplot.
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649  Data Availability
650 All relevant data are available from the authors

651
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797  Figure legends

798

799 Figure 1: HEI3090 enhances ATP-induced receptor channel activity
800  A. Representation of HEI3090’s synthesis steps.

801 B. Modulation of ATP-induced intracellular Ca** variation (F1/FO) in HEK mP2RX7 cells (C57BI/6
802 origin). After 10 baseline cycles, ATP (333 um) and HEI3090 (250 nM) were injected.

803 C. Average Fluo-4-AM fluorescence intensities in HEK mP2RX7 or control HEK pcDNA6 measured 315s
804  after stimulation with ATP (330 uM) and HEI3090 at concentrations ranging from 25 nM to 2.5 uM, as

805 indicated in the color code. Means = SEM (n=3 independent experiments and 6 replicates).

806  D. Modulation of ATP-induced TO-PRO-3 uptake in HEK mP2RX7 cells (F1/F0) in cells treated with ATP
807  and HEI3090 (25nM).

808 E. Average fluorescence intensities in HEK mP2RX7 or control HEK pcDNA6 measured 10 min after
809 stimulation with ATP and HEI3090 at concentrations ranging from 25 nM to 2.5 uM, as indicated in

810  the color code. Means + SEM (n=3 independent experiments and 6 replicates).

811 F. Left: Average fluo-4-AM fluorescence intensities in WT or p2rx7/' splenocytes stimulated with 50
812  uM ATP measured at the plateau i.e. 10 min after stimulation. Means + SEM (n=2 independent
813 experiments and 4 replicates). Right: Graph represents the percentage of TO-PRO-3 positive cells in
814  splenocytes isolated from naive WT or p2rx7/' mice. Data are means * SEM (n=3 independent

815 experiments in duplicate).

816  G. Pharmacokinetic analysis of HEI3090 intraperitoneally injected in WT mice. Data are means + SEM
817 (n=3 independent experiments in duplicate). Bars are mean + SEM. *p<0.05, **p<0.01 ***p<0.001,
818 *¥**%¥p<0.0001 (Mann-Whitney test). Source data are provided as a Source Data file.

819

820  Figure 2: HEI3090 inhibits tumor growth and combined with immunotherapy ameliorates mice
821 survival
822  A. Prophylactic administration. Average tumor area and weight of LLC allograft after daily treatment

823 with HEI3090. Curves are mean = SEM.

824 B. Therapeutic administration. Average tumor area and survival curves of LLC allograft. HEI3090

825 started when tumors reached 10 to 15 mm? of size. Curves are mean + SEM.

826 C. Combo treatment. Average tumor area of LLC allograft after HEI3090 and oPD-1 treatment.

827  Spaghetti plots and survival curves of animals are shown.
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G12D

828 D. Schematic illustration of treatment given to LSL Kras mice. Representative images showing

829 lung tumor burden. (Bar=2mm upper panel and 500 um lower panel) with tumor histopathology.
830  Average tumor burden of LSL KrasG12D mice in response to treatments were studied as the number
831 of ADC per mouse and the surface of ADC lesions per lung. Each point represents one mouse.
832 *p<0.05, **p<0.01 ***p<0.001, ****p<0.0001 (Mann-Whitney or Mantel Cox (B and C) tests). Source

833 data are provided as a Source Data file.

834

835 Figure 3: Immune cells mediate the antitumor activity induced by HEI3090
836 LLC cells were used in all panels except in E.

837  A. Average tumor area of LLC allograft in p2rx7 deficient mice (p2rx7/') after daily treatment with
838 HEI3090 or after adoptive transfer of WT splenocytes and daily treatment with HEI3090

839 B. Average tumor area of LLC allograft in p2rx7 deficient mice (p2rx7/") after adoptive transfer of WT
840 DCs and daily treatment with HEI3090.

841 C. Tumor weight of animals from the study shown in A and B.

842 D. Characterization of immune infiltrate at day 12. Percentage of CD45" analyzed by flow cytometry

843 among living cells within TME.

844 E. Representative picture of CD8" cells recruitment in LSL KrasG12D mice. (340X magnification) and

845 guantification.
846 F. Representative images of CD3 staining in LLC tumors and quantification.

847  G. Percentage of regulatory T cells determined by flow cytometry as FOXP3* CD4" among CD3" within
848 LLC tumors.

849 H. Proportion of PMN-MDSC among CD45" within LLC tumors

850 I. Gating strategy (left panel) and ratio of NK, CD4" or CD8" T cells on PMN-MDSC within LLC tumors
851  (right panel). data are mean + SEM. *p<0.05, **p<0.01 ***p<0.001, ****p<0.0001 (Mann-Whitney
852 or two-way Anova (C) tests). Each point represents one individual mouse. Source data are provided
853  asa Source Data file.

854

855 Figure 4: HEI3090-induced IL-18 production is required to inhibit tumor growth

856  A. Average tumor area of LLC allograft in WT mice injected with IL-1B and IL-18 neutralizing

857  antibodies and daily treatment with HEI3090.

858 B. Average tumor area and tumor weight of LLC allograft in il-18 deficient mice (i/-18‘/') and daily
859  treatment with HEI3090.
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860 C. Representative images of IL-18 staining in LLC tumors.
861 D. Production of IL-18 and IL-1B in serum of treated mice determined by ELISA.

862 E. Ex vivo production of IL-18 in primary peritoneal macrophages.

G12D

863 F. Representative images of IL-18 staining in lung tumor lesions from LSL Kras mice (Bar = 30 um)

G12D

864  and production of IL-18 in serum of LSL Kras mice. Data are mean + SEM. *p<0.05, **p<0.01

865 *¥**p<0.001, ****p<0.0001 (Mann-Whitney or Mantel Cox (C) tests or t-test (E). Each point

866 represents one individual mouse. Source data are provided as a Source Data file.
867
868  Figure 5: HEI3090 triggers antitumor responses mediated by IL-18-induced NK and CD4' T cells

869  A. Average tumor weight of LLC allograft in WT mice injected with depleting antibody and daily
870  treated with HEI3090.

871 B. Spaghetti plots of LLC allograft in WT mice injected with depleting antibody and daily treated with
872  HEI3090.

873  C. Average of IFN-y" cells among CD45" cells in LLC tumors.

874 D. Representative dot plots of IFN-y and IL-10 staining on TILs (left panel) and ratios of IFN-y on IL-10
875 in the same positive cells of each TILs (right panel).

876 E. Ex vivo degranulation assay of splenocytes from LLC tumor bearing mice. CD107a positive cells in
877  NK, CD4" and CD8" T cells are shown.

878  F. Ratios of IFN-yon IL-10 in the same positive cells of each TILs of IL-18 neutralized mice.

879 G. Flow cytometry analyses of MHC-I and PD-L1 expression on CD45" cells in LLC tumors

G12D

880 H. Representative images of PD-L1 staining in cancer lesion of LSL KRas mice. (Bar = 30 um) and

881 quantification. Bars are mean * SEM. Each point represents one individual mouse. *p<0.05,
882  **p<0.01 ***p<0.001, ****p<0.0001 (Mann-Whitney test). Source data are provided as a Source
883  Datafile.

884
885 Figure 6: HEI3090 combined with atPD-1 induces antitumor memory immune response
886  A.Schematic illustration of treatments with transfer of CD8 cells.

887 B. Average tumor area of LLC allograft in 90 days-old WT and 90 days-old cured mice in absence of

888 treatment.
889 C. Survival curves of animals from the study shown in B

890 D. Average tumor area of LLC allograft in WT mice injected with CD8" T cells isolated from re

891 challenged cured mice as shown in A
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E. Long lasting antitumor immune response: schematic illustration of treatments

F. Mouse body weight follow up of 300 days-old cured mice injected with anti-isotype (black circle) or
depleting aCD8 antibodies (blue circle).

G. Individual survival curves of 340 days-old WT and cured animals injected with anti-CD8 antibody
and re challenge with LLC in absence of treatment.

H. Average tumor area from animals shown in G.

I. Survival curves from animals shown in G. Data are mean + SEM. *p<0.05, **p<0.01 ***p<0.001,
***%¥p<0.0001 Mann-Whitney, two-way Anova or Mantel Cox tests. Source data are provided as a

Source Data file.

Figure 7: P2RX7 expression in LUAD is associated with “Hot” immunophenotype signature
A. Association of P2RX7 mRNA expression with a cluster of inflammatory genes (heatmap).

B. GSEA plot associating P2RX7 high mRNA levels from LUAD patients (TCGA) with three

inflammatory signatures.

C. Correlation curves of P2RX7 and CD274 expression from LUAD patients (TCGA) of all stage (left
panel), low stage (middle panel) and high stage (right panel). Mann-Whitney or Mantel Cox (C and E)

tests were used to performed statistical analyses.

D. Kaplan Meyer plot (http://kmplot.com) showing survival curves of P2RX7 high vs P2RX7 low
patients (left panel), CD274 high vs CD274 low (middle panel) and P2RX7 high or low vs CD274 high
or low (right panel). For all panels, the optimal cut-off is determined on KMplot. The P-value (log-rank
(Mantel Cox) test), the hazard ratio and number of patients are indicated. Source data are provided

as a Source Data file.
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917  Table 1: Antibodies used to phenotype immune cells

CD16/CD32 Fc Block BD Biosciences  2.4G2 Rat SD (outbred) 1gGab, K Uncoupled 0.5mg/ml 1/100
CD3e BD Biosciences  145-2611 Armenian Hamster 1gG1, K PerCP-Cy5.5 0,2mg/ml 1/100
CD4 Biolegend GK1.5 Rat 18Gab, K AF647 0.5 mg/ml 1/100
CD4 BD Biosciences  GK1.5 Rat LEW 18Gab, K PE 0,2mg/ml 1/100
CDh4 BD Biosciences RM4-5 Rat DA 18G2a, K BV711 0,2mg/ml 1/100
CD8a Biolegend 53-6.7 Rat 18G2a, K BV650 50 ug/ml 1/100
CD8a BD Biosciences  53-6.7 Rat LOU 18Gaa, K BV650 0,2mg/ml 1/100
y6 TCR BD Biosciences  GL3 Armenian Hamster 18G2, K PE 0,2mg/ml 1/100
CD25 BD Biosciences  PC61 Rat OFA 18G1, A V450 0,2mg/ml 1/100
CD44 BD Biosciences  IM7 Rat 18Gab, K APC 0,2mg/ml 1/100
CD44 BD Biosciences  IM7 Rat 18Gab, K PE-Cy7 0,2mg/ml 1/100
CCR7 BD Biosciences  4B12 Rat LOU 18G2a PE-CF594 0,2mg/ml 1/100
CD107a BD Biosciences  1D4B Rat SD (outbred) 18G2a, K PE-Cy7 0,2mg/ml 1/100
NK1.1 BD Biosciences PK136 Mouse C3H xBALB/c  18G2a, K PE-CF594 0,2mg/ml 1/100
B220 eBiosciences RA3-6B2 Rat 18G2a, K FITC 0.5 mg/ml 1/200
CD19 BD Biosciences  ID3 Rat LEW 18G2a, K FITC 0.5 mg/ml 1/100
CD45.2 BD Biosciences 104 Mouse SJL 18Gaa, K BV786 0,2mg/ml 1/100
CD11b eBiosciences M1/70 Rat 18Gab, K APC 0,2mg/ml 1/400
CD11c BD Biosciences  HL3 Armenian Hamster 18G1, A2 PE-Cy7 0,2mg/ml 1/100
Ly6C BD Biosciences  AL-21 Rat 1gM, k V450 0,2mg/ml 1/100
Ly6G BD Biosciences  1A8 Rat LEW 18G2a, K AF700 0,2mg/ml 1/100
Ly6G BD Biosciences  1A8 Rat LEW 18G2a, K FITC 0,5mg/ml 1/100
CD80 Biolegend 16-10A1 Armenian Hamster 1gG PE 0,2mg/ml 1/100
CD86 BD Biosciences  GL1 Rat LOU 18Gaa, K AF700 0,2mg/ml 1/100
CD86 BD Biosciences  GL1 Rat LOU 18Ga2a, K APC 0,2mg/ml 1/100
I-A/I-E Biolegend M5/114.5.2 Rat 18Gab, K APC/fire 750 0,2mg/ml 1/100
H-2K°/H-2D° Biolegend 28-8-6 Mouse (C3H) 18Gz2a, K FITC 0.5mg/ml 1/100
IL-10 BD Biosciences  JES5-16E3 Rat 18Gab, K BV421 0,2mg/ml 1/100
Foxp3 eBiosciences FJK16S Rat 18G2a, K PE 0,2mg/ml 1/100
CD103 Biolegend 2E7 Armenian Hamster 18G PerCP-Cy5.5 0,2mg/ml 1/100
IFN-y BD Biosciences XMG1.2 Rat 18G1, K APC 0,2mg/ml 1/100
IL-17A BD Biosciences TC11-18H10 Armenian Hamster 18G1, K AF700 0,2mg/ml 1/100
IL-4 BD Biosciences  11B11 Rat 18G1 BV711 0,2mg/ml 1/100
IL-13 eBiosciences eBiol3A Rat 18G1, K AF488 0.5 mg/ml 1/100
GATA3 BD Biosciences  L50-823 Mouse BALB/c 18G1, K BV421 0,2mg/ml 1/100
CD279 (PD-1) BD Biosciences )43 Rat 18G2a, K APC 0,2mg/ml 1/100
CD274 (PD-L1) Biolegend 10F.9G2 Rat 18Gab, K APC 0,2mg/ml 1/100
CD274 (PD-L1) Biolegend 10F.9G2 Rat 18Gab, K BV421 100pg/ml 1/100
CD273 (PD-L2) Biolegend TY25 Rat 18Gaa, K PE/dazzle 594 0,2mg/ml 1/100
CTLA-4 BD Biosciences UC10-4F10-11  Armenian Hamster 1gG1, K PE 0,2mg/ml 1/100
TIM-3 BD Biosciences  5D12/TIM-3 Mouse 18G1, K PE 0,2mg/ml 1/100
P2RX7 Biolegend 1F11 Rat 18Gab, K PE 0,2mg/ml 1/8

918

919


https://doi.org/10.1101/2020.11.19.388900

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 1
cl
cl
A
o H H
OH [/, 1 N l»
o > Y ci
N o
N N cl Y
o H ) /J\
HN o]
L-pyroglutamic acid HEI2313 _ HEI3090
N N
cl
B mP2RX7 C MP2RX7 pcDNA6
4+ 35 * 3- O HEI3090
8 % ATP + DMSO
= g il ATP + 25nM HEI3090
3 S ATP + 250nM HEI3090
Q o S 2- T 2- B ATP + 2.5uM HEI3090
E So | =
s s
< p
< 2 Mg 1-
: 3
- =
0 [T
T T T 0 O_
0 200 400 600
D Time (s) E
3_
8 29 s 2-
8 8 FKkkk
I7;) c
0 3 D=
o o a ok
2% g o
o 2L 14
o L
@ 0
g £
2 S
|_
O T T T O O
0 1000 2000 3000
Time (s)
F G
3x103-
1.4

3 WT mice
p2rx7 -

*%

1.1 %
1.0
+ +

1x1034

Fluo-4-AM Fluorescence
F1/FO
- =
N w
1 1
i
%
|_|
TO-PRO-3*(% of cells)
= N w
< < ?
*
*
HEI3090 (nM)
)
X
S

% 0 T T T : : T 1
+ + - - - - ++ ++ BzATP500nM 0 100 200 300 500 1500

+ - ¥ - & HEI090 min

O_

ATP50UM - = - -

HEI3090 .  +


https://doi.org/10.1101/2020.11.19.388900

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 2

A LLC s.c. B LLCs.c.
(‘,‘\5 HEI3090 i.p. (.A[\\\ HEI3090 i.p.
\. N ) [ ] 000000000ODOGCO
L e (Neeeoeoceoes NS M TTTTTTITITY A
1 5 10 12 1 5 10 15 50

Days Days
507 -&- Vehicle Fokkk 500 1004 -@- Vehicle e 1004 —— Vehicle
-@- HEI3090 e HEI3090 **
&40 5 — = —— HEI3090
Q40 5 4001 <C 80 T 80-
E = E ok z
o 97 £ 300- o @ 607 . o B 607
42 9% 39 23
+ 204 -2 2004 - E 404 ‘E 404
o 5 o -
§ £ 5 5
107 Z 100- Fao{ | & 201
0¢ ol 0 : . : o+——t
0 3 6 9 12 N 0 5 10 15 0 10 20 30 40 5
Days after tumor inoculation <\\c}e’ %& Days after tumor inoculation Days after tumor inoculation
() AS
IR
C Beiee o o o o ® LLCs.c.
(“@ooooooooooooooooooo . HEI3090 i.p.
@ S rrrrrrrrrrrrrrrrororT 1
%‘ 1 5 10 15 a0 OPD-LIp
Days
Vehicle + aPD-1 HEI3090 + oPD-1
- i 100+
Tumor free mice 1/16 Tumor free mice 13/16
100+ 1004 _ 801
€ € g
£ 807 £ 801 L & 607 Vehicle + isotype .
$ 6o S 60- 35 —— HEI3090 + isotype
S S S 407 —— Vehicle + aPD-1  |#*x
G 404 S 404 N Fokkk
S £ ~ —— HEI3090 + oPD-1
> > 20'
= 204 = 204
—
04 04 0 — I T 1
0 0 5 10 15 20 25 30 0 50 200 400
Days after tumor inoculation Days after tumor inoculation Days after tumor inoculation
D B
gs Py [ ] [ ] [ ] [ ) [ ]
( .}3, ° 0000000000000000000 Adeno Cre o.t.
‘%\ (IJ ::- 2I ; TrTTTTTTr T T T T TTTTTTTTTTTTTTIUTT ‘I‘ HEI3090 i.p.
1 10 20 30 aPD-1i.p.
Months Days
Untreated Vehicle + aPD-1  HEI3090 + aPD-1 5+ P<0.0001
NE 4- P=0.06 P<0.0001
Q 1S '
[%2] ~
3 § 5
E 5]
a S
(7}
8 3
< %)
)
<
Veh + aPD-1 - + - -+ -

HEI3090 + aPD-1 - - + - - +



https://doi.org/10.1101/2020.11.19.388900

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 3
A p2rx7--mice B p2rx7--mice C p2rx7-- mice
-8~ Vehicle | -8 Vehicle + WT spleno -©- Vehicle + WT DC
*kkk
-o- HEI3090! -e- HEI3090 + WT spleno -@- HEI3090 + WT DC
601 601 *kkk 8001 *% *
< x* _ *%
E 83600_ *kkk
§ = 40 404 2 = I
5 8 5 |
5 E S g 400-
€ == I |
P X 201 20 <] l
8 Ezoo- ) é
< 6
0- 04 T T T 1
0 3 6 9 12 0 3 6 9 12
. ) i . 2 09 (\0 (\0 o O
Days after tumor inoculation Days after tumor inoculation é\‘o o NN \é&o sxo
TS
4 Q
\Q'x o ¥ 'bgq
© W
Aé'(\ @n_., ‘2‘
D 10, 2= E NS
LSL Kras®12P mice
2 __kkkk
8 30 Kk
o I ?
=
S 204 e Kkkk
S
=
= J 4
& 104
®
&
0'_I_I_ T
N
Qe ) A
N S Q7N
\\é’o Q\Q> Xc\?
D
Anti CD3 IHC S
F G H ¥
Vehicle HEI3090 x
20~ 2 307 Gatedon: CD11b'CD11ct ~ 407
= *
9] ek 2
o @ a
»n15- * Q O 304 Y
5 Q 207 G 5
o @) > = o
+ 4= 3 >
10+ [S) < 20+
@) ° ®)
O < o )
° . 104 S a A
© 5- ‘é; ® § 10 3
L
o T =
ST o1 E—— [ |
O-
@ Q @ & »
) & S NEECN
N NG X
$© \2{() QW Q\Q/ A Q{o
All events Doublets exclusion
=
14 6 —= —~ 4y 159 ns
Z o) S =
" g R £
; = Q °7 @)
§|;| LARLA RALES RARRY IARBI AR B 8 41 8 8 104
o Redd BT o % s L] =
CD3* ydT neg > z z
2, - z s
a ~ l- ~
1 N, o o
g = (o9 fa) . a
3 A P O ol gl O X
¢ RN RO
5 RS &S &
& & e & @


https://doi.org/10.1101/2020.11.19.388900

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 4
A -o- Vehicle s B i118 - mice
-e- HEI3090 ns
-e- HEI3090 + alL-1p -~ Vehicle
501 - HEI3090 + alL-18 50-"@ HEI3090 300
< 40- <C 404 2
€ €3 2201 o
5 204 5 204 =
2 9 S 100
£ 104 F 101 =
0+ 04 o+e0F——
0 3 6 9 12 0 3 6 9 12 e
Days after tumor inoculation Days after tumor inoculation N
< N\
N\ Q{o
C D
IL-18 IHC
Tumorl  Tumor2  Tumor 3 3007 _« o 500+ ‘
- - 4004
£ 200- =
B S 3004
o o
N N S \¥]
E—p— ® < 2001 é
umor 0 100- ﬁ a 0
9 A 100+ 8 !
: )
m 0- an N N 0 T T T % T
I ARSI e N 2NN
O N DA A
S o o S o o
SIS PN K R
Q N N QQ A\ N
AR D @ O
S &
e QQ’ Q\Q 0 \\Q; \2\(<>
* .
E * = LSL Kras®12P mice
200_ *k *
ok IL-18 IHC 1001
~ 150 > X 80
-
E ~ iy £
I - o) S 604
£ 1001 o DC-S =
o) 3 =
- + < S 401
= 501 % o) =
g R 20-
L (3] w
0- > T 0
ATP (mM Ny e
(mM) & O
HEI3090 + + + + \QXC* &
. )
MCC950 + o &L


https://doi.org/10.1101/2020.11.19.388900

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 5
A B C
J dkkkk < _ k% k%
°00 ns £1%07 venicle | HEI3090 25 800
Hkk = 80 (n=28) (n=32) %
~ 400- = Q geo 60 T 204 ~
(&) 03 40 o L 600+
E [ TYCTOR + E
~ o 20 7o) (D
£ 300 l I § ol 0 S 15- =
2 ‘ F 036 912 036 912 3] o 400_§;
E 200+ Q << © 10 8
) 2100 HEI3090 + ocD4 1007 HEI3090 + aNK1.1 S .
1S < 80 (n=8) + = 200
> (SIS T 54
= 100+ IV o o 60 > i
M e &
i g 20 o o
0 : £ 20 0
S & F "0 36 912 03 6 9 12 \{\\c}q’ %Q%Q \(\\c}e %0@0
AN SR RS
N\
D NK CD4 CD8 E
o 150+ . 207 s 15+ 10_&
) o) =
é 8 ' 15- l 2 81
~100- 10- -S
S w S 6
i A 104 A X
| =~
o = S 4
= 7. 501 5- x 5
@ z 57 pod 2
w i S 21
T i k3 z =
IL-10 » 0- 0— 0+ 0-
Q¢ ¢ O NN NK CD4 CD8
R Q‘}\\()@’b& é{\\c} {b& R é\\o \%Qq
F NK CD4 CcD8 G LLC tumor cells
b/P)b
40- 8- 15- H2Kb5D PD-L1
ns ns ns 60y .
o 29,7% | 4 27,5% % 0
g% 4 10- : o g 8 401 X
+ E Q o
3 y 3 A 404 E
7, 207 4+ 3 O o 301
= “ 5 E o, k| 0 \2 5
> 1L 497% |3 452%| & S 20-
Z 10+ 2+ ¢ 3 = 204 >
= £ \' SN E D 4
- EHE 41} = 3 10-
0% 0-— T 0 T 2:/ U k —; Il‘ a (%1 E
¥ IS AN e NS & A e T 0.
AN
@ ¢ O ¢ O
S S P RO
QQ AQ' Q> AQ' Q}
& & &
H
40_ *k*k
i 2
@ 8 I
28 @ 30-
23 =}
2]
o
o 20
—
+ -
]
o
25 & 104
w 3 ©
I o

0_
Vehicle+ HEI3090+
aPD-1  aPD-1


https://doi.org/10.1101/2020.11.19.388900

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 6
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