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32
33  Abstract

34 DNA is a potent damage-associated molecular pattern signaling that, once in the
35  extracellular space, triggers the activation of the innate immune system. Here we find
36  that senescent cells release mtDNA to both the cytosol and the extracellular space. In
37  cells undergoing cellular senescence, the release of mtDNA precedes that of nuclear
38  DNA resulting in the activation of the cGAS/STING pathway and establishment of
39  cellular senescence. Intriguingly, by exploiting co-culture and in vivo cross-species
40  experiments, we show that extracellular mtDNA released by senescent tumors cells is
41  specifically captured by polymorphonuclear myeloid-derived suppressor cells (PMN-
42 MDSCs) in the tumor microenvironment (TME). Mechanistically we find that PMN-
43  MDSCs uptake mtDNA to enhance their immunosuppressive ability. Pharmacological
44 inhibition of mtDNA released from senescent tumor cells blocks the PMN-MDSCs
45 immunosuppressive activity, improving the efficacy of therapy-induced senescence
46 (TIS) in cancer. These results reveal the crucial role of mtDNA in initiating cellular
47  senescence and immunosuppression independently of the SASP. Thus, targeting
48  mtDNA release-mediated pathway may hold promise to reprogram the immune

49  suppressive microenvironment in patients treated with chemotherapy.

50


https://doi.org/10.1101/2023.08.06.551763
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.08.06.551763; this version posted August 7, 2023. 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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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-NC-ND 4.0 International license.

51 Main

52  Cellular senescence, a state of stable growth arrest characterized by an intrinsic
53  resistance to apoptosis and a peculiar secretory phenotype termed the senescence-
54  associated secretory phenotype (SASP), has emerged as a critical player in age-related
55  diseases and cancer development!?. Recent studies have shed light on the accumulation
56  of cytosolic nuclear DNA, in the form of cytoplasmic chromatin fragments (CCF), in
57  senescent cells. Once CCF enter the cytoplasm, they are sensed by the GMP-AMP
58  synthase-stimulator of interferon genes (cCGAS-STING) pathway that activate the SASP
59  through NF-kB*®. Despite nuclear DNA, cells also contain high copy numbers of
60  mitochondrial circular DNA (mtDNA) densely packaged into nucleoids. Nucleoids
61 include one copy of mtDNA and different proteins, including the mitochondrial
62  transcription factor A (TFAM). In response to various stresses, such as apoptosis’®,
63  viral infection®°, TFAM deficiency??, and oxidative stress'?, mtDNA is released in the
64  cytosol, where it is recognized as a foreign danger to trigger inflammation by the cGAS-
65 STING pathway'*4 Intriguingly, mtDNA can also be detected in the plasma of
66  patients affected by different age-associated diseases>'®, suggesting that stressed cells
67 can also release mtDNA in the extracellular space. A recent report proposes that
68  senescent cells are a primary source of cell-free mtDNA that promote age-associated
69  systemic inflammation®’.

70  However, whether and how cytosolic mtDNA release contribute to senescence
71 induction remains elusive. Specifically, the mechanism by which senescent cells release
72 mtDNA outside the mitochondria has never been investigated. Finally, it is unknown
73 whether in TIS, mtDNA release in the extracellular space, promotes immune
74 suppression. Here, we demonstrate that in Pten loss-induced cellular senescence (PICS),
75 oncogene-induced senescence (OIS), and therapy-induced senescence (TIS), mtDNA
76 is released outside the mitochondria, through the voltage-dependent anion channel
77 (VDAC). This process requires mitochondrial delocalization of endonuclease G
78  (EndoG). Notably, we also show that in TIS, senescent tumor cells release a high
79  quantity of mtDNA in the extracellular space where mtDNA is selectively internalized
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80 by PMN-MDSCs. MtDNA released by senescent tumor cells enhances the immune
81  suppressive and tumor-promoting function of PMN-MDSCs, impacting tumor
82  progression and treatment resistance.

83

84  MtDNA release and senescence induction

85  To assess whether mtDNA is released in the cytoplasm of cells undergoing different
86  types of senescent response, we used mouse embryonic fibroblasts (MEFs) where
87  senescence was induced by loss of tumor suppressor gene Pten (PICS), overexpression
88  of oncogenic HRasV12 (OIS), and treatment with the CDK4/6 inhibitor Palbociclib
89  (Palbo), a prototypical TIS that does not induce DNA damage!®*°. In all the cases
90 analyzed, senescent cells exhibited a marked accumulation of cytosolic DNA (indicated
91 by anti-dsDNA antibody) outside the mitochondria (Mitospy) (Fig. 1a, b; Extended
92  Data Fig. la-c). We next checked whether the DNA accumulating in the cytosolic
93  fraction of senescence cells was of nuclear or mitochondrial origin by performing gPCR
94  using mitochondrial (Cox1, Dloop) and nuclear (ActB, Tert) specific primers and
95  immunofluorescence staining for DAPI and cGAS to detect CCFs. Cytosolic mtDNA
96  was increased in all the senescent cells analyzed (Fig. 1c). In contrast, cytosolic nDNA
97  was only increased in OIS (Fig. 1c), in line with previous evidence demonstrating an
98 increased nuclear DNA damage and CCF accumulation in this senescent model®?°
99  (Extended Data Fig. 1d, ). Of note, we found that in all the different types of senescent
100  cells, mtDNA was more abundant than nDNA (Fig. 1c). In addition, senescent cells
101  also released more mtDNA than nDNA into the extracellular milieu as detected by
102  gPCR in the conditioned media (c.m) of the different senescent cells (Fig. 1d).
103  Interestingly, released mtDNA of senescent cells was hyper-fragmented, and
104  hypomethylated when compared to control as assessed by Anti-5mC dot blot analysis
105  performed on total mtDNA (Extended Data Fig. 1f, g). We next performed a time
106 course experiment and found that mtDNA release occurred at early time points during
107  senescence establishment in all the senescent models (Fig. 1e). Note that in OIS, where
108 mtDNA and nDNA are increased, mtDNA release preceded that of nNDNA (Fig. 1e, f).
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109  To understand whether mtDNA is required for the establishment of cellular senescence,
110 we depleted mtDNA in MEFs undergoing PICS, OIS, and TIS through the
111 overexpression of the Herpes Simplex Virus exonuclease UL12.5 that specifically
112 eliminates mtDNA without affecting nDNAZ., Depletion of mtDNA significantly
113 decreased SA-B-Gal positivity, the p16 and p21 protein levels, and the expression of
114  different SASP-associated genes in all the senescence models (Fig. 1g-j; Extended Data
115  Fig. 1h,i). These data were further validated in TRAMP-C1 murine prostate tumor cells
116  treated with Palbociclib or Docetaxel to induce cellular senescence (Extended Data Fig.
117 2a-f). Palbociclib induced cytosolic mtDNA release, Docetaxel treatment increased the
118  release of both mtDNA and nDNA. However, docetaxel treated TRAMP-C1 cells
119  released higher amount of mtDNA than nDNA in the cytosol and the culture media
120  (Extended Data Fig. 2c, d). Moreover, depletion of mtDNA in TRAMPCL cells infected
121 with UL12.5 and treated with Palbociclib abrogated senescence induction and SASP
122 genes expression (Extended Data Fig. 2g-j). Together, these data highlight the crucial

123 role of mtDNA in senescence in both primary MEFs and cancer cells.

124 We next hypothesized that increased mtDNA release in senescent cells could activate
125 the CGAS-STING pathway as previously reported for CCF in OIS®*?2
126 Immunoprecipitation of cGAS in the cytoplasmic fraction of control and senescent cells
127  showed an increased binding of mtDNA rather than nDNA to cGAS in PICS and TIS
128 (Fig. 1k, I). Whereas, in OIS, we detected both mtDNA and nDNA bound to cGAS, in
129 line with previous evidence® (Fig.1l). Knockdown of cGAS (via short-hairpin
130  shMb21D1) in MEFs infected with Cre, HRasV12, or treated with Palbo reduced p21,
131 p27 protein levels, and the expression of SASP genes in all the models analyzed
132  (Extended Data Fig. 3a-d). To finally assess whether cytosolic mtDNA is required for
133 senescence induction independently of cytosolic genomic DNA, we inactivated
134  Endonuclease G in wild-type (WT) MEFs using shRNAs (Extended Data Fig. 3e).
135  EndoG is the most abundant and active mitochondrial endonuclease, located in the
136  intermembrane space of mitochondria, and it is involved in the degradation of damaged
137 mtDNA??4, Previous evidence demonstrates that cells depleted of EndoG release high
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138 levels of mtDNA outside the mitochondria®®. Notably, EndoG downregulation in WT
139  MEFs increased the amount of cytosolic mtDNA, induced cellular senescence, and
140  promoted the upregulation of SASP genes (Fig. 1m-0; Extended data Fig. 3f). Together
141  these findings demonstrate that cytosolic mtDNA release is required for senescence

142 induction and activation of the SASP.
143 ROS and EndoG regulate mtDNA release in senescent cells

144  Reactive oxygen species (ROS) accumulation is associated with mitochondrial
145  dysfunctions in senescent cells?®?6-2°. Since mtDNA release was found in all the
146 senescent models, we speculated that increased ROS production in mitochondria may
147  cause the release of mtDNA. The staining of CM-H2DCFDA, a fluorescent indicator
148  for ROS, showed that ROS production was increased in all the senescence models
149  analyzed (Extended data Fig. 4a). Moreover, the depletion of mitochondrial ROS by
150  mito-TEMPO, a mitochondria-targeted antioxidant, prevented cytosolic mtDNA
151  accumulation as well as cellular senescence and SASP-associated genes in PICS and
152 OIS (Extended data Fig. 4b-h). In line with these findings, oxidative stress induced by
153  low dosage H>O, was sufficient to cause the cytosolic mtDNA release in WT MEFs and
154 induced cellular senescence (Extended data Fig. 4i, j). Together, these data indicate that
155  ROS facilitates cytosolic mtDNA release to induce cellular senescence and SASP

156  production.

157  Inphysiological conditions, the cellular pool of mtDNA is maintained by mitochondrial
158  endonuclease, whose mitochondrial to nuclear localization is regulated by ROS®*3!,
159  Having demonstrated that ROS elevation and EndoG inactivation are required for the
160  cytosolic release of MtDNA, we assessed the levels and location of EndoG in PICS,
161 OIS, and TIS. While we did not detect any changes in EndoG levels in senescent vs.
162  control cells (Extended data Fig. 5a), immunofluorescence images and immunoblot
163 with different cell fractions showed that in senescent cells, EndoG translocated from
164  the mitochondria to the nucleus (Extended data Fig. 5b-d). During apoptosis, nuclear

165  EndoG localization promotes chromosomal DNA fragmentation via interaction with
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166  apoptosis-inducing factor (AIF)3234. However, AIF did not translocate into the nucleus
167  with EndoG in senescent cells (Extended data Fig. 5d, €), in line with the known notion
168  that senescent cells are resistant to apoptosis®. Together, these results suggest that ROS
169  induces mtDNA release and EndoG translocation in senescent cells, thereby protecting

170  mtDNA from degradation by this endonuclease.
171 Senescent cells release mtDNA through VDAC

172 We next focused on the mechanism by which mtDNA is released outside the
173 mitochondria. In apoptosis, mtDNA release is mediated by macropores in the
174 mitochondrial outer membrane (MOM) created by oligomerization of the proteins BAX
175 and BAK®. In cells subjected to oxidative stress, mtDNA can escape through
176 macropores formed by mitochondrial permeability transition pores (mPTP) and
177  oligomerizing voltage-dependent anion channels (VDAC1)"2°. We therefore checked
178 whether mtDNA release from senescent cells could be blocked by treatment with a
179  BAX inhibitor (BAX Inhibiting Peptide V5, BIP-V5) and mPTP inhibitor (cyclosporin
180 A, CsA). However, gPCR analysis performed in the cytosolic fraction of senescent cells
181  showed no decrease in mtDNA release upon treatment with these compounds
182  (Extended data Fig. 6a). We then investigated whether VDACs could mediate the
183  cytosolic mtDNA release in senescent cells. Knocking down Vdacl or Vdac?2 reduced
184  the cytosolic release of mtDNA and senescence in PICS (Extended data Fig. 6b-e). In
185  addition, cells undergoing senescence treated by VBIT-4, a selective inhibitor of
186 VDACL oligomerization, impaired the release of mtDNA in the cytosol with
187  consequent interference in the establishment of cellular senescence and SASP
188  production in both senescent MEFs and cancer cells treaded with TIS (Extended data
189  Fig. 6f-0). Taken together, our findings demonstrate that VDACs are involved in the
190  release of mtDNA during cellular senescence and that pharmacological inhibition of
191  VDAC in senescent cells may work as a therapeutic strategy to suppress the detrimental

192  effect of the SASP in TIS®,

193  PMN-MDSCs uptake mtDNA from senescent tumor cells
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194  Senescent cells have been shown to exert detrimental effects on the tissue
195  microenvironment, contributing to tumorigenesis through different mechanisms®"38, In
196  prostate cancer, we and others have shown that senescent tumor cells enhance the
197  recruitment of different populations of myeloid cells}3%4%, As demonstrated, PMN-
198  MDSCs are the main myeloid immune subset infiltrating both mouse and human
199  prostate cancers, whereas T and NK cells are scarce3, To better characterize the role
200 of mtDNA released by senescent tumor cells in the tumor microenvironment, we
201  assessed whether extracellular mtDNA could be uptaken by myeloid cells through a
202  trans-species experiment using human prostate tumor cells injected in NRG mice. To
203  do so, we first evaluated whether also human senescent tumor cells could release
204  mtDNA equally to senescent MEFs and mouse tumor cells. PC3, prostate tumor cells
205  were treated with Palbociclib and Docetaxel to induce cellular senescence (Fig. 2a, b).
206  Senescence induction by drug treatments was accompanied by the release of mtDNA
207 in both the cytosol and the extracellular space (Fig. 2c, d). We next injected PC3 cells
208 in NRG mice and treated them with or without Palbociclib to induce senescence in vivo.
209  Different populations of murine myeloid cells were then sorted from tumors of
210  untreated and treated mice by using the following markers: CD11b*CD11c" (dendritic
211 cells), CD11b"F4/80" (macrophages) and CD11b* Ly6G" (PMN-MDSCs). Finally,
212 gPCR analysis was performed in the different immune subsets to detect mtDNA using
213 human-specific primers (Fig. 2e and Extended Data Fig. 7a). We found that in mice
214  treated with TIS, tumor-infiltrating CD11b* Ly6G™ cells accumulate a significantly
215  higher amount of human mtDNA (Nd1) compared to other sorted immune populations
216 (Fig. 2f). Of note, no change of human nuclear DNA (LINE1) was detected in the sorted
217 immune cell populations thereby validating our previous findings in the c.m of cells

218  treated with Palbo (Fig. 2f).

219  To further validate these findings in vitro, we co-cultured bone marrow-derived murine
220 MDSCs (BM-MDSCs) with senescent human PC3 cells. PC3 cells were pre-treated
221  with Palbo and Doce to induce cellular senescence. Upon senescence establishment,
222 cells were incubated with BM-MDSCs for 48h. gPCR analysis in murine MDSCs
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223 showed an increased accumulation of human mtDNA (Fig. 2g, h). These data were
224 validated using murine TRAMP-C1 and MDSCs cells. To perform this experiment,
225  murine TRAMPC-1 were pre-incubated with BrdU to label the DNA before treatment
226 with Palbo and Doce. FACS analysis for BrdU in MDSCs showed the presence of tumor
227  cells derived DNA (Extended data Fig. 7b-d). Finally, treatment with the VDAC1
228 inhibitor VBIT-4 in senescent human prostate tumor cells decreased the cytosolic and
229  extracellular levels of mtDNA and the mtDNA uptake by murine BM-MDSC (Fig. 2i).
230  Collectively, these results suggest that PMN-MDSCs are capable of internalizing

231  extracellular mtDNA that originates from both human and murine senescent tumor cells.

232  MtDNA released by senescent tumor cells enhances the immune suppressive

233 function of MDSCs though activating the cGAS signaling pathway

234  Having demonstrated that the MDSCs internalize mtDNA derived from senescent
235  tumor cells, we investigated whether senescent cells could affect MDSCs function
236  through the extracellular release of mtDNA. To address this point, we collected c.m
237  from senescent tumor cells and performed DNase digestion to eliminate mtDNA
238  contained in the c.m (Fig. 3a; Extended data Fig. 7e). DNA undigested and digested
239  c.m. was later used to treat BM-MDSCs and perform an immunosuppressive assay
240  using splenic T cells. BM-MDSCs treated with c.m from senescent cells showed an
241  increased immunosuppressive capability in comparison to c.m from non-senescent cells
242  (Pablo vs. Vehicle) (Fig. 3a). However, this effect was decreased by treatment with
243  DNase that eliminated mtDNA from the c.m thereby demonstrating that mtDNA has a
244  directrole on promoting MDSCs activation which is independent of the SASP (Fig. 3b).
245  To validate these findings, we next directly transfected mtDNA extracted from c.m of
246 senescent cells in BM-MDSCs. Transfection of mtDNA significantly increased the
247  expression of pro-inflammatory genes in BM-MDSCs and enhanced their T cells
248  immunosuppressive ability (Fig. 3c, d). RNA-seq analysis of BM-MDSCs transfected
249  with mtDNA provided evidence that mtDNA exhibited distinct abilities to upregulate
250  pro-inflammatory genes, which were strongly associated with immunosuppressive

251  signatures of MDSCs (Fig. 3e, f). Stimulation of MDSCs with mtDNA also
9
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252  significantly changed the expression levels of several genes involved in immune

253  suppression and tumor promotion, such as IL6 signaling*'*? (Extended data Fig. 7f, g).

254 We next assess the mechanism by which mtDNA enhances the immune suppressive
255  activity of MDSCs by transfecting mtDNA in BM-MDSCs wild type or knock out for
256 the TLR9 (TIr9") or cGAS (Mb21d17). We found that mtDNA failed to activate
257  MDSCs function in cGAS knock-out cells. In contrast, deficiency of TLR9 receptor in
258 BM-MDSCs was ineffective (Fig. 3h). Western blot analysis in BM-MDSCs
259  transfected with two different mtDNA fragments showed that mtDNA increased the
260  phosphorylation of TBK1, STING, and STAT1 (Fig. 3i). However, upregulation of
261  pSTING, pTBKL1 and pSTAT1 was abolished in cGAS knock-out BM-MDSCs. These
262  results indicate that mtDNA-induced pro-inflammatory genes expression in BM-

263  MDSC depends on the activation of the cGAS-STING pathway.
264  Blockage of mtDNA release improves TIS efficacy

265  We next assessed whether blockage of extracellular mtDNA release in senescent cells
266  could enhance the efficacy of Palbociclib treatment. Since VBIT4 treatment decreased
267  the levels of mtDNA release in the cytosol and extracellular space of senescent cells,
268  we hypothesized that this compound could work as both a senostatic by reducing the
269  SASP and direct anti-inflammatory agent by affecting the activation of PMN-MDSCs
270  in tumors treated with Palbociclib. First, we treated TRAMP-C1 tumor-bearing mice
271 with Palbociclib to induce senescence; next, we administered VBIT-4 to prevent the
272 release of mtDNA and thereby inhibit the SASP and the simultaneous activation of

273 PMN-MDSCs.

274 We found that VBIT-4 increased the efficacy of Palbociclib treatment by decreasing
275  tumor size and frequency of intratumoral CD11b*Ly6G*Ly6C™ cells without affecting
276 the number of these immune cell populations in the blood, spleen, and lymph node (Fig.
277  4a, b, Extended data Fig. 8a-c). Of note, Palbociclib increased the levels of mtDNA in
278  the plasma of treated mice (Fig. 4c). However, VBIT-4 decreased the level of plasma

279  mtDNA of Palbo-treated mice without affecting the levels of nNDNA (Fig. 4c, d). These
10
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280  data were further validated in the RapidCap (PTEN/p53-deficient) allograft prostate
281  tumor model where Palbociclib was administered alone or in combination with VBIT-
282 4 (Extended data Fig. 8d-f). In PMN-MDSCs sorted from tumors treated with Palbo
283  and VIBIT4, we detected a decreased expression of iNOS2 and S100A8 in line with the
284  decreased immunosuppressive activity of these cells (Fig. 4e, f). FACS analysis
285  performed in these cells also showed reduced activation of the cGAS-STING pathway
286  in MDSCS from mice treated with Palbo and VIBIT4 compared to Palbo-treated mice

287  (Fig. 49, Extended data Fig. 8g).

288  Clinically, we found that patients treated with Docetaxel or Cabazitaxel, two
289  compounds that drive senescence in cancer cells and normal tissues, exhibited a
290  significant increase of cell-free mtDNA in the plasma, supporting our finding that TIS-
291  induced mtDNA release (Fig. 4h). Finally, we found that patients with high mtDNA
292  circulating levels had significantly lower survival than patients with low circulating
293  mtDNA levels (Fig. 4i, j). These data demonstrate that the blockade of mtDNA release
294 in TIS during prostate cancer therapy can reprogram tumor-infiltrating PMN-MDSCs,

295  thereby promoting the antitumor effects.
296  Discussion

297  DNA localization in the cytoplasm of a cell, whether exogenous or endogenous, acts as
298  a potent danger signal that stimulates an innate immune response. Previous research
299  has demonstrated that CCF® and genomic retrotransposable elements (TE) sequences
300 LINE-1 and endogenous retrovirus (ERV) cDNA**#3 could accumulate in the
301 cytoplasm and activate cytoplasmic pro-inflammatory pathways in senescence and
302  cancer. However, all of these cytosolic DNA stimuli are of nuclear origin and released
303 in the late stage of senescence. Here, we have demonstrated that cytosolic mtDNA
304 release is essential in the early stage of senescence establishment across various
305  senescent models, a previously unknown finding. Our study has elucidated the
306 mechanisms governing mtDNA release, wherein nuclear translocation of EndoG,

307 separated from AIF, allows the damaged mtDNA to bypass the mitochondrial
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308 membranes through VDACs. These mechanistic insights shed new light on how
309  senescent cells-derived mtDNA engages senescence and inflammatory responses in
310  cancer.

311  Furthermore, our investigation reveals that mtDNA released by senescent tumor cells
312  enters the extracellular space, where it can enhance the immunosuppressive function of
313 PMN-MDSCs. Remarkably, pharmacological inhibition of VDAC1 oligomerization
314  using VBIT-4 significantly reduced the release of cytosolic mtDNA and SASP factors
315  from senescent cells. This highlights the potential of this compound as a senostatic drug
316 incancer therapy. Furthermore, VBIT-4 treatment also resulted in a significant decrease
317 in the uptake of extracellular mtDNA by PMN-MDSCs, consistent with the blockage
318  of cytosolic mtDNA release. Decreased mtDNA release, in turn, enhanced the efficacy
319  of chemotherapy by alleviating immunosuppression in the TME.

320  Collectively, our work provides novel insights into senescence, highlighting the dual
321 role of accumulated senescent cell-associated mtDNA as an intracellular and
322  extracellular signal molecule. Notably, our study establishes the clinical relevance of
323  targeting mtDNA release during TIS, as evidenced by the correlation between elevated
324  mtDNA levels and poor disease outcomes in patients with prostate cancer. These
325  findings suggest that blocking mtDNA release in TIS holds great potential as a
326  promising therapeutic strategy to enhance the efficacy of chemotherapy in clinical
327  cancer treatment.

328

329  Methods and materials

330 Mice

331  All mice were maintained under specific pathogen-free conditions, and experiments
332  were approved by the local ethical committee (‘“Dipartimento della Sanita’ e Socialita’,
333  Esperimenti su animals,” Canton Ticino), authorization number 34293. Mb21dI"
334  (cGAS knockout) mice were a gift from Prof. Andrea Ablasser (Ecole Polytechnique
335 Fédérale de Lausanne, Switzerland). For allograft experiments, C57BL6/N were
336  challenged with 2.5x10° TRAMP-C1 cells or RapidCap cells and then orally given

337  Palbociclib (150 mg/Kg) three times and/or VBIT-4 (20 mg/Kg) five times per week
12
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338 when tumors were approximately 100 mm®. For the xenograft experiment, NRG mice
339  were challenged with 2.5x10° PC3 cells and then orally given Palbociclib when tumors
340  were approximately 100 mm?®. Tumor volume and survival rate were analyzed, and then
341  sacrificed the mice when the tumor reached approximately 1000 mm?.

342

343  Generation of Pten KO MEFs and HRasV12 MEFs

344  Primary Mouse Embryonic Fibroblasts (MEF) were obtained from pregnant Pten/**/ox
345  mice at 13.5 days post-coitum. Embryos were harvested, and the individual MEFs were
346  cultured in DMEM containing 10% fetal bovine serum (FBS) and 1%
347  Penicillin/Streptomycin (P/S). To prepare lentiviral particles, HEK-293T cells were
348  transfected using JetPRIME® transfection reagents (JetPRIME®, Polyplus transfection,
349  114-07/712-60) as the manufacturer’s instructions. Primary MEFs were infected with
350 retroviruses expressing either pWZL-Hygro (Addgene, #18750), pWZL-Hygro-CRE,
351 or pWZL-Hygro-HRasV12 (Addgene, #18749) and selected with Hygromycin B
352  (Invitrogen, 10687010) at a concentration of 50 pg/ml.

353

354  Generation of shEndog and shVdacl, 2 MEFs

355  Primary MEFs were infected with shRNA using the mouse Endog-directed shRNA
356  (Sigma), Vdacl, and Vdac2 shRNA (Sigma). To prepare lentiviral particles, HEK-293T
357  cells were transfected using JetPRIME transfection reagents as described above. MEFs
358 cells were infected with the filtered lentiviral supernatant obtained from transfected
359  HEK-293T cells and were subsequently selected using Puromycin (Sigma) at 3 pg/ml.
360

361  Cell lines

362  PC3 cells were purchased from ATCC and cultured in RPMI 1640 supplemented with
363 10% FBS and 1% P/S. TRAMP-C1 and RM-I1cells were purchased from ATCC;
364  RapidCap is a kind gift from Prof. Lloyd C. Trotman (Cold Spring Harbor Laboratory)
365 and cultured in DMEM supplemented with 10% FBS and 1% P/S. All cell lines were
366  kept under controlled temperature (37°C) and CO: (5%) and tested negative for

367 Mycoplasma.
13
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368

369 Differentiation of BM-MDSCs in vitro

370  Mouse BM-MDSCs were differentiated in vitro as previously described**. In brief, bone
371  marrow cells were flushed from the legs of C57BL/6 with RPMI 1640 medium. The
372 cell pellets were lysed with ACK buffer (Gibco, A1049201) and resuspended in RPMI
373  containing 40 ng/ml GM-CSF, 40 ng/ml IL-6, 10% FBS, and 1% P/S. On day 4, the
374  cells were harvested and resuspended in the fresh RPMI 1640 containing 10% FBS and
375 1% P/S.

376

377  Invitro T cell suppression assay

378  In vitro suppression assays were determined as previously described**. In brief, naive
379  splenocytes were labeled with 2.5 uM CFSE (Thermo Scientific, C34554) and activated
380 in vitro with anti-CD3/CD28 beads (Gibco, 11452D) according to the manufacturer’s
381 instructions. BM-MDSCs were added to the culture. After three days, the proliferation
382  of CFSE-labelled CD8" T cells and CD4" T cells were analyzed by BD FACS Canto .
383

384  Senescence associated B-galactosidase (SA-f-gal) assay

385  For tissue-specific SA-B-gal assay, tumor samples were immediately frozen in OCT
386  solution at —80 °C, and sections of 8 mm were prepared. Senescence-associated SA-f-
387  gal staining was performed using Senescence B-Galactosidase Staining Kit (Cell
388  Signaling Technology, 9860) according to the manufacturer’s instructions.
389  Counterstaining was performed using Eosin staining (Alcohol-based Diapath, C0352).
390 SA-B-gal staining was performed using Senescence -Galactosidase Staining Kit (Cell
391  Signalling Technology, Cat. No 9860) according to the manufacturer’s instructions.
392

393 Immunohistochemistry (IHC) and Immunofluorescence (IF)

394  Tumor tissue samples were fixed in 10% neutral-buffered formalin (Thermo Scientific,
395  CatNo. 5701) overnight and then washed thoroughly under running tap water, followed
396 by processing using ethanol and embedded in paraffin according to standard protocols.

14
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397  Sections (5 mm) were prepared for antibody detection and hematoxylin and eosin
398  staining. IHC tissue sections were processed as follows: de-paraffinized, unmasked,
399  pre-staining, blockings, and secondary staining *°. Images were scanned with Aperio
400  and opened with ImageScope v12.3.2.8013 (Leica Biosystem).

401  For in vitro immunofluorescence, all microscopy image cells were seeded on coverslips
402 one day before fixation. After washing in PBS, cells were fixed with 4%
403  paraformaldehyde for 20 min, permeabilized with 0.1% Triton X-100 in PBS for 15
404  min, blocked with PBS containing 10% FBS for 30 min, stained with primary
405 antibodies at 4 °C for overnight, and stained with secondary antibodies for 60 min at
406  room temperature. Cells were washed with 0.1% PBS-Tween 20 between each step.
407  Slides were covered with mounting media with DAPI (Invitrogen, P36931), ready to
408  be visualized under the fluorescent confocal microscope. Images were acquired on
409  Leica TCS SP5 and merged using ImageJ software (NIH).

410

411  Characterization of the immune tumor microenvironment

412  Tumors were isolated and digested in collagenase D and DNase I for 30 min at 37 °C
413  to obtain a single-cell suspension. The single-cell were stained with Fixable viability
414  stain (ThermoFisher Scientific) for 1 hour, and then CD16/ CD32 antibody was used to
415  block the unspecific binding. Single-cell suspensions were stained with specific
416  monoclonal antibodies (primary antibodies directly conjugated) to assess the phenotype
417  and diluted 1:200. The antibodies used were: CD45 (clone 30-F11), Ly6C (clone
418  HKI1.4), Ly6G (clone 1A8), CD11b (clone M1/70), F4/80 (clone BM8), CD11c (clone
419  N418), CDS (clone 53-6.7), CD4 (clone GK1.5), CD3 (clone 17A2), B220 (clone RA3-
420  6B2), CD19 (clone 1D3), CD49b (clone DXS). All antibodies were purchased from
421  eBioscience, Biolegend, R&D, or BD. Samples were acquired on a BD FACSymphony
422  (BD Biosciences). Data were analyzed using FlowJo software (TreeStar).

423

424 Quantitative real-time PCR (RT-qPCR)

425  Total RNA was extracted with TRIzol reagent (Ambion, 15596026) following the

426  manufacturer’s instructions. cDNA was obtained using an InPROM II kit (Promega,
15
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427  A3800) according to the manufacturer’s instructions. RT-qPCR was performed using
428  Gotaq® qPCR Master Mix, Promega® (A6002) on Step One Real-Time PCR systems
429  (Applied Biosystems). The target genes were normalized to the housekeeping gene (-
430  Actin) shown as 2722¢t, The used primers are as follows: Cdknla (p21) forward 5°-
431  TTCCCTCACAGGAGCAAAGT-3’, reverse 5-CGGCGCAACTGCTCACT-3’;
432  Serpinel (Pail) forward 5 -TTCAGCCCTTGCTTGCCTC- 3°, reverse 5’-

433  ACACTTTTACTCCGAAGTCGGT-3’; 18s rDNA forward 5’-
434  TAGAGGGACAAGTGGCGTTC-3’; 18s rDNA reverses’-
435 CGCTGAGCCAGTCAGTGT-3’; Tert forward 5’-
436 CTAGCTCATGTGTCAAGACCCTCTT-3’, reverse 5’-
437  GCCAGCACGTTTCTCTCGTT-3’; Dloop forward 5’-

438 TCCTCCGTGAAACCAACAA-3’, reverse 5’-AGCGAGAAGAGGGGCATT-3’; IL8
439  forward 5’-CTGGTCCATGCTCCTGCTG-3’, reverse 5’-
440 GGACGGACGAAGATGCCTAG-3’; Mmp3 forward 5’-
441  TGGAGCTGATGCATAAGCCC-3’, reverse 5’-TGAAGCCACCAACATCAGGA-3’;

442  Endog forward 5’-TTCCGCGAGGATGACTCTGT-3, reverse 5’-
443  CACCTGAGGCGCTACGTTG-3’; ACTB- forward 5’-
444  GATGCACAGTAGGTCTAAGTGGAG-3’, reverse 5’-
445  CACTCAGGGCAGGTGAAACT-3’; B-Actin forward 5’-

446 GGCTGTATTCCCCTCCATCG -3’, reverse 5’-CCAGTTGGTAACAATGCCATG-3’;
447  Ccl2 forward  5-TTAAAAACCTGGATCGGAACCAA-3’, reverse 5’-
448  GCATTAGCTTCAGATTTACGGGT-3’; Cxcl10 forward 5°-
449  CCAAGTGCTGCCGTCATTTTC-3’, reverse 5’-GGCTCGCAGGGATGATTTCAA-
450  3’; 1fid4 forward 5’-CTGATTACAAAAGAAGACATGACAGAC-3’, reverse 5’-
451  AGGCAAAACCAAAGACTCCA-3’; Ifitl forward 5’-
452  CAAGGCAGGTTTCTGAGGAG-3’, reverse 5’-GACCTGGTCACCATCAGCAT-3’;
453  Ifnb forward 5’-CCCTATGGAGATGACGGAGA-3’, reverse 5°-
454  CCCAGTGCTGGAGAAATTGT-3’; Isgl5 forward 5’-
455 CTAGAGCTAGAGCCTGCAG-3’, reverse 5-AGTTAGTCACGGACACCAG-3’;

456  Vdacl forward  5’-ACTAATGTGAATGACGGGACA-3’, reverse 5’-
16
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457  GCATTGACGTTCTTGCCAT-3’; Cox1 forward 5’-GCCCCAGATATAGCATTCCC-
458 3°, reverse 5’ -GTTCATCCTGTTCCTGCTCC-3’; IL1b forward 5’-
459  TGTAATGAAAGACGGCACACC-3’, reverse 5’-TCTTCTTTGGGTATTGCTTGG-
460 3’; Tnfa forward 5’-CCCTCACACTCAGATCATCTTCT-3’, reverse 5°-

461  GCTACGACGTGGGCTACAG-3’; IL12 forward 5’-
462 TACTAGAGAGACTTCTTCCACAACAAGAG-3’, reverse 5°-
463 TCTGGTACATCTTCAAGTCCTCATAGA-3’;S100A8 forward 5’-
464  GTCCTCAGTTTGTGCAGAATATAAA-3’, reverse 5’-
465 GCCAGAAGCTCTGCTACTCC-3%; IL6 forward 5’-
466 TAGTCCTTCCTACCCCAATTTCC-3’, reverse 5’-
467 TTGGTCCTTAGCCACTCCTTC-3’; Nos2 forward 5’-
468 GTTCTCAGCCCAACAATACAAGA-3’, reverse 5’-
469 GTGGACGGGTCGATGTCAC-3’; Argl forward 5’-

470  CCACACTGACTCTTCCATTCTT-3’, reverse 5’-GATTATCGGAGCGCCTTTCT-3’;
471 hLINEI-  forward 5’-TCACTCAAAGCCGCTCAACTAC-3’, reverse 5’-
472  TCTGCCTTCATTTCGTTATGTACC-3’; hNd1 forward 5’-
473  ATACCCATGGCCAACCTCCT-3’, reverse 5’ -GGGCCTTTGCGTAGTTGTAT-3".
474

475  Cytosolic mitochondrial DNA (mtDNA) extraction and quantification

476 1x10° Cells were each divided into two equal aliquots, and one aliquot was resuspended
477 in 300 pl of 50 pM NaOH and boiled at 95°C for 30 min to solubilize DNA. 30 pl of 1
478 M Tris-HCl pH 8 was added to neutralize the pH, and these extracts served as
479  normalization controls for total mtDNA. The second equal aliquots were resuspended
480  in roughly 300 pl buffer containing 150 mM NaCl, 50 mM HEPES pH 7.4, and 25
481  pg/ml digitonin (EMD Chemicals). The homogenates were incubated on a rotator for
482 10 min at room temperature, followed by centrifugation at 980g 4°C for 3 min three
483  times to pellet intact cells. The cytosolic supernatants were then spun at 17000g for 20
484  min to pellet any remaining cellular debris. Quantitative PCR was performed on both
485  whole-cell extracts and cytosolic fractions using nuclear DNA primers (Tert) and

486  mtDNA primers (Dloop3, Cox1), and the CT values obtained for mtDNA abundance
17
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487  for whole-cell extracts served as normalization controls for the mtDNA values obtained
488  from the cytosolic fractions.

489

490  Western blot

491  Cells were lysed using 1xRIPA buffer (Cell signaling, 9806) containing protease and
492  phosphatase inhibitors (Thermo Fisher, A32959) and then incubated on ice for 30 min.
493  Samples were centrifuged at 13,000 g for 10 min. Protein concentration was determined
494 by the BCA kit (Thermo Fisher, 23227). Equal amounts of proteins were subjected to
495  SDS-polyacrylamide gel electrophoresis (SDS-PAGE), 10%, and transferred onto
496  0.45 pm PVDF membrane (Thermo Scientific, 88518). Membranes were blocked in 5%
497  milk solution after protein transfer. Membranes were probed with the indicated
498  antibodies overnight at 4 °C. The primary antibodies are: p16 (Abcam, ab211542), p21
499  (Abcam, ab107099), p27 (CST, 3698S), HSP90 (CST, 4877S), PTEN (CST, 9188S),
500 RAS (BD Transduction, 610001), p-HP1y (CST, 2600S), p-KAP1 (Thermo Fisher,
501  A300-767A), p-yH2A.X (CST, 9718S), GAPDH (CST, 5174S), H4 (CST, 2592S), p-
502  STING (CST, 72971S), STING (CST, 13647), p-TBK1 (CST, 5483S), TBK1 (CST,
503  3504), STAT1 (CST, 9172), p-STAT1 (Y701) (CST, 9167), cGAS (CST, 31659),
504 ENDOG (Sigma, SAB3500213), AIF (CST, 5318T), VDACI1 (CST, 4661), VDAC2
505 (CST, 9412S). After washing with 1xPBST, the membranes were incubated with
506  horseradish peroxidase-conjugated (HRP-linked) secondary antibodies anti-rat IgG
507  (ThermoFisher Scientific, 31470, 1:5000), anti-rabbit IgG (Promega, W4011, 1:5000)
508 or anti-mouse IgG (Promega, W4021, 1:5000) and developed using enhanced
509  chemiluminescence (ECL) substrate (Thermo Scientific, 32106). Membranes were
510  exposed to the FusionSolo S imaging system (Vilber). Blots were semi-quantitatively
511  analyzed by densitometry using ImageJ 1.52 v (National Institutes of Health).

512

513  Cell fractionation

514 A method was carried out for nuclei isolation as previously described with some
515 modifications (Gagnon et al., 2014). Briefly, harvested cells were washed in ice-cold

516  PBS and resuspended in hypotonic lysis buffer (10 mM Tris, pH 7.5, 10 mM NaCl, 3
18
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517  mM MgCls, 0.3% NP-40, and 10% glycerol) in the presence of a protease/phosphatase
518 inhibitor cocktail (Thermo Fisher Scientific). The suspension was incubated for 30 min
519  onice, passed ten times through a 28-gauge blunt-ended needle, and centrifuged at 400
520 g for 5 min at 4 °C. The nuclear pellet was washed three times with hypotonic lysis
521  buffer and collected as a total nuclear fraction.

522  To isolate mitochondria-enriched cellular fractions, a crude mitochondrial fraction was
523  first obtained, as described previously, with minor modifications (Frezza et al., 2007).
524  In brief, cells were washed with ice-cold PBS and suspended in chilled mitochondria
525  isolation buffer (IBc) (10 mM Tris-MOPS, pH 7.4, 10 mM EGTA-Tris, 200 mM sucrose,
526 and 5 mM MgCl) with a protease/phosphatase inhibitor cocktail. The cells were
527 homogenized in IBc buffer using a Teflon pestle (about 50 strokes) and centrifuged at
528 500 g for 10 min at 4°C, followed by further centrifuging at 2,000 g for 10 min at 4°C
529  to remove unbroken cells, cell debris, and nucleus. Then the supernatant was collected
530 and centrifuged at 7,500 g for 10 min at 4°C. The pellets containing mitochondria were
531  washed twice with IBc buffer and saved the pellets as mitochondria fraction.
532  Mitochondria-free cytosolic fraction was collected from the supernatant and
533  centrifuged at 16,000 g for 15 min at 4°C. The supernatant was saved as a cytosolic
534  fraction. Protein levels were determined using a Pierce BCA protein assay (Thermo
535  Fisher Scientific), and each fraction was loaded for western blotting to confirm purity.

536

537 ¢GAS Immunoprecipitation-PCR

538  To pull down cytosolic endogenous cGAS, MEFs were fixed for 10 min in 4% PFA and
539  quenched with 1 M Tris pH 7.4 for 5 min. Cytosolic fractions were isolated from the
540  fixed cells following the previous procedures. Cytoplasm lysates were precleared with
541  protein G magnetic beads (Invitrogen) and immunoprecipitated using anti-Rb cGAS
542  (CST) or Rb Ig (CST) Protein G beads at 4°C overnight. Immunoprecipitates were
543  washed five times with 50 mM Tris, 150 mM NaCl, 1 mM EDTA, and 0.05% NP-40
544  (Wash Buffer). Eluted DNA was reverse cross-linked and treated with 0.2 mg/ml
545  proteinase K (Qiagen) for 2 h at 60°C and heat inactive at 95 for 15 min. DNA was

546  extracted with QIAquick PCR purification kit (Qiagen). DNA elution was used in gPCR
19
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547  analysis to measure the abundance of specific DNA sequences.

548

549  Co-culture Experiment

550  PC3 cells were treated with vehicle, Palbociclib (10 uM), and Docetaxel (10 nM) for 2
551  days. Then, cells were washed and re-seeded in 24-wells plates at 50,000 seeding
552 density. 2x10° BM-MDSC were seeded into a 0.4 pum cell culture insert (Falcon,
553  353495) and co-cultured with PC3 cells in the bottom chamber. Three days post-co-
554  culturing, BM-MDSC cells were collected, and human mtDNA was analyzed by
555  quantitative PCR with human mtDNA primers (ND1) and normalized to mouse nuclear
556  DNA (Tert).

557

558 DNA dot blot

559  DNA samples were denatured at 99°C for 10 min and chilled on ice for 5 min and then
560  spotted onto Hybond-N1 nitrocellulose membranes (ThermoFisher) under vacuum
561  using a 96-well Dot Blot hybridization manifold (BioRad, BIO-DOT Apparatus). The
562 membrane was washed twice in 2x SSC buffer and dried for 1 h at 80°C. After
563 ultraviolet cross-linking, membranes were blocked with 10% non-fat milk and 1% BSA
564 in PBT (PBS 1 0.1% Tween20) for 1h, followed by 5SmC antibody (Abcam, ab10805)
565  (1:1000) incubation overnight at 4°C. Membranes were washed four times with PBST
566  and incubated for 1h with HRP-conjugated anti-rabbit secondary antibody. Following
567 treatment with enhanced chemiluminescence substrate, membranes were scanned on
568  the FusionSolo S imaging system (Vilber). To control for loading, membranes were
569  stained with 0.02% methylene blue solution.

570

571  Extraction and quantification of plasma cfDNA

572 cfDNA was extracted from 600 pL of conditioned medium and 100 pL of
573  human/murine plasma using MagMAX Cell-Free DNA Isolation Kit (ThermoFisher
574  Scientific, A29319). The concentration of cfDNA was measured using Qubit dsSDNA
575  HS Assay Kit with Qubit 4.0 Fluorometer (ThermoFisher Scientific). The absolute copy

576  numbers were measured using quantitative PCR using indicated primers. The copy
20
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577 number was calculated using the standard curves for cloned Tert and Dloop in a
578 pMDI19-T Easy vector (TaKaRa, 3271), respectively. Primer sequences are shown
579  above.

580

581  Gene Expression Profiling

582  RNA sequencing was performed at the Institute of Oncology Research using the
583  NEBNext Ultra Directional II RNA library preparation kit for Illumina and sequenced
584  on the Illumina NextSeq500 with single-end, 75 base pair long reads. The overall
585  quality of sequencing reads was evaluated using FastQC. STAR (v.2.7.10a)*® was used
586  to sequence alignments to the reference mouse genome (GRCm39). Gene Transfer File
587  (GTF) vM27 by Gencode was used to quantify gene expression at gene level. Further
588 analysis were performed in R Statistical environment (v.4.1.0). Genes without counts
589  were removed for the analysis and differential expression analysis was performed using
590 DESeq2. In DESeq?2 function the parameter independent Filtering was set up to TRUE
591  to remove genes with low mean normalized counts. Pathway analysis was performed
592  using Camera*’ and custom gene signature of MDSC functions from different works
593 22348096, 32086381, 33526920, 27381735, 31533831. All graphical representations
594  were edited using ggplot2 and pheatmap functions.

595

596  Statistical analysis

597  All values are expressed as the mean and SEM. Statistical analysis was performed with
598  the unpaired t-test for two groups or one-way ANOVA (GraphPad Software) used for
599  multiple groups, with all data points showing a normal distribution. A two-way ANOVA
600 was used for experiments with two independent variables, in combination. The
601  researchers were not blinded to the allocation of treatment groups when performing
602  experiments and data assessment. Sample sizes were selected based on preliminary
603  results to ensure adequate power. p values < 0.05 were considered significant.

604

605  Data availability statement

606  All datasets have been deposited in the Genome Sequence Archive in the National
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607  Genomics Data Center with accession numbers as indicated.
608
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Fig. 1 mtDNA release is required for senescence induction

a,b, Representative images of SA-B-gal of three different senescent types (scale bar:

200 pm) (a) with quantification in the percentage of SA-B-gal positive cells (b), n =3

per group. ¢, Quantification of cytosolic mtDNA and

Quantification of mtDNA and nDNA in conditioned

nDNA in senescent MEFs. d,

medium (c.m) collected from

indicated senescent MEFs. e, f, Quantification of cytosolic Dloop (mtDNA) (e) and Tert
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761  (nDNA) (f) change in different time points during senescence induction. g-j, MEFs
762  were transduced with HSV1 UL12.5 or empty vector (EV), and senescence was induced
763  as aforementioned. SA-B-gal staining and quantification (g, h), protein (i), and SASP
764  gene expression (j) were examined in indicated models. k, Cytoplasm of senescent
765  MEFs were immunoprecipitated with anti-cGAS antibody or rabbit IgG. Immunoblot
766  analysis of cGAS precipitation was shown. 1, Precipitated DNA was amplified by real-
767  time qPCR using the indicated primer pairs. m, Quantification of cytosolic mtDNA in
768  WT MEFs infected with shEndog lentivirus. n, SA-B-gal in WT MEFs after Endog
769  knocking down. o, Indicated SASP genes expression were detected in WT MEFs after
770  Endog knocking down. Data pooled from one experiment representative of at least three
771  independent experiments (a, c-g, j, l, m, 0) or three independent experiments (b, h, n)
772  are shown (mean + SEM). Two-way ANOVA followed by Dunnett’s multiple
773  comparisons test was used to evaluate the statistical significance in h, One-way
774  ANOVA followed by Tukey’s multiple comparisons test was used in b-f, I-o. Multiple

775  unpaired t-test was used in j. *p < 0.05; **p <0.01; ***p < 0.001; ns, not significant.

776
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Fig. 2 mtDNA release from senescent tumor cells in the extracellular space is
uptaken by PMN-MDSCs

a, b, Representative images (a) and quantification (b) of SA-B-gal of PC3 cells treated
with 2.5 uM Palbociclib (Palbo) or 10 nM Docetaxel (Doce) for 48 h. ¢, d,
Quantification of mtDNA and nDNA release in the cytosol (¢) and ¢.m (d) in TRAMP-
Cl1 treated with Palbo and Doce as mentioned before. e, Scheme of experimental design.
f, Fold change of human mtDNA and nDNA that originated from PC3 tumor cells were

quantitated by g-PCR using specific primers and normalized to mouse total DNA which,
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786  obtained from the whole-cell extract of mouse CD11b" CD1lc¢", CD11b* F4/80" and
787  CDI11b" Ly6G" myeloid cells in the tumor. g, Scheme of timeline and experimental
788  design of human PC3 cell co-cultured with mouse BM-MDSC. h, qPCR analysis of
789  human mtDNA in mouse BM-MDSC co-cultured with senescent PC3 cells induced
790  with Palbo and Doce. i, qPCR analysis of human mtDNA in mouse BM-MDSC co-
791  cultured with PC3 cells treated with Palbo or Doce combined w/o VBIT-4. Data pooled
792  from one experiment representative of at least three independent experiments (c, d, h,
793 i) or multiple independent experiments are shown (b), each dot represents the value
794  from one mouse in f (mean £ SEM). One-way ANOVA followed by Tukey’s multiple
795  comparisons test was used in b-d, h. Multiple unpaired t-test was used in f and i. *p <

796  0.05; **p <0.01; ***p <0.001; ns, not significant.
797
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799  Fig. 3 Senescent cells-derived mtDNA increases the immune suppressive function
800  of MDSCs

801 a, Suppression assay of T cell proliferation by BM-MDSC pre-treated with c.m
802  collected from Palbo treated and untreated TRAMP-C1 for 24 h. BM-MDSC and
803  splenocytes were seeded at a ratio of 1:10. b, c.m from Palbo-treated TRAMP-CI1 cells
804  were performed DNase digestion. Suppression assay of T cell proliferation by BM-
805  MDSC pre-treated with different c.m. ¢, BM-MDSC were transfected with mtDNA at
806  a concentration of 200 ng/ml for 12 h. mRNA expression levels of the indicated genes
807 were detected by RT-qPCR. d, Quantification of suppression assay of T cell
808  proliferation by BM-MDSC pre-transfected with mtDNA as mentioned before. BM-
809  MDSC and splenocytes were seeded at a ratio of 1:10. e, Volcano plot of RNA-seq of
810 BM-MDSC transfected with or without mtDNA. The dots indicate the differentially

811  expressed genes with Log2FoldChange>0 and FDR<0.05. f, Immunosuppressive
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812  signatures analysis of upregulated genes in previous samples. g, RT-qPCR analysis of
813  the indicated genes expression level in WT, TIr9” and Mb21d1”- BM-MDSC after
814  mtDNA transfection. h, WB analysis of cGAS-STING signaling pathway activation in
815  WTand Mb21d1”- BM-MDSC transfected with two different fragmented mtDNA. Data
816  pooled from one experiment representative of at least three independent experiments
817  (a-d, and i) are shown (mean + SEM). Multiple unpaired t-test was used in a-d, g. *p <

818  0.05; **p <0.01; ***p <0.001; ns, not significant. In e, FDR<0.05.
819
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820
821  Fig. 4 VBIT-4 treatment blocks mtDNA release enhancing the efficacy of TIS

822 a, TRAMP-CI1 tumor growth in mice with Palbo, VBIT-4 or combination treatment.
823  UT: n=6, VBIT-4: n=5, Palbo: n=9, Comb: n=5. b, Percentages of tumor-infiltrating
824  immune cell populations (gated on CD45" cells). ¢, d, Absolute quantification of plasma
825  cell-free mtDNA (¢) and nDNA (d) copy number in TRAMP-C1 tumor-bearing mice
826  with Palbo, VBIT-4, or combination treatment. e, Immunosuppressive activity by
827 CDI11b" Ly6C™ Ly6G" PMN-MDSC sorted from TRAMP-C1 tumors as mentioned

828  Dbefore. f, RT-qPCR analysis of indicated genes in sorted PMN-MDSC as before. g,
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829  Fluorescence intensity of p-STING1 and p-STAT1 in CD11b* Ly6c™ Ly6G*" PMN-
830 MDSC from TRAMP-CI tumors as before. h, Absolute quantification of plasma cell-
831 free nDNA and mtDNA copy number in prostate cancer patients w/o Docetaxel or
832  Cabazitaxel treatment., i, Survival curves of prostate cancer patients with low versus
833  high plasma mtDNA copy numbers. MtDNA copy numbers of 28 patients' plasma were
834  measured by absolute qPCR. According to the median value of mtDNA copy number,
835  patients were equally divided into two groups (High mtDNA> 2285524 copies/ml, Low
836 mtDNA<2285524 copies/ml). j, Pearson’s correlation between plasma mtDNA copy
837  number and patients' survival in months. Data pooled from each dot represent the value
838  from one mouse or patient (b-h, j). Two-way ANOVA followed by Dunnett’s multiple
839  comparisons test was used to evaluate the statistical significance in a-g. Multiple
840  unpaired t-test was used in h. For j, p values were calculated between the High and Low
841  mtDNA groups using log-rank (Mantel-Cox) tests. *p <0.05; **p <0.01; ***p <0.001;

842  ns, not significant.
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