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Abstract 56 

Background Survivin is a mitotic regulator frequently overexpressed in human cancers 57 

and an attractive therapeutic target. However, how Survivin inhibition influences tumor 58 

immune regulation remains incompletely understood. This study aimed to investigate 59 

whether Survivin inhibition modulates antitumor immunity and to elucidate the underlying 60 

mechanisms. 61 

Methods Programmed death-ligand 1 (PD-L1) expression was evaluated in multiple tumor 62 

cell lines following pharmacological or genetic inhibition of Survivin. Mechanistic studies 63 

included RNA sequencing, immunoblotting, flow cytometry, cGAS knockdown, and NF-64 

κB inhibition. Immune profiling was performed using CD8⁺ T-cell cytotoxicity assays, 65 

mass cytometry, flow cytometry, immunofluorescence and single-cell RNA sequencing. 66 

Clinical relevance was assessed using patient tumor specimens and public immunotherapy 67 

cohorts. 68 

Results Survivin inhibition, either by YM155 treatment or genetic depletion, increased 69 

PD-L1 expression at both mRNA and protein levels in tumor cells. Mechanistically, 70 

Survivin inhibition stabilized cyclic GMP – AMP synthase (cGAS) by reducing its 71 

ubiquitination and activated NF-κB signaling, thereby promoting transcriptional 72 

upregulation of PD-L1. Functionally, the induced PD-L1 enhanced PD-1 engagement and 73 

suppressed CD8⁺ T-cell cytotoxicity, promoting immune evasion. In immunocompetent 74 

ovarian cancer models, pharmacological inhibition of Survivin increased PD-L1 75 

expression in tumor and immune compartments and attenuated cytotoxic immune activity. 76 

PD-L1 blockade restored antitumor immunity and significantly enhanced the therapeutic 77 

efficacy of Survivin inhibition. In addition, analyses of patient samples and public single-78 

cell datasets revealed an inverse association between Survivin and PD-L1 expression, and 79 

high Survivin expression was associated with reduced benefit from PD-1/PD-L1 blockade. 80 

Conclusions These findings identify a Survivin–cGAS–PD-L1 axis linking mitotic stress 81 

to immune suppression and provide a mechanistic rationale for combining Survivin-82 

targeted therapy with immune checkpoint blockade. 83 

Keywords: Survivin inhibition; cGAS stabilization; PD-L1; antitumor immunity; immune 84 

checkpoint blockade 85 
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Introduction 87 

Aberrations in cell-cycle progression are a fundamental hallmark of cancer, and therapeutic 88 

targeting of mitotic regulators has long been pursued as an anticancer strategy[1-3]. Among 89 

these regulators, Survivin (encoded by BIRC5) is required for proper chromosome 90 

segregation and also inhibits apoptosis, thereby supporting both mitosis and tumor cell 91 

viability[4-6]. As the smallest member of the inhibitor of apoptosis protein (IAP) family, 92 

Survivin is aberrantly overexpressed in most human cancers, including ovarian cancer, but 93 

largely absent in normal adult tissues[7, 8]. This cancer-specific expression pattern has 94 

made Survivin an attractive therapeutic target, as it enables tumor suppression with 95 

minimal toxicity to normal cells[9, 10]. 96 

YM155, a small-molecule inhibitor initially developed to transcriptionally repress 97 

Survivin, induces apoptosis and inhibits tumor cell proliferation, exhibiting potent 98 

preclinical antitumor activity across various cancer types, including ovarian cancer[11-13]. 99 

Despite its cytotoxic efficacy in vitro and in immunodeficient mouse tumor models, 100 

multiple Phase I/II clinical trials of YM155 have yielded disappointing outcomes, with only 101 

limited objective responses in patients with advanced malignancies, suggesting that tumor-102 

extrinsic resistance mechanisms may limit its clinical activity[14-17]. This discrepancy 103 

raises the possibility that Survivin inhibition may paradoxically reshape the tumor immune 104 

phenotype by modulating the expression of immune-regulatory molecules, yet whether 105 

such remodeling contributes to the limited therapeutic efficacy remains unknown. 106 

Programmed death-ligand 1 (PD-L1) (encoded by CD274) -mediated immune evasion 107 

represents a major mechanism of tumor persistence under immune surveillance[18]. By 108 

binding to PD-1 on activated T cells, PD-L1 suppresses T-cell effector functions and 109 

impairs immune-mediated tumor clearance[19, 20]. Immune checkpoint blockade targeting 110 

PD-1/PD-L1 has markedly improved survival outcomes in various cancers; however, the 111 

efficacy of PD-1/PD-L1 monotherapy remains suboptimal in ovarian cancer[21, 22]. 112 
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Notably, patients with PD-L1 positive status derive clinical benefit from PD-1/PD-L1 113 

blockade[23, 24]. This observation prompts investigation into how PD-L1 expression is 114 

modulated by non-canonical stress signals such as mitotic disruption or genomic 115 

instability[25]. Canonical signaling pathways such as JAK-STAT and NF-κB are known to 116 

drive PD-L1 expression[26], yet how mitotic disruption and cell-cycle stress influence its 117 

regulation remains largely unexplored. 118 

In this study, we identify that pharmacological inhibition of Survivin by YM155 119 

induces PD-L1 upregulation in ovarian cancer models, which reduces T cell cytotoxicity 120 

rather than enhancing immune recognition. YM155 suppresses Survivin, stabilizes the 121 

cyclic GMP-AMP synthase (cGAS) protein, and enhances NF-κB activation, leading to 122 

transcriptional induction of PD-L1 and reduced susceptibility to CD8⁺ T-cell-mediated 123 

cytotoxicity. In vivo, YM155 increases PD-L1 levels on tumor cells and diminishes 124 

immune-mediated tumor control, whereas combination with PD-L1 blockade restores T-125 

cell cytotoxicity and reduces tumor burden. Analyses of ovarian cancer biopsies and 126 

published patient cohorts treated with anti-PD-1/PD-L1 antibodies reveal an inverse 127 

correlation between Survivin and PD-L1 expression, and high Survivin levels are 128 

associated with shorter overall survival and lower response rates to immune checkpoint 129 

blockade. Collectively, these findings demonstrate that Survivin inhibition activates a 130 

cGAS–NF-κB–dependent PD-L1 induction program that promotes immune evasion, and 131 

provide a rationale for combining Survivin-targeted therapy with PD-1/PD-L1 blockade to 132 

improve tumor control of ovarian cancer. 133 

 134 

Results 135 

YM155 increases PD-L1 expression across multiple tumor cell types  136 

To evaluate whether mitotic disruption influences PD-L1 expression, we treated HeyA8 137 
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ovarian cancer cells with a panel of anti-mitotic compounds and quantified PD-L1 surface 138 

levels by flow cytometry (Figure 1A). Most agents moderately increased PD-L1 expression, 139 

indicating a correlation between interference with mitotic progression and elevated PD-L1 140 

levels (Figure 1A, B). Among these compounds, YM155 consistently produced the 141 

strongest induction, resulting in a 2- to 3-fold increase in PD-L1 surface expression relative 142 

to vehicle controls (Figure 1B). Dose-response experiments (0-20 nM) revealed a gradual, 143 

dose-dependent elevation in PD-L1 expression (Figure 1C). Additionally, time-course 144 

experiments showed a progressive increase in PD-L1 expression following YM155 145 

treatment (Figure 1D). These findings indicate that PD-L1 expression increases in 146 

proportion to YM155 dose and duration, consistent with a regulated induction process. 147 

To determine whether this effect is consistent across tumor types, we extended the 148 

analysis to additional cancer cell lines. In OVCAR8 (ovarian cancer), MDA-MB-231 149 

(triple-negative breast cancer), and BT549 (triple-negative breast cancer) cells, YM155 150 

treatment consistently enhanced PD-L1 surface expression, suggesting that this regulatory 151 

effect is not limited to a single cell type or cancer subtype (Figure S1A-C). Western blot 152 

analysis confirmed these results, showing elevated total PD-L1 protein levels upon YM155 153 

exposure (Figure 1E). Real-time quantitative PCR (qRT-PCR) also revealed increased 154 

CD274 mRNA expression, suggesting that YM155 upregulates PD-L1 at the 155 

transcriptional level (Figure 1F). Together, these data show that YM155 increases PD-L1 156 

expression in multiple tumor cell lines, supporting the generalizability of this regulatory 157 

effect. 158 

 159 

Survivin suppression contributes to YM155-induced PD-L1 upregulation 160 

Because YM155 was originally developed as a Survivin suppressant, we next asked 161 

whether YM155-induced PD-L1 upregulation is linked to inhibition of Survivin[11]. 162 

Consistent with previous reports, YM155 significantly reduced Survivin protein levels in 163 
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HeyA8 cells (Figure 1E). Reduction of Survivin protein was associated with increased PD-164 

L1 expression (Figure 1E), indicating that PD-L1 upregulation may result from Survivin 165 

inhibition. 166 

To directly test this relationship, we performed shRNA-mediated knockdown of 167 

Survivin in HeyA8 cells and assessed PD-L1 expression. Depletion of Survivin increased 168 

PD-L1 expression at both protein and mRNA levels (Figure 1G-I). These results suggest 169 

that suppression of Survivin contributes to YM155-induced PD-L1 upregulation. 170 

To distinguish effects related to cell-cycle regulation from those related to apoptosis, 171 

we co-treated HeyA8 cells with YM155 and the pan-caspase inhibitor Z-VAD to block 172 

caspase-dependent apoptosis. Flow cytometric analysis showed that PD-L1 upregulation 173 

persisted despite the inhibition of apoptosis (Figure S1D), suggesting that YM155 174 

primarily drives PD-L1 expression through cell-cycle regulation rather than apoptotic 175 

pathways. Persistent PD-L1 upregulation even with caspase inhibition, alongside Survivin 176 

knockdown mimicking the effect of YM155, indicates that YM155-induced PD-L1 177 

induction is independent of caspase-mediated apoptosis. 178 

 179 

YM155 increases PD-L1 expression in the ovarian tumor microenvironment 180 

To determine whether Survivin inhibition induces PD-L1 expression in vivo, we used an 181 

orthotopic ID8 ovarian cancer model in immunocompetent mice. Mice were 182 

intraperitoneally injected with ID8 cells, and three weeks later, they were treated with either 183 

YM155 or vehicle control (Figure 2A, B). Ascitic fluid was collected for mass cytometry 184 

(CyTOF) analysis, enabling high-dimensional profiling of both tumor and immune cell 185 

populations (Figure 2C). t-SNE clustering identified multiple cellular subsets, including 186 

tumor cells, macrophages, T cells, and B cells (Figure 2C, D; Figure S2A). YM155 187 

treatment increased PD-L1 levels across several of these cellular subsets (Figure 2E; Figure 188 

S2B). Tumor cells and macrophages exhibited the most prominent PD-L1 expression 189 
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increases, as reflected by elevated PD-L1 signal intensity (Figure 2E) and increased mean 190 

intensity values (Figure S2C). 191 

Furthermore, conventional flow cytometry corroborated the CyTOF data, 192 

demonstrating an increased frequency of PD-L1⁺ cells and elevated mean fluorescence 193 

intensity of PD-L1 among viable ascitic cells from YM155-treated mice (Figure S2D, E). 194 

We further examined PD-L1 expression separately in tumor cells and lymphocytes (Figure 195 

2F). The proportion of PD-L1⁺ tumor cells remained similar between groups, but their PD-196 

L1 mean intensity increased significantly following YM155 treatment (Figure 2G). In 197 

lymphocytes, both the percentage of PD-L1⁺ cells and their expression levels were 198 

increased after YM155 treatment (Figure 2H).  199 

Additionally, we collected bulk tumor tissue from mice to detect PD-L1 and Survivin 200 

expression. Immunofluorescence staining showed decreased Survivin expression and 201 

increased PD-L1 expression in tumors from YM155-treated mice (Figure S2F). These data 202 

demonstrate that YM155 upregulates PD-L1 expression in vivo, especially in tumor cells, 203 

and that this response coincides with reduced Survivin expression in the tumor 204 

microenvironment. 205 

 206 

YM155-induced PD-L1 suppresses CD8+ T-cell cytotoxicity and attenuates antitumor 207 

immunity 208 

Having established that Survivin inhibition induces PD-L1 expression in vitro and in vivo, 209 

we next asked whether the induced PD-L1 is functionally competent to suppress cytotoxic 210 

lymphocyte activity. The PD-1 binding assay showed increased PD-1 antibody binding on 211 

YM155-treated HeyA8 cells (Figure 3A, B), indicating increased surface PD-L1 with 212 

enhanced PD-1 binding capacity. Similar results were obtained in OVCAR8 and MDA-213 

MB-231 cell lines (Figure S3A, B), suggesting that YM155 enhances functional PD-L1 214 

expression across multiple tumor models. 215 
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To determine the consequence of this PD-L1 induction for antitumor immunity, we 216 

co-cultured activated human CD8+ T cells with HeyA8-H2B-GFP tumor cells. CD8⁺ T cells 217 

were isolated from healthy donor peripheral blood mononuclear cells (PBMCs), activated, 218 

and co-cultured with HeyA8-H2B-GFP cells (Figure 3C). YM155-treated tumor cells were 219 

more resistant to CD8⁺ T-cell-mediated killing compared to untreated cells (Figure 3D). 220 

However, this immune resistance was reversed by the addition of a PD-L1 blocking 221 

antibody, indicating that PD-L1 plays a major role in reducing T-cell cytotoxicity (Figure 222 

3D). 223 

 In the ID8 ovarian cancer model, CyTOF analysis revealed that YM155 treatment 224 

was associated with reduced Granzyme B (GZMB) expression in CD8⁺ T cells and NK 225 

cells, indicating decreased cytolytic activity (Figure 3E). The overall cellular composition 226 

of the tumor microenvironment remained largely unchanged (Figure S3C, D), though a 227 

slight decrease in immunosuppressive cell populations (such as TAMs and MDSCs) and a 228 

mild increase in antitumor immune cells (including CD8⁺ T cells and NK cells) were 229 

observed (Figure S3E). Immunohistochemical analysis confirmed reduced Survivin and 230 

decreased numbers of GZMB⁺ cells in tumors from YM155-treated mice (Figure 3F), 231 

supporting the conclusion that YM155-induced PD-L1 dampens cytotoxic effector 232 

function. These findings demonstrate that PD-L1 induced by YM155 binds PD-1 and 233 

reduces CD8⁺ T-cell cytotoxicity, indicating that YM155-induced PD-L1 can attenuate 234 

antitumor immunity. 235 

 236 

PD-L1 blockade restores antitumor immunity and enhances the efficacy of YM155  237 

Because Survivin inhibition-induced PD-L1 attenuated cytotoxic immune activity, we next 238 

investigated whether PD-L1 blockade could restore antitumor immunity and improve 239 

therapeutic efficacy. Mice bearing ID8 ovarian tumors were treated with YM155, anti-PD-240 

L1 antibody or their combination, and tumor growth was monitored with a mouse imaging 241 
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system (Figure 4A). The results showed that the combination of YM155 and anti-PD-L1 242 

antibody resulted in significantly enhanced antitumor efficacy compared to either 243 

monotherapy or control groups (Figure 4B). Furthermore, ascitic tumor growth and ascites 244 

volume were substantially reduced (Figure 4C; Figure S4A, B), and mice receiving the 245 

combination treatment exhibited a significant improvement in overall survival (Figure 4D). 246 

To test whether this combination strategy extends to other tumor settings, we 247 

evaluated YM155 and anti-PD-L1 treatment in the MMTV-PyMT spontaneous breast 248 

cancer model. Consistent with findings in the ID8 model, the combination of YM155 and 249 

anti-PD-L1 treatment significantly suppressed tumor progression (Figure S4C). 250 

Immunohistochemical analysis showed reduced Survivin levels and increased infiltration 251 

of GZMB⁺ T cells in tumors treated with YM155 and anti-PD-L1 (Figure 4E).  252 

To better recapitulate the frequent TP53 loss-of-function in high-grade serous ovarian 253 

cancer (HGSOC) and assess whether p53 status influences treatment response, we 254 

established a syngeneic mouse tumor model by generating ID8 cells (p53 wild-type) with 255 

stable Trp53 knockout [27], and evaluated the combinatorial efficacy of YM155 and anti-256 

PD-L1. In the p53-deficient model, the combination also reduced tumor progression 257 

compared to single-agent treatments (Figure S4D). These results show that combining 258 

Survivin inhibition with PD-L1 blockade reduces tumor burden, diminishes ascites, and 259 

prolongs survival, likely through restoring cytotoxic immune activity.  260 

 261 

Combined YM155 and PD-L1 blockade enhances cytotoxic immune-cell activation 262 

and infiltration 263 

To assess the antitumor immune responses elicited by YM155 combined with anti-PD-L1 264 

therapy, tumors from ID8-p53⁻/⁻ mouse ascites were collected and analyzed by bulk RNA 265 

sequencing. The data showed that this combination increased the expression of genes in 266 

pathways related to immune activation, including the interferon gamma response (Figure 267 
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S5A). Single-cell RNA sequencing (scRNA-seq) was conducted to profile immune and 268 

tumor cell subsets within the ovarian cancer tumor microenvironment and assess treatment-269 

induced changes associated with YM155 and/or anti-PD-L1 therapy (Figure 5A and S5B). 270 

Cell types including NK cells, monocytes, and T cells were annotated based on canonical 271 

lineage markers (Figure 5A and S5B). We found that the proportions of NK cells and T 272 

cells were higher in tumors treated with combined YM155 and anti-PD-L1 antibody than 273 

in untreated controls (Figure S5B). 274 

To examine whether the cytotoxic activity of NK and T cells was also enhanced, we 275 

analyzed the composition of NK/T cell subtypes (Figure 5B and S5C). Populations 276 

associated with enhanced antitumor immune responses, such as GZMB+ effector T cells 277 

and proliferating NK cells, were significantly increased in the combination treatment group 278 

compared to either monotherapy or control groups (Figure 5B). In contrast, the proportion 279 

of immune-suppressive cells, including M2 macrophages and myeloid-derived suppressor 280 

cells, was reduced in the combination treatment group (Figure 5C and S5D). 281 

Immunofluorescence analysis confirmed that tumor cell death was augmented alongside 282 

increased NK and T cell infiltration within the tumor environment, indicating enhanced 283 

antitumor activity of these immune cells (Figure 5D). These results suggest that the 284 

combination of YM155 and anti-PD-L1 treatment enhances the activation and infiltration 285 

of antitumor immune cells. 286 

 287 

YM155 induces PD-L1 transcription through cGAS stabilization and NF-κB 288 

activation 289 

To define the molecular mechanism by which Survivin inhibition induces PD-L1 290 

expression, we performed bulk RNA sequencing in HeyA8 cells treated with YM155 or 291 

vehicle. YM155 treatment altered the expression of numerous genes, with 406 upregulated 292 

and 589 downregulated transcripts (Figure S6A). As expected, BIRC5 mRNA levels were 293 
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reduced, and CD274 mRNA levels were elevated following YM155 treatment (Figure S6B). 294 

Gene set enrichment analysis (GSEA) and pathway annotation further revealed 295 

dysregulation of genes involved in cell-cycle regulation upon YM155 treatment (Figure 296 

6A), consistent with prior findings that YM155 alters cell cycle distribution[28, 29]. Genes 297 

associated with the cytokine-cytokine receptor interaction pathway and the JAK-STAT 298 

signaling pathway were also altered by YM155 (Figure 6A). Given that PD-L1 expression 299 

can be regulated through JAK-STAT signaling pathway[30], we tested whether this 300 

pathway mediates YM155-induced PD-L1 upregulation. Treatment with the JAK1/2 301 

inhibitor ruxolitinib failed to block PD-L1 induction by YM155 (Figure S6C, D), indicating 302 

that PD-L1 induction occurs independently of this pathway. 303 

Notably, several inflammation-related genes within the cytokine-cytokine receptor 304 

interaction pathway were upregulated following YM155 treatment, many of which are 305 

known targets of the NF-κB signaling pathway (Figure 6B). We therefore examined 306 

whether YM155 activates NF-κB signaling as a mechanism for PD-L1 induction. Western 307 

blot and flow cytometry analysis confirmed increased levels of phosphorylated NF-κB 308 

(pNF-κB) following YM155 treatment. Importantly, co-treatment with the NF-κB inhibitor 309 

BAY11-7082 significantly suppressed YM155-induced PD-L1 expression in HeyA8 cells 310 

(Figure 6C, D), supporting a role for NF-κB in regulating this response. Similar effects 311 

were detected in MDA-MB-231 cells, indicating that NF-κB-mediated PD-L1 induction 312 

occurs in multiple cancer cell lines (Figure S6E). We further analyzed GEO datasets in 313 

which cancer cells were treated with various mitotic inhibitors. Consistent with our results 314 

in Figure 1A, targeting Aurora kinases using MLN8237, AZD1132, or VX680 induced PD-315 

L1 expression. These drugs also upregulated genes involved in the NF-κB pathway, as 316 

revealed by GSEA analysis (Figure S6F). In contrast, BI2536 and Reversine, which failed 317 

to activate the NF-κB pathway, did not alter PD-L1 expression (Figure S6F). Together, the 318 

data indicate that PD-L1 upregulation following mitotic inhibition correlates with 319 

activation of the NF-κB pathway. 320 
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We next investigated the upstream event responsible for NF-κB activation. Given the 321 

established role of cGAS signaling in inflammatory transcriptional responses and PD-L1 322 

regulation[31], we asked whether cGAS is required for YM155-induced PD-L1 expression. 323 

To directly test this hypothesis, we generated HeyA8 cells with stable knockdown of cGAS 324 

(Figure S6G) and examined PD-L1 expression following YM155 treatment. In cGAS-325 

depleted cells, YM155 failed to induce PD-L1 expression, suggesting cGAS acts upstream 326 

of NF‑κB‑dependent PD-L1 transcription (Figure 6E). Western blot analysis showed that 327 

YM155 increased cGAS protein abundance and activated downstream cGAS–STING 328 

signaling, as evidenced by increased phosphorylation of STING and TBK1 (Figure 6F). 329 

Moreover, YM155 prolonged cGAS protein stability (Figure 6G), consistent with a 330 

potential role in mediating sustained NF-κB activation.  331 

To investigate how YM155 enhances cGAS protein stability, we immunoprecipitated 332 

cGAS and examined its ubiquitination under DMSO or YM155 treatment. YM155 333 

markedly reduced the ubiquitination of cGAS (Figure 6H), indicating decreased protein 334 

degradation. Because YM155 inhibits Survivin, we next tested whether Survivin modulates 335 

cGAS ubiquitination. Overexpression of Survivin increased cGAS ubiquitination (Figure 336 

6I). Collectively, these findings support a model in which Survivin negatively regulates 337 

cGAS stability, potentially through modulation of its ubiquitination, and YM155 338 

counteracts this effect to stabilize cGAS and drive NF-κB-dependent PD-L1 transcription. 339 

 340 

Survivin expression inversely correlates with PD-L1 and is associated with reduced 341 

benefit from PD-1/PD-L1 blockade 342 

To assess the clinical significance of our findings, we examined Survivin and PD-L1 343 

expression in paraffin-embedded ovarian tumor specimens. Immunohistochemical staining 344 

of serial sections showed that tissue areas with high Survivin staining had lower PD-L1 345 

signal intensity, while areas with low Survivin staining exhibited higher PD-L1 levels 346 
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(Figure 7A–C, Figure S7A). Quantitative image analysis showed an inverse correlation 347 

between Survivin and PD-L1 expression levels (Figure 7D, Figure S7B). 348 

We next interrogated scRNA-seq datasets from ovarian cancer[32] and colon 349 

adenocarcinoma[33] patient samples. Cell populations were classified based on lineage 350 

markers (Figure S7C, D and 7E). In epithelial cells from both ovarian and colon cancer 351 

samples, subpopulations with high BIRC5 expression exhibited lower CD274 expression, 352 

based on single-cell transcriptomic data (Figure 7F; Figure S7E). Overall, across single-353 

cell populations, cells expressing high levels of BIRC5 exhibited reduced CD274 354 

expression, whereas cells with low BIRC5 levels had elevated CD274 (Figure 7G; Figure 355 

S7E). These patient-derived data are consistent with our in vitro and in vivo observations 356 

of inverse Survivin–PD-L1 expression.  357 

Finally, we analyzed published cohorts of patients with advanced cancers treated with 358 

anti-PD-1 or anti-PD-L1 antibodies. The results showed that higher BIRC5 expression was 359 

associated with shorter overall survival and reduced response rates in patients treated with 360 

anti-PD-L1 or anti-PD-1 agents (Figure 7H; Figure S7F). Taken together, these results 361 

suggest that Survivin and PD-L1 may represent potential correlates of immune phenotypes 362 

and therapeutic outcomes. 363 

 364 

Discussion  365 

In this study, we identify a mechanism linking mitotic regulation to tumor immune evasion, 366 

which may partly explain why Survivin inhibition has not yet produced sustained clinical 367 

responses. We demonstrate that pharmacological inhibition of Survivin by YM155 induces 368 

PD-L1 expression across multiple tumor types, thereby promoting immune escape rather 369 

than immune activation. This PD-L1 upregulation is mediated by activation of the cGAS–370 

NF-κB pathway. YM155 stabilizes cGAS protein, enhances NF-κB phosphorylation, and 371 

drives PD-L1 transcription, producing functionally active PD-L1 that suppresses cytotoxic 372 
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T-cell activity. In mouse models, YM155 increases PD-L1 levels in tumor cells and 373 

macrophages, thereby impairing immune cell-mediated tumor clearance. Importantly, 374 

YM155-induced immune escape can be overcome by combining with anti-PD-L1 antibody, 375 

which restores cytotoxic activity of CD8⁺ T cells and NK cells and achieves potent tumor 376 

suppression compared to either monotherapy alone. Clinically, Survivin expression 377 

inversely correlates with PD-L1 levels and is associated with poor response to anti-PD-378 

1/PD-L1 immunotherapy, highlighting the translational relevance of this immune-379 

regulatory pathway. These findings establish a Survivin–cGAS–PD-L1 axis that links 380 

mitotic stress to adaptive immune suppression and provide a mechanistic rationale for 381 

combining Survivin-targeted therapy with immune checkpoint blockade (Figure 8). 382 

A central observation of our study is that YM155-mediated cGAS stabilization 383 

constitutes a key event in this axis. Under basal conditions, cGAS levels are tightly 384 

controlled by the ubiquitin-proteasome system[34, 35]. Recent work has demonstrated that 385 

the deubiquitinase TRABID stabilizes Survivin and Aurora B during mitosis. Inhibition of 386 

TRABID protects cGAS from autophagic degradation, thereby activating the cGAS –387 

STING pathway and sensitizing tumors to anti-PD-1 therapy[36]. Extending this paradigm, 388 

our findings indicate that Survivin inhibition by YM155 triggers mitotic stress that 389 

stabilizes cGAS via ubiquitination and activates NF-κB-dependent PD-L1 transcription. 390 

Thus, altered ubiquitin-mediated turnover of cGAS emerges as a key determinant of the 391 

immunomodulatory effects of Survivin-targeted therapy. 392 

Some cell-cycle regulators are increasingly recognized as critical modulators of tumor 393 

immunity beyond their classical role in controlling cell proliferation[37, 38]. Studies have 394 

shown that cell-cycle proteins modulate the tumor immune microenvironment by 395 

regulating the functional status of immune cells, thereby shaping antitumor immune 396 

responses[39]. This underscores the potential of cell-cycle regulators as therapeutic targets 397 

and facilitates better responses to immunotherapy. For example, CDK4/6 inhibitors, 398 

recognized for their role in arresting tumor cell-cycle progression, exert profound 399 
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modulatory effects on the tumor immune landscape which reprograms the tumor immune 400 

microenvironment and enhances responsiveness to checkpoint blockade[40-42]. Recently, 401 

inhibition of Aurora A kinase, a mitotic serine/threonine-protein kinase, was reported to 402 

upregulate PD-L1 expression via cGAS dephosphorylation and STING/NF-κB pathway, 403 

ultimately compromising their own antitumor efficacy[43]. However, unlike these agents 404 

that ultimately potentiate antitumor immunity, Survivin inhibition triggers PD-L1 405 

induction in tumor cells and suppresses cytotoxic T-cell activity that facilitates immune 406 

escape. This distinct outcome reveals a stress-adaptive mechanism through which tumor 407 

cells tolerate mitotic disruption by engaging immune checkpoint pathways. Notably, PD-408 

L1 upregulation persists even after apoptosis blockade, suggesting that mitotic perturbation, 409 

rather than cell-death signaling, predominantly drives this process. Our data show that 410 

mitotic stress from Survivin inhibition activates the cGAS–NF-κB pathway, leading to PD-411 

L1 transcription and functional immune suppression, thereby directly linking cell-cycle 412 

disruption with immune evasion mechanisms. 413 

Survivin, a member of the IAP family and a regulator of mitotic progression, is 414 

aberrantly overexpressed in most human malignancies and associated with therapy 415 

resistance and poor prognosis [4, 12, 17]. Previous studies have correlated Survivin 416 

expression with immunosuppressive cell infiltration and immune checkpoint gene 417 

signatures across cancers[44, 45], suggesting its potential as an immunotherapeutic target. 418 

However, the underlying mechanism has not been fully elucidated. Despite the pronounced 419 

antitumor efficacy of the Survivin inhibitor YM155 in preclinical models, its clinical 420 

performance has been unsatisfactory with limited single-agent activity, partly attributed to 421 

incomplete understanding of its mechanism of action[17]. Recent studies have proposed 422 

YM155 can exert cytotoxic activities through multiple mechanisms including inhibiting 423 

DNA topoisomerase, ATR kinase and deubiquitylation[46, 47]. Here, we uncover an 424 

unanticipated biological consequence of Survivin inhibition: YM155 not only disrupts 425 

mitosis but also elicits adaptive immune suppression through PD-L1 upregulation via the 426 
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cGAS–NF-κB pathway. Specifically, YM155 induces PD-L1 expression concomitantly 427 

with a reduction in T-cell cytotoxicity, compromising its antitumor efficacy by creating an 428 

immunosuppressive microenvironment. This effect provides a potential explanation for the 429 

suboptimal clinical efficacy observed with YM155 monotherapy. On the other hand, 430 

tumors with intrinsically low PD-L1 expression typically display limited sensitivity to PD-431 

L1/PD-1 blockade, while YM155-induced upregulation of PD-L1 can enhance the 432 

therapeutic efficacy of this immune checkpoint blockade, establishing a rationale for 433 

combining Survivin inhibition with PD-1/PD-L1 blockade therapy. In our preclinical 434 

models, YM155 and anti-PD-L1 treatment cooperate to enhance the cytotoxic activity and 435 

infiltration of CD8⁺ T-cells and NK cells, reduce tumor burden, and thus overcome YM155-436 

induced immune suppression, partially remodeling the tumor microenvironment toward a 437 

more immunologically active phenotype. These findings indicate that Survivin suppression 438 

activates a cGAS–NF-κB dependent PD-L1 induction program and reveal a role for 439 

Survivin in linking mitotic control with immune modulation. 440 

Although our data delineate a functional Survivin–cGAS–NF-κB-PD-L1 signaling 441 

pathway, several questions remain unresolved. The molecular events through which 442 

Survivin depletion increases cGAS stability remain to be defined and may involve mitosis-443 

associated DNA leakage, micronuclei formation, or altered proteasomal turnover. Survivin 444 

is a proliferation marker, and its association with immunotherapy outcomes may therefore 445 

not be entirely specific to the mechanism defined here. In addition, although YM155 and 446 

PD-L1 blockade cooperate to reduce tumor burden in our models, clinical translation will 447 

require optimization of dose, timing, and treatment sequence to balance cytotoxic and 448 

immune-modulatory effects. It will also be important to determine whether inhibitors of 449 

other mitotic regulators (e.g., PLK1 or CDC20) activate cGAS–NF-κB signaling and 450 

increase PD-L1 expression, thereby establishing whether mitotic control broadly 451 

influences tumor immunogenicity. Overall, our findings indicate that mitotic disruption can 452 

induce a stress-adaptation program that elevates PD-L1 through cGAS–NF-κB signaling 453 

.CC-BY-NC 4.0 International licenseavailable under a
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 

The copyright holder for this preprint (whichthis version posted May 1, 2026. ; https://doi.org/10.64898/2026.04.29.721504doi: bioRxiv preprint 

https://doi.org/10.64898/2026.04.29.721504
http://creativecommons.org/licenses/by-nc/4.0/


and support further investigation of combined Survivin suppression and PD-1/PD-L1 454 

blockade in tumors with limited responsiveness to immunotherapy.  455 

 456 

Materials and Methods 457 

Cell Lines and Reagents 458 

HeyA8 and OVCAR8 ovarian cancer cells, as well as MDA-MB-231 and BT549 triple-459 

negative breast cancer cells, were obtained from the American Type Culture Collection 460 

(ATCC) and maintained in Dulbecco’s Modified Eagle Medium (DMEM; Gibco) 461 

supplemented with 10% fetal bovine serum (FBS; Gibco) and 1% penicillin–streptomycin 462 

(Gibco). All cell lines were cultured at 37 °C in a humidified atmosphere containing 5% 463 

CO₂ and were routinely tested for Mycoplasma contamination using a PCR-based assay 464 

prior to experimentation. YM155, BAY11-7082, Z-VAD-FMK, and other anti-mitotic 465 

agents were purchased from Selleck Chemicals (Houston, TX, USA) or MedChemExpress 466 

(Monmouth Junction, NJ, USA). All compounds were dissolved in dimethyl sulfoxide 467 

(DMSO) or sterile saline according to the manufacturer’s instructions and stored as 468 

recommended. 469 

 470 

Lentiviral shRNA Transduction and Stable Cell Line Generation 471 

Short hairpin RNAs (shRNAs) targeting specific genes or a non-targeting control sequence 472 

were cloned into lentiviral expression vectors. Lentiviral particles were produced by co-473 

transfecting HEK293T cells with the shRNA construct and packaging plasmids (psPAX2 474 

and pMD2.G) using polyethyleneimine (PEI; Polysciences, USA). Viral supernatants were 475 

collected 48 hours after transfection, filtered through 0.45 m non-pyrogenic filters (Merck 476 

Millipore, USA), and supplemented with 8 g/mL polybrene (Sigma-Aldrich, USA). 477 

Target cells (1 × 10⁵ per 35 mm dish) were infected with the viral supernatant for 24 hours, 478 
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followed by replacement with fresh complete medium. Stably transduced cells were 479 

selected with puromycin (1-2 g/mL) for at least 5 days. Knockdown efficiency was 480 

confirmed by Western blot analysis before use in subsequent experiments. 481 

 482 

Flow Cytometry 483 

For surface PD-L1 detection, cells were gently detached with trypsin, washed with 484 

phosphate-buffered saline (PBS), and resuspended in flow buffer (PBS containing 2% fetal 485 

bovine serum). Cells were stained with fluorophore-conjugated anti-PD-L1 antibodies or 486 

the corresponding isotype controls for 30 minutes on ice. After washing, samples were 487 

analyzed on a CytoFLEX flow cytometer (Beckman Coulter), and data were processed 488 

using FlowJo software (TreeStar, Ashland, OR, USA). For PD-1 binding assays, cells were 489 

incubated with PD-1-Fc fusion proteins (R&D Systems) or PD-1 antibodies at 4 °C, 490 

followed by staining with fluorophore-conjugated secondary antibodies specific for the Fc 491 

domain. For profiling tumor-infiltrating immune cells, ascitic fluid was collected and 492 

treated with Red Blood Cell Lysis Buffer (Beyotime Biotechnology) at 4 °C for 10-15 493 

minutes to remove erythrocytes. After washing, cells were counted using an automated cell 494 

counter (Countstar, Shanghai, China). A total of 1 × 10⁶ cells were blocked with FcR 495 

Blocking Reagent (BioLegend) or 10% mouse serum, followed by incubation with surface 496 

marker antibodies (BioLegend). Flow cytometric acquisition was performed on the 497 

CytoFLEX flow cytometer (Beckman Coulter). 498 

 499 

Western Blot  500 

Cells were seeded into culture dishes 12 h prior to treatment. After treatment, culture media 501 

were aspirated, and cells were washed three times with PBS. For protein extraction, cells 502 

were lysed on ice for 30 min using lysis buffer (50 mM Tris-HCl, pH 7.4, 250 mM NaCl, 503 
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1 mM EDTA, 50 mM NaF, and 0.5% Triton X-100) supplemented with protease and 504 

phosphatase inhibitors. Lysates were centrifuged at 12,000 rpm for 15 min at 4°C, and 505 

supernatants were collected. Protein concentrations were determined using the Bradford 506 

assay (Sangon Biotech, Shanghai, China). Equal amounts of total protein (10-20 μg) were 507 

separated by SDS-PAGE and transferred onto PVDF membranes (Millipore). Membranes 508 

were blocked with 5% non-fat milk and incubated overnight at 4°C with primary antibodies. 509 

After washing, membranes were incubated with HRP-conjugated secondary antibodies and 510 

developed using enhanced chemiluminescent substrates (Western Lightning 511 

Chemiluminescence Reagent Plus, Advansta). Densitometric analysis was performed using 512 

ImageJ software. 513 

 514 

RNA-Seq and pathway enrichment analysis 515 

For HeyA8 cells, total RNA (1 g per sample) was used for mRNA library preparation, 516 

which was conducted by Genewiz (Suzhou, China). Poly(A)+ RNA was enriched using 517 

Oligo(dT) beads, fragmented with divalent cations at high temperature, and subjected to 518 

first- and second-strand cDNA synthesis using random hexamer primers. The resulting 519 

double-stranded cDNA was end-repaired, A-tailed, and ligated with sequencing adaptors, 520 

followed by size selection using DNA Clean Beads and PCR amplification with indexed 521 

primers. Libraries were sequenced on an Illumina HiSeq, NovaSeq, or MGI2000 platform 522 

(2 × 150 bp). Raw reads were processed with Cutadapt (v1.9.1) to remove adapters and 523 

low-quality reads (Phred < 20), then aligned to the reference genome using HISAT2 524 

(v2.2.1). Gene expression was quantified using HTSeq (v0.6.1), and differentially 525 

expressed genes (DEGs) were identified using DESeq2 (Padj ≤ 0.05). GO and KEGG 526 

analyses were performed using GOseq (v1.34.1) and in-house scripts.  527 

For ID8-derived tumor tissues, total RNA was extracted using TRIzol reagent (Invitrogen, 528 

USA). RNA purity and integrity were assessed with a NanoDrop 2000 and Agilent 2100 529 
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Bioanalyzer, respectively. Library construction was performed using the VAHTS Universal 530 

V10 RNA-seq Library Prep Kit (Vazyme), and sequencing and downstream analysis were 531 

completed by OE Biotech (Shanghai, China) using the Illumina NovaSeq 6000 platform. 532 

Clean reads were processed with fastp, mapped with HISAT2, and quantified with HTSeq-533 

count. DEGs were identified using DESeq2 (Q < 0.05, fold change >2 or <0.5). PCA, 534 

hierarchical clustering, and heatmaps were performed in R (v3.2.0). GO, KEGG, Reactome, 535 

and WikiPathways enrichment analyses were conducted using hypergeometric testing and 536 

visualized with bar plots, chord diagrams, and bubble charts. GSEA was conducted using 537 

the GSEA software with predefined gene sets. 538 

 539 

Gene expression analysis by qRT-PCR 540 

Total RNA was extracted using TRIzol reagent (Invitrogen) according to the 541 

manufacturer’s instructions. Residual genomic DNA was removed by DNase I treatment. 542 

Complementary DNA (cDNA) was synthesized from 1 μg of total RNA using a reverse 543 

transcription kit (Vazyme, China). Quantitative real-time PCR (qRT-PCR) was performed 544 

using SYBR® Premix (Vazyme, China) on a PikoReal 96 real-time PCR system (Thermo 545 

Scientific, MA, USA). All reactions were carried out in triplicate. Relative gene expression 546 

levels were calculated using the 2–ΔΔCT method, with β-actin serving as the internal control. 547 

Primers were designed using PrimerBank or obtained from OriGene (OriGene 548 

Technologies, Inc.), and their specificity was confirmed via NCBI Primer-BLAST. All 549 

primers were synthesized by SANGON Biotech (Shanghai, China). 550 

 551 

T Cell Cytotoxicity Assays 552 

Peripheral blood mononuclear cells (PBMCs) from healthy donors were obtained via 553 

Ficoll-Paque density gradient separation. CD8+ T cells were purified by negative selection 554 
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(Miltenyi Biotec) and stimulated with anti-CD3/anti-CD28 beads (Thermo Fisher) in 555 

RPMI 1640 with 10% FBS for 72 hours. Activated T cells were co-cultured with HeyA8-556 

H2B-GFP cells at a 5:1 effector-to-target ratio. Tumor cell killing was assessed by 557 

measuring GFP+ tumor cell viability via flow cytometry or fluorescence microscopy over 558 

24 hours. In some experiments, anti-PD-L1 blocking antibodies were added to the co-559 

culture to assess rescue from immune-mediated killing. 560 

 561 

In vivo mouse tumor models  562 

All animal experiments were conducted in accordance with institutional guidelines and 563 

were approved by the Institutional Animal Care and Use Committee (IACUC) of the First 564 

Affiliated Hospital of the University of Science and Technology of China. Female 565 

C57BL/6 mice (6-8 weeks old; SLAC Laboratory Animal) were intraperitoneally (i.p.) 566 

injected with either 5 × 10⁶ ID8-p53-luciferase wild-type cells or 5 × 10⁵ ID8-p53⁻/⁻-567 

luciferase cells. Following tumor establishment (3 weeks for wild-type and 1 week for p53-568 

deficient cells), mice were randomly assigned to receive one of the following treatments: 569 

vehicle control, YM155 (3 mg/kg, subcutaneous injection), anti-PD-L1 antibody (clone 570 

10F.9G2, Bio X Cell; 150 μg dissolved in PBS, administered i.p.), or a combination of both 571 

agents. Each experimental group contained 10 mice, with 5 mice pre-assigned to survival 572 

analysis and another 5 mice for tumor phenotype analysis. Tumor burden was evaluated 573 

using bioluminescence imaging. At the experimental endpoint, ascites volume was 574 

measured, and peritoneal washings were collected for flow cytometry, CyTOF and/or 575 

scRNA-seq analysis. No animals or data points were excluded from the analysis. 576 

 577 

Mass Cytometry (CyTOF) and t-SNE Analysis 578 

Mass cytometry was performed using a Helios™ mass cytometer (Fluidigm, USA), as 579 
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previously described [48], with modifications for ascites samples. Fresh ascites were 580 

collected from ID8 tumor-bearing mice, incubated with Red Blood Cell Lysis Buffer 581 

(Beyotime Biotechnology, China) for 10-15 minutes at 4°C to lyse erythrocytes, and then 582 

filtered through a 40 m cell strainer. Cell suspensions were washed, counted, and 583 

resuspended at the appropriate concentration for downstream staining. A panel of about 40 584 

metal-conjugated antibodies targeting surface and intracellular markers was used for cell 585 

phenotyping and functional analysis. Antibodies were either purchased pre-conjugated or 586 

labeled in-house using the Maxpar® Antibody Labeling Kit (Fluidigm), following the 587 

manufacturer’s instructions. Cell suspensions were incubated with surface marker 588 

antibodies, followed by fixation, permeabilization, and intracellular staining using a 589 

commercial Maxpar staining kit (Fluidigm). Stained cells were analyzed on the Helios™ 590 

mass cytometry platform (Fluidigm). During acquisition, EQ™ Four Element Calibration 591 

Beads (Fluidigm) were added for signal normalization. All data acquisition and primary 592 

quality control were conducted by PLTTech Inc. (Hangzhou, China). Raw CyTOF data 593 

were normalized using the Helios normalization algorithm, and downstream analyses were 594 

performed using Cytobank (https://www.cytobank.org/) and R-based packages such as 595 

cytofkit. Dimensionality reduction was performed using t-distributed stochastic neighbor 596 

embedding (t-SNE), and unsupervised clustering was conducted using the PhenoGraph 597 

algorithm to identify phenotypically distinct cell subsets. 598 

 599 

Immunofluorescence  600 

Immunofluorescence staining was performed as previously described[49], with 601 

modifications for tumor tissue processing. Mouse tumor tissues were fixed in 4% 602 

formaldehyde for 14 hours at 4°C, dehydrated in 30% sucrose for 24 hours at 4°C, 603 

embedded in OCT compound, and stored at −80°C until sectioning. Frozen sections were 604 
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permeabilized with 0.2% Triton X-100 in PHEM buffer and blocked with 1% bovine serum 605 

albumin (BSA) in TBST for 30 minutes at room temperature. Sections were then incubated 606 

with primary antibodies for 2 hours at room temperature, washed three times in TBST, and 607 

incubated with species-appropriate fluorophore-conjugated secondary antibodies for 1 hour. 608 

Nuclei were counterstained with 4’,6’-diamidino-2-phenylindole (DAPI) for 3 minutes. 609 

Coverslips were mounted using ProLong™ Gold Antifade Mountant (Thermo Fisher 610 

Scientific or Sigma-Aldrich). Whole-slide fluorescence images were acquired at 20× 611 

magnification using a Pannoramic 250 Flash III scanner (3DHISTECH). Multichannel 612 

images were visualized and reviewed using CaseViewer software. Quantitative analysis of 613 

fluorescence intensity and co-localization, where applicable, was performed using ImageJ. 614 

 615 

Immunohistochemistry 616 

Formalin-fixed, paraffin-embedded tumor sections were cut at 5 µm thickness. Slides were 617 

deparaffinized, rehydrated, and subjected to heat-mediated antigen retrieval in citrate 618 

buffer (pH 6.0). Endogenous peroxidase activity was quenched by incubation in 3% 619 

hydrogen peroxide. Sections were blocked in 5% normal serum and incubated overnight 620 

with primary antibodies at 4°C. After washing, HRP-conjugated secondary antibodies were 621 

applied, and DAB was used as the chromogenic substrate. Slides were counterstained with 622 

hematoxylin and mounted. Stained slides were scanned using a whole slide scanner 623 

(Pannoramic MIDI, 3DHISTECH) at 20 ×  magnification to generate high-resolution 624 

digital images. Whole-slide images were viewed and analyzed using CaseViewer 625 

(3DHISTECH) software. Quantification of staining intensity and positive cell proportions 626 

was performed either manually or using image analysis algorithms as specified. 627 

 628 

Single-Cell RNA Sequencing and data preprocessing 629 
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Fresh ascites samples were collected from ID8 tumor-bearing mice and incubated with Red 630 

Blood Cell Lysis Buffer (Beyotime Biotechnology) for 10-15 minutes at 4°C to lyse red 631 

blood cells. Single-cell suspensions were filtered through a 40 m strainer, counted, and 632 

adjusted to a concentration of approximately 700-1,200 cells/L. The cell suspensions 633 

were immediately loaded into a 10x Genomics Chromium Controller for single-cell 634 

encapsulation and cDNA library preparation using the Chromium Next GEM Single Cell 635 

3’Reagent Kits v3.1 (10x Genomics), according to the manufacturer’s protocol. Single-cell 636 

RNA sequencing was performed by OE Biotech Co., Ltd.  637 

Libraries were sequenced on an Illumina NovaSeq 6000 platform to generate paired-end 638 

150 bp reads. Raw sequencing data were processed using the Cell Ranger software pipeline 639 

(version 5.0.0) provided by 10x Genomics. This pipeline was used to demultiplex cellular 640 

barcodes, align reads to the mouse reference genome (mm10) using STAR, and generate a 641 

gene-by-cell expression matrix based on unique molecular identifier (UMI) counts. 642 

Downstream analysis was conducted using the Seurat R package (version 3.1.1). Raw UMI 643 

count matrices were normalized using the NormalizeData function with the LogNormalize 644 

method, which scales gene expression by total expression per cell and log-transforms the 645 

result. Cells were filtered to exclude low-quality or potential doublet cells based on the 646 

following criteria: (i) fewer than 200 detected genes, (ii) fewer than 1,000 UMIs, (iii) 647 

log10GenesPerUMI < 0.7, (iv) >10% of transcripts mapped to mitochondrial genes, and 648 

(v) >5% mapped to hemoglobin genes. Dimensionality reduction was performed using 649 

Principal Component Analysis (PCA) followed by Uniform Manifold Approximation and 650 

Projection (UMAP). Cell clustering was carried out using the FindClusters function, and 651 

clusters were annotated based on canonical marker genes. 652 

To explore the relationship between Survivin (BIRC5) and PD-L1 (CD274) expression, 653 

cells were stratified into BIRC5high and BIRC5low subpopulations based on normalized 654 

expression thresholds. PD-L1 expression was then visualized across these subpopulations 655 
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using UMAP to assess the potential association between Survivin and PD-L1 expression 656 

levels. 657 

 658 

Statistical Analysis 659 

All in vitro experiments were performed in at least three independent biological replicates 660 

unless otherwise specified. Data visualization and statistical analyses were conducted using 661 

GraphPad Prism or R. For group comparisons, two-tailed Student’s t-tests were used, or 662 

one-way ANOVA followed by Tukey’s post hoc test for multiple comparisons. Survival 663 

analyses (Kaplan-Meier curves) were evaluated using the log-rank (Mantel-Cox) test. A p-664 

value of < 0.05 was considered statistically significant. Exact p-values and confidence 665 

intervals are provided in the figure legends where applicable. 666 
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Figure Legends 864 

Figure 1. YM155 increases PD-L1 expression in HeyA8 cells  865 

(A) Flow cytometric analysis of PD-L1 expression in HeyA8 cells treated with various 866 

anti-mitotic agents. Among all tested compounds, YM155 elicited the strongest induction 867 

of PD-L1 expression. 868 

(B) Quantification of PD-L1 surface levels from (A), presented as mean fluorescence 869 

intensity (MFI) relative to vehicle-treated controls. 870 

(C) Dose-response analysis of PD-L1 expression in HeyA8 cells treated with increasing 871 

concentrations of YM155 (1–20 nM). 872 

(D) Time-course analysis of PD-L1 expression in HeyA8 cells treated with 10 nM YM155. 873 

(E) Western blot analysis of Survivin and PD-L1 levels in HeyA8 cells treated with DMSO, 874 

5 nM or 10 nM YM155 for 24 h. β-Actin served as the loading control. 875 

(F) qRT-PCR analysis of PD-L1 mRNA levels in HeyA8 cells treated with DMSO, 5 nM 876 

or 10 nM YM155 for 24 h. 877 

(G) Western blot analysis showing Survivin knockdown efficiency and PD-L1 expression 878 

in HeyA8 cells. 879 

(H) Flow cytometric quantification of PD-L1 surface levels in HeyA8 cells transfected with 880 

Survivin knockdown or non-targeting control (NTC) plasmids. 881 

(I) qRT-PCR analysis of PD-L1 mRNA levels in HeyA8 cells transfected with Survivin 882 

knockdown or NTC plasmids. 883 

Data are shown as mean ± SD from at least three independent experiments. p values were 884 

calculated by two-tailed Student’s t-test (ns, not significant; *p < 0.05; **p < 0.01; ***p < 885 

0.001). 886 
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 887 

Figure 2. YM155 increases PD-L1 expression in tumor cells of ID8-bearing mice  888 

(A) Schematic of the syngeneic ovarian cancer mouse model. ID8-luciferase cells were 889 

injected intraperitoneally into C57BL/6 mice, followed by treatment with saline or YM155 890 

as indicated. Ascitic cells were collected for mass cytometry (CyTOF) analysis. 891 

(B) Tumor burden was assessed via bioluminescence imaging (n=3 mice/group). 892 

(C) t-SNE plots showing distinct cell clusters of ascitic cells from ID8-bearing mice 893 

analyzed by CyTOF. 894 

(D) Representative t-SNE plots showing lineage markers used to distinguish individual cell 895 

clusters. 896 

(E) PD-L1 expression levels across multiple cell subsets within the ascitic tumor 897 

microenvironment. 898 

(F) Flow cytometric analysis of PD-L1 expression in tumor cells and lymphocytes from 899 

saline- and YM155-treated mice. 900 

(G) Proportion and MFI quantification of PD-L1⁺ tumor cells in the ascitic 901 

microenvironment following YM155 treatment (n=4). 902 

(H) Proportion and MFI quantification of PD-L1⁺ lymphocytes in the ascitic 903 

microenvironment following YM155 treatment (n=4). 904 

Data are shown as mean ± SD from at least three independent experiments. p values were 905 

calculated by two-tailed Student’s t-test (ns, not significant; *p < 0.05; **p < 0.01; ***p < 906 

0.001). 907 

 908 

Figure 3. PD-L1 induced by YM155 suppresses CD8⁺T-cell cytotoxicity 909 
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(A) Schematic of the PD-1 binding assay. 910 

(B) Flow cytometric analysis of PD-1 antibody binding on the cell surface, with 911 

quantification of MFI relative to DMSO-treated controls. 912 

(C) Schematic of the co-culture cytotoxicity assay. CD8⁺ T cells were purified from healthy 913 

donor PBMCs, activated with anti-CD3/anti-CD28, and co-cultured with HeyA8-H2B-914 

GFP tumor cells pretreated with YM155 or vehicle. 915 

(D) Representative images of the co-culture assay. The number of surviving tumor cells 916 

was quantified after co-culture. 917 

(E) CyTOF-based quantification of GZMB⁺ CD8⁺ T cells and NK cells, showing their 918 

frequency and MFI in the ascitic microenvironment following YM155 treatment. 919 

(F) Immunohistochemical staining of tumor tissues from ID8-bearing mice for Survivin 920 

and GZMB. The percentage of GZMB⁺ cells was quantified. 921 

Data are shown as mean ± SD from at least three independent experiments. p values were 922 

calculated by two-tailed Student’s t-test (*p < 0.05; **p < 0.01; ***p < 0.001). 923 

 924 

Figure 4. Combined YM155 and anti-PD-L1 treatment suppresses tumor growth in 925 

ID8 ovarian cancer-bearing mice 926 

(A) Schematic of the ID8 syngeneic mouse model. ID8-luciferase cells were injected 927 

intraperitoneally into C57BL/6 mice and treated with saline, YM155, anti-PD-L1, or the 928 

combination. 929 

(B) Tumor burden was monitored via bioluminescence imaging, and tumor progression 930 

curves were plotted (n=5). 931 

(C) Representative images of ascitic tumors, with corresponding tumor weights quantified 932 
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(n=4). 933 

(D) Kaplan–Meier survival curves of ID8-bearing mice treated as indicated (n=5). 934 

(E) Immunohistochemical staining of Survivin and GZMB in tumor tissues from ID8-935 

bearing mice, with quantification of GZMB⁺ cell percentages (n=5). 936 

Data are shown as mean ± SD from at least three independent experiments. p values were 937 

calculated by two-tailed Student’s t-test (ns, not significant; **p < 0.01; ***p < 0.001). 938 

 939 

Figure 5. Combined YM155 and anti-PD-L1 treatment enhances activity of cytotoxic 940 

immune cells in ID8-p53⁻/⁻ mice 941 

(A) Ascitic cells from ID8-p53⁻/⁻ mice were collected for single-cell RNA sequencing. 942 

Canonical lineage markers and t-SNE plots of identified cell clusters are shown. 943 

(B) t-SNE plots showing NK and T-cell subtypes within the tumor microenvironment. 944 

Right: Heatmap displaying the relative abundance of tumor-infiltrating lymphocyte subsets 945 

across treatment groups (Saline, YM155, PD-L1 blockade, and YM155 + PD-L1 blockade). 946 

Each row represents a distinct immune population identified by single-cell transcriptomics. 947 

(C) t-SNE plots showing myeloid cell subtypes within the ascitic tumor microenvironment, 948 

and heatmap showing their relative abundance across treatment groups. 949 

(D) Representative immunofluorescence images showing infiltration of NK cells, T cells, 950 

and cleaved-caspase-3⁺ apoptotic cells in tumor tissues from ID8-p53⁻/⁻ mice. 951 

Quantification of cleaved-caspase-3⁺ cells is shown. 952 

Data are shown as mean ± SD from at least three independent experiments. p values were 953 

calculated by two-tailed Student’s t-test (ns, not significant; **p < 0.01; ***p < 0.001). 954 

Figure 6. YM155 promotes PD-L1 expression through cGAS stabilization and NF-κB 955 
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activation 956 

(A) Gene Set Enrichment Analysis (GSEA) of RNA-seq data comparing YM155-treated 957 

and DMSO-treated HeyA8 cells. The top altered pathways are shown. 958 

(B) Heatmap showing differentially expressed genes in the cytokine–cytokine receptor 959 

interaction pathway. Genes involved in NF-κB signaling are highlighted in blue. 960 

(C) Left: Western blot analysis of PD-L1, pNF-κB, NF-κB, and Survivin in HeyA8 cells 961 

treated with DMSO or 10 nM YM155, in combination with 0, 5, or 10 μM BAY11-7082. 962 

GAPDH served as the loading control. Right: Quantification of protein expression levels 963 

normalized to DMSO-treated controls. 964 

(D) Left: Flow cytometric analysis of PD-L1 surface expression in HeyA8 cells treated as 965 

in (C). IgG-labeled cells served as controls. Right: Quantification of PD-L1 MFI relative 966 

to DMSO-treated controls. 967 

(E) Flow cytometric quantification of PD-L1 surface levels in HeyA8 cells transfected with 968 

cGAS knockdown or NTC plasmids, followed by treatment with DMSO, 5 nM or 10 nM 969 

YM155. Data are presented as MFI relative to DMSO-treated control cells. 970 

(F) Western blot analysis of cGAS, pSTING, STING, pTBK1, TBK1 and Survivin in 971 

HeyA8 cells treated with DMSO, 5 nM or 10 nM YM155 for 24 h. GAPDH served as the 972 

loading control. 973 

(G) Western blot analysis of cGAS and Survivin protein stability in HeyA8 cells treated 974 

with 10 nM YM155 for 12 h, followed by 100 μg/mL CHX. GAPDH served as the loading 975 

control. 976 

(H) Western blot analysis of cGAS ubiquitination in HeyA8 cells co-transfected with Flag-977 

cGAS and HA-Ub, followed by treatment with 0, 5, or 10 nM YM155 for 24 h. cGAS was 978 

immunoprecipitated (IP) with anti-Flag antibody, and its ubiquitination level was detected 979 
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by immunoblotting (IB) with anti-HA antibody. Whole cell lysates (WCL) were 980 

immunoblotting for Flag-cGAS and Survivin, with GAPDH serving as the loading control. 981 

(I) Western blot analysis of cGAS ubiquitination in HeyA8 cells co-transfected with Flag-982 

cGAS, HA-Ub, and/or EGFP-Survivin. cGAS was immunoprecipitated (IP) with anti-Flag 983 

antibody, and its ubiquitination level was detected by immunoblotting (IB) with anti-HA 984 

antibody. WCL were immunoblotting for Flag-cGAS and EGFP-Survivin, with GAPDH 985 

serving as the loading control. 986 

Data are shown as mean ± SD from at least three independent experiments. p values were 987 

calculated by two-tailed Student’s t-test (ns, not significant; *p < 0.05; **p < 0.01; ***p < 988 

0.001). 989 

 990 

Figure 7. Clinical relevance of Survivin-mediated PD-L1 regulation in ovarian cancer 991 

(A–C) Representative immunohistochemistry images of ovarian cancer patient samples 992 

stained for Survivin and PD-L1 on serial sections. Regions with high Survivin expression 993 

exhibit low PD-L1 staining (top panels), whereas low-Survivin regions show elevated PD-994 

L1 expression (bottom panels). Scale bars = 100 μm. (B) and (C) show higher 995 

magnification views of selected areas. 996 

(D) Quantitative correlation analysis of immunostaining intensity between Survivin and 997 

PD-L1 levels. 998 

(E) Single-cell RNA sequencing (scRNA-seq) of human ovarian tumors showing UMAP 999 

clustering of identified cell types. 1000 

(F) UMAP plots showing expression of BIRC5 (blue) and CD274 (red) across all tumor-1001 

infiltrating cells. The merged plot (right) indicates cells expressing BIRC5 (blue), CD274 1002 

(red), both (purple), or neither (gray). 1003 
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(G) Correlation analysis between BIRC5 and CD274 expression based on (F). 1004 

(H) Correlation between BIRC5 expression and overall survival in patients receiving anti-1005 

PD-L1 or anti-PD-L11 therapy across multiple cancer types. Pearson or Spearman 1006 

correlation coefficients indicate a statistically significant negative relationship. 1007 

Statistical significance was determined by Pearson’s correlation test. 1008 

 1009 

Figure 8. Graphic summary, YM155 targets Survivin to modulate PD-L1 expression 1010 

and sensitize tumors to immune checkpoint blockade. 1011 

Inhibition of the key cell cycle regulator Survivin by YM155 upregulates PD-L1 expression 1012 

through activation of the cGAS–NF-κB signaling pathway, thereby transiently dampening 1013 

cytotoxic immune responses. This immunosuppressive effect can be effectively neutralized 1014 

by PD-L1 blockade. Consequently, combined YM155 and anti-PD-L1 therapy suppresses 1015 

tumor growth by simultaneously restraining tumor proliferation and reactivating NK and 1016 

CD8⁺ T-cell cytotoxicity. Collectively, these findings highlight the potential of 1017 

combinatorial strategies integrating Survivin inhibition with immune checkpoint blockade 1018 

to enhance antitumor immunity and overcome resistance to immunotherapy. 1019 
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Figure 7
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Figure 8
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