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Background 
 

Sarcomas remain among the least responsive solid tumors to immunotherapy. They are often characterized by an 
immune-cold tumor microenvironment dominated by suppressive myeloid cells and deficient antigen 
presentation. Although immune checkpoint blockade has transformed the treatment of several adult 
malignancies, most sarcomas present limited clinical benefit1. In non-immunogenic soft tissue sarcomas, poor 
responses to checkpoint inhibitors and other immunotherapies are not only driven by immune suppression, but 
also immune ignorance. In addition, sarcoma immunotherapy remains constrained by tumor heterogeneity and 
the lack of subtype-specific efficacy studies2. This highlights the need for strategies that restore effective immune 
priming and infiltration, particularly in aggressive and immune-cold sarcoma subtypes. 
Epithelioid sarcoma (EpS) is a rare and aggressive soft tissue sarcoma that typically affects young adults, 
characterized by inactivating mutations in SMARCB13. Often considered immune-cold tumors, soft tissue 
sarcomas such as EpS exhibit sparse T-cell infiltration, low tumor mutational burden, and defective dendritic cell–
mediated priming. Type 1 conventional dendritic cells (cDC1s), essential for cross-priming anti-tumor immunity, 
are often scarce within these tumors4. As a result, effective antigen presentation and de novo immune activation 
are frequently absent. Hence, reinstating cDC1-like function within EpS tumors has the potential to transform 
immunotherapy-refractory into responsive targets.   
We have previously demonstrated that enforced expression of the transcription factors PU.1, IRF8, and BATF3 
(PIB) is sufficient to reprogram tumor cells in vitro and in vivo into induced cDC1s (IDCs) capable of cross-
presentation and T-cell activation5, 6. Intratumoral PIB delivery induces antigen presentation machinery, remodels 
the tumor microenvironment (TME), and promotes anti-tumor immunity in preclinical transplantable models5. 
This approach also elicits the formation of tertiary lymphoid structures in several cancer types7.  
To translate this strategy to EpS, we will collaborate with Prof. Ana Banito and Prof. Thomas Grünewald 
laboratories (Heidelberg, Germany) to leverage their unique set of in vitro and in vivo models: cell lines with 
doxycycline-(DOX)-inducible SMARCB1 expression systems8 and immunocompetent electroporation-based 
genetically engineered mouse models (EPO-GEMMs)9, as well as unique patient samples8. The CRISPR-mediated 
EPO-GEMMs include sgSmarcb1/sgTrp53 models, allowing us to study the initiation and progression of highly 
aggressive EpS. Importantly, they mimic the sarcoma immune-cold TME and enable allografting for preclinical 
testing while preserving intact immune surveillance9.  
The recent methodological developments at the Pereira lab may enable novel discoveries in sarcoma 

immunotherapy. By integrating Pereira’s reprogramming 
platform with these disease-specific in vitro and in vivo 
models, we will test whether tumor-intrinsic cDC1 
reprogramming can restore antigen-presenting 
machinery and reintroduce immune recognition into 
immune-cold EpS to sensitize them to immunotherapy 
(Fig. 1).   
 

Figure 1. Reprogramming immune-cold sarcomas to induce anti-tumor 
immunity. Sarcomas are generated in immunocompetent wild-type mice by in 
vivo electroporation of oncogene-expressing transposons and CRISPR/Cas9 
plasmids, resulting in genetically and histologically distinct tumor subtypes 
such as Smarcb1-deficient epithelioid sarcomas (left; Imle et al.) (left panel). 
Tumor cells will be reprogrammed through delivery of the transcription factors 

PU.1, IRF8, and BATF3 (PIB) to induce cDC1-like antigen-presenting cells (tumor-APCs) (right panel). This approach aims to restore antigen presentation, 
activate tumor-specific immune responses, and promote tumor clearance, either as a monotherapy or in combination with other treatment modalities. 

 
Specific Aims 

 

Aim 1: Determine the efficiency of cDC1 reprogramming across distinct EpS. We will deliver PIB in vitro to human 
and murine EpS cell lines, along with freshly isolated patient-derived and PDX-derived cultures, using lentiviral 
vectors.  For human EpS, we will use a compendium of engineered isogenic cell lines with DOX-inducible SMARCB1 
expression: FU-EPS-1; HS-ES-1, -2M, -2R; NEPS; VA-ES-BJ8. These cell lines exhibit homozygous SMARCB1 deletion 
and represent proximal and distal EpS subtypes, with prominent SMARCB1 re-expression upon DOX-treatment, 
enabling us to separate the effects of PIB-mediated immune activation from the effects of SMARCB1 restoration. 
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We will assess reprogramming efficiency and the induction of antigen-presentation machinery (MHC-I/II) by flow 
cytometry, and the activation of canonical cDC1 transcriptional programs by RNA-seq. Following in vitro efficacy 
studies, we will use p53-driven models to test in vivo reprograming, namely mouse models with CRISPR-mediated 
Smarcb1 and Trp53 inactivation to mimic the molecular pathology of EpS. Reprogramming will be evaluated in 
both allograft models and autochthonous tumors in immunocompetent mice. PIB will be delivered intratumorally 
using adenoviral vectors to enable local, transient and non-integrative expression within established tumors.  
 

Aim 2: Determine whether tumor-to-cDC1 reprogramming converts immune-cold EpS into T cell–infiltrated 
tumors. In vivo, we will longitudinally assess immune conversion following PIB delivery using comprehensive 
immune profiling by flow cytometry and scRNA-seq with TCR enrichment. Immune cell infiltration and phenotype, 
including CD8+ and CD4+ subsets (activation, effector function, exhaustion, and memory-like states) will be 
quantified in tumors, tumor-draining lymph nodes, and blood at early, priming, and effector phases post-
treatment, enabling discrimination between de novo priming and local inflammatory responses. In parallel, 
additional immune populations (e.g., NK cells, B cells, dendritic cells, monocytes) will be profiled to define broader 
immune remodeling. Type I/II interferon signatures and induction of cDC1-like antigen-presenting programs will 
be evaluated at the transcriptional level. TCR sequencing will assess clonal expansion. Spatial immune architecture 
will be analyzed by immunofluorescence to quantify transitions from immune-excluded to inflamed tumor states, 
including formation of TLS. These spatial and cellular changes will be integrated with tumor growth kinetics to 
define correlates of therapeutic response. 
 

Aim 3: Evaluate rational combination strategies to enhance therapeutic efficacy. To determine whether restored 
antigen presentation sensitizes EpS to immunotherapy, we will evaluate PIB-mediated reprogramming in 
combination with anti–PD-1 blockade and other relevant therapeutic modalities. Tumor growth kinetics, survival, 
and response rates will be systematically compared across monotherapy and combination treatment groups. 
Immune profiling will assess whether checkpoint inhibition amplifies newly primed T-cell responses, enhances 
effector differentiation, and/or prevents early dysfunction or exhaustion. These analyses will define mechanistic 
synergies and identify combination strategies that maximize durable anti-tumor immunity. 
 

Team expertise: The Pereira lab is a multidisciplinary team with extensive experience in immune cell 
reprogramming, immunotherapy, and tumor immunology, including the mechanistic and therapeutic evaluation 
of cDC1 reprogramming across cancer types. By pioneering tumor-to-cDC1 reprogramming, we addressed efficacy 
limitations of current treatments, especially for hard-to-treat cancers, while offering a scalable and clinically 
translatable solution. Hence, the team has all the necessary expertise and resources to advance cDC1 
reprogramming for EpS immunotherapy. In addition, this project will be supported by strong collaborations with 
experts in sarcoma biology Prof. Ana Banito and Prof. Thomas Grünewald, who will provide access to disease-
relevant models and patient samples.  
 

Expected impact: This project targets a fundamental barrier in sarcoma therapy: failure to initiate effective anti-
tumor immunity. By restoring antigen-presenting machinery directly within tumor cells, we aim to reintroduce 
immune recognition into immune-cold sarcomas, namely EpS. Rather than targeting a single inhibitory pathway, 
this strategy rebuilds the priming machinery required for engagement of the immune system, including MHC 
molecules, co-stimulatory molecules and pro-inflammatory cytokines. Within two years, we will deliver 
mechanistic proof-of-concept in immunocompetent models and test translational combination strategies for EpS. 
If successful, tumor-intrinsic cDC1 reprogramming could establish a new conceptual class of immunotherapy for 
EpS and enable combination with checkpoint inhibitors, cellular therapies or other modalities. In addition, the 
tumor-agnostic nature of cDC1 reprogramming underscores its potential to be broadly adapted as an 
immunotherapy modality across sarcoma subtypes.  
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