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Summary

A detailed analysis of the Ewing sarcoma surfacesome has arrived. Robust expression of 

surface CDH11 and ENPP1 was identified. This “comprehensive catalogue” of the Ewing 

surfacesome serves as a fresh roadmap to development of new therapeutic approaches, including 

immunotherapies and multi-modality therapeutic combinations, to target aggressive Ewing tumor 

subpopulations.

In this issue of Clinical Cancer Research, Mooney and colleagues conduct an extensive, 

first-in-kind analysis of the Ewing sarcoma cell surface proteome (1). Proteomic approaches, 

including Tandem Mass Tags-based mass spectrometry, were used to analyze both the 

surfacesome and global proteome of patient tumor samples from both primary and 

metastatic Ewing sarcoma. This analysis confirmed the surface expression of known 

sensitive but not highly specific markers of Ewing sarcoma, such as CD99. The 

authors generated a prioritization system to identify Ewing surface proteins that may 

be excellent candidates for development as an immunotherapy target (termed “Group 1” 

proteins). Group 1 proteins included IL1RAP (2), ADGR2, STEAP1, STEAP2, SLCO5A1, 

ENPP1, and CHD11. ENPP1 (Ectonucleotide pyrophosphatase/phosphodiesterase 1) was 

more extensively examined in patient samples of Ewing sarcoma given its rank as a 

potential immunotherapeutic target and the availability of a suitable commercial antibody. 

Immunohistochemistry analysis of ENPP1 expression in TMAs of different pediatric solid 

tumors and normal pediatric tissue revealed ENPP1 is highly expressed in Ewing sarcoma 

(more so than in other pediatric solid tumors). The authors note that while ENPP1 

expression in normal tissues is minimal, low-level expression in the pancreas and liver 

was noted. Variability in ENPP1 expression intensity was noted across some primary and 

metastatic Ewing tumor samples. When considering the bench-to-bedside implications of 

the Mooney et al. (1) Ewing sarcoma surfacesome data, five major themes to consider 

emerge: 1) tools for next steps, 2) understanding target protein expression heterogeneity, 

3) agents that alter surface target protein expression, 4) antibody-drug conjugates, and 5) 

immunotherapy targets.
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When considering tools for next steps, and as Mooney and colleagues (1) note, commercial 

availability of antibodies is required as an early step in cell surface protein validation. 

Antibody availability is the reason why the authors chose to proceed with validation 

of ENPP1 versus CHD11 (no appropriate antibody available) in the current manuscript. 

To continue to develop ENPP1 and other Ewing sarcoma surface proteins in the 

preclinical/clinical trial space, antibodies and corresponding standardized, open-access 

staining protocols would be needed. Ideally, antibodies for both immunohistochemistry (for 

formalin-fixed paraffin-embedded, FFPE, specimens) and flow cytometry (for fresh single 

cell tumor suspensions and in vitro cell line specimens) would be worked-up.

In addition to antibodies, other tools for preclinical testing include patient-derived 

xenografts (PDX) and cell lines (CDX) with ENPP1 (or other surface protein) expression 

fully characterized. Characterized PDX and CDX Ewing cell surface protein models would 

ideally be held in a sharable repository to facilitate use by multiple investigators and ease of 

comparisons across datasets.

A second theme that emerges is understanding target protein expression heterogeneity. 

Surface protein expression heterogeneity is an incredibly important consideration in the 

development of tumor-targeting therapies. Mooney and colleagues (1) note that of the 19 

patient-derived Ewing sarcoma samples analyzed for ENPP1, 3 primary specimens and 

2 metastatic specimens demonstrated lower or negative staining and the average H-score 

of metastatic cores was lower than that of the primary cores. Many preclinical questions 

regarding ENPP1 expression heterogeneity exist and need to be addressed as this target 

continues to be developed. Analysis of paired patient samples (primary, metastatic site 

and/or relapse) should be conducted to determine persistence in target expression upon 

disease progression (Fig. 1). Intra-tumoral ENPP1 heterogeneity should be better defined, 

because if ENPP1-negative cells exist adjacent to ENPP1-positive Ewing cells, targeted 

therapy efficacy could be reduced. Accordingly, if ENPP1 negative/positive Ewing tumor 

subsets do exist within a tumor, better defining the characteristics (EWSR1::FLI1 level 

(3), STAG2 status (4), etc.) of ENPP1 +/− Ewing cell populations could help guide when 

and how to best utilize therapies targeting ENPP1. In addition to better understanding 

baseline cell surface protein heterogeneity, a clear understanding of the impact of other 

treatments on Ewing cell surface protein targets is needed to maximize potential clinical 

benefit (Fig. 1). For example, do chemotherapies used in the treatment of Ewing sarcoma 

alter ENPP1 expression? This would be critical to address if an ENPP1 (or other cell surface 

protein-targeting agent) is being incorporated into an existing Ewing sarcoma treatment 

backbone. Another question to address is whether there drugs that increase ENPP1 cell 

surface expression in Ewing sarcoma that could be used to “prime” tumors for ENPP1-

targting therapy?

Antibody-drug conjugates targeting newly identified Ewing sarcoma cell surface proteins, 

such as ENPP-1, should be explored. ADCs combine a monoclonal antibody for a target 

with a cytotoxic “payload” to more specifically direct cellular poisons to tumor cells. 

Given the low expression of ENPP1 in normal liver and pancreas noted by Mooney et 

al (1), bispecific ADCs targeting dual tumor-associated surface targets (5) to increase 

tumor specificity may be needed. For an ADC or bispecific ADC for Ewing sarcoma, 
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payload selection would need to be carefully considered based on what is discovered about 

the sensitivity of ENPP1 positive/negative Ewing tumor subsets after further preclinical 

development.

In addition to ADCs, immunotherapies are another logical class of agents to consider 

when promising new Ewing cell surface targets emerge. The slow development of 

immunotherapies for the treatment of Ewing sarcoma has stemmed from the historical lack 

of detailed understanding of the Ewing tumor immune microenvironment (TIME), historical 

lack of an immunocompetent in vivo model to study, and the historical lack of a robust 

cell surface protein target analysis. In the past 5 years, scRNAseq data have helped better 

define the Ewing TIME (6, 7), immunocompetent zebrafish and humanized mouse models 

are emerging (8, 9), and Mooney and colleagues have published the current manuscript 

revealing new surface targets in Ewing tumors (1). These emerging data and tools will help 

investigators around the world continue to develop new multi-modality treatment strategies, 

including the incorporation of immunotherapies, for the treatment of aggressive Ewing 

sarcoma. As discussed above, the status of ENPP1 (or other cell surface protein) expression 

would need to be carefully considered and re-analyzed when combining ENPP1-targeting 

immunotherapies with other agents.

In their work in this issue of Clinical Cancer Research “Surface and global proteome 

analysis identify ENPP1 and other surface proteins as actionable immunotherapeutic targets 

in Ewing sarcoma” (1), Mooney and colleagues present an exciting new set of cell surface 

targets in Ewing sarcoma. Here, thoughts on continued, detailed preclinical investigations 

of these targets to maximize their full therapeutic potential are outlined. Patients with 

aggressive Ewing sarcoma are in great need of new tumor-targeting agents and a better-

defined Ewing cell surfacesome is an exciting next step toward reaching that goal.
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Figure 1. ENPP1 cell surface expression in Ewing sarcoma: better understanding surface 
expression heterogeneity and persistence.
Continued preclinical development of ENPP1 could include better defining baseline intra-

tumoral expression heterogeneity, evolution of expression upon disease progression, and 

understanding the impact of other anti-cancer agents on ENPP1 expression.
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