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Constitutive and TNF-inducible expression of 
chondroitin sulfate proteoglycan 4 in glioblastoma and 
neurospheres: Implications for CAR-T cell therapy
Serena Pellegatta,1,2 Barbara Savoldo,2,3 Natalia Di Ianni,1 Cristina Corbetta,1 Yuhui Chen,2 
Monica Patané,4 Chuang Sun,2 Bianca Pollo,4 Soldano Ferrone,5 Francesco DiMeco,6  
Gaetano Finocchiaro,1 Gianpietro Dotti2,7*

The heterogeneous expression of tumor-associated antigens limits the efficacy of chimeric antigen receptor (CAR)– 
redirected T cells (CAR-Ts) for the treatment of glioblastoma (GBM). We have found that chondroitin sulfate pro-
teoglycan 4 (CSPG4) is highly expressed in 67% of the GBM specimens with limited heterogeneity. CSPG4 is also 
expressed on primary GBM-derived cells, grown in vitro as neurospheres (GBM-NS), which recapitulate the histopa-
thology and molecular characteristics of primary GBM. CSPG4.CAR-Ts efficiently controlled the growth of GBM-NS 
in vitro and in vivo upon intracranial tumor inoculation. Moreover, CSPG4.CAR-Ts were also effective against GBM-NS 
with moderate to low expression of CSPG4. This effect was mediated by the in vivo up-regulation of CSPG4 on tumor 
cells, induced by tumor necrosis factor– (TNF) released by the microglia surrounding the tumor. Overall, the 
constitutive and TNF-inducible expression of CSPG4 in GBM may greatly reduce the risk of tumor cell escape ob-
served when targeted antigens are heterogeneously expressed on tumor cells.

INTRODUCTION
Glioblastoma (GBM) is the most lethal primary brain cancer, with 
standard treatment based on surgery, radiotherapy, and chemotherapy 
promoting an overall survival of about 15 months (1, 2). Immuno-
therapy may complement such treatments, and considerable optimism 
is presently given to T cells with redirected specificity via expression 
of chimeric antigen receptors (CAR-Ts). CARs are fusion proteins 
in which the binding moiety derived from a monoclonal antibody 
(mAb) is fused with a signaling molecule of the CD3/T cell receptor 
complex and costimulatory endodomains (3). Upon insertion in T 
cells, CARs confer human lymphocyte antigen (HLA)–independent 
cytotoxic activity to T cells and promote T cell proliferation and sur-
vival (4).

Crucial to the successful application of CAR-Ts in malignancies 
including GBM are the restricted expression pattern and the amount 
of expression of the targeted tumor-associated antigens (TAAs). In 
this regard, epidermal growth factor receptor variant III (EGFRvIII) 
is an attractive target antigen for GBM, because its expression is 
restricted to tumor cells (5–7). In contrast, typical GBM-associated 
antigens for CAR targeting, such as interleukin-13 receptor subunit 
-2 (IL-13R2), HER2, and EphA2, are not only generally overex-
pressed by GBM tumor cells but also detectable in some normal tissues 
(8–11). Another common feature of the GBM-associated antigens so 
far targeted with CAR-Ts is the marked intratumoral heterogeneity 
of expression, which promotes tumor immune escape due to antigen 
loss (12–15). Finally, although they are frequently used to assess the 

efficacy of new therapies, established GBM cell lines do not mirror 
the heterogeneity of the histopathology and molecular characteristics 
of primary GBM (16, 17).

To overcome these limitations, we have selected to target chon-
droitin sulfate proteoglycan 4 (CSPG4) in GBM and to use primary 
glioma-derived cells grown as neurospheres (GBM-NS) as a tumor 
model. CSPG4 is a cell surface type I transmembrane protein criti-
cal for tumor progression and metastasis (18–20). CSPG4 is overex-
pressed, with limited intra- and intertumoral heterogeneity, by many 
types of solid tumors (21–25). Notably, the CSPG4 protein is not or 
barely detectable in normal tissues (18, 22, 25). We have now found 
that CSPG4 is expressed in considerable amounts not only in GBM 
specimens but also in GBM-NS, which are particularly relevant for 
assessing the efficacy of potential therapies because they recapitulate 
the molecular properties of the primary GBM when expanded in vitro 
or engrafted in immunodeficient mice (16, 17).
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