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Simple Summary: Gastrointestinal stromal tumors (GIST) are the most frequent sarcomas of the
gastrointestinal tract. Identification of novel prognostic and/or therapeutic targets is a major issue
to overcome tyrosine kinase inhibitors resistances. CSPG4, a cell surface proteoglycan, emerged as
a potential therapeutic target for immune therapy in different cancers, including sarcomas. CSPG4
expression has never been studied in GIST. In this work we analyzed CSPG4 mRNA expression in
a large series of clinical GIST samples given the scarcity of disease (n = 309 patients). We find that
high CSPG4 expression is independently associated with disease-free survival, and with an immune
landscape favorable to induce strong cytotoxic immune response after NK cell stimulation. Our
results suggest the potential value of CSPG4-specific chimeric antigen receptor-redirected cytokine-
induced killer lymphocytes treatment in GIST, notably “CSPG4-high” tumors, and calls for preclinical
validation, drug testing in vivo, then in clinical trials.

Abstract: The treatment of gastrointestinal stromal tumors (GIST) must be improved through the devel-
opment of more reliable prognostic factors and of therapies able to overcome imatinib resistance. The
immune system represents an attractive tool. CSPG4, a cell surface proteoglycan, emerged as a potential
therapeutic target for immune therapy in different cancers, including cell therapy based on CSPG4-specific
chimeric antigen receptor (CAR)-redirected cytokine-induced killer lymphocytes (CSPG4-CAR.CIKs) in
sarcomas. CSPG4 expression has never been studied in GIST. We analyzed CSPG4 mRNA expression
data of 309 clinical GIST samples profiled using DNA microarrays and searched for correlations with
clinicopathological and immune features. CSPG4 expression, higher in tumors than normal digestive
tissues, was heterogeneous across tumors. High expression was associated with AFIP low-risk, gastric
site, and localized stage, and independently with longer postoperative disease-free survival (DFS) in
localized stage. The correlations between CSPG4 expression and immune signatures highlighted a higher
anti-tumor immune response in “CSPG4-high” tumors, relying on both the adaptive and innate immune
system, in which the boost of NK cells by CSPG4-CAR.CIKs might be instrumental, eventually combined
with immune checkpoint inhibitors. In conclusion, high CSPG4 expression in GIST is associated with
better DFS and offers an immune environment favorable to a vulnerability to CAR.CIKs.
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1. Introduction

Gastrointestinal stromal tumors (GIST) are the most frequent sarcomas of the gastroin-
testinal tract [1,2]. They remain an exemplary model for targeted therapies within solid
tumors: the presence of KIT or PDGFRA activating mutations (~85% of cases) [3,4] leads
to high efficiency of the tyrosine kinase inhibitors (imatinib, sunitinib, regorafenib, and
avapritinib) [5,6] currently marketed. In advanced stages, first-line imatinib increases both
the response rate (70% vs. <10% with chemotherapy) and the median overall survival
(76 months in the recent BFR14 clinical trial6 vs. <10 months with chemotherapy). How-
ever, primary or secondary resistance occurs in all cases and a critical goal is to develop
new therapies able to overcome it. Adjuvant imatinib results in lower relapse rates [7,8]
and increases overall survival [8] in localized stages treated by surgery [2]; it is currently
recommended for patients at intermediate or high risk of metastatic relapse, according
to the AFIP classification [2,9]. Nevertheless, classifications based on clinicopathological
features, such as AFIP, remain imperfect and need to be improved [5,10–13]. Identification
of novel prognostic and/or therapeutic targets is a major issue.

The role of immunotherapy in sarcomas is growing fast with no current standard
of care. If our current understanding of the immune response in GIST remains limited,
several data suggested that the exploitation of immune system may be clinically inter-
esting [14]. The presence of tumor-infiltrating immune cells such as macrophages, CD8+
T-cells, T-reg, and NK-cells has been described in clinical samples [15–18] and associated
with prognosis [17], imatinib response [15,19,20], and potential vulnerability to immune
checkpoint inhibitors [21]. The oncolytic action of imatinib also partly relies on indirect
effects of immune cell actions, notably CD8+ T-cells [15] and NK-cells [22]. Consistently,
the concurrent CTLA-4 blockade increased the efficacy of imatinib in mouse GISTs through
activation of IFNγ-producing CD8+ T-cells [15]. We have reported a correlation between
PDL1 expression, immune-related parameters, and prognosis in imatinib-naïve patients
with localized GIST [23]. Altogether, these pre-clinical data suggested a role of the immune
system in the treatment of GIST. Several potential immunotherapeutic strategies have been
tested or are under investigation in GIST clinical trials (PMID: 34298737). One of them is
cellular therapy: chimeric antigen receptor (CAR) T-cells with anti-KIT activity showed
antitumor effects in vitro and in vivo, notably against imatinib-resistant cells [24]. During
the last years, CSPG4 was described as another potential target of cellular immunotherapy
in cancers [25], and more recently soft tissue sarcomas, including GIST [26].

CSPG4, a cell surface proteoglycan, displays overexpression in certain human cancers,
low expression in normal tissues, and roles in tumor growth and dissemination [25].
Although widely unexplored, GSPG4 also influences activation, maturation, proliferation,
and migration of different immune cell subsets [25], suggesting likely interaction with
immunotherapy efficiency. Recently, CSPG4-specific chimeric antigen receptor (CAR)-
redirected cytokine-induced killer lymphocytes (CSPG4-CAR.CIKs) effectively targeted
multiple soft tissue sarcomas (STS) histotypes in vitro and in vivo [26]. The series of tested
cell lines included several GIST cell lines derived from patients in relapse after conventional
treatment: all cell lines showed CSPG4 expression at the cell surface, and tumor elimination
was strictly dependent on the expression level on tumor cells.

To our knowledge, CSPG4 expression has not been studied in GIST clinical samples.
Here, we analyzed CSPG4 expression in 309 GIST samples and searched for correlations
with both the clinicopathological features including clinical outcome and the tumor immune
landscape. We show that expression is heterogeneous, high GSPG4 is a favorable inde-
pendent prognostic factor and is associated with an immune profile suggesting potential
vulnerability to cellular immunotherapy.

2. Materials and Methods
2.1. Tumor Samples

Our data set included clinicopathological and gene expression data of clinical GIST
samples from 15 public data sets that we collected from the National Center for Biotechnol-
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ogy Information (NCBI)/Genbank GEO, ArrayExpress databases, and authors’ websites
(Table S1). The samples had been profiled using commercial or homemade whole-genome
DNA microarrays. The pooled data set contained 309 clinical samples. The study was
approved by our institutional board. We also analyzed cancer cell lines data from the
Dependency Map (DepMap) portal (https://depmap.org/portal; accessed on 14 December
2021) to compare the RPPA-based protein vs. RNA-seq-based mRNA expression of CSPG4.

2.2. Gene Expression Data Analysis

A pre-analytic processing of data was done. In a first step, we normalized each data set
separately: a quantile normalization was applied to the already processed non-Affymetrix
data, and Robust Multichip Average (RMA) with non-parametric quantile algorithm to the
raw Affymetrix data. That was done in R using Bioconductor and associated packages. In a
second step, we mapped hybridization probes represented across the different technological
platforms, and when multiple probes mapped to the same GeneID, we kept the most variant
probe in a given data set.

Next, we corrected the 15 studies for batch effects using z-score normalization. Briefly,
for each CSPG4 expression value in each study separately, the value was transformed by
subtracting the mean of the gene in that dataset divided by its standard deviation in the
GIST samples. Analysis was done by using binary values using the median expression level
of the whole series as a cut-off. Because CSPG4 is the target of cellular immunotherapy,
we searched for correlations of its expression in tumors with several immune variables.
In each data set separately, several immunity-related multigene classifiers were applied
to each tumor: the 24 Bindea’s innate and adaptative immune cell subpopulations [27],
the Immunologic Constant of Rejection (ICR) classifier [28], and metagenes associated
representative of T-cell-inflamed signature (TIS) [29], of tertiary lymphoid structures (TLS)
signature [30], of cytolytic activity score [31], of IFNα and IFNγ pathways activation
score [32], the antigen processing machinery (APM) score [33], and ESTIMATE scores
(Immune infiltration, Stromal infiltration, Tumor purity) [34].

2.3. Statistical Analyses

The continuous variables are presented using median and range, whereas the discrete
values are presented using number and percentage. The correlations between CSPG4
expression-based groups and clinicopathological variables were calculated with the Stu-
dent’s t-test or Fisher’s exact test when appropriate. Since the delay of relapse and follow-up
were not available in seven data sets, we used as primary endpoint the occurrence of disease
relapse or death during follow-up. The prognostic analyses for disease-free survival (DFS)
were done using a logistic regression based on the lm function (R’s statistical package),
the significance of which was estimated by specifying a binomial family for model with
a logit link. Several variables were tested in univariate analysis: the CSPG4 expression
status (“CSPG4-low”, “CSPG4-high”), the patients’ age and sex (male, female), the tumor
location (gastric, small intestine, other) and mutational status (KIT, PDGFRA, wild-type),
and finally the AFIP risk (high-risk, intermediate/low-risk). All variables with a p-value
inferior to 5% in univariate analysis were included in the multivariate analysis. When the
time to follow-up was available, the 5-year DFS was estimated using the Kaplan-Meier
curves; and curves were compared using the log-rank test. A logistic regression analysis
using the lm function tested the correlations of molecular variables with “CSPG4-high” vs.
“CSPG4-low” groups (R’s package). All statistical tests were two-sided and the significance
threshold was 5%. All analyses were done with the survival package (version 2.43) from R
software (version 3.5.2).

3. Results
3.1. Patients’ Characteristics and CSPG4 Expression

A total of 309 GIST samples was available for analysis. Their characteristics are
summarized in Table 1. The median patients’ age was 61 years (range, 8–87), the gender
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was male in 57% of cases, and the anatomical location was the stomach in 74% of cases,
followed by the small intestine in 18%. Regarding the mutational status, available in
275 cases, the mutations most often represented concerned KIT, mainly in exon 11, then
PDGFRA, mainly in exon 18. A wild-type KIT and PDGFRA status (WT) was found in
16% of cases (WT). The disease extension stage was localized in most of cases (83%) and
advanced (locally advanced or metastatic) in 17%. The relapse risk, defined according to the
AFIP classification, was low-risk in 53% of cases, intermediate-risk in 19%, and high-risk in
28%.

Table 1. Clinicopathological characteristics of patients and tumors.

Characteristics N All
CSPG4 Group

p-Value
Low High

Age median (range),
years 194 61 (8–87) 56.29

(18–84)
59.88
(8–87) 0.107

Sex 255 0.430
female 110 (43%) 46 (40%) 64 (46%)
male 145 (57%) 69 (60%) 76 (54%)

Mutation 275 0.063
wild-type 44 (16%) 25 (20%) 19 (13%)
KIT 190 (69%) 90 (70%) 100 (68%)
PDGFRA 41 (15%) 13 (10%) 28 (19%)

Site 242 4 × 10−6

gastric 178 (74%) 61 (58%) 117 (86%)
small
intestine 43 (18%) 30 (28%) 13 (10%)

other 21 (9%) 15 (14%) 6 (4%)
AFIP risk 161 3.83 × 10−4

low 85 (53%) 21 (33%) 64 (65%)
intermediate 31 (19%) 17 (27%) 14 (14%)
high 45 (28%) 25 (40%) 20 (20%)

Extension stage 2.83 × 10−3

advanced 39 39 (17%) 26 (26%) 13 (10%)
localized 187 187 (83%) 73 (74%) 114 (90%)

Follow-up median,
months (min-max) 87 46 (2–165) 44 (5–101) 45 (2–165) 0.904

DFS event, N (%) 161 32 (20%) 24 (39%) 8 (8%) 3.79 × 10−6

5-year DFS 87 79%
(69–90)

59%
(38–90)

90%
(81–99) 1.15 × 10−2

CSPG4 mRNA expression varied among the 309 tumors with a range of intensities
over 8 units in log2 scale (Figure S1A), suggesting a heterogeneous expression across clinical
GIST samples. Of note, the CSPG4 mRNA expression was strongly correlated with protein
expression in a series of 369 cancer cell lines (Figure S1B). Furthermore, analysis using
the IST Online tool (http://ist.medisapiens.com; accessed on 7 June 2021) showed higher
mRNA CSPG4 expression in GIST samples (N = 77) than in digestive tract normal tissues
(N = 144) (Figure S1C).

3.2. CSPG4 Expression and Correlations with Clinicopathological Features

We searched for correlations between CSPG4 expression (high vs. low) and clinico-
pathological features (Table 1). There was no significant correlation with patients’ sex
and age. A trend for correlation existed with the mutational status (p = 0.063), with more
PDGFRA mutations in “CSPG4-high” tumors and more WT status in “CSPG4-low” tumors.
Significant correlations were found with prognostic features: AFIP classification, with more
low-risk in “CSPG4-high” tumors and more intermediate- and high-risk in “CSPG4-low”
tumors (p = 3.83 × 10−4); tumor site, with more gastric site in “CSPG4-high” tumors and
more small intestine and other sites in “CSPG4-low” tumors (p = 4 × 10−6); and disease
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stage, with more localized diseases in “CSPG4-high” tumors and more advanced disease in
“CSPG4-low” tumors (p = 2.83 × 10−3).

3.3. CSPG4 Expression and Correlation with Disease Relapse

A total of 161 out of 309 patients fulfilled the following criteria—localized tumors,
treated with primary complete surgery, without adjuvant imatinib, and with available
information regarding an eventual disease relapse—and were thus included in the prog-
nostic analysis. Their characteristics are summarized in Table S2. Thirty-two experienced
a relapse and 129 did not. As shown in Table 1, only 8% of patients in the “CSPG4-high”
group experienced a relapse vs. 39% in the “CSPG4-low” group (p = 3.79 × 10−6). In
univariate analysis (Table 2), AFIP high-risk (p = 2.82 × 10−10) class was associated with a
higher risk of relapse when compared with low/intermediate-risk class, whereas patients’
age, sex, and mutational status were not significant.

Table 2. Uni- and multivariate analyses for disease-free survival.

Characteristics
Univariate Multivariate

N OR (95%CI) p-Value N OR (95%CI) p-Value

Age, years 101 1.01 (0.96–1.05) 0.796
Sex, male vs. female 161 1.90 (0.82–4.43) 0.137

Mutation, KIT vs. wild-type 160 2.83 (0.62–13.01) 0.181
Mutation, PDGFRA vs. wild-type 0.35 (0.03–4.23) 0.412

Site, other vs. gastric 161 2.35 (0.55–10.08) 0.251
Site, small intestine vs. gastric 1.88 (0.66–5.36) 0.239

AFIP risk, high vs. low/intermediate 160 26.48 (9.57–73.29) 2.82 × 10−10 160 26.04 (8.64–78.46) 6.93 × 10−9

CSPG4, high vs. low 161 0.14 (0.057–0.34) 1.26 × 10−5 160 0.14 (0.048–0.43) 5.12 × 10−4

In multivariate analysis, CSPG4 expression-based group (p = 5.12 × 10−4; logit test),
and AFIP high-risk (p = 6.93 × 10−9) class remained significant, suggesting independent
prognostic value (Table 2). The stratification of patients according to the CSPG4 group and
the AFIP risk identified four subgroups with different relapse rates. For example, CSG4
expression affected the clinical outcome of AFIP high-risk patients: with an Odds Ratio
(OR) for relapse of 0.85 (95%CI 0.78–0.92) in CSPG4-high vs. CSPG4-low patients. Similarly,
among the AFIP low/intermediate-risk patients, the Odds Ratio (OR) for relapse was 0.74
(95%CI 0.56–0.99) in CSPG4-high vs. CSPG4-low patients.

Eighty-seven patients were informative regarding the follow-up duration. With a
median follow-up of 42 months after surgery, the 5-year DFS was 79% (95%CI 69–90) in the
whole series (Figure 1A) and was different according to CSPG4 expression with 90% 5-year
DFS (95%CI 81–99) in the “CSPG4-high” group vs. 59% (95%CI 38–90) in the “CSPG4-low”
group (p = 1.15 × 10−2, log-rank test; Figure 1B).

3.4. CSPG4 Expression and Correlation with Imatinib Sensitivity

We then searched for a correlation between CSPG4 expression and the sensitivity to
imatinib, the standard first-line treatment. We analyzed 28 pre-treatment tumor samples
from patients treated in the RTOG0132 phase II trial with neoadjuvant imatinib during 8
to 12 weeks for an advanced primary/recurrent GIST and for whom the RECIST clinical
response was available [35]. The degree of tumor shrinkage ranged from –76% to +21%.
Ten patients were defined as “Non-Responders” (36%) and 18 as “Responders” (64%). As
expected, given the advanced stage of disease and the correlation between stage and CSPG4
expression, more patients were classified as CSPG4-low (N = 17) than CSPG4-high (N = 11).
We found more “Responders” in the “CSPG4-low” group than in the “CSPG4-high” (71% vs.
55%), but the difference was not significant, likely because of the small number of patients
(p = 0.444, Fisher’s exact test; Odds Ratio = 0.51 (95%CI 0.08–3.21)). As a continuous value,
the tumor shrinkage was greater in the “CSPG4-low” group than the “CSPG4-high” group
(mean −30% vs. −18%, p = 0.159; Figure 2).
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Kaplan-Meier DFS curves in the 87 informative patients for DFS. (B) Similar to 
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log-rank test. 
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cytolytic activity score, the antigen processing/presentation machinery (APM) 
score, and ESTIMATE tool analysis for immune or stromal infiltrating cells. The 
p-values are for the logit link test. 
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Figure 1. Disease-free survival in patients with localized GIST after surgery. (A) Kaplan-Meier DFS
curves in the 87 informative patients for DFS. (B) Similar to (A), but according to CSPG4 expression
(low and high). The p-value is for the log-rank test.

Figure 2. Correlation between CSPG4 expression and the response to imatinib. Correlation between
the two CSPG4-based groups (high and low; N = 28) and the level of clinical response to neoadjuvant
imatinib assessed as a continuous variable (box plot). The horizontal dashed line indicates the cut-off
of tumor shrinkage that defines the responder status. The figures within the box plot indicate the
number of patients in each of the four categories.

3.5. CSPG4 Expression and Correlations with Immune Features

We searched for correlations between CSPG4 expression and immunity-related vari-
ables in the 309 clinical GIST samples. To determine if there was a difference in the quantity
of immune or stromal cells infiltrating “CSPG4-high” and “CSPG4-low” tumors, we used
the ESTIMATE tool, which provides scores for tumor purity, the level of stromal cells
present, and the infiltration level of immune cells in tumor tissues, based on expression
data. “CSPG4-high” GISTs displayed higher scores for immune and stromal signatures
(respectively, p = 4.20 × 10−2 and p = 4.83 × 10−2), while “CSPG4-low” tumors showed
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higher tumor purity (p = 3.65 × 10−3). This identified “CSPG4-high” tumors as more
infiltrated by immune cells than “CSPG4-low” tumors (Figure 3).
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Figure 3. Correlations between CSPG4 expression and immune features. Forrest plot of correlations
between CSPG4-high (left) and -low (right) expression and immune features, including the composi-
tion and functional orientation of the immune infiltrate according to the Bindea’s immunome, the
Immunologic Constant of Rejection signature, T cell-inflamed signature (TIS) and tertiary lymphoid
structures (TLS) enrichment signatures, the immune cytolytic activity score, the antigen process-
ing/presentation machinery (APM) score, and ESTIMATE tool analysis for immune or stromal
infiltrating cells. The p-values are for the logit link test.

We next looked at the composition and functional orientation of this immune infiltrate
in “CSPG4-high” vs. “CSPG4-low” tumors. The analysis of the 24 immune cell types de-
fined as the immunome [27] revealed that “CSPG4-high” tumors differentiated themselves
from “CSPG4-low” tumors by a higher infiltrate in dendritic cells (DC, p = 0.009), in T
lymphocytes (T cells: p = 5.22 × 10−3; Tem: p = 1.19 x 10−2; CD8 T cells: p = 1.17 × 10−2)
and more specifically with cytotoxic cells subsets (Cytotoxic cells: p = 1.53 × 10−2; NK cells,
p = 2.03 × 10−3; NK CD56dim cells: p = 3.17 × 10−2).

Additional immune functional signatures reinforced this observation, showing higher
Immunologic Constant of Rejection (ICR) score (p = 2.86 × 10−3) [36] in “CSPG4-high”
tumors, enrichment in T cell-inflamed signature (TIS) (p = 1.56 × 10−3) [29] and tertiary
lymphoid structures (TLS) signature (p = 7.37 × 10−4) [30], coherently with a higher
immune cytolytic activity score (p = 1.60 × 10−3) [31] from both innate and adaptive
immune effector cells. This was also in line with enhanced activation of the IFNα and IFNγ

activation pathways, two cytokines with anti-tumor activity [32], in “CSPG4-high” tumors
(respectively, p = 6.46 × 10−3 and p = 3.23 × 10−3). Antigen processing/presentation
machinery (APM) score [33] was also significantly enhanced in “CSPG4-high” tumors
(p = 4.12 × 10−2).

4. Discussion

We analyzed CSPG4 expression in 309 GIST clinical samples. We report that high ex-
pression is an independent, favorable prognostic factor for disease relapse and is associated
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with cytotoxic immune response. To our knowledge, this is the first study analyzing the
expression of this new potential target for immune therapy in GIST.

Our preliminary analysis of more than 350 cancer cell lines revealed a strong corre-
lation between mRNA and protein expression levels, allowing us to base our study on
CSPG4 mRNA expression. Such an approach allowed us to avoid the limitations of im-
munohistochemistry (specificity and reproducibility of available antibodies, definition of
positivity cut-off, etc.) while providing opportunities to work on a relatively large series of
samples and to search for associations with the expression of other multigene signatures.

As already observed in many cancers, we confirmed higher expression in GIST tumor
samples than in normal digestive tissues. CSPG4 expression in GIST was heterogeneous,
making possible to search for correlations with clinicopathological variables. High ex-
pression was associated with favorable prognostic variables: low-risk according to AFIP
classification, gastric site, and localized extension stage at diagnosis. In the literature, other
immune tumor features have been found to be associated with a more favorable AFIP class,
such as high NK cells infiltration, low T-regs infiltration [17], and high PDL1 expression [23],
suggesting that GIST cell-intrinsic features may influence the immune microenvironment.
CSPG4 expression was higher in samples from patients without disease relapse than in
samples from patients with relapse. This favorable prognostic value was conserved in mul-
tivariate analysis, as was conserved the prognostic value of AFIP classification. In addition,
we showed that “CSPG4-low” patients seemed more sensitive to neoadjuvant imatinib
than “CSPG4-high” patients; however, the results were non-significant, likely because of
the small number of patients, which calls for an analysis of larger series of patients. The
prognostic value of high CSPG4 expression has already been reported in melanoma [37],
glioblastoma [38], breast cancer [39], head and neck squamous cell carcinomas [40], and
hepatocellular carcinoma [41]; however, and by contrast with our result, CSPG4 expression
was associated with poor prognosis. By contrast, no prognostic value was identified in
acute myeloid leukemias [42]. In sarcomas, two studies reported poor-prognostic value in
chordoma [41] and soft tissue sarcomas [43]; although, in the latter, NG2/CSPG4 depletion
showed divergent effects, depending on the developmental stage of sarcoma [44]. To our
knowledge, no study has been reported in GIST. Functional studies are now warranted to
address the functional role of CSPG4 expression in GIST, and notably, whether it is depen-
dent on the link with the immune response we observed, and/or with direct influence on
cancer cells.

CSPG4, a transmembrane proteoglycan, had been originally identified as a highly
immunogenic tumor antigen on the surface of melanoma cells [45], and during the last
decades, several works proposed it as a new therapeutic target for immune therapy in
different cancers [25], including monoclonal antibodies in triple-negative breast cancer [46]
and melanoma [47], antibody-drug conjugate in melanoma [48], and CAR-T cells in many
cancers [49]. The recent study by Leuci et al. demonstrated in vitro and in vivo the anti-
tumor activity of CSPG4-CAR.CIKs in soft tissue sarcomas, including GIST cell lines,
and reported that tumor elimination in vitro was dependent on the expression level of
tumor cells. This observation suggested that “CSPG4-high” GIST should represent the
most adequate GIST to be targeted by such treatment. We thus compared their immune
landscape, at the transcriptional level, with that of “CSPG4-low” GIST. We found significant
variations between the two tumor groups, with higher expression of several immune
variables in “CSPG4-high” tumors: (i) higher scores for immune signatures suggesting
higher infiltration by immune cells; (ii) higher infiltrate in certain immune cell subtypes:
DC, T cells, Tem, CD8 T cells, and numerous cytotoxic cells subsets, such as activated
NK CD56dim cells; (iii) higher expression of signatures evoking higher immune cytolytic
activity. Altogether, these results suggested a higher anti-tumor immune response in
“CSPG4-high” tumors than in “CSPG4-low” tumors that relies on both the adaptive and
innate immune system. Of note, the Th1 immune cell type was not significantly different
between the two tumor groups, suggesting that, even though the immune infiltrate was
higher in “CSPG4-high” tumors, there is still room to increase anti-tumor immune response
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efficiency. The actual cytotoxic response seems to rely on innate NK-cell subset activation.
This also has been suggested by several reports [20,50]. Of note, several studies describing
immune features of clinical samples have already pointed out a role for NK cells in GIST.
IHC analysis of 91 samples showed tumor infiltrated by a homogeneous subset of cytokine-
secreting CD56bright NK cells that accumulated in tumor foci after imatinib treatment [17],
and the density of the NK infiltrate independently predicted the progression-free survival.
Analysis of transcriptional data showed a higher activated NK signature in GIST than in
three other sarcoma subtypes [51].

In this fertile immune environment, complementing the boost of NK cells with immune
checkpoint inhibitors, which will fully unleash CD8 T cells cytotoxic potential, might be
extremely powerful. Novel immunotherapies, such as anti-NKG2A or anti-KIR, that
target both NK and other cytotoxic T cells subsets, might be promising as well. In this
line, “CSPG4-high” GIST, as compared to “CSPG4-low” GIST, might be more sensitive to
CSPG4-CAR.CIKs, not only because of higher target expression level, but also thanks to a
more favorable anti-tumor cytokine microenvironment with a synergic action of resident
cytotoxic T and NK cells. Such analysis has never been reported in GIST.

5. Conclusions

We showed that expression of CSPG4, a new potential target for immune therapy, no-
tably specific CAR-CIKs, is heterogeneous in GIST clinical samples and that high expression
is associated independently with DFS and with an immune landscape favorable to induce
strong cytotoxic immune response after NK cell stimulation. Our study displays several
strengths: (i) its originality, (ii) a relatively large size of series given the rarity of GIST,
and (iii) the biological and clinical relevance of CSPG4 expression. It also includes a few
limitations: (i) its retrospective nature and (ii) the mRNA, rather than protein, analysis on
bulk tissue samples. Of course, analysis of larger patient series is warranted to confirm our
observation, as well as functional analyses of GIST preclinical models. However, our results
suggest the potential value of CSPG4-CAR.CIKs treatment in GIST, notably “CSPG4-high”
tumors, that calls for drug testing in vivo, and then in clinical trials.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers14051306/s1, Figure S1: CSPG4 expression in GIST samples
and cancer cell lines; Table S1: List of GIST data sets included. Table S2. Clinicopathological
characteristics of patients and tumors included in the prognostic analysis.
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