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Figure S1. Comparison of two CARs derived from the scFv of the 14G2a Ab and encoding the 
CD28 costimulatory endodomain. (A) Schematic representation of retroviral vectors encoding an 

optimized GD2.CAR (new) and the GD2.CAR (old) previously described. The striped bar indicate 16 

extra amino acids present in the COOH-region of the VH (AKTTPPSVYGRVYVSS). (B) Flow cytometry 

histograms showing GD2.CAR expression in activated T cells for one representative experiment (left 

panel), and summary for 4 healthy donors (right graph). (C) CAR-Ts expansion by day 11 after 

transduction (n=4). (D) CD45RA, CD45RO, CCR7 and PD-1 expression, and CD4, CD8 subsets of 

CAR-Ts collected at day 11 after transduction (n=4). (E) Quantifications of NB tumor cells (CHLA255 

and LAN-1) after co-culture with Ctrl-Ts, GD2.CAR-Ts (new) or GD2.CAR-Ts (old) at the indicated E:T 

ratios for 3 days (n=4). (F) Quantification of residual tumor cells at the indicated cycle of repetitive co-

culture with CHLA255 or LAN-1 cells at the E:T ratio of 1:5 (n=4). *P<0.05; **P<0.01 by 2 way ANOVA 

test. (G) Western blot analysis showing the CAR dimerization under non-reducing or reducing 

conditions.  

  



 

Figure S2. Phenotypic characteristics of CAR-Ts. (A) Summary of the percentage of CD4+CAR+ and 

CD8+CAR+ T cells on day 11 after transduction (n=10). (B) Gating strategy for the phenotypic analysis 

of GD2.CAR.15-Ts (left panel) or GD2.CAR-Ts (right panel). (C) Relative expression of gene PDCD1 

(PD-1) by Q-PCR in Ctrl-Ts and CAR-Ts (n=4). *** P<0.001. (D-F) TIM-3, LAG-3, CTLA4 and TIGIT 

expression (D), CD25 and CD69 expression (E), and 7AAD and Annexin-V staining (F) of Ctrl-Ts and 

CAR-Ts during the expansion with cytokines. (G) Proliferation and enumeration at day 5 of Ctrl-Ts and 

CAR-Ts labelled with CFSE in resting condition or after activation with the 1A7 antibody without the 

addition of exogenous cytokines (n=4). *** P<0.001.  
  



 

 

Figure S3. GD2.CAR.15-Ts have improved persistence in vivo in non-tumor bearing mice. (A) 

NSG mice were inoculated i.v. with CAR-T cells labeled with Firefly-luciferase (1 x 107 cells/mouse). (B) 

T cell BLI signaling (n=5/group).   

  



 

Figure S4. GD2.CAR-Ts producing IL-15 have improved expansion and antitumor activity in 
vitro. (A) Schematic representation of co-culture experiments of CAR-Ts and GFP-transduced NB cell 

lines. (B) Representative flow plots of co-culture experiments in which CAR-Ts (CD3+ cells) and NB cell 

lines (GFP+ cells) were mixed at the E:T ratio of 1:1 and co-cultured for 7 days. (C) Detection of SP NB 

cancer stem cells in the CHLA255 NB cell line 24 hours after co-culture with Ctrl-Ts or CAR-Ts at the 

E:T ratio of 1:5. (D) Measurement of cytokines released in the supernatant by CAR-Ts co-cultured with 

LAN-1 cells at the E:T ratio of 1:1 (n=2-3). ***P<0.001 by 2 way ANOVA test. (E) Flow plots and 

summary of granzymeB release by CAR-Ts 24 hours after co-culture with NB cells (n=3). (F) Detection 

of TIM-3, LAG-3 and CTLA4 in Ctrl-Ts, GD2.CAR-Ts or GD2.CAR.15-Ts co-cultured with CHLA255 

cells at the E:T ratio of 1:10 (n=4-6). (G) Cleaved Caspase-3 activity in tumor cells 24 hours after co-

culture with Ctrl-Ts or GD2.CAR-Ts (n=4). 

  



 

Figure S5. GD2.CAR.15-Ts have improved expansion and antitumor activity upon repetitive 
antigen exposure in vitro. (A) Schematic representation of the repetitive co-culture experiments with 

CAR-Ts and GFP-transduced NB cell lines. (B) Representative flow plots of the co-culture for CAR-Ts 

and either CHLA255 or LAN-1 cells at the end of the 4th cycle at the E:T ratio of 1:1. (C) Evaluation of 

IL-15 released by GD2.CAR-Ts in response to LAN-1 cells after each cycle of co-culture (n=2). (D) 

Evaluation of IFN-γ released by CAR-Ts after the 2nd exposure to CHLA255 cells (n=4). CD25 and 

CD69 expression (E), and Annexin-V/7-ADD staining (F) in CAR-Ts upon repeated antigen stimulation.  

  



 

Figure S6. Xenograft NB model. (A) Summary of the tumor BLI of the mice at day 0 before CAR-Ts 

treatment. (B) Gating strategy for the phenotypic analysis of CAR-Ts in vivo. (C) CAR expression (left) 

and CAR-Ts subsets in different organs based on human CD45RA, CD45RO, CCR7 expression (right). 

(D) CAR expression in T cells circulating in the peripheral blood by gating of human CD45 and CD3 

positive cells (left), and GD2.CAR.15-T cell subsets based on CD45RA, CD45RO and CCR7 staining 

(n=5) (right). (E) Measurement of cytokines detected in the peripheral blood in samples collected at 

days 7, 14 and 23 post CAR-T treatment (n=5).  

  



 

Figure S7. PD-1 checkpoint blockade does not further improve the antitumor activity and 
cytokine release of GD2.CAR-Ts in vivo. (A) Schematic representation of the experimental model in 

NSG mice treated with PD-1 blockade and CAR-Ts (5x106 cells) and re-challenged with CHLA255 at 

day 28. (B) Representative tumor BLI in mice (left), and BLI kinetic of the tumor growth. Each line 

represents an individual mouse (right) and the Kaplan-Meier survival curve shows tumor free survival 

(right). (C) Quantification of human T cells (CD45+ cells) (upper panel) and CD3+CAR+PD1+ cells (lower 

panel) in the peripheral blood of treated mice at days 14, 21, 28 and 35 post T-cell infusions (n=5). (D) 

Detection of IL-2, IL-15, IFN-γ and TNF-α in the plasma collected at days 14, 21, 28 and 35 post T-cell 

treatment (n=5). 

  



 

Figure S8. PD-1 checkpoint blockade does not further improve in vivo the antitumor activity of 
GD2.CAR-Ts when NB cells are constitutively expressing PD-L1. (A) PD-L1 expression by wildtype 

CHLA255, CHLA255 pre-treated with IFN-γ (10 ng/ml) or genetically modified to express PD-L1. (B) 

Schematic representation of the experimental model in NSG mice engrafted with CHLA255-PD-L1+ 

cells treated with PD-1 blockade and CAR-Ts (3x106 cells). (C) Representative tumor BLI (left) and BLI 

kinetic of the tumor growth. Each line represents an individual mouse (right). (D) Quantification of human 

T cells (CD45+ cells) (left) and CD3+CAR+PD-1+ cells (right) in the peripheral blood of treated mice at 

days 7 and 14 post T-cell infusions (n=3-4).  

  



 

Figure S9. Optimization of the GD2.CAR linker is required when iC9 is incorporated within the 
vector cassette. (A) Schematic representation of the iC9.GD2.CAR.15 construct. (B) Representative 

flow plots and histograms showing CAR expression over time in iC9.GD2.CAR.15-Ts and 

iC9.CD19.CAR.15-Ts. (C) Schematic representation of the GD2.CAR construct with the short linker 

(GD2.CARSL) and long linker (GD2.CARLL). (D) Representative flow plots and histograms comparing 

CAR expression in GD2.CARSL-Ts and GD2.CARLL-Ts. (E) Killing activity (upper graph) and 

expansion (lower graph) of GD2.CARSL-Ts vs. GD2.CARLL-Ts against CHLA255 and LAN-1 cells at 

the indicated E:T ratios (n=3). (F) Evaluation of PD-1 expression in GD2.CARSL-Ts vs. GD2.CARLL-

Ts co-cultured with CHLA255 and LAN-1 cells.  

  



 

Figure S10. The iC9 safety switch can be incorporated in GD2.CAR.15-Ts without altering their 
functions. (A) Schematic representation of the vector encoding the GD2.CAR with long linker, the IL-

15 and the inducible caspase-9. (B) Representative flow plots and histograms showing CAR expression 

in iC9.GD2.CAR.15-Ts over time when the GD2.CARLL was used (upper panel). GD2.CAR expression 

by flow cytometry on day 5 post-transduction in Ctrl-Ts, GD2.CAR.15-Ts and iC9.GD2.CAR.IL15-Ts 

(lower panel) (n=5). (C) T cells expansion at day 11 after transduction (n=8). (D) Summary of the 

expression of CD45RA, CD45RO, CCR7 and PD-1 at day 11 after transduction (n=5). (E) Flow plots 

showing induction of cell death, as assessed by Annexin-V/7AAD staining in Ctrl-Ts, GD2.CAR.15-Ts 

and iC9.GD2.CAR.15-Ts 24 hours after exposure to AP20187 (50 nM) (CID) in a representative donor 

(left graph). Quantification of viable T cells (7AAD– /Annexin-V– cells) as assessed by flow cytometry 

using counting beads after incubation with or without CID (50 nM) (right graph) (n=4). **P<0.01 by 2 

way ANOVA test. (F) Killing activity (left graph) and T cell expansion (right graph) by Ctrl-Ts, 

GD2.CAR.15-Ts and iC9.GD2.CAR.15-Ts co-cultured with CHLA255 cells at the indicated E:T ratios. 

Viable CHLA255 cells and T cells were quantified by flow cytometry with counting beads at day 4 of co-

culture (n=3). (G) PD-1 expression assessed in CAR-Ts during co-culture with CHLA255 cells (n=3). 

(H) Quantification of cytokine released by T cells in the supernatants when co-cultured with CHLA255 

cells at the indicated E:T ratios (n=3). 

  



 

Figure S11. Inclusion of the iC9 safety switch gene does not impair CAR-Ts antitumor activity in 
vitro. (A) Representative flow plots of co-culture experiments for CAR-Ts and LAN-1 cells at the 

indicated E:T ratios. (B) Evaluation of killing activity and expansion by Ctrl-Ts, GD2.CAR.15-Ts or 

iC9.GD2.CAR.15-Ts against LAN-1 cells at different E:T ratios. Viable LAN-1 cells and CAR-Ts were 

quantified by flow cytometry based on GFP and CD3 expression respectively, and using counting 

beads, 4 days after co-culture (n=3). (C) Evaluation of PD-1 expression in CAR-Ts co-cultured with 

LAN-1 cells. (D) Evaluation of cytokines released in the culture supernatants of CAR-Ts and LAN-1 

cells at the indicated E:T ratios (n=2-3). 

  



 

Figure S12. Inclusion of the iC9 safety switch gene does not modify the phenotypic 
characteristic of CAR-Ts in vivo. (A) Phenotypic characteristics of CAR-Ts detected in the peripheral 

blood of treated mice at day 10, day 17 (day 7 post 1st re-challenge) and day 27 (day 10 post 2nd re-

challenge).  

  



 
Figure S13. Characterization of iC9.GD2.CAR.15-Ts generated using a clinical grade retroviral 
supernatant. (A) Flow cytometry histograms (left) and summary (right graph) showing GD2.CAR 

expression in iC9.GD2.CAR.15-Ts in two clinical grade runs. (B) Quantifications of residual tumor cells 

and T cells expansion during co-culture of CAR-Ts with CHLA255 cells at the indicated E:T ratios for 3 

days (n=2). (C) IL-15 produced by the CAR-Ts at 72 hours after co-culture with CHLA255 cells at the 

indicated E:T ratios (n=2). (D) Flow plots showing induction of cell death as assessed by Annexin-

V/7AAD staining in Ctrl-Ts and iC9.GD2.CAR.15-Ts, 24 hours after exposure to AP20187 (50 nM) (CID) 

(left panel), and summary of enumeration of live cells for 2 healthy donors (right panel). 

 


