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2 

 

 



3 

 

Fig. S1. IL13Rα1 and IL13Rα2 expression panel in the human normal or tumor tissues. (A 

and B) IL13Rα1 and IL13Rα2 expression in human normal tissues based on the Human 

Protein Atlas (HPA) (www.proteinatlas.org) RNA-seq data, which is reported as mean 

TPM (transcripts per million). (C) IL13Rα2 expression panel in the human tumors listed 

as the median of the expression based on the cancer genome atlas (TCGA) data available 

on cBioPortal. 
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Fig. S2. Murine scFv based IL13Rα2 targeting CAR T cells. (A) Vector maps of tested 

murine scFv based anti-IL13Rα2 CAR design. (B) Expression of murine scFv (07 and 

08) based IL13Rα2 targeting CAR constructs on electroporated human-T cells. (C) 

IL13Rα1 and IL13Rα2 expression analysis on the human tumor cell lines (Sup-T1, 

Jurkat, U87, U251 and D270); the isotype antibodies depicted in blue. (D) Flow-based 

intracellular cytokine (IFNγ) staining of the murine scFv based IL13Rα2 CAR T cells 

(Mu07BBz and Mu08BBz) co-cultured with human tumor cell lines in (C) controlled 

with un-transduced T cells (UTD). Human CD8 was stained to distinguish the CD4 

positive and CD8 positive subgroups of T cells along the x axis.  
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Fig. S3. Humanized IL13Rα2 targeting CAR T cells co-cultured with human normal cell 

types. (A) Flow-based CAR expression staining of the humanized IL13Rα2 CAR 

transduced T cells used in the co-culture experiments. (B) Flow cytometry of IL13Rα1 

and IL13Rα2 expression analysis on the human normal cells (CD34 positive bone 

marrow cells, human pulmonary microvascular endothelial cells, human small airway 

epithelial cells, human renal epithelial cells, human keratinocytes, human neuronal 

progenitor cells, human aortic smooth muscle cells and human pulmonary artery smooth 

muscle cells) with the isotype antibodies control in blue. (C) Flow-based intracellular 
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cytokine (IFNγ) staining of the humanized IL13Rα2 CAR T cells co-cultured with human 

normal cells in (B) controlled with un-transduced T cells (UTD). Human CD3 and CD8 

was stained to distinguish the CD4 positive and CD8 positive subgroups of T cells along 

the x axis. 

 

 

Fig. S4. Stimulation and expansion of IL13Rα2 targeting CAR T cells co-cultured in vitro. 

(A-C) Flow-based intracellular cytokine (IFNγ, IL2 and TNFα) staining of murine 
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IL13Rα2 CAR T cells co-cultured with human tumor cell lines (A), humanized IL13Rα2 

CAR T cells co-cultured with human tumor cell lines (B) and humanized IL13Rα2 CAR 

T cells co-cultured with human normal cells (C). The percentage of cytokine positive T 

cells was illustrated in the CD4 and CD8 positive subgroups. (D) Flow-based EGFRvIII 

and IL13Rα2 expression on the D270 tumor cell line of day 0, 1, 2, 3, 5 and 7 cultured in 

vitro, controlled with control antibodies. (E) Flow cytometry determined T cell 

proliferation assay with CFSE staining was performed on UTD T cells, 2173BBz and 

Hu08BBz CAR positive T cells on day 3, 5 and 8 co-culturing with D270 cell line 

controlled with A549 cell line. Data are presented as means ± SEM. 



9 

 

 



10 

 

Fig. S5. Surface markers staining on CAR T cells co-cultured in vitro. (A) Representative 

gating scheme was illustrated with the samples of UTD T cells, 2173BBz and Hu08BBz 

CAR T cells co-cultured with D270 cell line for 48hrs. CD45+, CD3+ live lymphocytes 

were gated, expression of T cell surface markers was analyzed and compared among 

CAR+ T cells and UTD T cells. (B) The expression of CD69, PD-1, CTLA-4 and TIM-3 

on the CD4+ and CD8+ T cells was determined by flow-cytometry, by staining with 

fluorochrome-conjugated corresponding antibodies after 24hrs or 48hrs co-culture. 

Representative expression results were illustrated in D270 cell line co-cultured UTD T 

cells and CAR+ T cells. 
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Fig. S6. Checkpoint receptor and ligand expressed and involved in the activity of CAR T 

cells in vivo. (A) Flow based detection of checkpoint receptors (PD-1, CTLA-4 and TIM-

3) and their ligands (PD-L1, CD80, CD86 and galectin-9) in CD4 and CD8 positive T 

cell subgroups during T cell in vitro expansion with anti-CD3 and anti-CD28 beads on 

day 0, 3, 7 and 13. (B) ) Flow-based detection of checkpoint receptor ligand (PD-L1, 
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CD80, CD86 and galectin-9) expression analysis on the D270 glioma cell line with the 

isotype antibodies control in blue. (C) Human PD-1, CD69, CD4 and CD8 staining on 

human CD3+ T cells in the mouse spleen ex vivo after 2173BBz CAR T cells infusion 

combined with anti-PD-1 checkpoint blockade in a D270 subcutaneously implanted NSG 

mouse model. Data shown as the percentage of positive cells. Statistically significant 

differences were calculated by unpaired t test. *P<0.05, **P<0.01, ***P<0.001. Data are 

presented as means ± SEM. 

 

 

Fig. S7. MiST was co-cultured with target cells and analyzed in vitro. (A) Un-transduced T 

cells, IL13Rα2 targeting (Hu08BBz) CAR T cells and minibody secreting Hu08BBz 
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CAR T cells (anti-PD1 and anti-CTLA4 MiST) were co-cultured with D270 tumor cell 

line. Median fluorescence intensity (MFI) was quantified by BV711-conjugated anti-PD1 

antibody and PE-conjugated anti-CTLA-4 antibody staining on CD4 and CD8 subgroups 

of CAR positive T cells after 24hrs or 48hrs co-culture. (B) The stimulation of IL13Rα2 

(Hu08BBz) targeting CAR T cells and minibody secretion ones was evaluated after co-

culture with D270 tumor cell line; median fluorescence intensity (MFI) was quantified by 

FITC-conjugated anti-CD69 antibody staining on CD4 and CD8 subgroups of CAR 

positive T cells after 24hrs or 48hrs co-culture. (C) The percentage of cytokine (IFNγ, 

IL2 and TNFα) staining positive T cells in CD4 and CD8 positive T cell subgroups was 

analyzed for IL13Rα2 targeting (Hu08BBz) CAR T cells and minibody secreted cells 

after co-culture with D270 target tumor cell lines. Statistically significant differences 

were calculated by one-way ANOVA with post hoc Tukey test. ns, not significant; 

*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. Data are presented as means ± SEM. 
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Fig. S8. The amino acid sequence of IL13Rα2 and canine osteosarcoma mouse models. (A) 

The amino acid sequences of human and canine IL13Rα2 were illustrated and compared 

with the software of Geneious. (B) Canine osteosarcoma tumor cell lines (BW-KOSA, 

CS-KOSA, MC-KOSA and SK-KOSA) were subcutaneously implanted into the right 
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flank of NSG mice with different doses. Bioluminescence imaging was repeatedly 

performed to evaluate the tumor growth in each group. Data are presented as means ± 

SEM. 

 

Movies S1. D270 glioma cell line orthotopic implanted NSG mouse model. GFP transduced 

D270 glioma cells were intracranially implanted into the mouse brain. Tumor cells were 

visualized in the mouse brain with two-photon microscope after skull thinning. bar 

scale=90μm.  

 

Movies S2. Human T cells in the mouse spleen. Human CAR T cells were labelled with 

CellTrace Violet (blue) and TRITC (red), then intravenously transplanted into an 

orthotopic glioma mouse model. Mouse spleen was removed and placed in media to be 

visualized in the two-photon microscope. bar scale=90μm. 


