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Supplementary Data 

 

Figure S1. Characterization of HAVCR2 (TIM-3) expression in samples from DIPG 

patients, related to Figure 1.  (A) Box plots showing mRNA expression of HAVCR2 
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and its ligands LGALS9 and CEACAM1 in DIPG patient samples. The lower and upper 

hinges correspond to the first and third quartiles. After stat (middle): median, 50% 

quantile, as well as the kernel density estimates as the width. (B) Box plots showing 

relative mRNA expression of TIM-3 (HAVCR2) in a cohort from St. Jude´s that includes 

all types of pediatric solid tumors (Ped Tumors (n=2483), pediatric brain tumors (Ped 

Brain Tumors (n=350), and DIPGs (n=31); top/bottom hinges: first and third quartiles, 

midline median, whiskers: max/min values) (C) Venn diagram showing the genes that 

significantly correlate with TIM-3 in microglia and in tumor cells, being only 6 common 

in both. Data obtained from single-cell RNA seq. (D) Dot plot showing TIM-3 expression 

in DIPG patient samples depending of H3 status. Data obtained from a previous patient’s 

scRNA-seq dataset (n=66). (E) Representative image of a human DIPG tumor samples 

showing multiplex IF analyses of TIM-3, H3K27M (tumor cells), CD68 (macrophages 

and microglia) and CD3 (T cells). (F) Representative TIM-3 IHC analyses of a healthy 

brain (without TIM-3 expression) and a DIPG tumor sample from a patient. 

  



Ausejo-Mauleon et al., 

3 

 

 

Figure S2. Evaluation of TIM-3 expression in murine and human cell lines, related 

to Figure 2. (A) Left panel, TIM-3 expression analyses by flow cytometry in TP54 and 

HSJD-DIPG-007. Right panel, representative flow cytometry histograms of TIM-3 MFI 

in TP54 and HSJD-DIPG-007. (B)  Up panel, Flow cytometry analysis of percentage of 
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TIM-3 expression in NP53 and XFM.  Down panel Representative images of TIM-3 

expression in NP53 and XFM murine cell lines by IF (scale bar, 20 µm). (C) Flow 

cytometry analysis of percentage of TIM-3 expression in H3WT, H3.1K27M and 

H3.3K27M cell lines (D) Mice were engrafted orthotopically with NP53 cells, sacrificed 

10 days later and the brains were subjected to multiplexed immunofluorescence analysis 

to detect TIM-3 and Nestin markers. The nuclei were counterstained with DAPI. 

Representative images (scale bar, 50 µm) are shown. (E) Western blot analysis of 

CEACAM1 expression in DIPG human and murine cell lines, using GRB-2 as 

housekeeping. (F) Left panel, representative images of CEACAM1 expression levels in 

NP53 (scale bar, 200 µm). Right panel, quantification of CEACAM1+ cells per mm2 of 

NP53 tumors (n=5). (G) Western blot analysis of galectin-9 expression in DIPG human 

and murine cell lines, using vinculin as housekeeping (H) Left panel, representative 

images of galectin-9 expression levels in NP53 (scale bar, 200 µm). Right panel, 

quantification of galectin-9+ cells per mm2 of NP53 tumors (n=5). Bar graphs indicate 

the mean ± SEM. 
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Figure S3. TIM-3 role in the tumor cell in vivo is not due to changes in the immune 

microenvironment but in its own metabolism, related to Figure 2. (A) Percentage of 

RNA TIM-3 expression in TP54 human DIPG cell line 72h after 10 µg/ml and 50 µg/ml 

doxycycline activation of the inducible TIM-3 shRNA normalize versus control. (B) 
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Viability assay (MTS) of control guide and TIM-3KO NP53 with different number of 

cells at day 5 after seed the cells.  (C) Transwell migration assay comparing TIM-3+ and 

TIM-3 KO cell lines 16 hours after seed the cells. (D). Viability assay (MTS) of control 

guide and TIM-3KO NP53 treated with anti-TIM-3 (10µg/ml), or its corresponding IgG, 

every 24h up to 5 days. (E) Viability assay (MTS) of NP53 control guide, G2C9 and 

G1C7 TIM-3KO cells 3 days after treatment with galectin-9 and CEACAM1 (TIM-3 

main ligands). (F) Representative hematoxylin/eosin staining images of mice bearing 

control guide or TIM-3KO NP53 tumors at the time of death (day 16) or at the end of the 

experiment (day 100). (G) Flow cytometry analysis of all immune populations in mice 

with NP53 control guide, G2C1 TIM-3KO or G2C9 TIM-3KO cells 7 days after tumor 

orthotopically implantation. (H) Flow cytometry analysis of all immune populations in 

mice with NP53 control guide, G2C1 TIM-3KO or G2C9 TIM-3KO cells 14 days after 

tumor orthotopically implantation. (I) Volcano plot of TIM-3+ and TIM-3KO NP53 cell 

line. Schematic representation of RNA-seq data. (J). Western blot analysis of AKT, 

pAKT308, pAKT473, S6, pS6, IkBα and p38 expression in TIM-3+ and TIM-3KO 

murine DIPG cell lines. Standardized quantification against its own vinculin 

(housekeeping) and a Student's t-test is performed for TIM-3+ versus TIM-3KO statistical 

analysis. Two-way ANOVA was performed on all graphs except for panels A and C (One-

way ANOVA). Bar and line graphs indicate the mean ± SEM (ns, P>0.05; *P<0.05; 

**P<0.01; ***P<0.001; ****P<0.0001). 
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Figure S4. Characterization of TIM-3 expression and anti-TIM-3 biodistribution 

according to intratumoral or systemic administrations in murine immunocompetent 

models, related to Figure 3. (A) Mice were engrafted orthotopically with NP53 cells, 

sacrificed 10 days later and the brains were subjected to multiplexed immunofluorescence 

analysis to detect the following immune cells markers: TIM-3, TMEM119, F4/80, CD4 
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and FOXP3. The nuclei were counterstained with DAPI. Representative images (scale 

bar, 20 µm) are shown. (B and C) Mice were engrafted orthotopically with NP53 cells, 

sacrificed 10 days later, and the brains for flow cytometry analyses of TIM-3 expression 

in the indicated immune populations of the brain microenvironment. Data is shown as (B) 

percentage and (C) MFI of TIM-3 expression (n=4). Bar graphs indicate the mean ± SEM 

(D) Evaluation of TIM-3 expression in different DIPG models. (Left panel) 

Representative images of H3 mutational status in four different DIPG models (one in 

utero electroporation models and 3 orthotopic implantation models). (Right panel) TIM-

3 expression representative images and quantification (TIM-3+ cell per mm2 of tumor). 

(scale bar, 200 µm) (E) Representative image of gallium67-labeled antibody 

biodistribution at day (d) 1, 3 and 7 after systemic administration. (F) Representative 

image of gallium67-labeled antibody biodistribution at day 1, 3 and 7 after intratumorally 

administration. (G) Quantification of the percentage of labelled antibody in the tumor 7 

days after intratumoral administration (mean ± SEM). (H) Ex vivo quantification of 

weight-corrected dose percentage in tumor, deep cervical LN (DC LN) and superficial 

cervical LN (SC LN) comparing intratumoral and systemic administration (n=2). Bar 

graphs indicate the mean ± SEM 
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Figure S5. Assessment TIM-3 blockade toxicity in vivo and immunological memory 

characterization, related to Figure 3. (A) NP53 fl/fl mice bearing NP53 cells 

orthotopically were treated as indicated in the schedule with IgG2a or anti-TIM-3 
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antibody. Mice from the different groups (n=12, per group) were weighed every 3-4 days 

until day 30. Left panel, data are shown as the mean ± SEM of the systemic schedule 

within each group at each time point. Right panel, data are shown as the mean ± SEM of 

the hybrid schedule within each group at each time point. (B and C) Evaluation of 

biochemical parameters related to hepatic toxicity after hybrid treatment. Mice were 

treated with IgG2a or anti-TIM-3 and serum samples were collected (B) 3 and (C) 14 

days later. Several parameters were measured, including alanine aminotransferase (ALT, 

U/L), aspartate aminotransferase (AST, U/L) and alkaline phosphatase (ALP, U/L) levels 

to monitor for hepatic injury and albumin (ALB, g/dL) levels to assess hepatic function. 

The student´s t test was performed. Bar graphs indicate the mean ± SEM (n=5). (D) 

Analyses of the percentage of T and NK cells in blood CD45+ cells of mice treated with 

FTY720 (E) Kaplan-Meier survival plot of long-term survivors (LTS) TIM-3 treated 

mice that were subjected to a new rechallenge after administration of the FTY720 drug 

in the NP53 model (Naïve +FTY720 n=4 and LTS +FTY720=6). Log-rank p=0.001. (F) 

Kaplan-Meier survival plot of long-term survivors (LTS) TIM-3 treated mice that were 

subjected to a new rechallenge after administration of the FTY720 drug in the XFM 

model (Naïve +FTY720 n=6 and LTS +FTY720=6). Log-rank p=0.07. (G) 

Representative images of long-term survivors (LTS) or naïve mice bearing NP53 and 

XFM tumors at the time of death in the FTY720 survival experiment. (H) Box plots 

showing mRNA expression of HAVCR2 in GBM patients samples compared with normal 

tissue (TCGA cohort; top/bottom hinges: first and third quartiles, midline median, 

whiskers: max/min values). (ns, P>0.05; *P<0.05; **P<0.01; ***P<0.001; 

****P<0.0001). 
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Figure S6. Characterization of the myeloid and lymphoid populations in the tumor 

microenvironment after TIM-3 blockade, related to Figure 4. (A) Schedule followed 

for the characterization of the different immune populations in the brains of mice bearing 

NP53 tumors on the indicated days after treatment with IgG2a or anti-TIM-3. (B-C) 

Analysis of (B) CD27+CD11b- and (C) CD27-CD11bhigh NK cells phenotype markers at 
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day 3 (n=4 per group). (D) MFI cytometry analyses of DCs maturation markers on days 

3, and 7 after treatment (n=4 per group). (E-F) Flow cytometry analyses of macrophages 

(F4/80+) (E) percentage on CD45+, Ki67+ cells and (F) phenotype markers on the 

indicated days after treatment (n=4).  (G) Flow cytometry analyses of different activation 

(GITR) and exhaustion (PD1, TIM-3) markers were performed in the CD4+ subset at 7 

days after i.t antibody administration (n=4). Left panel, representative image. Right panel, 

quantification of the expression expressed as the percentage on CD4+ T cells. (H) Flow 

cytometry analysis of TNF-α and IFN-γ expression after ex vivo stimulation of CD4+ TILs 

treated with IgG2a or anti-TIM-3 (n=5). (I) Flow cytometry analyses of CD4+ (up panel) 

and CD8+ (down panel) T cells phenotype at day 14 after i.t. treatment. (J) Analyses of 

the percentage of monocytes, granulocytes, and B cells per CD45+ on the indicated days 

(n=5; mean ± SEM). (K) Analyses of CD4+ T cells: Treg ratio in the tumor 

microenvironment at days 3, 7, and 14 (mean ± SEM). Two-way ANOVA was performed 

on all graphs except F and H panel (Student´s t test). Bar graphs indicate the mean ± SEM 

(ns, P>0.05; *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001). 
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Figure S7. Assessment of the role of NK and T cells immune populations in the anti-

TIM-3 efficacy, related to Figure 5. (A) FACS analysis of the percentage of NK cells 

in the spleen, blood and tumors of mice treated with the depletion NK antibody. (B) 

Kaplan-Meier survival plots of mice bearing NP53 cells (H3-mutated) treated with anti-

TIM-3 antibody and NK cells, CD4+ T cells and CD8+ T cells depletion antibodies alone.  

(C) Kaplan-Meier survival plots of mice bearing NP53 cells treated with anti-TIM-3 

antibody and a combination of NK cells+CD4+ T cells and NK cells+CD8+ T cells 

depletion. (D-E) FACS analysis of the percentage of NK, CD4+ T cells and CD8+ T cells 
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in the blood of mice treated with the depletion antibodies in both experiments. Two-way 

ANOVA was performed. Bar graphs indicate the mean ± SEM. One-way ANOVA was 

performed. Bar graphs indicate the mean ± SEM. (ns, P>0.05; *P<0.05; **P<0.01; 

***P<0.001; ****P<0.0001). 
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Figure S8. Assessment of the role of macrophages and microglia immune 

populations in the anti-TIM-3 efficacy, related to Figure 5. (A) Kaplan-Meier survival 



Ausejo-Mauleon et al., 

16 

 

plot mice bearing NP53 cells treated with anti-TIM-3 antibody or IgG2a and an anti-

CSFR1 drug (PLX). One-way ANOVA was performed. (B) Flow cytometric analyses of 

macrophages and microglia number of cells per mg tumor on day 3 in the indicated groups 

(C) Flow cytometric analyses of Ki67 MFI on microglia, CD4+ and CD8+ T cells, 3 days 

after anti-TIM-3 i.t. treatment. (D) Flow cytometric analyses of MHCII expression in 

macrophages on day 7 after treatment. (E) Flow cytometric analyses of microglia number 

of cells per mg tumor (left panel) and Ki67 MFI (right panel) on day 14 in the three 

treatment groups. (F) Flow cytometry analyses of CD8+ number of cells per mg tumor 

(left panel) and Ki67 MFI (right panel) comparing Vehicle+AbIgG2a, Vehicle+AbTIM-

3 and PLX+AbTIM-3 groups on the indicated day. (G) Flow cytometric analyses of CD4+ 

number of cells per mg tumor (left panel) and Ki67 MFI (right panel) on day 14 in the 

three treatment groups. (H) Flow cytometric analyses of Tregs number of cells per mg 

tumor (left panel) and Ki67 MFI (right panel) on day 14 in the three treatment groups. 

Bar graphs indicate the mean ± SEM. (ns, P>0.05; *P<0.05; **P<0.01; ***P<0.001; 

****P<0.0001).  
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Figure S9. Assessment of the role of superficial cervical tumor-draining lymph nodes 

in TIM-3 blockade, related to Figure 6.  Characterization of the composition of the 

superficial cervical tumor-draining lymph nodes of mice bearing NP53 tumors on the 

indicated days after treatment with IgG2a or anti-TIM-3.  (A) Flow cytometry analyses 

of the number of CD45+, CD4+ T cells, CD8+ T cells, B cells and DCs of superficial 

cervical LN (SC LN) seven days after i.t. treatment (n=5). (B) MFI analysis of MHCII 
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and CD80 expression on superficial cervical LN DCs at day 7. (C and D) Flow cytometry 

analysis of Ki67, TNF-α, GrzB, and IFN-γ expression after ex vivo stimulation of (C) 

CD4+ and (D) CD8+ T cells from superficial cervical LN treated with IgG2a or anti-TIM-

3. The student´s t test was performed on all graphs. Bar graphs indicate the mean ± SEM 

(ns, P>0.05; *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001). 
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Figure S10. Information about DIPG patients used in the different analyses, related 

to STAR methods. (A)  Table with the patient´s age and histone 3 mutations status 

regarding the samples used in the IF staining for TIM-3 in figure 1I and Figure S1E and 
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S1F (B) Flow gating strategy used for all tumor microenvironment immune population 

characterization experiments. (C) Table with data on the age and H3 mutational status of 

the PNOC patients included in the analysis of TIM-3 expression and other immune 

markers. (D) Table with  histone 3 mutation information of the patients used in the single-

cell RNAseq analysis. 




