
Supplemental Materials and Methods 

Mouse orthotopic intracranial-injection model  

Mice were anesthetized with an intraperitoneal injection of 0.1 ml of stock solution 

containing ketamine HCl (25 mg/ml), xylazine (2.5 mg/ml), and 14.25 % ethyl alcohol (diluted 

1:3 in 0.9 % NaCl). For the stereotactic intracranial injection, the surgical site was shaved and 

prepared with 70 % ethyl alcohol. A midline incision was made and a 1 mm diameter right 

parietal burr hole, centered 2 mm posterior to the coronal suture and 2 mm lateral to the sagittal 

suture, was drilled. Mice were placed in a stereotactic frame and 4 × 105 GL261- or 2-5 × 103 

B16-F10- cells in 2.5 µL saline were intracranially-injected (ic.) with a 26-gauge needle at a 

depth of 3 mm. The needle was removed and the skin was sutured with 4-0 nylon thread.   The 

protocol was approved the University of Chicago IACUC.   

 

Reagents and treatments  

1-methyl-D-tryptophan (D1-MT) was a generous gift of New Link Genetics (Ames, IA), 

while 1-methyl-L-tryptophan (L1-MT; 44,743-9) was obtained from Sigma-Aldrich (St. Louis, 

MO). For use in the drinking water, the 1-MT stereoisomers were prepared as a 5 mg/mL stock 

in 0.1 N NaOH, adjusted to pH 7.4, except where noted. Temozolomide (TMZ; Merck and Co., 

Inc.) was reconstituted in PBS to a final concentration of 8 µg/µL in a total i.p. injection volume 

of 100 µL similar to as previously described (28).  For T cell depletion experiments, 250 μg anti-

CD4 (clone GK1.5; BioXCell) and/or 250 μg anti-CD8 (clone YTS 169.4; BioXCell) per mouse 

was delivered 4 times by intraperitoneal (i.p.) injection every 3 days. For blockade of CTLA-4, a 

100 μg loading dose of anti-CTLA-4 (clone 9H10; BioXCell) was administered i.p., followed by 

three 50 μg maintenance doses every 3 days. For blockade of PD-L1 or Lag-3, a 500 μg loading 



dose of anti-PD-L1 (clone 10F.9G2; BioXCell) or anti-Lag-3 (clone C9B7W; BioXCell) was 

administered i.p., followed by three 200 μg maintenance doses of each antibody every 3 days, 

respectively. For blockade of GITR, a one-time 1 mg dose of anti-GITR (clone DTA-1; 

BioXCell) was administered i.p. 

 

Western blotting  

Wild-type, IDO-/- and Rag1-/- mice intracranially-implanted GL261 cells were euthanized 

1 and 3 weeks post-intracranial implantation (wp-ic.) followed by removal of the glioma. Tissue 

was homogenized on ice, centrifuged and resuspended in M-PER (ThermoScientific) with HALT 

protease inhibitor cocktail (ThermoScientific) and Phosphatase Inhibitor cocktail (Roche) for 

protein extraction. Protein concentrations were quantified by Coomassie Plus (Bradford) Protein 

Assay (ThermoScientific) and 50 µg of protein extract was used per lane in a 10% sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel (Bio-Rad). Transfer to a 

PVDF membrane was completed and the membrane was submerged in blocking buffer (5% 

nonfat dry Milk in TBS-T) for two hours. Membranes were sequentially re-probed with primary 

and secondary antibodies. Primary antibodies against indoleamine 2, 3-dioxygenase (IDO) 

[Abcam ab106134 (does not cross react with IDO2)], IDO2 [Lifespan Biosciences, Inc. 

LSC153865 (does not cross react with IDO1)], tryptophan dioxygenase (TDO) [Lifespan 

Biosciences, Inc. LSC111058] and β-actin [Sigma] were applied overnight in separate reactions. 

The membrane was washed 4 × 10 minutes with TBS-T and Horseradish peroxidase (HRP)–

conjugated secondary antibodies (Santa-Cruz). After one hour, the membrane was washed 5 × 10 

minutes with TBS-T. The chemiluminescence reaction was completed using the Immun-Star 

WesternC Chemiluminescence kit (Bio-Rad) and the membrane was imaged. 



 

Flow cytometry and T cell stimulation  

Single cell suspensions were made from brain, cervical draining lymph node (dLN) or 

spleen by mashing cells through a sterile 70 µM nylon mesh cell strainer (Fisher Scientific) using 

the rubber end of a 3 mL syringe into ice-cold PBS (Gibco).  Red blood cells were removed by 

treatment with ACK Lysis Buffer (Lonza) for ten minutes on ice. For brain isolates, cells were 

mixed in a PBS/30% Percoll solution and gently pipetted onto a 70% Percoll cushion. The 

samples were centrifuged at 1200 × g for 30 min., with no brake activated at the end of the 

centrifugation. The top layer (mostly composed of tumor cells, neurons and non-myeloid-derived 

glia) was aspirated, followed by isolation of the leukocyte layer.  The cells were washed in cold 

PBS, twice, to remove any Percoll from the solution. Select groups were incubated with Cell 

Stimulation Cocktail (PMA/ Ionomycin/ Brefeldin A/ Monensin; Ebioscience) for 5 h in cRPMI 

at 37°C. Cells were incubated in PBS + 2 % bovine serum albumin (Sigma-Aldrich), blocked 

with anti-FcR (clone 2.4G2; Bio-Xcell) and then stained with antibodies against CD3, CD4, 

CD8, CD44, CTLA-4, PD-1, CD39, Lag-3, TIM3 and/or BTLA. Cells were then permeabilized 

and fixed overnight at 4°C using the Mouse Regulatory T Cell Staining Kit (Ebioscience) 

according to manufacturer’s instructions and stained with antibodies against FoxP3, IFN-γ and/or 

Aiolos for 30 min on ice. Cellular frequency was determined with the LSR II flow cytometer 

(BD) and Flowjo analysis software (TreeStar, Cupertino, CA). 


