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Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Single-cell RNA sequencing raw data files are available in the Gene Expression Omnibus under accession number GSE154795 and CyTOF raw data files are stored at
the Flow Repository under the ID FR-FCM-Z4LX. These files supply the data for figures 1-6 and supplementary figures 1-7. The raw single-cell RNA sequencing was
aligned to the Genome Reference Consortium Human Build 38 (GRCh38, GCA_000001405.15) prior to analysis. Source data is also provided with this paper. The
remainder of data that support the findings of this study, including multiplex IHC images and data files and processed CyTOF fcs files ready for analysis, are available
from the corresponding author upon reasonable request.

In this study, we included all patients where enough CD45+ immune cells were isolated from their surgical specimens and/or peripheral blood
samples to complete the described procedures. For CyTOF mass cytometry, we required at minimum input of 500,000 cells, and for single-
cell RNA sequencing, we required an input of at least 10,000 cells. No sample size calculations were made and number of cells to analyze
were determined by manufacturers' recommendations.

For CyTOF mass cytometry analysis, only live, intact single cells were analyzed. For single-cell RNA sequencing, dead cells or live cells with low
reads and/or low number of features (<200 features/cell) were filtered out.

Data collected on individual patient samples could not be replicated due to the limited quantity of available specimens.

Randomization was not applicable to this study as this study is a post-hoc analysis of the immune landscape of the glioblastoma
microenvironment from patient samples separated by their tumor stage and/or immune checkpoint inhibitor treatment

Blinding was not applied to this study as the key question of the project was to determine the transcriptional and phenotypic changes
associated with different tumor stages and/or with immune checkpoint inhibitor treatment, which required knowledge of each individual
patient.

34 marker CyTOF panel (all 1:50 dilution):

115In Ki67 SolA15 eBiosciences 14-5698-95

141Pr CD137 (4-1BB) 4B4-1 Biolegend 309802
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Validation

142Nd CD19 HIB19 Fluidigm 3142001B

143Nd CD25 (IL-2R) M-A251 Biolegend 356102

144Nd CD15 (SSEA-1) W6D3 Fluidigm 3144019B

145Nd CD4 RPA-T4 Fluidigm 3145001B

146Nd CD8 RPA-T8 Biolegend 301002

147Sm CD11c Bu15 Fluidigm 347008B

148Nd TIGIT MBSA43 Thermo Scientific 16-9500-82

149Sm CD278 (ICOS) DX29 BD 7801

150Nd CD152 (CTLA-4) 14D3 Invitrogen 14-1529-82

151Eu CD14 M5E2 Fluidigm 3151009B

152Sm TCR"# 11F2 Fluidigm 3152008B

153Eu TIM3 F38-2E2 Fluidigm 3153008B

154Sm CD45RO UCHL1 Biolegend 304202

155Gd CD279 (PD-1) EH12.2H Fluidigm 3155009B

156Gd CD274 (PD-L1) 29E.2A3 Fluidigm 3156026B

158Gd CD33 WM53 Fluidigm 3158001B

159Tb CD197 (CCR7) G043H7 Fluidigm 3159003A

160Gd CD39 A1 Fluidigm 3160004B

162Dy CD69 FN50 Fluidigm 3162001B

163Dy CD56 (NCAM) NCAM16.2 Fluidigm 3163007B

164Dy CD38 HIT2 Biolegend 303502

165Ho CD16 B73.1 Fluidigm 3165007B

167Er CD27 O323 Fluidigm 3167002B

168Er CD206 MMR Fluidigm 3168008B

169Tm CD45RA HI100 Fluidigm 3169008B

170Er CD3 UCHT1 Fluidigm 3170001B

171Yb CD68 Y1/82A Fluidigm 3171011B

172Yb CD196 (CCR6) G034E3 Biolegend 353427

174Yb HLA-DR L243 Fluidigm 3174001B

175Lu CD194 (CCR4) L291H4 Fluidigm 3175035A

176Yb CD127 (IL-7R!) A0195D5 Fluidigm 3176004B

209Bi CD11b ICRF44 Fluidigm 3209003B

Additional CyTOF antibodies not listed above that were used in other panels (all 1:50 dilution):

141Pr TIGIT MBS43 Fluidigm 16-9500-38

144Nd CD69 FN50 Fluidigm 3144018B

148Nd CD274 /PD-L1 29E.2A3 Fluidigm 3148017B

150Nd CD223 (LAG-3) 11C3C65 Fluidigm 3150016B

159Tb CD11c Bu15 Fluidigm 3159001B

161Dy CD152 (CTLA-4) 14D3 Fluidigm 3161004B

164Dy CD15/SSEA-1 W6D3 Fluidigm 3164001B

172Yb CD38 HIT2 Fluidigm 3172007B

mIHC Antibodies

CD14 EPR3653 Abcam ab133335 1:3500

CD206 CL0387 Sigma-Aldrich AMAB90746-25UL 1:300

HLA-DR EPR3692 Abcam ab92511 1:300

CD4 4B12 Dako M731029-2 1:50

CD45 2B11+PD7/26 Dako IR75161-2 1:200

CD8 C8/144B Dako IR62361-2 1:200

For metal conjugated antibodies used for CyTOF, validation was performed as described by the manufacturer (Fluidigm) or by the
UCLA Jonsson Comprehensive Cancer Center (JCCC) Flow Cytometry Core Facility using the appropriate positive and negative cell
staining and/or activation controls.

For antibodies used in mIHC analysis, validation was performed by the manufacturers (Abcam, Sigma-Aldrich, Dako) per their listed
validation protocols.




