SUPPLEMENTAL MATERIAL AND METHOD

Peripheral blood analysis

Blood samples were analyzed by the Pathology Core Laboratory at the University of Texas MD
Anderson Cancer Center. Routine hematology fluorescence flow cytometry of whole blood samples were
carried out using an XN-10 automated analyzer (Sysmex Corporation). Data on healthy individuals (rn =
57), glioblastoma patients (n = 60), grade III brain tumor patients (n = 30 [anaplastic astrocytoma, n = 17;
anaplastic oligodendroglioma, n = 13]), low-grade (I + II) brain tumor patients (n = 33 [grade I juvenile
pilocytic astrocytoma, n = 17; grade II diffuse glioma, n = 3; grade II oligodendroglioma, n = 13]) was

collected.

Glioblastoma tissue microarray

Glioblastoma-specific tissue microarrays (TMAs) were constructed under protocol number PA12-
0136 and contained 137 glioblastoma samples described previously (1). For TMA construction, two 1-
mm cores per tumor sample were obtained from different areas of the tumors. The rationale for using
TMAs was to facilitate analysis of the largest number of tumor samples possible. The study
neuropathologist (G.N. Fuller) gathered the tissue sections from archived paraffin-embedded blocks and
confirmed the pathologic tumor type. The time from resection to fixation was less than 20 minutes in all

cases, in accordance with the Clinical Laboratory Improvement Amendments standard.

Glioblastoma volumetric analysis
Image analysis and software

A total of 85 patient images were available for analysis. The 3D-Slicer software (version 4.3.1;
www.slicer.org;), an open-source image analytics platform, was used for all image processing and
segmentation (2-4). The segmented images were reviewed by two experienced neuroradiologists (R.R.

Collen and A. Elakkad).



Image registration

The contrast-enhanced T1-weighted imaging (T1WI) and Fluid-Attenuated Inversion Recovery
(FLAIR) sequences were used in the study. Prior to segmentation, each FLAIR image was registered to
the contrast-enhanced T1WI, and they were rigidly aligned with each other. Resampling was performed,
when differences in voxel size between the FLAIR and post-contrast TIWI were observed. Adequate
registration was designated as an error of 2-mm or less.
Image segmentation and volume extraction

The contrast-enhanced T1WI was used for segmentation of the enhancing portion (defined as
active tumor) and non-enhancing central T1-hypointense portion (defined as necrosis) of the tumor. The
perilesional non-enhancing FLAIR hyperintense portion of the tumor, defined as the edema/invasion
component, was segmented using the FLAIR sequence. Hyperintensity on pre-contrast T1WI was used to
assess for hemorrhage. Images were segmented from the peripheral (edema/invasion) to central
(necrosis). Three main distinct imaging phenotypes were segmented, and the edema/invasion, tumor and

necrosis volumes were obtained.

Immunofuorescence study

Staining with an anti-Ibal antibody was used to detect the microglia/macrophages in the
glioblastoma TMA samples. Five-micrometer paraffin-embedded TMA sections were deparaffinized and
subjected to graded rehydration prior to staining. Standard antigen retrieval (10 mM citrate buffer, pH
6.0) and blocking with 10% serum were performed, followed by incubation with an anti-Ibal antibody
(diluted 1:1000; Wako Pure Chemical Industries, Ltd.) overnight at 4°C. Afterward, slides were incubated
with an Alexa Fluor 555-conjugated antibody (diluted 1:1000; Invitrogen). Fluorescently-labeled slides
were stained with 4',6-diamidino-2-phenylindole (Sigma) and mounted with a fluorescence mounting
medium (Dako). Imaging was performed using the Vectra Automated Multispectral Imaging System
with a Vectra 2 microscope (Perkin Elmer). Ibal-positive cells were quantified using the InForm 2.1

software (Perkin Elmer) and manually by an independent scientist.



Antibodies

Human immune cells were stained with the following antibodies and matched IgG controls:
CD11b-PE, CD33-APC, CD45-APC-H7, CD86-PerCP-Cy5.5, CD163-Brilliant Violet 421, and HLA-
DR-DP-DQ-FITC (BD Biosciences); CD206-APC and CD14-PE-Vio770 (Miltenyi Biotec); CD15-
PerCP-Cy5.5, CD33-Brilliant Violet 570, CD33-PerCP-Cy5.5, CD80-PE-Cy7, and colony-stimulating
factor 1 receptor (CSF-1R)/CD115-APC (Biolegend); and CD204-PE (R&D Systems). For intracellular
staining, IL10-APC, pSTATI1-Alexa Fluor 488, and pSTAT3-PerCP-Cy5.5 (BD Biosciences) and TGF-

B1 (LAP)-PE-Cy7 and TNF-a-Brilliant Violet 421 (Biolegend) were used.

Surface marker and intracellular cytokine staining

The most commonly used criterion to distinguish CNS microglia from macrophages is differential
CD45 expression (CD45™" for microglia and CD45"%" for macrophages) in CD11b'/CD11c" cells (5-7).
Human MDSCs express the cell surface markers CD11b, CD45, and CD33 (8). CD11b" cells were
incubated with fluorescence-labeled primary antibodies or matched isotype IgG controls for 15 minutes at
4°C. For intracellular cytokine analysis, CD11b" cells were fixed with Fix/Perm (BD Biosciences),
washed in PermWash (Transcription Factor Buffer Set; BD Biosciences) according to manufacturer’s
protocol, and stained with fluorescence-labeled monoclonal antibodies or isotype controls for 50 minutes
at 4° C. Before acquisition, cells were re-suspended in a 0.1% paraformaldehyde solution (Santa Cruz
Biotechnology) in PBS. Approximately 1x10° live gated events based on forward scatter and side scatter
were assessed using a Gallios 561 Flow Cytometer (Beckman Coulter), and analyzed using the FlowJo

software (Tree Star Inc.).



RNA isolation and comparative analysis

After extraction using a mirVana kit (Ambion), RNA samples from glioblastoma-infiltrating
CD14" cells (n = 4) with matched CD14" blood cells and CD14 " blood cells from healthy donors (n = 4)
were checked for purity and quality using an Agilent Bioanalyzer before being submitted to Human
Whole Genome OneArray Version 5.1 (30,275 human genes) analysis provided by the Phalanx Biotech
Group (Belmont). This microarray data were submitted to the Gene Expression Omnibus database

(National Cancer for Biotechnology Information) under accession number GSE77043.

Identification of glioblastoma subtypes
RNA isolation and sequencing

For RNA-sequencing, total RNA from 27 glioblastoma samples was isolated using a Masterpure
Complete DNA and RNA Purification Kit (Epicentre) after proteinase K digestion according to the
manufacturer’s instructions. Paired-end sequencing of the RNA was performed using an Illumina
HiSeq3000 at the MD Anderson Sequencing and Microarray Core Facility. An average of 55 million
paired-ends was generated for each sample (range 43-71 million). Each end was 75 bp in size. Short
transcript reads were mapped to human protein-coding genes in an Ensembl reference transcriptome
(version 64), and reads per kilobase per million reads and values were generated using Pipeline for RNA-
sequencing Data Analysis (9). The Cancer Genome Atlas glioblastoma transcriptional subtypes
(Proneural, Neural, Classical and Mesenchymal) (10, 11) were assigned to the 27 samples using single-
sample gene set enrichment analysis (GSEA) (12) and previously defined subtype signature genes (10,

11). The accession number is GSE77530.

nCounter miRGE assay
Using a mirVana miRNA isolation kit (Life Technologies) according to the manufacturer’s
protocol, total RNA from healthy-donor CD14" blood cells (n = 11) and glioblastoma-patient CD14"

blood cells (n = 11) were extracted and used in a Nanostring analysis, and glioblastoma-infiltrating



CD14" cells (n = 11) with matched CD14" blood cells (n = 11) were extracted and used for a second
Nanostring analysis. RNA concentration was measured using a Nanodrop 2000c spectrophotometer
(Thermo Scientific). RNA (200 ng) at a concentration of 40 ng/ul in a total volume of 5 ul was prepared
for an nCounter miRGE assay. Our custom-made CodeSet detects 99 mRNAs (Table 1), 24 miRNAs, and
5 long noncoding RNAs (IncRNAs) (Table 2). The nCounter miRGE assay is a highly sensitive,
multiplexed assay designed to detect both mRNAs and miRNAs in a single tube from total RNA. Sample
preparation and hybridization were performed for the miRGE assay according to the manufacturer’s
instructions (NanoString Technologies, Inc.). Briefly, RNA samples were prepared by ligating a specific
DNA tag (miR-tag) onto the 3' end of each mature miRNA according to the manufacturer’s instructions,
and excess tags were removed via restriction digestion at 37°C. After processing using an miRNA sample
preparation Kkit, the entire 10-pl reaction volume containing mRNA and tagged miRNAs was hybridized
with a 10-pl reporter CodeSet, 10 pl of hybridization buffer, and a 5-ul capture ProbeSet (for a total
reaction volume of 35 pul) at 65°C for 16-20 hours. Excess probes were removed using two-step magnetic
bead-based purification with an nCounter Prep Station. The specific target molecules were quantified
using an nCounter Digital Analyzer by counting the individual fluorescent barcodes and assessing target
molecules. The data were collected using the nCounter Digital Analyzer after obtaining images of the

immobilized fluorescent reporters in the sample cartridge using a charge-coupled device camera.

Analysis of Nanostring and microarray data
Nanostring

Nanostring data were analyzed using the NanoStringNorm R package (version 1.1.17). The
following normalization parameters were used: 1) CodeCount (positive controls): geometric mean; 2)
Background (negative controls): mean plus two standard deviations; and 3) SampleContent (RNA
content): top geometric mean (top 75% expressed). Given the technical differences in sample preparation,
miRNA expression data were analyzed independently of mRNA and IncRNA expression data (13).

Differential expression between groups was assessed using a two-sample, two-sided #-test. Multiple



testing corrections were performed using the Benjamini-Hochberg method. The maximum false discovery
rate threshold level (g-value) was 0.05.
Microarray

Normalized RNA expression matrices were obtained from Phalanx Biotech Group. Differential
expression analysis was performed using the limma R package (version 3.22.7).
Functional enrichment analysis

Pathways and ontologies enriched in global expression were investigated by two complementary
strategies. 1) Pre-ranked GSEA was performed using limma differential expression gene expression -test
statistics. 2) Ingenuity pathway analysis (IPA; summer 2015 release; QIAGEN) was performed using the
threshold log2 expression ratio (absolute) > 1 and g-value < 0.01.
Data visualization and unsupervised analyses

Both microarray expression array and Nanostring data were visualized using the ggplot2 graphing
package in heat maps of log2 expression values scaled for each gene across samples. Plots of enriched
gene sets or pathways were also generated with ggplot2. Hierarchical clustering of the data was
performed in the R language using Ward's method with the square root of the Jensen-Shannon divergence
as the distance metric. Plots illustrating differentially expressed genes detected by Nanostring or
microarray reflect the statistical thresholds described above. Hierarchical clustering and principal
coordinate analysis of Nanostring expression profiles in Figure 7 considered all genes with a mean log2

expression value > 1.
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Supplemental Figure 1. (A) Numbers of MDSCs in the blood of glioblastoma patients not given (n = 29)
or given the steroid dexamethasone (n = 25) before tumor resection. The data are presented as the mean +

SD. An unpaired #-test with Welch’s correction was used to calculate P values. *P < 0.05. (B) Numbers



of monocytes in the blood of glioblastoma patients not given (n = 30) or given the steroid dexamethasone
(n = 28) before tumor resection. The data are presented as the mean = SD. An unpaired #-test with
Welch’s correction was used to calculate P values. ns, not significant. (C) Representative histograms for
CD14-positively (top) and -negatively (bottom) selected cell fractions from glioblastoma-patient blood
cells stained with anti-CD14 (left) and CD11b (right) antibodies. (D) Gating strategy for glioblastoma-
patient peripheral blood mononuclear cells is shown. CD11b" cells were gated based on dot plots for
FS/IgG (top left) and FS/CD11b (top right). Monocytes (CDI11b"/CDI14"), monocytic MDSCs
(CD11b"/CD14"€"/CD15"), and neutrophilic MDSCs (CD11b'/CD14"¥/CD15") were distinguished based
on dot plots for IgG/IgG (bottom left) and CD15/CD14 (bottom middle). A representative histogram
overlay for CD33 expression in monocytes, monocytic MDSCs, and neutrophilic MDSCs relative to
isotype control (gray histogram) is shown. (E) Numbers of neutrophils in blood obtained from healthy
donors (red circles, n = 57), low-grade (I + II) brain tumor patients (black squares, n = 33), grade III brain
tumor patients (blue triangles, » = 30), and glioblastoma (GBM) patients (green triangles, n = 60). The
data are presented as the mean £ SD. An unpaired #-test with Welch’s correction was used to calculate P
values. **P < (0.01; ****P < (0.0001. (F) Numbers of neutrophils in the blood of glioblastoma patients not
given (n = 30) or given the steroid dexamethasone (n = 28) before tumor resection. The data are presented

as the mean + SD. An unpaired #-test with Welch’s correction was used to calculate P values. **P < 0.01.
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Supplemental Figure 2. GSEA enrichment plots

and expression heat maps for glioblastoma-patient

CD14" blood cells (GBM-MO, n = 4) and healthy-donor CD14" blood cells (H-MO, n = 4).
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Supplemental Figure 3. Gating strategy for analysis of immune cells isolated from glioblastomas. Brain
tumor samples were enzymatically digested, and the myelin was separated by Percoll gradient
centrifugation. CD11b" cells were separated using a magnetic-bead-conjugated anti-CD11b antibody and
stained with IgG-PE, IgG-APC, 1gG-BV570 (isotype controls) or CD11b-PE, CD45-APC-H7, and CD33-
BV570 (stained) to identify myeloid cells. Glioblastoma-infiltrated immune cells were analyzed using
side-scatter versus forward-scatter dot plots for both the isotype (A) and stained cells (B). (C) and (D)
analysis of 1 x 10’ cells of CD11b" cells from the G1 gate. G2, G3, G4 gates were drawn to indicate
microglia (CD11b'/CD45""), MDSCs (CD11b"/CD45™% and macrophage (CD11b'/CD45"¢")
populations, respectively. Additional histograms for CD33 expression in MDSCs (E), microglia (F), and

macrophages (G) are shown.



Supplemental Figure 4

Supplemental Figure 4. Representative volumetric analysis of left temporal glioblastoma in a 63-year-
old man. (A) T1 postcontrast image. (B) Image of segmented tumor label overlaid on the postcontrast
image. Of note is the segmented enhancement/tumor in yellow and necrosis in red. (C) Image of the
segmented tumor label overlaid on a FLAIR image registered on the T1 postcontrast image as the

baseline. (D) Segmented label depicting edema/invasion (blue), tumor (yellow) and necrosis (red).
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Supplemental Figure 5. Expression of CSF-1R in a glioblastoma myeloid-lineage compartment. (A)

Representative histogram overlay for CSF-1R expression in monocytes and MDSCs from glioblastoma-

patient blood sample compared to isotype control (gray histogram). (B) Representative histogram overlay

for CSF-1R expression in MDSCs, microglia, and macrophages isolated from resected glioblastoma

tissue relative to isotype control (gray histogram). MFI of CSF-1R expression in MDSCs, microglia, and

macrophages isolated from four glioblastomas. The data are presented as the mean =+ SD.



Supplemental Figure 6
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Supplemental Figure 6. Representative histograms for CD14-positively (top) and -negatively (bottom)
selected cell fractions from resected glioblastoma (GBM) tissue stained with anti-CD14 (left) and -CD11b

(right) antibodies.
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CD14" cells (GBM-M, n = 4) and matched CD14" blood cells (GBM-MO, n = 4).
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Supplemental Figure 8. In vitro model of monocyte-to-macrophage differentiation and polarization

toward the M1, M2a, and M2c phenotypes. (A) Morphology of non-polarized M0 and M1-, M2a-, and

M2c-polarized macrophages. Scale

50 um. (B) Scheme of macrophage polarization in vitro. (C)

Representative histogram overlay for MHC class 1I, CD80, CD86, TNF-a, p-STAT1, CD163, CD204,



CD206, CSF-1R, TGF-B1, and IL-10 expression in M0, M1, M2a, and M2c macrophages relative to
isotype control (gray histogram). (D) Expression of M1 and M2 markers in M0, M1, M2a, and M2c
macrophages is shown. The data were derived from three independent experiments and are presented as
the mean £+ SD. A linear mixed-effects model was used to calculate P values (M1, M2a, and M2¢ vs. MO0).
*P <0.05; ¥**P <0.01; ***P <0.001; ****P < 0.0001. (E) Results of statistical analysis of each marker.
ns, not significant. A random effects model was used to calculate P values. (F) MFI of MHC class II,
CD80, TGF-B1, and IL-10 expression is shown. The data are presented as the mean £ SD. A two-sided

paired t-test was used to calculate P values. *P < 0.05; **P < 0.01.



