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DNA methylation based glioblastoma subclassification 
is related to tumoral T-cell infiltration and patient 
survival
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Abstract
Background. Histologically classified glioblastomas (GBM) can have different clinical behavior and response to 
therapy, for which molecular subclassifications have been proposed. We evaluated the relationship of epigenetic GBM 
subgroups with immune cell infiltrations, systemic immune changes during radiochemotherapy, and clinical outcome.
Methods. 450K genome-wide DNA methylation was assessed on tumor tissue from 93 patients with newly diag-
nosed GBM, treated with standard radiochemotherapy and experimental immunotherapy. Tumor infiltration of T 
cells, myeloid cells, and Programmed cell death protein 1 (PD-1) expression were evaluated. Circulating immune 
cell populations and selected cytokines were assessed on blood samples taken before and after radiochemotherapy.
Results. Forty-two tumors had a mesenchymal, 27 a receptor tyrosine kinase (RTK) II, 17 RTK I, and 7 an isocitrate 
dehydrogenase (IDH) DNA methylation pattern. Mesenchymal tumors had the highest amount of tumor-infiltrating 
CD3+ and CD8+ T cells and IDH tumors the lowest. There were no significant differences for CD68+ cells, FoxP3+ 
cells, and PD-1 expression between groups. Systemically, there was a relative increase of CD8+ T cells and CD8+ 
PD-1 expression and a relative decrease of CD4+ T cells after radiochemotherapy in all subgroups except IDH tu-
mors. Overall survival was the longest in the IDH group (median 36 mo), intermediate in RTK II tumors (27 mo), 
and significantly lower in mesenchymal and RTK I groups (15.5 and 16 mo, respectively).
Conclusions. Methylation based stratification of GBM is related to T-cell infiltration and survival, with IDH and mes-
enchymal tumors representing both ends of a spectrum. DNA methylation profiles could be useful in stratifying 
patients for immunotherapy trials.

Key Points

1.  DNA methylation-based subclasses of GBM are related to local T cell infiltration

2.  IDH and mesenchymal are immunologically distinct methylation classes
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Glioblastoma (GBM) is the most frequent adult primary in-
trinsic brain tumor.1 Current standard treatment consists 
of maximal safe neurosurgical resection followed by ra-
diotherapy and temozolomide (TMZ) chemotherapy but 
only stabilizes the disease temporarily. Most patients de-
velop a recurrence within the first year after diagnosis, 
and median survival is only 15 months.2 Recently, different 
immunotherapeutic strategies have been explored as a po-
tential fourth treatment modality,3 but thus far no random-
ized clinical trials have been able to show a clear survival 
benefit. Histopathologically similar GBM can mask a hetero-
geneous group of tumors that probably respond differently 
to specific treatments. To account for this heterogeneity, 
several biological subclassification systems have been de-
veloped. The best known subclassification is based on the 
presence of a mutation in isocitrate dehydrogenase (IDH)1 
or 2.4 The majority (95%) of adult GBM do not harbor IDH 
mutations. IDH mutation status has recently been integrated 
in the standard classification of all diffuse gliomas, including 
GBM.5 In research, more extensive subgroups of GBM 
based on genome-wide gene expression patterns have been 
described,6 thus far without any real translation to the clin-
ical arena. In 2006 Phillips et al identified 3 prognostic sub-
groups in a dataset of malignant grade III and IV gliomas, 
named proneural, proliferative, and mesenchymal.7 The 
proneural class contained nearly all grade III lesions, but IDH 
mutation status was not included in this classification. In 
2010 Verhaak et al described 4 subgroups: classical, neural, 
proneural, and mesenchymal. These subgroups were correl-
ated with specific mutations and DNA copy number varia-
tions.8 Mutations of IDH1 were almost exclusively seen in 
the proneural group and mutations of epidermal growth 
factor receptor (EGFR) were typical for the classical group. 
Another classification method is based on the assessment 
of promoter-associated hypermethylation of specific gene 
loci.6 These epigenetic changes can affect gene expression 
and cellular function. The presence of O6-methylguanine-
DNA methyltransferase (MGMT) promoter methylation is 
predictive for increased benefit from TMZ chemotherapy9 
and used routinely in clinical practice. In 2012, Sturm et al 
published a comprehensive subclassification in 6 GBM 
groups based on characteristic DNA methylation patterns10: 
K27, G34, IDH1, RTK I, RTK II, and mesenchymal. K27 and 
G34 are mainly pediatric or adolescent GBM. These sub-
groups were correlated with certain chromosomal aberra-
tions, mutations, or gene amplifications. The RTK I group is 

enriched for platelet-derived growth factor receptor A am-
plification (PDGFRA). The RTK II group is characterized by 
chromosome 7 gain, chromosome 10 loss, cyclin-dependent 
kinase inhibitor 2A CDKN2A loss and amplification of epi-
dermal growth factor receptor (EGFR). The IDH group has 
global DNA hypermethylation. The mesenchymal group has 
no typical point mutations and showed a lower incidence of 
typical GBM genetic alterations. Although overlap was seen 
with the Verhaak classification, DNA methylation profiling 
does not exactly match with gene expression based sub-
classes.11 Recently, this DNA methylation-based classifica-
tion has been expanded for use in almost all known central 
nervous system tumors.12

In our research group at KU Leuven, a translational re-
search program investigating postoperative administration 
of dendritic cells (DCs) loaded with autologous tumor ly-
sate to induce antitumor immunity has been carried out for 
more than a decade.13,14 In the presented “Glioma Translat” 
study, we stratified tumor tissue of newly diagnosed GBM 
patients treated with postoperative radiochemotherapy 
and early or late DC vaccination, according to the DNA 
methylation based classification developed by Sturm 
et al.10 Subsequently, we correlated these subgroups with 
infiltrating immune cells, changes in systemic immune 
cells and survival.

Material and Methods

Patients, Clinical Data, and Tumor Tissue

Clinical data, tumor tissue, and blood samples were pro-
spectively collected from 132 patients with newly diag-
nosed primary GBM. All patients underwent a total or 
subtotal resection between 2010 and 2014 and had a post-
operative Karnofsky performance index of at least 70. 
After confirmation of pathology, patients were proposed 
a treatment with adjuvant experimental DC vaccination. 
After written informed consent, patients were treated 
with standard radiochemotherapy and DC vaccination. 
Progression was determined on serial MRI scans by a ref-
erence radiologist (G.W.). Overall survival (OS) was de-
termined as the interval between surgical resection of the 
primary lesion and death. Extent of resection (EOR) was 
scored on an early postoperative MRI scan (<72 hours 
after surgery) as total, subtotal or partial (respectively no, 

Importance of the Study

Despite the immense laboratory and preclinical research 
in the field of gliomas, clinical progress for patients suf-
fering from glioblastoma has been very limited. One of 
the factors leading to failure of promising new treat-
ments is most likely the heterogeneity of glioblastoma 
itself. We aimed to map the immunological landscape 
for different glioblastoma methylation subclasses, both 
in the microenvironment as well as in the circulating im-
mune cells. We show that certain methylation patterns 

of tumor cells are related to infiltration of T lymphocytes 
in the tumor tissue. Furthermore, we found evidence 
that these methylation patterns are related to intriguing 
shifts in immune cells in the blood during therapy. We 
believe that our study adds important knowledge to our 
understanding of glioblastomas, and demonstrates the 
importance of stratifying tumor samples in the context 
of immunotherapy trials.
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<2 cm3 and >2 cm3 contrast enhancing tissue). In 9 patients 
this early MRI was not available, and EOR was determined 
based on the intraoperative assessment of the neurosur-
geon and first available postoperative CT and/or MRI scan.

This initial consent contained the possibility to give ex-
plicit consent for (or specific objection against) the use of 
leftover samples for scientific research after the immuno-
therapy was ended. None of the patients objected. 13 pa-
tients who did not give explicit consent and were still alive 
at the start of the Glioma Translat study were contacted and 
received a new informed consent, of whom 11 approved. 
Two patients did not sign the additional informed consent. 
Leftover tissue and blood samples of patients who were 
deceased at the start of the Glioma Translat study could 
be used for scientific research according to Belgian law 
and after positive advice of the local ethical committee. Of 
the 130 included patients, 105 had leftover formalin-fixed 
and paraffin-embedded (FFPE) tumor tissue available for 
analysis. These samples were  reviewed by the reference 
pathologist (R.S.) to select parts with high content of vi-
able tumor tissue. A schematic overview of the inclusion 
process is given in Supplementary Figure 1.

Methylation Data Analysis and Classification 
Methodology

Genome-wide DNA methylation was performed as de-
scribed by Sturm et al.10 For this, 20 unstained sections of 
5 µm were prepared from the representative FFPE blocks, 
as well as reference flanking hematoxylin and eosin (HE) 
sections. Methylation data were generated using the 
HumanMethylation 450 Bead Chip (Illumina). For com-
parison, data of this study were analyzed together with 
methylation data of CNS tumors and normal tissue.12 Raw 
intensity signals were read and normalized with minfi ver-
sion 1.32.0 and DNA Array version 2.1 in parallel with the 
BiocParallel version 1.20.1. Probes with a P-value >0.01 in 
more than 10% of the samples are filtered out, as well as 
probes located on sex chromosomes, containing a single-
nucleotide polymorphism, or probes which were cross-re-
active and polymorphic in the microarray chip.15 Beta 
values were calculated, filtered, and sorted for the 25000 
most variable methylated probes. A t-distributed stochastic 
neighbor embedding analysis (t-SNE), comprising the 
samples generated for this study together with all sam-
ples from the study of Capper et al,12 was performed with 
the Rtsne package version 0.15 with the following param-
eters: theta = 0.5, pca = TRUE, perplexity = 30 and max_
iter = 5000. Hierarchical clustering was performed with the 
agglomeration method “ward.D2.” The distance was calcu-
lated with the Euclidean method for clustering and sorting 
the samples with packages factoextra version 1.0.7 and 
dendsort version 0.3.3. Again, the most 25 000 cytosine-
phosphate-guanines (CpGs) were used for calculation. The 
heat map was visualized with the heatmap package ver-
sion 1.0.012.

Samples were then classified using the experimental 
version v12.0 of the MolecularNeuropathology.org brain 
tumor classifier, with a molecular family cutoff of 0.8416 and 
a molecular class cutoff of 0.5.12 In 6 of these 105 samples, 
methylation analysis could not identify tumor tissue, and 3 

samples were reclassified after DNA methylation analysis 
(2 as oligodendroglioma and 1 as ependymoma). Of the 
remaining 96 samples, 65 samples were directly classified 
into a methylation group. The t-SNE analysis with the en-
tire reference cohort was then used to elucidate the nature 
of the other 31 cases (Supplementary Figure 2). Here we 
found that all these cases except 3 grouped together with 
the glioblastoma IDH wildtype family, and did not form a 
separate group. The 3 outlier cases were grouped close to 
normal brain samples of the reference cohort and indeed 
had a low tumor cell content on histology, albeit still rep-
resenting GBM. These samples were excluded from further 
analysis. For the other 28 unclassifiable samples, we per-
formed an unsupervised clustering to classify them into 19 
mesenchymal, 8 RTK I, and 1 RTK II (Supplementary Figure 
3). For MGMT promoter methylation, the cutoff score of 
0.358 was used according to Bady et al.17

Immunohistochemistry

Five-micrometer sections were prepared and stained for 
cluster of differentiation (CD)3, CD8, forkhead box (Fox)P3, 
CD68, and PD-1. A detailed list of the primary antibodies 
and staining methods is given in Supplementary Methods. 
Infiltrative (not perivascular) CD3+ T and CD8+ cells were 
assessed quantitatively. The whole sample was reviewed 
at low resolution (4x). In parts of viable nonnecrotic tumor 
tissue, 10 high power fields (HPF; 400x magnification; 
40x objective × 10x ocular)) were randomly selected, and 
infiltrating CD3+ T cells were counted. The sum of 10 HPF 
was used as total CD3+ count. The same strategy was used 
for CD8+ T cells. FoxP3+ density was assessed qualitatively 
as “absent,” “present,” or “abundant.” For PD-1 expression, 
a hot spot approach was used as described by other re-
search groups18: Areas with obvious CD3+ infiltration were 
identified and scored “PD-1 positive” as >1 PD-1 positive 
cell and “abundant” as >5 PD-1 positive cells per HPF were 
seen, respectively. Infiltrative CD68+ cells were assessed 
qualitatively as present in <25%, 25–50%, and >50% of 
tumor tissue. Examples of the different histology scores 
are given in Figure 1A–F.

Immune Cell Isolation and Flow Cytometry

A first blood sample was drawn 1–2 weeks after surgery, 
after withdrawal of steroids, but before the start of concomi-
tant radiochemotherapy (referred to as before RC). A second 
sample was taken after concomitant radiochemotherapy 
but before the start of adjuvant temozolomide (after RC). 
MRI scans were organized every 3 months or earlier upon 
clinical progression. Peripheral blood mononuclear cells 
(PBMCs) were isolated from fresh blood samples by centrif-
ugation in a density gradient (Lymphoprep, Fresenius Kabi) 
as previously described.19 Purified PBMCs were dissolved 
in human serum albumin (HSA; Baxter) with 10% DMSO 
(CryoSure-DMSO, WAK-Chemie) and stored in liquid ni-
trogen until use. For flow cytometry, all samples of a single 
patient were thawed, stained, and analyzed together as de-
scribed before.19 Detailed antibody panels and staining pro-
tocol are given in Supplementary Methods.

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
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Cytokine Analysis

Fresh blood samples were allowed to clot for at least 15 
minutes and were then centrifuged to obtain serum. Fresh 
serum was stored at −80 °C until use. All serum samples of 
a single patient were thawed and analyzed together. A set 
of cytokines was selected based on literature and previous 
experience in the lab: interleukin (IL)-10, IL-12, Vascular 
endothelial growth factor (VEGF), interferon gamma (IFN-
ɣ), monocyte chemoattractant protein 1 (MCP-1), and 
galectin (Gal)-1. For galectin-1, ELISA (enzyme-linked im-
munosorbent assay) with a goat anti-human galectin-1 
antibody was used as described.20 For the other cytokines, 
cytometric bead assay (CBA) was performed following 

the manufacturer’s protocol (Becton Dickinson [BD]). 
Acquisition was done with the BD SR Fortessa 2 and anal-
ysis with FCAP Array Software.

Statistical Analysis

Univariable Cox proportional hazards regressions models 
were used to test for the association between methylation 
subgroups and the immunohistochemistry data on the one 
hand and survival time on the other hand. Survival time 
was determined as the time between date of surgical re-
section and death. Patients alive were censored. To control 
for established prognostic variables as age, EOR, MGMT 
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Fig. 1 Infiltrating CD3+ and CD8+ cells were counted in 10 randomly chosen HPFs (A). CD68+ infiltration was scored as present in >25, 25–50 
or >50% of the whole tumor sample (B). PD-1 was evaluated using a hotspot approach, and scored positive if >1 cell per HPF (C) or obvious (D) if 
>5 cells per HPF were seen. FoxP3 infiltration was scored as absent, present (E) or abundant (F). The total number of counted CD3+ cells (G) and 
CD8+ cells (H) for each methylation class is given. Significant differences in pairwise comparisons are indicated (*P < 0.05, ***P < 0.005).
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promoter status, and the treatment variable of early versus 
late vaccination, a multivariable Cox model was con-
structed controlling for these factors. Survival curves were 
constructed using Kaplan–Meier estimates.

Immunohistochemistry data were compared between 
the methylation classes using 1-way ANOVA. To obtain a 
more symmetric distribution of the model residuals, the 
analysis was performed on log-transformed values when 
needed. Bonferroni or Tukey corrected P-values were re-
ported for the pairwise comparisons if the overall test was 
significant.

Blood immune parameters were analyzed with a linear 
mixed model for repeated measures to compare the ev-
olution over the 2 time moments (before and after RC). 
This model can handle missingness in the longitudi-
nally measured data and contained a random subject 
intercept to handle the correlation between the meas-
urements before and after RC. The model contained 
main effects of time and methylation subclassification. 
The interaction term was added to verify if the evolution 
over the 2 moments differed between the methylation 
subclassifications. Least-squares means (and 95% confi-
dence intervals) from these models were reported. If the 
interaction was significant, pairwise comparisons of the 
changes were performed, applying a Bonferroni correc-
tion for multiple testing.

For the analysis of OS as function of infiltration T-cell 
counts and blood immune values, results were obtained 
from a Cox regression, allowing nonlinearity (on the log 
hazard scale) using restricted cubic splines.

An alpha level of 0.05 was considered as significant in 
all analyses. Reported P-values were two-sided. Given 
the large number of performed tests, a single significant 
P-values needs to be interpreted with caution. All analyses 
have been performed using R version 3.3.3 (2017-03-06) 
in Rstudio. The mixed-effect model was performed by the 
nlme package (https://cran.r-project.org/web/packages/
nlme/index.html).

Results

A detailed case by case list of all 93 samples is given in 
Supplementary Table 1. This gives case-by-case details in-
cluding information on clinical data, methylation class pre-
diction, and interpretation of classification. Furthermore, 
immunohistochemistry and flow cytometry results 
are given.

Patient Methylation Profile Characteristics

Of the 93 tumor samples, 42 had a mesenchymal, 27 
an RTK II, 17 a RTK I, and 7 an IDH DNA methylation 
pattern (Table  1). Patients in the IDH subgroup were 
younger than patients in other subgroups, although 
this was not statistically significant. There were no 
significant differences in sex, EOR, and early or late 
vaccination.

  
Table 1. Patient characteristics, PFS and OS in different DNA-methylation based subgroups of GBM. PFS and OS are given in months after first 
surgery. P-values for OS and PFS in this table were determined in multivariate analyses

Mesenchymal RTK II RTK I IDH P-value

Number of patients 42 27 17 7  

Age      

Median 61 60 60 46 0.069

Mean 58.6 58.9 58.7 48  

Range 38–70 44–70 44–70 36–64  

Sex      

 male / female 31 / 11 13 / 14 12 / 5 5 / 2 0.174

 % male 73.8 48.2 70.6 71.4  

Extent of resection

 Partial 4 1 5 2 0.13

 Subtotal 16 8 5 3  

 Total 22 18 7 2  

 % Total 52.4 66.7 41.2 28.6  

DC Vaccination      

Early / late 21 / 21 15 / 12 7 / 10 4 / 3 0.82

% early 50 55.6 41.8 57.1  

Median PFS 3 11 10 24 0.0078

Median OS 15.5 24 16 36 0.0074

  

https://cran.r-project.org/web/packages/nlme/index.html
https://cran.r-project.org/web/packages/nlme/index.html
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
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Infiltrating Immune Cells According to DNA 
Methylation Profile

A detailed overview of all immunohistochemistry data is 
given in Supplementary Table 1. Immunohistochemistry 
for assessment of CD3+ T cells and PD-1 expression was 
available in 89 samples, and for CD8+, FoxP3+, and CD68+ 
myeloid cells in 91 samples. Mesenchymal tumors had 
the highest amount of infiltrating CD3+ T cells and IDH tu-
mors the lowest (median 79 vs 25 CD3+ T cells in 10 HPFs, 
respectively) (Figure 1G, Supplementary Table 2). The dif-
ference between tumor groups was highly significant 
(P = 0.0001). In a pairwise comparison between different 
methylation classes, significantly higher CD3+ counts in 
mesenchymal tumors than IDH and RTK I  tumors were 
found (Supplementary Table 3A).

As for the CD3+ T cells, we found the highest counts of 
CD8+ T cells in mesenchymal tumors and the lowest in IDH 
tumors (median 39.5 vs 8 per 10 HPF, respectively, overall P 
= 0.0017). In a pairwise comparison, the difference between 
mesenchymal and IDH tumors was significant (Figure 1H, 
Supplementary Table 3B). There was a clear correlation be-
tween CD3+ and CD8+ counts, although in 14 samples a 
higher CD8+ than CD3+ count was found (Supplementary 
Figure 4).

PD-1+ cells were assessed qualitatively, and 39/89 
(43.8%) samples showed PD-1 positivity. Differences 
were not significant between groups, although only 1 
PD-1 positive IDH tumor was seen. FoxP3, as marker for 
regulatory T cells, was scored similarly. Only 1 IDH tumor 
was FoxP3 positive, while other subclasses showed 
FoxP3 expression in 25 to 46% of samples. Abundant 

FoxP3 positivity was only seen in 2 mesenchymal sam-
ples. Also here there was no significant difference be-
tween classes. Infiltrating CD68+ myeloid cells were 
scored semi-quantitatively, but no significant differences 
between classes were found.

Systemic Immune Changes Before and After 
Radiochemotherapy

Blood samples were taken before (before RC) and shortly 
after (after RC) concomitant radiochemotherapy, and an 
analysis of immune cell populations and selected cyto-
kines was done. An example of the distribution of ob-
served values of white blood cells and their estimates from 
the linear mixed model for different methylation classes is 
shown in Supplementary Figure 5. The statistical analysis 
was done for all blood parameters. Number of available 
samples and results are summarized in Table 2.

As expected, absolute white blood cell (WBC) count and 
lymphocyte counts showed a significant decrease after 
radiochemotherapy, but no difference between methyla-
tion classes was observed.

Irrespective of methylation class, we found in the 
whole group of samples shifts in T cell (sub)popula-
tions between the 2 time points. CD4+ T cells decreased 
relatively (median 51.8  → 41.3%), while CD8+ T cells in-
creased (38.5  → 46.9%). The proportion of PD-1+ CD8+ 
cells and increased after RC (Table 2 – time effect). When 
differences between methylation classes were evaluated 
irrespective of the time point, no significant differences 
were found (Table 2 – meth. effect). Although there were 

  
Table 2. Blood was drawn before (Before RC) and after (After RC) radiochemotherapy. Immune cell fractions and cytokines were determined. 
Median and lower and upper quartiles (Q1-Q3) are given. Statistical analysis was done using a linear mixed effect model. In this model, 3 effects 
were verified: (1) the effect of time on the measured values, irrespective the methylation class (time), (2) the effect of methylation class on the mean 
value irrespective the moment (meth. class); and (3) the interaction between time and methylation class (time * meth. class). This last effect refers to 
differential changes over time between methylation classes. N represents number of available samples for each analysis

Before RC After RC P - value

 N Median Q1-Q3 N Median Q1-Q3 time meth. class time * meth. class

WBC (x109/L) 93 6.3 5.2–8.4 82 5.1 4.1–6.1 <0.001 0.58 0.19

Lymphocytes (x109/L) 93 1.3 1.1–1.7 82 0.8 0.7–1.1 <0.001 0.34 0.14

Lymphocytes (% of WBC) 93 22.4 18.0–26.4 82 16.7 12.9–21.1 <0.001 0.39 0.99

CD3+ (% of total CD45+) 92 38.8 30.5–50.1 85 39.7 27.0–52.8 0.29 0.06 0.68

CD4+ (% of total CD3+) 92 51.8 39.0–61.3 85 41.3 30.3–53.6 0.002 0.72 0.04

CD8+ (% of total CD3+) 92 38.5 28.8–49.2 85 46.9 36.5–59.5 <0.001 0.96 0.03

CD4+ PD-1+ (% of total CD4+) 92 39.9 27.9–49.6 85 44.0 31.7–56.3 0.17 0.29 0.07

CD8+ PD-1+ (% of total CD8+) 92 48.4 40.1–58.1 85 63.2 50.5–71.7 <0.001 0.37 0.01

Tregs (% of total CD4+) 92 6.6 5.1–8.9 84 10.9 8.0–16.0 <0.001 0.53 0.87

Regulatory T cell (Treg) PD-1+ (% of total 
Tregs)

92 46.0 38.9–56.5 84 39.8 30.2–53.1 0.02 0.61 0.05

IL-10 (pg/mL) 82 3.2 1.9–4.1 83 2.5 1.6–4.0 0.16 0.26 0.30

IL-12 (pg/mL) 82 14.1 8.3–22.1 83 30.5 17.1–52.8 <0.001 0.65 0.53

MCP-1 (pg/mL) 82 129.7 86.7–235.1 82 126.0 87.5–175.5 0.006 0.79 0.47

IFN-g (pg/mL) 82 1.1 0.2–2.4 82 0.9 0.0–1.5 0.55 0.26 0.23

VEGF (pg/mL) 82 58.7 35.7–120.5 83 44.4 26.2–74.4 0.003 0.96 0.76

Gal-1 (pg/mL) 81 2.0 1.7–2.2 82 1.7 1.5–2.1 0.15 0.50 0.88

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa247#supplementary-data
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no differences in the evolution of the general CD3+ cell 
population between methylation classes (Figure 2A), sig-
nificant differences are seen in T cell subpopulations. The 
decrease in proportion of CD4+ T cells was present in all 
groups, except the IDH group where we found an increase 
(41.6  → 47.4%, P =  0.04). Subsequent pairwise compar-
ison between groups did not show significant differ-
ences. The increase in CD8+ T cells that was seen after RC 
was present in all groups expect the IDH group, where 
a relative decrease was seen (47.7  → 41.4%, P =  0.03). 
Pairwise comparison between groups showed signifi-
cance between RTK I  and IDH (P =  0.025). For PD-1 ex-
pression on CD8+ cells, we found an increase after RC 
for RTK I, RTK II and mesenchymal tumors, while PD-1 
expression in IDH tumors remained stable (56.5  → 
56.0%, P =  0.01) (Figure  2C, D). Pairwise comparison 
showed significance between RTK I  and mesenchymal  
(P = 0.036) and RTK I and IDH (P = 0.030).

Selected cytokines were measured at the 2 time points 
(Table  2). After radiochemotherapy, we found a signifi-
cant increase in IL-12 and significant decreases in VEGF 
and MCP-1. There were no changes in IL-10, IFNγ  or 
Galectin-1. None of these changes in cytokines was re-
lated to specific methylation classes or differential evo-
lution in time.

Survival Analysis

The amount of CD3+ T-cell infiltration was inversely cor-
related with OS. In univariable analysis, there was a 
small but significant correlation with OS with a hazard 
ratio (HR) of 1.035 per unit CD3 (95% CI  =  1.006‒1.065,  
P = 0.019). The relation is visualized allowing nonlinearity 
(Figure  3A). In multivariate analysis, the HR remained 
1.031 but was not significant (95% CI 0.998‒1.065,  
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P = 0.065). The same trend was seen for CD8+ T-cell in-
filtration, without significance in univariate (HR = 1.057; 
CI  =  0.998‒1.119; P =  0.059) or multivariate analysis 
(HR = 1.054; CI = 0.992‒1.120; P = 0.091) (Figure 3B). When 
looking at survival across different methylation groups, 
OS of tumors in the IDH group was markedly longer than 
those of other methylation classes (Figure 3C), and the 
difference was significant in univariate (P = 0.0002) and 
multivariate (P = 0.0074) analysis (Table 3). An extended 
analysis between OS and blood immune cell populations 
and cytokines, both before and after RC, did not show 
statistically significant correlations.

Discussion

In this study, we subclassified 93 glioblastomas with the 
DNA methylation classification developed by Sturm et al10 
to search for correlations with infiltrating and circulating 
immune cells. Seven patients (7.5%) had tumor samples 
belonging to the IDH methylation subgroup, which is char-
acterized by global DNA hypermethylation and MGMT pro-
moter methylation. There is a large, yet not perfect, overlap 
between IDH methylation groups and the presence of IDH1 
mutations.10 In the tumor microenvironment, we found 
these IDH tumors to have the lowest CD3+ T-cell infiltration. 
Using immunohistochemistry to detect IDH mutated GBM, 
Berghoff et al found that IDH-mutated GBM have signifi-
cantly less CD3+ tumor-infiltrating cells than IDH-wildtype 
GBM.21 However, while we detected CD3+ cells in all sam-
ples, Berghoff found tumor-infiltrating lymphocytes in only 

21.4% of IDH-mutant and 66.7% of IDH-wildtype samples. 
This can be due to a different antibody and immunostaining 
methodology, as well as interpretation of the results. While 
we counted cells on a number of randomly chosen HPF, 
Berghoff et al used a semi-quantitative overall impression 
at low magnification. Anyhow, both studies suggest that 
IDH tumors are less infiltrated by immune cells, thereby 
confirming the status of immunologically “cold” tumors.

Mesenchymal tumors had the highest amount 
of infiltrating CD3+ T.  Using gene expression based 
subclassification, other researchers have also documented 
increased lymphocytic infiltrations in mesenchymal tu-
mors. Rutledge et al found tumor-infiltrating lymphocytes 
to be strongly enriched in the mesenchymal class.22 They 
suggested that the mesenchymal GBM could be more im-
munogenic. Prins et al described an increase in CD3+ and 
CD8+ infiltration in tumors with the mesenchymal gene 
expression pattern.23 In their phase I  study investigating 
the use of DC vaccination in 15 newly diagnosed GBM pa-
tients, a significantly increased OS was seen in patients 
with mesenchymal tumors (n = 9)  compared with a par-
tially matched mesenchymal tumor control group.

The relationship between infiltrating T cells and prog-
nosis in GBM remains controversial. In literature, posi-
tive,24–29 absence of correlation,22,30 or even a negative 
correlation31 with OS have been reported. A  table sum-
marizing studies on T-cell infiltration in gliomas is given in 
Supplementary Table 4. Although not significant in multi-
variate analysis (P-value 0.065), we found in our patients 
a clear trend towards worse OS with increased infiltrating 
CD3+ T cells, with HR for death of 1.031 per unit increase 
in CD3+ T cell count. The question remains whether GBM-
infiltrating lymphocytes are truly antitumoral or rather 
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anergic “bystanders,” or even immunosuppressive 
protumoral lymphocytes.

PD-1 positive cells were detected in 44% of samples, 
but did not show significant association with any methyl-
ation class or OS. However, in the IDH group only 1 out of 
7 samples showed weak PD-1 expression. Other methyla-
tion classes seemed to have more frequent PD-1 positive 
staining. In a large immunohistochemical study, Garber 
et  al found PD-1 positive tumor-infiltrating lymphocytes 
(TILs) in 35% of GBM and 77.8% of gliosarcomas.18

To assess systemic immune cell evolutions, we used 
flow cytometry. By using samples taken before and after 
radiochemotherapy, we aimed to make this dataset as 
homogeneous as possible. While general WBC and lym-
phocyte counts decreased after radiochemotherapy, the 
proportion of CD3+ T cells remained stable. However, we 
found a shift towards increased CD8+ and decreased CD4+ 
cells in all methylation subgroups except IDH. Although 
an increase in CD8+ T cells could suggest a cytotoxic im-
mune response, we also found these CD8+ cells to have 
increased expression of PD-1. We know from a previous 
study that, at the moment of surgery, PD-1 expression in 
the blood does not differ between  glioma  patients and 
healthy volunteers.19 The current study shows that PD-1 ex-
pression in the blood increases after radiochemotherapy. 
This observation suggests that surviving CD8+ T cells 

after radiochemotherapy might evolve towards an ex-
hausted and / or anergic phenotype.32 Theoretically, 
PD-1 expression can also represent early activation, al-
though this is less likely in the immune suppressed state 
after several weeks of radiochemotherapy. Intriguingly, 
IDH tumors did not show this evolution, but were found 
to have a decrease in the proportion of CD8+ T cells after 
radiochemotherapy with stable PD-1+ CD8+ T cells. As this 
was only a small group of 7 patients and differences be-
fore and after RC values were small, this finding of “sys-
temic immune inertia” in IDH mutated GBM needs to be 
confirmed. Changes in systemic immunity are important 
during the course of GBM, but currently not fully under-
stood. Grossman et al described that patients with CD4+ 
T cells <200 cells/mm3 had a significantly decreased sur-
vival that was related to tumor progression and not to se-
vere infections.33 Fadul et al found a significant decrease in 
mean total white blood cell count and mean lymphocyte 
count after radiochemotherapy, without changes in the rel-
ative distribution of CD4+ and CD8+ T cells or the myeloid 
compartment.34

We did not see significant differences in CD68+ positive 
cells. It was shown that that mesenchymal tumors have 
higher numbers of tumor-associated macrophages.35 
This contrasting finding could have several reasons. Our 
research focused mainly on T cells and CD68+ cells were 

  
Table 3. Univariate and multivariate analysis of Overall Survival of different DNA methylation tumor subgroups, adjusted for age at resection, EOR, 
early versus late vaccination and MGMT promoter methylation in a Cox proportional hazards model. # = reference category

Variable Hazard Ratio 95% CI P-value

 Univariate analysis

Methylation subclassification    0.0002

 IDH # # #

 mesenchymal 4.83 1.84 – 12.71 0.001

 RTK I 3.86 1.39 – 10.67 0.009

 RTK II 1.99 0.76 – 5.23 0.16

 Multivariate analysis

Methylation subclassification    0.0074

 IDH # # #

 mesenchymal 3.90 1.35 – 11.21 0.012

 RTK I 3.36 1.14 – 9.92 0.029

 RTK II 1.80 0.62 – 5.18 0.28

Age at resection  1.0 0.97 – 1.03 0.97

Early vs late DC vaccination     

 Early # # #

 Late 0.72 0.44 – 1.15 0.17

EOR    0.42

 Partial # # #

 Subtotal 0.75 0.36 – 1.58 0.45

 Total 0.62 0.30 – 1.30 0.21

MGMT promoter methylation    <0.001

 Methylated # # #

 Unmethylated 2.67 1.63 – 4.37 <0.001

 Not determinable 2.0 0.76 – 5.24 0.16
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only assessed as a general marker for myeloid cell in-
filtration, without further characterization. Furthermore, 
the qualitative (and not quantitative) assessment 
method and low sample size could contribute to the ob-
served differences.

Conclusion

Immunological profiling of methylation subgroups of GBM 
seems to distinguish IDH tumors and mesenchymal tu-
mors as both ends of a spectrum. Hypermethylated IDH tu-
mors are immunologically “cold” and characterized by low 
amounts of tumor-infiltrating CD3+ T cells, low PD-1 ex-
pression, and a longer median OS. Mesenchymal tumors 
have high amounts of infiltrating CD3+ T cells but a shorter 
median survival. Systemic immune monitoring reveals 
a shift toward proportionally increased PD-1 expressing 
CD8+ cells after radiochemotherapy, except in IDH tumors 
which seem more immunologically “inert.” Our results 
strongly suggest that DNA-methylation-based stratifica-
tion of GBM should be recommended in future immuno-
therapy trials.
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