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ABSTRACT

Background: PD-L1 has been widely reported as immune check points in a range of malignancies as well
as some immune-originated diseases. In glioma, the role of PD-L1 remains unclear. We aimed at
investigating its role at transcriptome level and relationship with clinical practice.

Method and patients: In total, 976 glioma samples with transcriptome data, including 301 microarray data
from Chinese Glioma Genome Atlas (CGGA project) and 675 RNAseq data from TCGA project, were
enrolled into our study. Clinical and IDH mutation data were also available. R language was used as the
main tool for statistical analysis and graphical work.

Results: PD-L1 expression was found to be positively correlated with WHO grade of glioma. PD-L1 seemed
to express more in mesenchymal subtype according to TCGA transcriptional classification scheme and
may contribute as a potential marker for mesenchymal subtype in glioblastoma. Pearson correlation test
indicated that PD-L1 showed robust correlation with PD1, PD-L2, and CD80 in CGGA dataset. Subsequent
gene ontology analysis based on significantly correlated genes of PD-L1 revealed that PD-L1 seemed to be
profoundly associated with T cell activation. To further investigate the relationship between PD-L1
expression and immune response, we selected a series of immune signatures, which were then
transformed into metagenes, and found that PD-L1 expression was particularly paralleled with T-cells and
macrophages-related immune response instead of B cell linage-related immune response. In line with the
corresponding biological process, PD-L1 exhibited predictive value for glioma patients: Higher PD-L1
indicated significantly shorter survival, especially in glioblastoma.

Conclusion: PD-L1 is upregulated in glioblastoma, and is synergistic with other check point members.
Moreover, PD-L1 is significantly associated with T-cell activation and macrophage-related immune
response and predicts much worse survival for patients, warranting clinical trials of PD1/PD-L1 checkpoint
inhibitors for potential glioma treatment.
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Introduction ) 13 . )
non-clear-cell renal cell carcinoma, ~ gastrointestinal stromal

Gliomas are the most prevalent and devastating primary brain
tumors in adults. Despite improvements in the standard of
care, patients who suffer from glioblastoma, the most aggressive
type, only have a median survival time of 15 mo."? A substan-
tial body of work has also pointed to a growing recognition of
the interplay between glioma and immunity.>

Programmed death-ligand 1 (PD-L1), also termed as cluster
of differentiation 274 (CD274) or B7 homolog 1 (B7-H1), is
widely reported across a range of malignant tumors,®” including
breast cancer,® T-cell lymphoblastic lymphomas,” non-small cell
lung cancer,'®'" primary central nervous system lymphomas,"

tumors,'* metastatic bladder cancer,'® etc. PD-L1 is a transmem-
brane protein that is supposed to play a vital role in blocking the
cancer immunity cycle during particular events such as tumori-
genesis, pregnancy, autoimmune disease, and other disease
states. Many studies sought to determine a correlation between
the expression level PD-L1 and survival and have yielded rela-
tively congruent results. In malignant tumors, patients who have
over-expression of PD-L1 in their tumors usually live a relatively
shorter survival than those with relatively lower PD-L1 expres-
sion.'”'®"” Thus, therapies targeting PD1/PD-L1 have been
increasing greatly in the past decade,'®'® aiming at restoring the
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immune activity in tumors, but with inconsistent responding
rate across different tumors.”*°

Heretofore, we failed to find a single comprehensive
report about PD-L1 expression in whole WHO grade glio-
mas. Only one study presented by Nduom et al. !
described PD-L1 expression in glioblastoma, which
accounted for about 40% of glioma. To explore the PD-L1
expression status in all glioma, we took advantage of Chi-
nese Glioma Genome Atlas (CGGA) data set, including
RNAseq data and mRNA microarray data of whole grade
glioma. To further validate what we have revealed in
CGGA dataset, we obtained RNAseq data of glioma from
TCGA network (http://cancergenome.nih.gov/) and found
that the consistency of results between two cohorts was fairly
satisfying. This is the first integrative study characterizing PD-
L1 expression in whole grade glioma molecularly and clinically.

Methods
Sample and data collection

In CGGA data set, we have collected transcriptome data of 301
samples, ranging from WHO grade II to grade IV, generated by
Agilent Whole Human Genome Array platform.”” In TCGA
dataset, RNAseq data (level 3, RSEM normalized data) of 675
samples of whole WHO grades, ranging from WHO grade II to
grade IV, were available. Upon analyzing with TCGA RNAseq
data, RSEM value was log transformed. Thus, in total, PD-L1
transcriptional expression data of 976 samples were evaluated.
Written informed consents were obtained from the patients (or
their families) for CGGA project. This study was approved by
the Ethics Committee of Capital Medical University, Beijing,
China.

Detection of biomarkers of glioma

IDH1/2 mutations are the most common mutations in glioma,
especially in lower grade glioma and secondary glioblastoma,
which developed from a less malignant lesion. For CGGA cohort,
IDH1/2 mutations were detected by pyrosequencing which has
been described in our previous s‘[udy.23 For TCGA cohort, IDH
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mutation data were downloaded from TCGA website, which
were called from whole exon sequencing data or pyrosequencing.

Statistical analysis

R language was used as the main tool for the statistical analysis
and generating figures.** Multiple variates cox proportional haz-
ard model was performed using coxph function provided in sur-
vival package.”® Other figures were generated by several R
packages, such as pheatmap, pROC,*® circlize,”” and corrgram.
Gaussian test was performed before data analysis which required
Gaussian distribution. A p value less than 0.05 is considered to be
statistically significant. All statistical tests were two-sided.

Results

PD-L1 expression was upregulated in glioblastoma and
downregulated in IDH mutant glioma

Due to prominent heterogeneity of molecular nature across dif-
ferent glioma, PD-L1 expression of 301 samples with mRNA
microarray data was analyzed according to the WHO grade
system and IDH mutation status. In CGGA cohort, glioblas-
toma showed the highest PD-L1 expression when compared to
grade IT and grade III glioma (Student t test, p value = 3.71 x
10~® and 0.0024, respectively; Fig. S1A). This result was well
validated in TCGA RNA sequencing data (Fig. S1B), which fur-
ther suggested that higher PE-L1 expression was accompanied
by higher malignancy in glioma in line with other malignant
tumors reported previously. Moreover, when IDH mutation
status was added as a sub-classifier, we found that in IDH wild-
type glioblastoma showed significantly distinct pattern of PD-
L1 expression from IDH mutant glioblastoma of both CGGA
and TCGA data set (Figs. 1A and B). Furthermore, IDH
mutant-type showed universally lower expression of PD-L1
than that of IDH mutant glioma, across different grades,
though no statistical significance was observed in some groups.
This indicated that PD-L1 check-point-related immune
response were more prevalent in IDH wild-type glioma which
further reflected different biological pattern between these two
kinds of tumors.

PL-L1 Expression in TCGA dataset
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Figure 1. PD-L1 expression in CGGA (A) dataset and TCGA (B) data set according to IDH status. *** indicates p value< 0.001, * indicates p value < 0.05.
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Figure 2. PD-L1 expression in molecular subtypes (A, B) and predictive value for mesenchymal subtype (C, D).

PD-L1 was a potential marker for mesenchymal molecular
subtype

To investigate the molecular relevance between PD-L1 and glioma,
we asked the distribution of PD-L1 expression in different molecu-
lar subtypes defined by TCGA network. As shown in Figs. 2A and
B PD-L1 was significantly upregulated in mesenchymal subtype
than other subtypes in both CGGA and TCGA dataset, except for
classical subtype in CGGA data set, which also showed apparent
trend although not significant. This result enlightened us that PD-
L1 may serve as a biomarker for mesenchymal subtype. ROC
curves for PD-L1 expression and mesenchymal subtype in all gli-
oma were performed and under curve area is 80.1% and 80% in
CGGA and TCGA dataset, respectively (Figs. 2C and D).

PD-L1 was synergistic with other check point members
in tumor-induced immune response

PD-L1 is one of the ligands of PD1 and the conjugation of two
molecules can suppress immune response by suppressing T-

cells functioning. Cortez et al.*® identified a novel mechanism

that TP53 could regulate the expression of PD-L1 through
microRNA-34 which contributed to immune evasion of tumor.
Thus, we put p53 into analysis together with PD-L1, PD1,
CD80, and PD-L2 expression. Pearson correlation was per-
formed with these five factors in both CGGA and TCGA data
set. In whole grade glioma of CGGA, PD-L1 showed high con-
cordance with PD1, PD-L2, and CD80, indicating active PD1/
PD-L1 pathway (Fig. 3A). To our knowledge, higher inflamma-
tion and immune response are induced more in glioblastoma
than lower grade glioma. To examine the relationship among
these immune check point members in glioblastoma, Pearson
correlation was performed additionally. As Fig. 3B indicated,
these check point members showed even higher correlation
with each other. In line with CGGA dataset, the correlation
among check point markers was also very robust in TCGA data
set (Figs. 3C and D), suggesting synergistic effects of these
markers. Moreover, only a very weak correlation between p53
expression and PD-L1 expression was revealed, which may be
accounted for by noise.
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Figure 3. Correlation of PD-L1 homologs and family members in glioma (A, C) and GBM (B, D).

Many other check point members that have been assessed as
therapeutic targets in clinical or preclinical trials, additional
immune genes or immune checkpoints were enrolled into the
analysis, such as B7-H3, B7-H4, LAG-3, and TIM-3,>*° sum-
marized by Pardoll.®

TIM-3 was reported to be upregulated in higher grade gli-
oma than lower grade lesions.’" Circos plots demonstrated that
PD-L1 expression was tightly associated with Tim-3 and
B7-H3 (Fig. 4). These results remind us that when glioma
acquire resistance to PD-L1 inhibitors, we need to be aware of
the arising Tim-3 or B7-H3.

PD-L1-related biological process

PD-L1 expression was heterogeneous across different grade gli-
oma. To investigate the biological feature of glioma with different
PD-L1 expression, we asked the genes that strongly correlated
with PD-L1 expression (Pearson |R| > 0.5) in each dataset. Totally,
989 and 775 genes in CGGA and TCGA data set were eligible for
subsequent analysis, respectively. To yield an accurate result, sig-
nificantly related genes that were shared by two dataset were cho-
sen for Gene Ontology analysis with online methods (DAVID,
https://david.ncifcrf.gov/). We found that genes that positively
correlated with PD-L1 expression were more involved in
immune response, especially T cell activation (Figs. 5A and B).
While genes that negatively correlated with PD-L1 expression

were more involved in normal biological process, such as cen-
tral nervous system neuron differentiation, chordate embryonic
development, etc. This suggested that PD-L1, together with
PD1, CD80 were induced more as immune suppressors in the
tumor environment in which inflaimmatory and immune
response were more active. As aforementioned, PD-L1
expressed more in GBM or mesenchymal molecular subtype,
taking GBM as a distinct group of glioma, we expanded our
knowledge of GBM by evaluating associated biological process.
Significantly correlated genes shared by GBM of two data sets
were further analyzed, and it turned out that, other than higher
immune response, PD-L1 were positively associated with
angiogenesis (Figs. S2A and B). These findings suggested that
PD-L1 pathway activation was paralleled by vascularization of
GBM, which indicated a more aggressive nature of glioma.

PD-L1-related inflammatory activities

To get further understanding of PD-L1-related inflammatory
activities, we chose seven clusters of 104 genes in total which
were subsequently defined as metagenes® (Table S1), represent-
ing different types of inflammation and immune response
(Table S1). As shown in Fig. 6A, in CGGA dataset, most clus-
ters were positively associated with PD-L1 expression except
for IgG, which was mainly associated with activities of B lym-
phocytes. To validate what we found in clusters, seven
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Figure 7. Survival analysis for PD-L1.




metagenes were generated with results of Gene Sets Variation
Analysis (GSVA)** of corresponding clusters of genes. Corr-
grams were derived according to Pearson r value between PD-
L1 and seven metagenes (Fig. 6B). PD-L1 was positively associ-
ated with HCK, LCK, and MHC-I, but was negatively associ-
ated with IgG, in consistent with what we observed in Fig. 6A.
We observed similar pattern in glioblastoma of CGGA data set
(Fig. S3). These results suggested that PD-L1 was upregulated
as an immune suppressor when macrophages and T cells sig-
naling transduction were activated in glioma. While B linage-
related immune responses were not much involved in glioma,
in contrast to frequent interaction between PD1/PD-L1 path-
ways and T-cell-related gene expression signatures.

PD-L1 predicts worse survival in glioma

To explore the influence on survival, we tested the prognostic
value of PD-L1. In two datasets, survival data were available for
298 patients and 622 in CGGA and TCGA data set, respectively.
As shown in Figs. 7A and B, when taking all types of glioma into
account, patients who had higher PD-L1 expression in their
tumors lived a significantly shorter survival than the counterparts.
Due to heterogeneity across different grade of glioma, we addi-
tionally investigated the prognostic value of PD-L1 expression in
GBM of two datasets (Figs. 7C and D). When comparing the two
groups defined by PD-L1 expression, we observed a similar pat-
tern of Kaplan-Meier curves as Figs. 7A and B. Those findings
indicated that PD-L1 was a negative prognosticator in glioma due
to suppressive effect on T-cell-related immune response.

Conclusion

PD-L1 is upregulated in glioblastoma, and is synergistic with
other check point members. Moreover, PD-L1 is significantly
associated with T-cell activation and macrophage-related
immune response and predicts much worse survival for
patients, warranting clinical trials of PD1/PD-L1 checkpoint
inhibitors for potential glioma treatment.

Discussion

Gliomas are the most common primary malignant brain tumors
in adults. Limited improvement of treatment has been made
despite combination of surgery, chemotherapy and radiotherapy
after diagnosed. Gliomas develop within the relatively immune-
privileged central nervous system and thrive in a microenviron-
ment of relative immunosuppression. Immune therapy becomes
an increasingly eye-catching method for glioma,”>** especially
in GBM, shedding a shimmering light on glioma treatment.

We also have noticed that a study about PD-L1 expression in
glioblastoma which accounted for about 40% of glioma pub-
lished in Neuro-oncology as we finished this manuscript. To fur-
ther address the role of PD-L1 expression and distribution in
glioma, we extended our analysis to whole grade glioma as an
integrative research. As immuno-therapy is becoming more and
more important to malignant tumors, a primitive investigation
of PD-L1 in glioma is of great necessity. In this study, we took
advantage of CGGA and TCGA data set and totally 976 samples
were enrolled into the analysis. We found that PD-L1 expression
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was upregulated in higher grade gliomas and mesenchymal sub-
types, indicating that PD-L1 expression was associated with
more malignant biological process. Additionally, PD-L1 may
serve as an indicator of mesenchymal subtype. Lower expression
of PD-L1 usually was companied by IDH mutation, suggesting
IDH mutant gliomas were involved in less tumor-induced
immune response than that IDH wild-type gliomas.

PD-L1 were expressed synergistically with PD1, PD-L2, and
CD80, with were also involved in PDI1/PD-L1 pathway.
Through seven immune-related clusters, we revealed that PD-
L1 expression were positively correlated with T cell activation,
macrophage-related immune response and probabilities of acti-
vation of interferon. This result is in line with the primary func-
tion of PD1/PD-L1 pathway, suppressing T cell functioning in
tumors. Immune response, especially in relatively immune
privileged environment, is induced by tumor-related pathologi-
cal process in glioma. Lymphatic vessels have been discovered
in central nervous system by Louveau,” providing solid proof
and explanation to high level of T cell activities in glioma. Fur-
thermore, high expression of macrophages-related gene signa-
tures may derive from microglia cells, which are considered to
be resident macrophages of the brain and spinal cord and func-
tion as immune defender in central nervous system.

Moreover, PD-L1 expression predicted significantly worse
survival for glioma patients. This prognostic value was also
observed when taking GBM as a separated type of glioma.
Interestingly, PD-L1 seemed to be correlated with angiogenesis,
corresponding to highly vascularization of GBM in contrast to
lower grade glioma, which further validated the relationship
between PD-L1 expression and malignant process.

Many pre-clinical and clinical trials have been carried out to
investigate the effects of blocking PD1/PD-L1 pathway,”*° and
observed durable antitumor effect in a range of malignancies.
In this study, we confirmed PD-L1 expression was highly acti-
vated in glioma, especially in GBM. A clinical study with spe-
cific immune checkpoint inhibitors seems to be warranted in
glioma. Meanwhile, evaluation of the composition of the tumor
microenvironment should be included in clinical trials. Thus,
we propose immune-therapy using PD-L1 blockade as an ave-
nue toward new therapy against human glioma.

About neuro-oncology, they have done a good job, focusing
on PD-L1 expression and prognostic value on glioblastoma.
We extended the research to all grades of glioma, ranging from
WHO grade II to WHO grade IV, which profoundly extended
the spectrum of research on PD-LI.
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