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Background: Glioma is one of the most common, primary, and lethal adult brain
tumors because of its extreme aggressiveness and poor prognosis. Several recent
studies relevant to the immune function of CD44, a transmembrane glycoprotein
as a significant hyaluronic acid receptor, have achieved great success, revealing the
critical role of CD44 in immune infiltration in gliomas. The overexpression of CD44
has been verified to correlate with cancer aggressiveness and migration, while the
clinical and immune features of CD44 expression have not yet been thoroughly
characterized in gliomas.

Methods: Molecular and clinical data of glioma collected from publicly available
genomic databases were analyzed.

Results: CD44 was up-expressed in malignant gliomas, notably in the 1p/19q non-
codeletion cases, isocitrate dehydrogenase (IDH) wild-type, and mesenchymal
subtypes in GBM samples. CD44 expression level strongly correlates with stromal
and immune cells, mainly infiltrating the glioma microenvironment by single-cell
sequencing analysis. Meanwhile, CD44 can be a promising biomarker in predicting
immunotherapy responses and mediating the expression of PD-L1. Finally, RUNX1/
CD44 axis could promote the proliferation and migration of gliomas.

Conclusions: Therefore, CD44 was responsible for glioma growth and progression.
It could potentially lead to a novel target for glioma immunotherapy or a prognostic
biomarker.
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Introduction

Gliomas are the most common primary, lethal brain tumors in
adults (1). The World Health Organization’s classification of gliomas
classified central nervous system tumors into four different grades,
and the grade IV glioblastoma multiforme (GBM) is the most
devastating, malignant, and incurable astrocytic glioma (1, 2). The
molecular diagnosis and classification of gliomas emphasized that the
mutational status of isocitrate dehydrogenase (IDH) should be
considered as the critical biomarker of malignancy. Except for IDH
status, O-6-methylguanine DNA methyltransferase (MGMT)
methylation is hitherto regarded as another significantly prognostic
biomarker. Other markers are merely related to grade and further
estimate prognosis, such as CDKN2A/B homozygous deletion in
IDH-mutant astrocytoma, as well as 1p/19q co-deleted, TERT
promoter mutation, EGFR ampliﬁcation or mutation, and +7/-10
copy number changes in IDH-wildtype diftuse astrocytoma (3).

Multiple approaches and therapies have been explored to increase
the efficiency of care and try to prolong survival in glioma patients
over the recent several years, such as traditional aggressive surgery,
radiation therapies, and chemotherapies, plus available new cocktails
of drugs (4, 5). At the same time, the life expectancy of patients with
GBM is fewer than 15 months after diagnosis with the standard of
care (1, 6). To improve this situation, new therapeutic strategies are
desperately needed to target the critical signaling pathways involved
in gliomas and reduce their mortality and morbidity (7, 8).

Immunotherapy is extremely attractive for further exploration as
a new therapeutic approach due to the emerging evidence from recent
discoveries and studies demonstrating long-lasting tumor remission
with fewer side effects. For example, PD-1, the typical immune
checkpoint and the most dominant target molecule in cancer
immunotherapy, has now aroused the majority of attention. Yet,
despite limited achievements in treating several solid tumors with
PD-1 antibody inhibition, such as the esophagus or non-small cell
lung cancer, few advances have been found in glioblastoma (9, 10).
Another inhibitory immune pathway is cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4), which is also viewed as a critical
role in the aggressiveness of gliomas. The anti-therapy aimed at
CTLA-4 seems less successful in gliomas because of complicated
reasons, including the blood-brain barrier and a lack of guiding
biomarkers of the blockade (11). Although many scientists have
been trying different strategies, such as peptides and dendritic cell
(DC) vaccines, there was not much success in clinical trials, especially
the increased overall survival (OS) with good life quality. More efforts
still are needed in this area (12).

CD44, also known as cluster determinant 44, is a single-pass
transmembrane glycoprotein comprised of four domains:
cytoplasmic, transmembrane, stem structure, and amino-terminal.
And its amino-terminal domain can be the docking site for the
extracellular matrix (ECM) components like hyaluronic acid, which
is the main glycosaminoglycan in the brain’s ECM and play a critical
factor in glioma invasion. The stem structure works as a linking part
between the transmembrane and amino-terminal domains, and its
function has remained unknown. The function of the transmembrane
region of CD44 was expected to be associated with lipid rafts.
Significantly, the cytoplasmic domain can interact with proteins
involved in motility and cell adhesion, including ankyrin and ERM
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proteins. In addition, this region also can interact with various
regulatory and adaptor molecules implicated in cell signaling, which
is the basis of CD44 as a pivotal role in MMP-mediated matrix
degradation, tumor development, migration, and invasion (13).

Previous research has provided evidence of high CD44 expression
in different tumors, such as head and neck cancer, lung cancer, breast
cancer, etc. (14-16). However, the mechanism of CD44’s involvement
in cancer metastasis remains unknown. A finding based on bone
metastatic cancer stem cells has revealed that the interaction with HA
may be the possible reason, making it a potential target for drug
intervention (17). Some studies also illustrated that several variant
isoforms of CD44 are directly linked with the signal pathway of
cancer cell migration and invasion (18, 19). A few studies have
focused on the molecular and clinical pattern of CD44 expression
in gliomas. CD44 serves as a hazardous marker in grade II/III gliomas
(20). CD44 was reported to be associated with glial dynamics in the
tumor microenvironment (21). MiR-373/miR-520s-CD44 axis could
significantly inhibit the growth and invasion of GBM (22). CD44
expressed by myeloid cells was found to promote the invasion of
glioma (23). EHD1 was revealed to promote the cancer stem cell
(CSC)-like traits of glioma via interacting with CD44 and suppressing
CD44 degradation (24). Besides, CD44 was recently demonstrated to
be associated with the M2-polarization of tumor-associated
macrophages and immunosuppression of glioma (25). Notably,
spatially resolved proteomic profiling recently identified CD44 as a
biomarker associated with anti-PD-1 sensitivity in advanced non-
small-cell lung cancer (26). Osteopontin/CD44 could control CD8+ T
cell activation and tumor immune evasion (27). Therefore, CD44 was
proposed as a potential regulator of macrophage and immunotherapy
in gliomas.

In this study, we tried to figure out the role of CD44 expression
and thoroughly investigated the molecular pattern of CD44 as well
as the clinical association with LGG and GBM. By researching the
whole database, our study is the first complete one that characterizes
and delineates the expression of CD44 in LGG and GBM from
molecular and clinical views. CD44 was found as an important
regulator of macrophage and immunotherapy in gliomas. Besides,
RUNX1/CD44 axis critically mediated the proliferation and
migration of gliomas. Understanding the CD44 expression pattern
and features in glioma better will assist in different optimal
strategies for glioma therapies.

Materials and methods
Data collection

The Cancer Genome Atlas (TCGA), Chinese Glioma Genome
Atlas (CGGA), and Gene Expression Omnibus (GEO) datasets were
mainly used for the follow-up study. Ivy Glioblastoma Atlas Project
(GAP) dataset (28) and Gill dataset (29) were included.
Mutation analysis

Copy number alternations (CNAs) associated with CD44

expression were analyzed using GISTIC 2.0.
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Immune analysis

The immune infiltrating cells were quantified by MCPcounter
algorithm (30), ssGSEA algorithm (31), and TIMER algorithm (32).
ESTIMATE algorithm (33) was used for calculating the
microenvironment scores. The cancer immunity cycle was
conducted using get set variation analysis (GSVA) (34, 35). 114
metabolic pathways from the previous literature were quantified
using GSVA (36).

Single-cell RNA sequencing analysis

The scRNA-seq matrix of GSE138794 (37) was conducted using
the R package Seurat. The detailed procedure was reported in our

» o«

previous study (38). “FeaturePlot”, “Dimplot”, and “VInPlot” were
applied to visualize the expression of CD44. Single-cell pseudotime
trajectories analysis was processed using the R package Monocle (39).
Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes

(KEGG) enrichment analyses were performed.

Western blotting assay

The western blotting assay evaluated the expression level of
RUNXI1, CD44, PD-L1, and B-actin. Anti-RUNX1 (ab240639,
Rabbit, 1:1000, Abcam, UK), anti-CD44 (15675-1-AP, Rabbit,
1:2000, Proteintech, China), anti-PD-L1 (66248-1-Ig, Mouse,
1:2000, Proteintech, China), and anti-B-actin (66009-1-Ig, Mouse,
1:5000, Proteintech, China) were applied as the primary antibody.
HRP goat anti-mouse IgG (SA00001-1, Mouse, 1:5000, Proteintech,
China) and HRP goat anti-rabbit IgG (SA00001-2, Rabbit, 1:6000,
Proteintech, China) were applied as the secondary antibody.

RT-qPCR assay

The primers of GADPH (F ACAGCCTCAAGATCATCAGG;
R GGTCATGAGTCCTTCCACGAT) and CD44 (F CAGCTCA
TACCAGCCATCCA; R TGGGGTGTGAGATTGGGTTG) were
designed by the primer 5.0. Total RNAs were extracted and
reversely transcribed into cDNA by HiScript Q RT SuperMix for
RT-qPCR. GADPH and CD44 expression levels were conducted
using 2-AACT.

Cell culture and transfection

U251 cells were cultured in Dulbecco’s modified eagle medium
(DMEM), with 10% fetal bovine serum (FBS) in the saturated
humidity incubator (37°C, 5% CO2). The RUNXI1 specific primers
for overexpression (OV) plasmid were as follows: F CACACTGGAC
TAGTGGATCCCGCCACCATGGCTTCAGACAGCATA
TTTG; R AGTCACTTAAGCTTGGTACGTAGGGCCTCCACAC
GGCCTCCTC. The RUNX1-OV plasmid was transfected into
U251 cells via Lipofectamine 2000. The short hairpin (sh)-RNA
target sequences of CD44 (93684-1, GACCTCTGCAAGGCTT
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TCAAT; 93685-1, CTGCCGCTTTGCAGGTGTATT; 93686-11,
GAGCATCGGATTTGAGACCTG) were used for constructing the
lentivirus. RUNX1-OV and RUNXI-NC groups of U251 cells were
transfected with a lentivirus vector and cultured in DMEM with
puromycin for stable CD44-knockdown U251 cells.

Cell counting Kit-8 assay

The RUNX1-NC, RUNX1-OV, RUNX1-OV+CD44-shRNA, and
RUNZX1-NC+CD44-shRNA groups of U251 cells were seeded in 24-
well plates, with a density of 1x10* cells per well. 30 ul CCK8 reagent
was diluted in 270 ul DMEM and subsequently added to each well.
Later, U251 cells were cultured for Oh, 24h, 48h, and 72h. The
absorbance was measured at 450 nm.

Clone formation assay

The RUNX1-NC, RUNX1-OV, RUNX1-OV+CD44-shRNA, and
RUNXI1-NC+CD44-shRNA groups of U251 cells were plated in 6-
well plates for 2 weeks, with a density of 200 cells per well. The
colonies were fixed with 4% methanol (1 ml per well) for 15 min and
stained with 0.5% crystal violet. Representative images of each well
were collected.

Transwell assay

500 ul DMEM with 10% FBS was added to the lower chamber of a
6-well plate. The RUNXI-NC, RUNX1-OV, RUNX1-OV+CD44-
shRNA, and RUNX1-NC+CD44-shRNA groups of U251 cells were
digested and resuspended with a density of 2x10° cells/ml using
DMEM. 100 ul U251 cells were added to the upper chamber and
cultured for 48h. The upper chamber was stained with 0.5% crystal
violet for 5 min. Representative images of each well were collected.

IHC staining

The sections of different grades of gliomas were collected. Anti-
CD44 (15675-1-AP, Rabbit, 1:500, Proteintech, China) was used as
the primary antibody. The horseradish peroxidase-conjugated
antibody (ZSGB-BIO, PV-9000, China) was used as the secondary
antibody. The sections were stained with 3, 30-diaminobenzidine
tetrahydrochloride (DAB) and counterstained with hematoxylin.

Statistical analysis

Spearman or Pearson correlation analysis was used to evaluate the
correlations between continuous variables. For normally distributed
variables, significant quantitative differences between and among
groups were determined by a two-tailed t-test or one-way ANOVA,
respectively. For nonnormally distributed variables, significant
quantitative differences between and among groups were
determined by a Wilcoxon test or a Kruskal-Wallis test,
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respectively. All statistical analyses were conducted by the R project
(https://www.r-project.org/). It is considered to be statistically
significant when P-values < 0.05. All tests were two-sided.

Result
Up-regulated CD44 expression in gliomas

We delineated the pattern of CD44 mRNA expression levels
regarding disparate WHO-grade gliomas by evaluating data from
publicly available databases. Firstly, we checked the expression
pattern of CD44 in WHO grades, and then subtypes were divided
into LGG and GBM. Not surprisingly, the CD44 expression was
observed to be significantly increased in higher WHO grades
according to datasets from the CGGA and TCGA (Figure S1A).
Also, compared to LGG patients, GBM groups showed higher levels of
CD44 expression, which demonstrated an adverse role of CD44 in the
proliferation and aggressive progress of gliomas. (Figure S1B). The
representative images of CD44 in immunohistochemistry staining of
different grades of glioma are shown in Figure SI1C.

Moreover, we tested CD44 in two important gene mutation
cohorts extensively used as clinical outcome prediction tools.
Interestingly, the IDH-mutated gliomas, linked with better clinical
outcomes (40), were associated with a lower CD44 level in pan-
gliomas and GBM cases (Figures SI1D, E). Furthermore, the ROC
curve demonstrated that the value of CD44 is an effective predictor of
IDH mutation in GBM and pan-gliomas cases (AUC value = 0.789;
AUC value = 0.773, respectively Figure S1F). Similarly, analysis in 1p/
19q non-codeletion pan-glioma showed up-expressed levels of CD44,
which can predict the poor survival of glioma. Still, analysis in 1p/19q
codeletion pan-glioma showed down-expressed levels of CD44
(Figure S1G). Importantly, in LGG cases, 1p/19q codeletion and
IDH mutation are correlated with lower expression levels of CD44
(Figure S1H). At the same time, we tested the sensitivity of CD44 as a
prognostic biomarker in predicting the survival of 1 year, 3 years, and
5 years, respectively. (Figure S1I). We found the AUC of 1 year is
0.796, the AUC of 3 years is 0.767, and the AUC of 5 years is 0.766
according to the TCGA dataset, while the AUC of 1 year is 0.633, the
AUC of 3 years is 0.687, and the AUC of 5 years is 0.688 according to
the CGGA dataset. In addition, CD44 was found to be lower in
expression levels in methylated glioma in the TCGA dataset (Figure
S2A). The specific methylation probe significantly associated with
gliomas regarding CD44 expression is displayed in Figure S3. The
levels of CD44 expression in the histology of glioma tissues and
various cell lines are shown in Figure S2B.

Characteristics, expression pattern, and
distribution of CD44 in gliomas

There are three molecular categories with distinct sub-classes in
human gliomas: classical (CL), proneural (PN), and mesenchymal
(MS). Among these three sub-classes, subtypes of CL and MS show
more aggressiveness in behavior (10, 41). To delineate the inter-
tumor heterogeneity of CD44, we studied it among four molecular
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sub-classes according to the VERHAAK_2017 classification scheme
(42). Based on the TCGA dataset, GBM and pan-gliomas of CL and
MS subtypes had significantly higher expression levels of CD44
compared to subtypes of PN (Figures S2C, E). Furthermore, the
ROC curve demonstrated that CD44 might play a role as a predictor
of subtypes of CL and MS in GBM and pan-gliomas cases (AUC value
= 0.833; AUC value = 0.782, Figures S2D, F).

To detect the intra-tumor distribution of CD44 expression in
glioma tissues, we examined CD44 expression levels in disparate
structures. According to the Ivy Glioblastoma Atlas Project data, in
peri-necrotic zones, pseudo palisading cells around necrosis, cellular
tumors, and hyperplastic blood vessels, CD44 was highly expressed
(Figure S2G). Interestingly, in radio graphical regions, different
compositions were discovered in the T1 contrast-enhancing (CE)
regions, compared with the non-contrast-enhancing (NCE) margins.
The results of RNA sequencing analysis illustrated that CE regions
have higher CD44 expression compared to NCE or normal tissue
(NT) areas (Figure S2H).

Higher CD44 expression is found in glioma
patients with poor survival

Consequently, we evaluated prognostic value concerning the
different CD44 levels in gliomas through Kaplan-Meier analysis.
Compared to CD44!°" patients, CD44"8" patients showed
significantly shorter OS in GBM, pan-gliomas, and LGG samples
from TCGA and CGGA datasets (Figures 1A-F). Further, based on
the univariate and multivariate Cox regression analysis, CD44 showed
the potential as an independent prognostic factor with IDH, 1p19q,
MGMT, and Subtype (Figures 1G, H).

After all our work, the prediction value of CD44 as a biomarker in
clinical use still needs to be examined. We implied a prognostic
nomogram model developed by CD44 expression and
clinicopathological risk factors to test its prediction in the clinical
prognosis of gliomas (Figure S4A). Nomograms, a widely used
graphical statistical model in cancer, are formed by a statistical
algorithm using a combination of all predictive factors that have
been admitted to affect the probability of a clinical event. Calibration
plots revealed nomograms’ potential to predict patients’ survival
based on an ideal model (Figure S4B). Kaplan-Meier survival curve
demonstrated the statistical significance of the survival difference
between high and low-risk patients (Figure S4C). The AUC of 4 years
is 0.865 in the TCGA dataset (Figure S4D).

CD44 predicts the drug response in gliomas

PRISM and GDSC databases were used for drug prediction based
on CD44 expression. The top correlated drugs in GDSC1 are shown
in Figure S5A. The top correlated drugs in GDSC2 are demonstrated
in Figure S5B. The top correlated drugs in PRISM were shown in
Figure S5C. Notably, AZD6482, Bicalutamide, Bortezomib,
Cyclopamine, Dasatinib, Lapatinib, Paclitaxel, Parthenolide,
Pazopanib, Rapamycin, and Sorafenib were found with lower
estimated IC50 in CD44"8" glioma patients (Figure S5D).
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FIGURE 1

Hazard Ratio

Higher CD44 expression is found in glioma patients with poor survival. Kaplan-Meier analysis of OS based on high vs. low expression of CD44 in the
TCGA (A-C) and CGGA (D-F) datasets. The median value of CD44 was used as the cut-off value. P-values were obtained from the log-rank test. (G)
Univariate and multivariate Cox regression analysis on clinical factors in the TCGA dataset. (H) Univariate and multivariate Cox regression analysis on
clinical factors in the CGGA dataset.

CD44 affects stromal and immune cell
infiltration in gliomas

Two central cells consist of solid tumors: stromal cells and cancer
cells. At the same time, stromal cells and infiltrating immune cells
build up most of the tumor microenvironment. First, the correlation
between ESTIMATE scores and CD44 expression was explored. Data
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demonstrated a significantly positive association between CD44

expression level and stromal score, immune score, and ESTIMATE
score according to the TCGA dataset (Figure 2A), indicating that

05

changing stromal and infiltrating immune cells, CD44 can affect the
glioma microenvironment. These results also inspired us to believe
that there might be a specific role for CD44 in glioma development
and migration. To further study the relationship between high CD44
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FIGURE 2

Immune processes and metabolism related to CD44 expression. (A) The association between CD44 and immune infiltrating cells was estimated by
CIBERSORT, ESTIMATE, MCPcounter, and TIMER algorithms. (B) The correlation between CD44 and cancer immunity cycle and metabolic pathways.
*, P< 0.05; ***, P<0.001; **** , P<0.0001.

levels in gliomas and tumor immunity function, we performed  data revealed that CD44™€" patients tended to increase immune cells
CIBERSORT, MCPcounter, and TIMER analyses to determine  infiltrating within their tumor microenvironment.

whether the typical immune cells responsible for the immune

responses against tumors or participating in the inflammatory

activity are related to high CD44 expression. We discovered the CD44 is associated with immune processes
positive association between CD44 and multiple important ~and metabolism

infiltrating immune cell types like monocytes, macrophages,

Myeloid-derived suppressor cells (MDSC), neutrophils, and natural Then we turned to our most exciting part and evaluated the
killer (NK) cells in the TCGA dataset (Figure 2A). Altogether, our  possible immune-related functions of CD44 in glioma cell growth in
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the TCGA dataset. Based on the cancer immunity cycle, CD44 was
positively associated with the release of cell antigens, priming and
activation, recruiting of CD4 T cell, CD8 T cell, Thl cell, Th2 cell,
Th17 cell, Th22 cell, Treg cell, B cell, eosinophil, neutrophil, dendritic
cell, macrophage, NK cell, and the infiltration of multiple immune
cells (Figure 2B).

Besides, CD44 was positively associated with several metabolic
pathways, including glycogen biosynthesis, galactose metabolism,
glycosaminoglycan biosynthesis, N-glycan biosynthesis, and starch

10.3389/fimmu.2023.1086280

and suctose metabolism (Figure 2B), indicating a highly activated
tumor microenvironment.

Neoplastic cells and macrophages show
up-regulated CD44 in scRNA-seq of gliomas

To further evaluate the role of CD44 in immune infiltrating, the
expression of CD44 in gliomas was also analyzed by scRNA-seq. The
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expression of CD44 in all eight identified cell types is visualized in
Figure 3A. CD44 was richly expressed in neoplastic cells,
macrophages, astrocytes, and T cells (Figure 3B). Additionally, the
distribution of eight cell clusters was visualized by a three-dimension
plot (Figure 3C). The correlation of CD44 and neoplastic cells,
macrophages, astrocytes, and T cells is confirmed (Figure 3D).

The single-cell pseudotime trajectories and functional
annotations of neoplastic cells and macrophages were explored. In
neoplastic cells, a trajectory was reconstructed, containing three
branch points and grouped cells into seven states (Figure 3E). In

10.3389/fimmu.2023.1086280

macrophages, a trajectory was reconstructed, containing five branch
points and grouped cells into eleven states (Figure 3F). The relative
expression level of CD44 in the cell states from neoplastic cells and
macrophages is presented in Figures 4A, 5A, respectively. 100 genes
were further identified with branch-dependent expression for branch
point 3 of neoplastic cells. The expression of the different genes before
and after branch point 3 and related clustering are presented in
Figure 4B. Moreover, 100 genes that differentially expressed with
branch-dependent expression for branch point 3 of macrophages
were also confirmed (Figure 5B). Finally, in regards to CD44 in
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neoplastic cells and macrophages, the results of GO enrichment
analysis and KEGG pathway analysis was presented in Figures 4C, 5C.

RUNX1/CD44 axis mediates the proliferation
and migration of glioma

To investigate the potential mechanisms of the pathogenic role of
CD44 in gliomas, in vitro validation was performed. A strong positive
correlation between CD44 and RUNXI1 was observed in the TCGA
dataset (Figure 6A). Lentivirus targeting CD44 was transfected into
U251 cells to select the shRNA (93684-1) with the highest knockout
efficiency (Figure 6B). The plasmid of RUNX1 was further transfected
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into U251 cells for the overexpression of RUNXI. Four groups,
RUNXI1-NC, RUNX1-OV, RUNX1-OV+CD44-shRNA, and
RUNXI-NC+CD44-shRNA, were used for the follow-up
experiments. The western blotting assay revealed that the
overexpression of RUNX1 promoted the expression of CD44 with
statistical significance (Figures 6D, E). Notably, the silence of CD44
suppressed the expression of RUNX1 with statistical significance.
CCK8 assay revealed that CD44 inhibition could decrease the U251
cell proliferation. At the same time, the up-regulated levels of RUNX1
alleviated the reduced accumulation of U251 cells (Figure 6C). Clone
formation assay showed that the clone formation ability of U251 cells
decreased under CD44 inhibition. In contrast, the overexpression
of RUNXI1 alleviated the decreased clone formation capacity of
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U251 cells (Figure 6F). Transwell assay revealed that CD44
inhibition could reduce the migration of U251 cells. In contrast,
the up-regulated levels of RUNXI alleviated the reduced migration
of U251 cells (Figure 6G). A strong positive correlation between
CD44 and PD-L1was observed in the TCGA dataset (Figure 6A).
Furthermore, western blotting assay revealed that RUNX1/CD44
could promote the expression of PD-L1 (Figures 6D, E). These
results suggested that RUNX1/CD44 axis could mediate the
proliferation, migration, and immunotherapy of glioma.
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Immunotherapy prediction of CD44

CD44 was found with AUC values of larger than 0.6 in predicting
the immunotherapy responses in 12 immunotherapy cohorts
(Figure 7A). Compared to CD44"°" patients, CD44™&" patients
showed shorter OS in the IMvigor210 cohort, Liu cohort, Braun
cohort, Zhao cohort, and VanAllen cohort (Figure 7B). Compared to
CD44"°" patients, CD44"8" patients showed longer OS in the Gide
cohort, Lauss cohort, and Gide cohort (Figure 7B).
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FIGURE 7

Immunotherapy prediction of CD44. (A) ROC curves regarding CD44 in immunotherapy cohorts. (B) Kaplan-Meier analysis of OS based on high vs. low
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expression of CD44 in immunotherapy cohorts.

Discussion

Months

Many efforts have been devoted to the research of glioma curing.

However, gliomas, particularly GBM, remain the most malignant

brain tumor with inferior survival. Among several strategies aiming at

improving treatment effects, immune therapy, eliciting an immune

response, or unlocking immune checkpoints blocked by a tumor, have

shown breakthroughs in many malignant tumors due to their long-

lasting cancer remission with minimal damage in preclinical and
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clinical trials. Because of that, immune therapy has been appealing to
many scientists and experts. As a principal receptor of HA, CD44 has

an important influence on cell adhesion, which may affect tumor cells’

migration and aggressiveness. Therefore, a work of better

understanding the CD44 feature in glioma is desperately required

to develop a treatment strategy.

According to our findings by a large-scale bioinformatic analysis,

we investigated the features and patterns of CD44 among gliomas.
The mRNA expression levels of CD44 were significantly up-regulated
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in gliomas, GBM in particular. The expression levels of CD44 were
higher in unmethylated glioma with IDH wildtype and glioma with
1p/19q non-codeletion. Moreover, high expression levels of CD44
were closely correlated to the CL and MS molecular subtypes, which
indicated its potential to be a sensitive glioma diagnostic biomarker.
CD44 was localized to peri-necrotic zones, pseudo-palisading cells
around necrosis, cellular tumors, and hyperplastic blood vessels.
Moreover, higher expression of CD44 has a strong relationship
with poor survival. According to our exploration of the distinct
genomic alternations of CD44, we found a negative association
between the events of somatic mutations and CD44 expression,
which indicated that CD44 expression was correlated with the
aggressive glioma process. The results showed that CD44
expression was closely associated with glioma occurrence. And
CD44 is vital in aiding the oncogenic process and progression
of gliomas.

GBM can trigger the innate and adaptive immune systems, and
various immune cell types have accumulated around the tumor.
Therefore, they can come together to resist the assumptions that
the human brain is immune privileged. Many types of research have
proved that four kinds of immune cell types tend to help form a
permissive tumor microenvironment: tumor-associated
macrophagocytes, myeloid-derived suppressor cells, regulatory T
cells, and cancer-associated fibroblasts, which stimulate cancer cell
growth, migration, and invasion (43). Notably, few studies have
focused on the immune characteristics of CD44 expression in
glioma. A previous scRNA-seq analysis revealed SPP1/CD44-
mediated crosstalk between macrophages and cancer cells in glioma
(44). PLOD2 modulates the immune microenvironment and tumor
progression of glioma, in which CD44 was the critical downstream
molecule (45). Besides, CD44 was recently demonstrated to be
associated with the M2-polarization of tumor-associated
macrophages and immunosuppression of glioma (25). In our study,
the correlation analysis between CD44 and cells in the tumor
microenvironment suggested that CD44"&" glioma cells are inclined
to accumulate more inhibitive infiltrating immune cells (helper 2 T
cell, regulatory T cell, and immature dendritic cell) into the tumor
microenvironment. In line with our findings, GDF15 promotes the
immune escape of ovarian cancer by targeting CD44 in dendritic cells
(46). CD44 correlates with immune infiltrates in gastric cancer (47).
Besides, IL18 increases the immune escape of gastric cancer by
downregulating CD70 and maintaining CD44 (48). These results
supported that CD44 had cancer-promoting activity in the immunity
of gliomas through the immune microenvironment. Specifically,
CD44 was found to critically mediate the activity of glioma cells
and macrophages at the scRNA-seq level. The expression of CD44
could reflect the evolution direction of glioma cells towards
malignancy. Besides, the expression of CD44 could reflect the
evolution direction of macrophages towards immune activation.

Several immune checkpoint inhibitor treatments showed
encouraging benefits in preclinical trials, such as the classical drug
Ipilimumab targeting CTLA-4 and Nivolumab targeting PD-1. PD-1
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is a receptor on the surface of T cells that receives suppressive signals
from PD-L1 on cancer cells or APCs, which causes cytotoxic effects,
cytokine production, and reduced activity of T cells (9). To make
more assumptions about the clinical use of CD44 through previous
effective drugs, we analyzed the relationship between CD44 and PD-
L1. RUNX1/CD44 was proved to contribute to PD-L1 expression. The
interaction between CD44 and PD-L1 might inspire us to combine
therapy to treat gliomas, such as blocking CD44 and other
immune checkpoints.

RUNXI1 has been identified as a critical transcription factor
regulating multiple biological processes of cancer (49). However,
the potential regulatory role of RUNX1 on CD44 has not been
explored. Our finding indicated that RUNXI1 could potentially
promote glioma proliferation and migration by up-regulating the
expression of CD44. The RUNX1/CD44 axis in gliomas remained
valuable for further exploration.

Taken together, our work demonstrates the significant role of
CD44 in the progression and treatment of gliomas. Strikingly, CD44
probably has a more profound relationship with LGG than with
GBM. Further studies are required to explore the function of CD44
and turn it into a novel site for immune-therapeutic strategy or
prognostic biomarker for glioma patients.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be directed
to the corresponding authors.

Author contributions

HZ designed and drafted the manuscript. HZ conducted the
experiments. HZ, HC, NZ, ZW, ZD, WW, GL, ZX, QC, and YC
revised the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This study was supported by the Science Foundation of Chongqing
(cstc2019jcyj-msxmX0231) and the Chongqing Scientific and Health
Joint Medical Research Project (2020GDRC021).

Acknowledgments

This work was supported in part by the High Performance
Computing Center of Central South University. We acknowledge
TCGA, CGGA, and GEO databases for providing their platforms and
contributors for uploading their meaningful datasets.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1086280
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhang et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,

References

1. Jiang T, Mao Y, Ma W, Mao Q, You Y, Yang X, et al. CGCG clinical practice
guidelines for the management of adult diffuse gliomas. Cancer Lett (2016) 375(2):263-73.
doi: 10.1016/j.canlet.2016.01.024

2. Mao H, Lebrun DG, Yang J, Zhu VF, Li M. Deregulated signaling pathways in
glioblastoma multiforme: Molecular mechanisms and therapeutic targets. Cancer Invest
(2012) 30(1):48-56. doi: 10.3109/07357907.2011.630050

3. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al. The
2021 WHO dlassification of tumors of the central nervous system: A summary. Neuro
Oncol (2021) 23(8):1231-51. doi: 10.1093/neuonc/noab106

4. Van Meir EG, Hadjipanayis CG, Norden AD, Shu HK, Wen PY, Olson JJ. Exciting
new advances in neuro-oncology: The avenue to a cure for malignant glioma. CA Cancer |
Clin (2010) 60(3):166-93. doi: 10.3322/caac.20069

5. Yan Y, Xu Z, Dai S, Qian L, Sun L, Gong Z. Targeting autophagy to sensitive glioma to
temozolomide treatment. ] Exp Clin Cancer Res (2016) 35:23. doi: 10.1186/s13046-016-0303-5

6. Ricard D, Idbaih A, Ducray F, Lahutte M, Hoang-Xuan K, Delattre JY. Primary brain
tumours in adults. Lancet (2012) 379(9830):1984-96. doi: 10.1016/S0140-6736(11)61346-9

7. Zhang H, Zhang N, Wu W, Zhou R, Li S, Wang Z, et al. Machine learning-based
tumor-infiltrating immune cell-associated IncRNAs for predicting prognosis and
immunotherapy response in patients with glioblastoma. Brief Bioinform (2022) 23(6):
bbac386. doi: 10.1093/bib/bbac386

8. Zhang N, Zhang H, Wu W, Zhou R, Li S, Wang Z, et al. Machine learning-based
identification of tumor-infiltrating immune cell-associated IncRNAs for improving
outcomes and immunotherapy responses in patients with low-grade glioma.
Theranostics (2022) 12(13):5931-48. doi: 10.7150/thno.74281

9. Le Rhun E, Preusser M, Roth P, Reardon DA, van den Bent M, Wen P, et al.
Molecular targeted therapy of glioblastoma. Cancer Treat Rev (2019) 80:101896. doi:
10.1016/j.ctrv.2019.101896

10. Zhang CM, Brat DJ. Genomic profiling of lower-grade gliomas uncovers cohesive
disease groups: implications for diagnosis and treatment. Chin J Cancer (2016) 35:12. doi:
10.1186/s40880-015-0071-1

11. Wang Y, Zhang H, Liu C, Wang Z, Wu W, Zhang N, et al. Immune checkpoint
modulators in cancer immunotherapy: recent advances and emerging concepts. ] Hematol
Oncol (2022) 15(1):111. doi: 10.1186/s13045-022-01225-3

12. Wang H, Xu T, Huang Q, Jin W, Chen J. Immunotherapy for malignant glioma:
Current status and future directions. Trends Pharmacol Sci (2020). doi: 10.1016/
j.tips.2019.12.003

13. Park JB, Kwak HJ, Lee SH. Role of hyaluronan in glioma invasion. Cell Adh Migr
(2008) 2(3):202-7. doi: 10.4161/cam.2.3.6320

14. Bourguignon LYW, Earle C, Shiina M. Activation of matrix hyaluronan-mediated
CD44 signaling, epigenetic regulation and chemoresistance in head and neck cancer stem
cells. Int ] Mol Sci (2017) 18(9). doi: 10.3390/ijms18091849

15. Hu S, Cao M, He Y, Zhang G, Liu Y, Du Y, et al. CD44v6 targeted by miR-193b-5p
in the coding region modulates the migration and invasion of breast cancer cells. J Cancer
(2020) 11(1):260-71. doi: 10.7150/jca.35067

16. Song JM, Im J, Nho RS, Han YH, Upadhyaya P, Kassie F. Hyaluronan-CD44/
RHAMM interaction-dependent cell proliferation and survival in lung cancer cells. Mol
Carcinog (2019) 58(3):321-33. doi: 10.1002/mc.22930

17. Hiraga T, Ito S, Nakamura H. Cancer stem-like cell marker CD44 promotes bone
metastases by enhancing tumorigenicity, cell motility, and hyaluronan production.
Cancer Res (2013) 73(13):4112-22. doi: 10.1158/0008-5472.CAN-12-3801

18. Hiraga T, Ito S, Nakamura H. A new variant of glycoprotein CD44 confers
metastatic potential to rat carcinoma cells. Cell (1991) 65(1):13-24.

19. Orian-Rousseau V. CD44, a therapeutic target for metastasising tumours. Eur
J Cancer (2010) 46(7):1271-7. doi: 10.1016/j.¢jca.2010.02.024

Frontiers in Immunology

10.3389/fimmu.2023.1086280

or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1086280/
full#supplementary-material

20. Hou C, Ishi Y, Motegi H, Okamoto M, Ou Y, Chen J, et al. Overexpression of CD44
is associated with a poor prognosis in grade II/III gliomas. ] Neurooncol (2019) 145
(2):201-10. doi: 10.1007/s11060-019-03288-8

21. Du Z, Wang Y, Liang J, Gao S, Cai X, Yu Y, et al. Association of glioma CD44
expression with glial dynamics in the tumour microenvironment and patient prognosis.
Comput Struct Biotechnol J (2022) 20:5203-17. doi: 10.1016/j.csbj.2022.09.003

22. Feng S, Wang K, Shao Z, Lin Q, Li B, Liu P. MiR-373/miR-520s-CD44 axis
significantly inhibits the growth and invasion of human glioblastoma cells. Arch Med Res
(2022) 53(6):550-61. doi: 10.1016/j.arcmed.2022.08.003

23. Ivanova EL, Costa B, Eisemann T, Lohr S, Boskovic P, Eichwald V, et al. CD44
expressed by myeloid cells promotes glioma invasion. Front Oncol (2022) 12:969787. doi:
10.3389/fonc.2022.969787

24. Lu Y, Wang W, Tan S. EHD1 promotes the cancer stem cell (CSC)-like traits of
glioma cells via interacting with CD44 and suppressing CD44 degradation. Environ
Toxicol (2022) 37(9):2259-68. doi: 10.1002/tox.23592

25. Xiao Y, Yang K, Wang Z, Zhao M, Deng Y, Ji W, et al. CD44-mediated poor
prognosis in glioma is associated with M2-polarization of tumor-associated macrophages
and immunosuppression. Front Surg (2021) 8:775194. doi: 10.3389/fsurg.2021.775194

26. Moutafi MK, Molero M, Martinez Morilla S, Baena J, Vathiotis IA, Gavrielatou N,
et al. Spatially resolved proteomic profiling identifies tumor cell CD44 as a biomarker
associated with sensitivity to PD-1 axis blockade in advanced non-small-cell lung cancer. J
Immunother Cancer (2022) 10(8). doi: 10.1136/jitc-2022-004757

27. Klement JD, Paschall AV, Redd PS, Ibrahim ML, Lu C, Yang D, et al. An
osteopontin/CD44 immune checkpoint controls CD8+ T cell activation and tumor
immune evasion. ] Clin Invest (2018) 128(12):5549-60. doi: 10.1172/JCI123360

28. Eberhart CG, Bar EE. Spatial enrichment of cellular states in glioblastoma. Acta
Neuropathol (2020) 140(1):85-7. doi: 10.1007/s00401-020-02165-3

29. Gill BJ, Pisapia DJ, Malone HR, Goldstein H, Lei L, Sonabend A, et al. MRI-localized
biopsies reveal subtype-specific differences in molecular and cellular composition at the margins of
glioblastoma. Proc Natl Acad Sci US.A. (2014) 111(34):12550-5. doi: 10.1073/pnas.1405839111

30. Becht E, Giraldo NA, Lacroix L, Buttard B, Elarouci N, Petitprez F, et al. Estimating
the population abundance of tissue-infiltrating immune and stromal cell populations
using gene expression. Genome Biol (2016) 17(1):218.

31. Charoentong P, Finotello F, Angelova M, Mayer C, Efremova M, Rieder D, et al.
Pan-cancer immunogenomic analyses reveal genotype-immunophenotype relationships
and predictors of response to checkpoint blockade. Cell Rep (2017) 18(1):248-62. doi:
10.1016/j.celrep.2016.12.019

32. Li T, Fan ], Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: A web server for

comprehensive analysis of tumor-infiltrating immune cells. Cancer Res (2017) 77(21):
€108-10. doi: 10.1158/1538-7445.AM2017-108

33. Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna R, Kim H, Torres-Garcia W,
et al. Inferring tumour purity and stromal and immune cell admixture from expression
data. Nat Commun (2013) 4:2612. doi: 10.1038/ncomms3612

34. Xu L, Deng C, Pang B, Zhang X, Liu W, Liao G, et al. TIP: A web server for
resolving tumor immunophenotype profiling. Cancer Res (2018) 78(23):6575-80. doi:
10.1158/0008-5472.CAN-18-0689

35. Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity cycle.
Immunity (2013) 39(1):1-10. doi: 10.1016/j.immuni.2013.07.012

36. Rosario SR, Long MD, Affronti HC, Rowsam AM, Eng KH, Smiraglia DJ. Pan-
cancer analysis of transcriptional metabolic dysregulation using the cancer genome atlas.
Nat Commun (2018) 9(1):5330. doi: 10.1038/s41467-018-07232-8

37. Wang L, Babikir H, Miiller S, Yagnik G, Shamardani K, Catalan F, et al. The
phenotypes of proliferating glioblastoma cells reside on a single axis of variation. Cancer
Discovery (2019) 9(12):1708-19. doi: 10.1158/2159-8290.CD-19-0329

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1086280/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1086280/full#supplementary-material
https://doi.org/10.1016/j.canlet.2016.01.024
https://doi.org/10.3109/07357907.2011.630050
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.3322/caac.20069
https://doi.org/10.1186/s13046-016-0303-5
https://doi.org/10.1016/S0140-6736(11)61346-9
https://doi.org/10.1093/bib/bbac386
https://doi.org/10.7150/thno.74281
https://doi.org/10.1016/j.ctrv.2019.101896
https://doi.org/10.1186/s40880-015-0071-1
https://doi.org/10.1186/s13045-022-01225-3
https://doi.org/10.1016/j.tips.2019.12.003
https://doi.org/10.1016/j.tips.2019.12.003
https://doi.org/10.4161/cam.2.3.6320
https://doi.org/10.3390/ijms18091849
https://doi.org/10.7150/jca.35067
https://doi.org/10.1002/mc.22930
https://doi.org/10.1158/0008-5472.CAN-12-3801
https://doi.org/10.1016/j.ejca.2010.02.024
https://doi.org/10.1007/s11060-019-03288-8
https://doi.org/10.1016/j.csbj.2022.09.003
https://doi.org/10.1016/j.arcmed.2022.08.003
https://doi.org/10.3389/fonc.2022.969787
https://doi.org/10.1002/tox.23592
https://doi.org/10.3389/fsurg.2021.775194
https://doi.org/10.1136/jitc-2022-004757
https://doi.org/10.1172/JCI123360
https://doi.org/10.1007/s00401-020-02165-3
https://doi.org/10.1073/pnas.1405839111
https://doi.org/10.1016/j.celrep.2016.12.019
https://doi.org/10.1158/1538-7445.AM2017-108
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1158/0008-5472.CAN-18-0689
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1038/s41467-018-07232-8
https://doi.org/10.1158/2159-8290.CD-19-0329
https://doi.org/10.3389/fimmu.2023.1086280
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhang et al.

38. Zhang H, He J, Dai Z, Wang Z, Liang X, He F, et al. PDIAS5 is correlated with
immune infiltration and predicts poor prognosis in gliomas. Front Immunol (2021)
12:628966. doi: 10.3389/fimmu.2021.628966

39. Pang B, Xu J, HuJ, Guo F, Wan L, Cheng M, et al. Single-cell RNA-seq reveals the
invasive trajectory and molecular cascades underlying glioblastoma progression. Mol
Oncol (2019) 13(12):2588-603. doi: 10.1002/1878-0261.12569

40. Chang K, Bai HX, Zhou H, Su C, Bi WL, Agbodza E, et al. Residual convolutional
neural network for the determination of IDH status in low- and high-grade gliomas from
MR imaging. Clin Cancer Res (2018) 24(5):1073-81. doi: 10.1158/1078-0432.CCR-17-
2236

41. Phillips HS, Kharbanda S, Chen R, Forrest WF, Soriano RH, Wu TD, et al.
Molecular subclasses of high-grade glioma predict prognosis, delineate a pattern of
disease progression, and resemble stages in neurogenesis. Cancer Cell (2006) 9(3):157-73.

42. Wang Q, Hu B, Hu X, Kim H, Squatrito M, Scarpace L, et al. Tumor evolution of
glioma-intrinsic gene expression subtypes associates with immunological changes in the
microenvironment. Cancer Cell (2017) 32(1):42-56 e6.

43. Roma-Rodrigues C, Mendes R, Baptista PV, Fernandes AR. Targeting tumor
microenvironment for cancer therapy. Int ] Mol Sci (2019) 20(4).

Frontiers in Immunology

14

10.3389/fimmu.2023.1086280

44. He C, Sheng L, Pan D, Jiang S, Ding L, Ma X, et al. Single-cell transcriptomic
analysis revealed a critical role of SPP1/CD44-mediated crosstalk between macrophages
and cancer cells in glioma. Front Cell Dev Biol (2021) 9:779319.

45. Kresse N, Schroder H, Stein KP, Wilkens L, Mawrin C, Sandalcioglu IE, et al.
PLOD2 is a prognostic marker in glioblastoma that modulates the immune
microenvironment and tumor progression. Int ] Mol Sci (2022) 23(11).

46. Gao Y, Xu'Y, Zhao S, Qian L, Song T, Zheng J, et al. Growth differentiation factor-
15 promotes immune escape of ovarian cancer via targeting CD44 in dendritic cells. Exp
Cell Res (2021) 402(1):112522. doi: 10.1016/j.yexcr.2021.112522

47. Hou W, Kong L, Hou Z, Ji H. CD44 is a prognostic biomarker and correlated with
immune infiltrates in gastric cancer. BMC Med Genomics (2022) 15(1):225. doi: 10.1186/
$12920-022-01383-w

48. Kang JS, Bae SY, Kim HR, Kim YS, Kim DJ, Cho BJ, et al. Interleukin-18
increases metastasis and immune escape of stomach cancer via the downregulation
of CD70 and maintenance of CD44. Carcinogenesis (2009) 30(12):1987-96. doi:
10.1093/carcin/bgp158

49. Lin TC. RUNXI1 and cancer. Biochim Biophys Acta Rev Cancer (2022) 1877
(3):188715. doi: 10.1016/j.bbcan.2022.188715

frontiersin.org


https://doi.org/10.3389/fimmu.2021.628966
https://doi.org/10.1002/1878-0261.12569
https://doi.org/10.1158/1078-0432.CCR-17-2236
https://doi.org/10.1158/1078-0432.CCR-17-2236
https://doi.org/10.1016/j.yexcr.2021.112522
https://doi.org/10.1186/s12920-022-01383-w
https://doi.org/10.1186/s12920-022-01383-w
https://doi.org/10.1093/carcin/bgp158
https://doi.org/10.1016/j.bbcan.2022.188715
https://doi.org/10.3389/fimmu.2023.1086280
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	RUNX1/CD44 axis regulates the proliferation, migration, and immunotherapy of gliomas: A single-cell sequencing analysis
	Introduction
	Materials and methods
	Data collection
	Mutation analysis
	Immune analysis
	Single-cell RNA sequencing analysis
	Western blotting assay
	RT-qPCR assay
	Cell culture and transfection
	Cell counting Kit-8 assay
	Clone formation assay
	Transwell assay
	IHC staining
	Statistical analysis

	Result
	Up-regulated CD44 expression in gliomas
	Characteristics, expression pattern, and distribution of CD44 in gliomas
	Higher CD44 expression is found in glioma patients with poor survival
	CD44 predicts the drug response in gliomas
	CD44 affects stromal and immune cell infiltration in gliomas
	CD44 is associated with immune processes and metabolism
	Neoplastic cells and macrophages show up-regulated CD44 in scRNA-seq of gliomas
	RUNX1/CD44 axis mediates the proliferation and migration of glioma
	Immunotherapy prediction of CD44

	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


