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Most solid tumours are hypoxic. Tumour cell proliferation and metabolism accelerate
oxygen consumption. The low oxygen supply due to vascular abnormalisation and the
high oxygen demand of tumour cells give rise to an imbalance, resulting in tumour hypoxia.
Hypoxia alters cellular behaviour and is associated with extracellular matrix remodelling,
enhanced tumour migration, and metastatic behaviour. In light of the foregoing, more
research on the progressive and prognostic impacts of hypoxia on gliomas are crucial. In
this study, we analysed the expression levels of 75 hypoxia-related genes in gliomas and
found that a total of 26 genes were differentially expressed in The Cancer Genome Atlas
(TCGA) database samples. We also constructed protein—protein interaction networks
using the STRING database and Cytoscape. We obtained a total of 10 Hub genes using
the MCC algorithm screening in the cytoHubba plugin. A prognostic risk model with seven
gene signatures (PSMB6, PSMD9, UBB, PSMD12, PSMB10, PSMA5, and PSMD14) was
constructed based on the 10 Hub genes using LASSO-Cox regression analysis. The
model was verified to be highly accurate using subject work characteristic curves. The
seven-gene signatures were then analysed by univariate and multivariate Cox. Notably,
PSMB10, PSMD12, UBB, PSMA5, and PSMB6 were found to be independent
prognostic predictive markers for glioma. In addition, PSMB6, PSMA5, UBB, and
PSMD12 were lowly expressed, while PSMB10 was highly expressed, in the TCGA
and GTEXx integrated glioma samples and normal samples, which were verified through
protein expression levels in the Human Protein Atlas database. This study found the
prognostic predictive values of the hypoxia-related genes PSMB10, PSMD12, UBB,
PSMAS5, and PSMBE for glioma and provided ideas and entry points for the progress of
hypoxia-related glioma.

Keywords: hypoxia, glioma, risk prediction model, Cox regression, ubiquitin-proteasome system

INTRODUCTION

There are more than 100 histological subtypes of primary brain and central nervous system (CNS)
tumours (1). Gliomas account for 24% of all primary brain and CNS tumour types, including low-
grade gliomas (LGG) and glioblastoma multiforme (GBM), and are the most common and lethal
type of primary malignancies of the CNS (2). Currently, although surgical resection, chemotherapy,
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and radiotherapy are considered clinically standard treatments
for gliomas (3), treatment efficacy is very limited, with no cure
for gliomas and very poor prognosis for patients (4, 5). In
addition, most glioma patients are prone to drug resistance
and relapse during treatment (6, 7). Therefore, the search for
new molecular therapeutic targets and prognostic predictive
markers is important to predict treatment response and clinical
outcome in glioma.

Tumour hypoxia is a condition in which tumour cells are
deprived of oxygen (8). During the growth of malignant
tumours, the tumour cells grow faster than the blood vessels;
therefore, the blood supply cannot keep up with the demand
that matches the tumour size, leaving parts of the tumour with
significantly lower oxygen concentrations than healthy tissues,
resulting in a hypoxic microenvironment (9, 10). The hypoxic
tumour microenvironment is widely recognised as an
independent prognostic indicator that is commonly
associated with low survival rates in various cancer types,
including breast and lung cancers. In gliomas, hypoxia is a
driver of the malignant phenotype of the glioma class (11).
Tumour hypoxia is associated with antiapoptosis, recurrence,
chemo- and radiotherapy resistance, invasive potential, and
reduced patient survival (12).

Cancer cells have multiple mechanisms for evading
radiotherapy-induced cell death. Among them, the
development of tumour hypoxia and its associated metabolic
pathways is one of the most important contributors to clinical
radioresistance (13). This is attributed to the fact that hypoxic
tumours require approximately three times the normal
radiation dose to achieve the desired cell death (14). This
likewise suggests that a tumour hypoxia greatly reduces the
efficacy of conventional anticancer approaches. Previous
studies have shown that T cells and natural killer cells
present an incompetent or depleted state in a hypoxic
microenvironment, which results in dysfunction (15, 16).
Currently, the predictive biomarkers for immunotherapy
mainly include programmed death-ligand 1 (PD-L1),
microsatellite instability/defective mismatch repair (MSI/
dMMR), and tumour mutational load (TMB) but often ignore
the hypoxic tumour microenvironment as a prerequisite (17).
Recent studies (18) have constructed and validated a hypoxia
risk model that serves as an independent prognostic indicator
for glioma, reflecting the overall strength of the immune
response in a glioma microenvironment. However, it is still
difficult to determine the hypoxic status of tumours due to the
diversity of oxygen levels in different tissues. Under hypoxic
conditions, tumour cells can adapt to the microenvironment
where they grow by altering the expression of endogenous
enriched genes; these gene expression profiles can reflect the
hypoxic status (19, 20). Therefore, exploring the exact or
relevant mechanisms of hypoxia in tumour development is
expected to provide new targets and indicators for the
treatment and prognosis detection of gliomas.

In this study, we analysed the expression and correlation of 75
hypoxia-related genes in gliomas and thereafter constructed a

highly accurate prognostic risk prediction model consisting of
seven gene signatures. PSMB10, PSMD12, UBB, PSMAS5, and
PSMB6 were found to be independent predictors of
glioma prognosis.

METHOD

Data Sources

The data of 663 glioma (GBM + LGG) samples, and mRNA
expression data, were downloaded from The Cancer Genome
Atlas (TCGA, https://portal.gdc.cancer.gov/) website, while the
mRNA expression data of 2,642 cases of normal tissues were
downloaded from the Genotype-Tissue Expression (GTEx,
https://gtexportal.org/) website. The 75 hypoxia-associated
genes were cited in Wei et al. (21).

Selection and Processing of Hypoxia-
Associated Genes

The collected data were normalised, and 2,642 normal lung
tissues from GTEx were added to the glioma TCGA dataset.
The R package (v4.0.3) was used to analyse the differences in the
75 hypoxia-associated gene expressions. Correlations between
quantitative variables without a normal distribution were
described using Spearman’s correlation analysis. p < 0.05 was
considered statistically significant.

Seventy-Five Hypoxia-Associated

Gene Subgroup Types

Consistency analysis was performed using the R package
ConsensusClusterPlus (v1.54.0) with a maximum number of
clusters of six and 100 replicates to extract 80% of the total
sample, clustering = “hc”, innerLinkage = ‘ward.D2’. The
clustering heatmaps were all analysed using the R software
package pheatmap (v1.0.12). The gene expression heatmaps
were retained for genes with variances above 0.1.

Protein—-Protein Interaction Network
Construction and Hub Gene Screening

The STRING database (https://string-db.org/) was used to
identify known and predicted PPIs. Seventy-five hypoxia-
associated genes were analysed, and PPI networks were
constructed using STRING. The top 10 Hub genes in the PPI
networks were further screened using cytoHubba in Cytoscape
(v3.8.2) software.

Kaplan-Meier Survival Analysis

Survival analysis was performed using Survival in the R package.
The p-values and hazard ratios (HR) with 95% confidence
intervals (CI) in the Kaplan-Meier curves were derived
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through log-rank test and univariate Cox proportional
hazards regression.

LASSO Model Construction

The LASSO regression algorithm was used for feature selection,
and 10-fold cross-validation was used to determine the
parameters needed to obtain a suitable model. The genes
obtained from LASSO regression were then subjected to
multifactor Cox regression analysis, and the multifactor
regression coefficient of each gene was calculated to construct
the risk score equation. The patients were divided into high- and
low-risk groups according to the median risk score values. The
Kaplan-Meier survival curve analysis was used to compare the
overall survival times of the two groups, and the predictive value
of the genetic markers was evaluated through time-related
receiver operating characteristic (ROC).

Univariate and Multivariate Cox
Regression Analysis

Cox regression analysis was performed using the Survival
package, and forest plots were plotted using the forestplot
package to obtain the p-value, HR, and 95% CI for each
variable. Based on the results of the multivariate Cox

proportional risk analysis, column line plots were constructed
using the RMS package to predict the 1-, 3-, and 5-year
survival rates.

Protein Expression Validation
Immunohistochemical staining maps of the gene expression in
both glioma tissues and normal tissues were downloaded from
the Human Protein Atlas (HPA) database.

Gene Set Enrichment Analysis

Samples were divided into two groups of high and low expression
according to the median value of gene expression, and the
enrichment of Kyoto Encyclopedia of Genes and Genomes
(KEGG) and HALLMARK pathways in the high and low
expression groups were analysed using gene set enrichment
analysis (GSEA).

RESULTS

Expression and Correlation of Hypoxia-
Associated Genes in Gliomas

The analysis results of the expression levels of 75 hypoxia-related
genes in 663 glioma samples and five paraneoplastic tissue

Cor Hasmep lon

FIGURE 1 | Expression levels and correlations of hypoxia-related genes in the TCGA database. (A) Expression levels of 75 hypoxia-related genes in the TCGA
database and (B) correlation of expression levels of 75 hypoxia-related genes in the TCGA database glioma samples. *p < 0.05, *p < 0.01, **p < 0.001.
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samples from the TCGA database showed that EGLN2, PSMD1,  (Figure 2). The 663 glioma patients were subsequently classified

HIF1AN, PSMD10, PSMB10, ELOB, PSME2, PSMF1, AJUBA, into two subgroups, namely, cluster 1 (C1, n = 421) and cluster 2

PSMB4, LIMDI1, PSMC6, PSMB1, PSMB8, ARNT, GUL2, (C2, n = 242), based on the expression levels of the hypoxia-

PSMA3, SEMI1, EPAS1, PSMA2, EPO, PSME3, PSMB9,  related genes.

HIF1A, UBA52, and RPS27A were significantly differentially

expressed in cancer and paraneoplastic tissues (Figure 1A). The

analysis further revealed that most of the 75 hypoxia-related ~ EXpression of Hypoxia-Associated Genes

genes were positively correlated. Among them, PSMB3 was the in Different Subgroups and Clinical

most significantly correlated with PSMB6 (Figure 1B). This  Characteristics of Glioma Patients

suggests that when PSMB3 is upregulated, the PSMB6 gene is  The expression levels of 75 hypoxia-associated genes were

most likely to be upregulated. observed in the two subgroups (Figure 3). The results showed
that except for UBE2D1 and EGLNS3, the differences in the
expression levels of the remaining 72 hypoxia-related genes in

Consensus Clustering of Hypoxia- the two subgroups were statistically significant (p < 0.05). The

Associated Genes distribution of clinical data and the survival of the samples in the
two subgroups are shown in Table 1, thereby underscoring the

The ConsensusClusterPlus package was used to classify the  significant differences (p < 0.05) between the two groups in terms

subgroups of the 663 glioma samples, which were identified as  of tumour histological grade, and the need (or not) for

having the best cluster stability from K = 2 to 6 when K = 2 radiotherapy and chemotherapy (Supplementary Figure S1).
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FIGURE 2 | Subtype grouping of 75 hypoxia-associated genes in the TCGA database glioma samples. (A) Consensus clustering matrix at K = 2, (B) ConsensusClusterPlus
consistency clustering result heatmap at K = 2, (C) CDF curve at K = 2-6, and (D) CDF Delta area curve at K = 2-6.
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FIGURE 3 | Differences in the expression levels of 75 hypoxia-related genes in the two subgroups (*p < 0.05, ***p < 0.001).

PPI Network Construction and

Hub Gene Identification

A PPI network of 75 hypoxia-related genes, including 75 nodes
and 2,110 edges, was constructed using the STRING database
(Figure 4A). The top 10 Hub genes with the highest linkage
degrees were then obtained using the MCC algorithm of the
cytoHubba plugin in the Cytoscape software, namely, PSMBS6,
PSMD9, UBB, PSMD12, PSMB10, PSMB11, PSMD13, PSMAS,
PSMD14, and TCEBI (Figure 4B).

LASSO Prognostic Model Construction

The prognostic features were constructed using the
LASSO-Cox regression model to analyse the expression
levels of the Hub genes. A prediction model with seven
gene signatures (Figures 5A, B) was constructed according
to the minimum criterion (Lambda.min = 0.0121), selecting
PSMB6, PSMD9, UBB, PSMD12, PSMB10, PSMAS5, and
PSMD14, whose predicted risk scores consisted mainly of
the following:
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TABLE 1 | Distribution of clinical data of the samples in the two subgroups.

Characteristic C1 (n=421) C2 (n = 242)
Status Alive 338 78
Dead 83 164
Age Mean (SD) 42 (13.5) 55.1 (14.4)
Median[MIN,MAX] 39 [14,87] 57 [21,89]
Gender Female 182 100
Male 239 142
Race American Indian 1 0
Asian 6 7
Black 16 15
White 389 218
Grade* Discrepancy 1 0
G2 236 12
G3 179 82
New tumour event type Progression 2 62
Recurrence - 16
Radiation therapy* Non-radiation 109 1
Radiation 104 39
History of neoadjuvant therapy Yes 3
No 418 242
Therapy type* Ancillary : Chemotherapy:Targeted Molecular Therapy 1
Chemotherapy 175 107
Chemotherapy: 5 2
Chemotherapy : Targeted Molecular Therapy 1 -
Chemotherapy : Hormone Therapy 1 15
Chemotherapy : Hormone Therapy : Immunotherapy: 1 -
Chemotherapy : Hormone Therapy : Other (specify in notes) 3 -
Chemotherapy : Immunotherapy 8 5
Chemotherapy : Other (specify in notes) 3 1
Chemotherapy : Targeted Molecular Therapy 17 36
Immunotherapy 2 =
Chemotherapy : Hormone Therapy : Other (specify in notes):Targeted Molecular Therapy - 1
Chemotherapy : Hormone Therapy : Targeted Molecular therapy - 1
Chemotherapy : Immunotherapy:Targeted Molecular Therapy - 2
Hormone Therapy - 6
Hormone Therapy : Targeted Molecular Therapy - 1
0 < 0.05.

Riskscore = (- 0.5071) * PSMB6 + (0.3068) = PSMD9

+(0.3587) % UBB + (0.9338) * PSMD12
+(0.2287) « PSMB10 + (0.7667) * PSMAS5
+(0.0892) * PSMD14

The sample was divided into high- and low-risk groups
(Figure 5C) according to the risk score ranking, with the
median risk score as the threshold. The results of the Kaplan-
Meier analysis showed that patients in the high-risk group had
significantly worse prognoses than those in the low-risk group
(Figure 5D). In addition, the sensitivity and specificity of the
model for predicting the patients’ OS periods were verified by
applying the ROC curves. We found that the present risk model
predicted AUC values of 0.818, 0.861, and 0.830 for the 1-, 3-,
and 5-year prognosis, respectively. This indicates that the model
has high accuracy in predicting the prognostic survival of glioma
patients (Figure 5E).

Univariate and Multivariate

Cox Regression Analysis

In this study, our objective was to analyse whether SMB6,
PSMD9, UBB, PSMD12, PSMB10, PSMA5, and PSMD14 are

independent prognostic factors for glioma. Univariate and
multifactorial COX regression analyses were used to determine
that PSMB10, PSMD12, UBB, PSMAS5, and PSMB6 may be
independent prognostic factors for gliomas (Figures 6A, B).
Next, we generated a nomogram using COX regression to
construct a model for predicting the overall survival at 1, 3,
and 5 years (Figure 6C). The calibration results showed that the
1-, 3-, and 5-year overall survival models had good predictive
properties compared with the ideal model (Figure 6D).

Expressions and Protein Assays of
PSMB10, PSMD12, UBB, PSMAS,

and PSMB6 in Gliomas

The expression levels of PSMB10, PSMD12, UBB, PSMAS5, and
PSMB6 were analysed by integrating 663 glioma cancer tissue
samples and 5 paraneoplastic tissue samples from the TCGA
database and 2,642 normal tissue samples from the GTEx
database. The results showed that PSMB6, PSMAS5, UBB, and
PSMD12 were significantly downregulated, and PSMB10 was
significantly upregulated in gliomas (Figure 7A). The protein
expressions of the five genes in the glioma cancer tissues and
normal tissues were verified using the HPA online database
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genes using the MCC algorithm.
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FIGURE 4 | Visualisation of the protein—protein interaction network and Hub genes. (A) PPI network map of 78 hypoxia-associated genes and (B) screening of Hub

lll\‘w'],s\

1.0

0.5

Coefficients
0.0

PSMaS

i)

PSMBLL

PSMB6

Log Norm

Status.
e Alive
® Dead

"
T
f T
0 1
C
RiskType
® High risk
121 ® Low sk
£
&
A
2
8
°
15 . ° [
. ° .
.
g 10 o0 ‘ ¢
= .o '..- °e .ﬁ 4y .
. .o oo.~‘.; ..§
3805 o
o'
0 LX)
PSMB10
PSMD12 w M v HH“ V H ‘
umn M I AR MR
P9 ‘H H\H i ‘ Il ‘ Ao
st I | RCAR TR R
PSMAS ‘P
PSMB6 ”H H‘ | H

M\HIM‘\HH”H‘IH‘\“\‘IHH‘\‘\ LA I‘ \

LN M’ |

—

—2-101 2

8 8 8 8 7 7 7 7 6 5

5 6 5 4 41

5 ]
g T
£ 4
a
=) 4
2
£ o
= g
3 “
— -
3
£ e
a = 7
D
1.00
0.75
£
E 0.50
2
=
5]
C>> 025
0.00
High risk
Low risk
E

Log(h)

Log-rank P = 4.74c-27
“HR(Low groups)=0.197

Median time:1.8and 8

== High risk
== Lowrisk

330 19 6 1 0
329 47 10 1 0
0 5 10 15 20

‘Time (years)

True positive fraction
-

Type
— 1-Yeurs AUC-0.818 95%CI(0.783-0.854)

= 3 Years AUC=0.861 95%CI(0.825 0.896)
== 5—Years, AUC=0.83,95%CI(0.781-0.876)

0.00 025

FIGURE 5 | Construction of the LASSO prognostic model. (A) Coefficients of selected features shown by lambda parameters; (B) partial likelihood deviation plotted
against log(A) using LASSO-Cox regression model; (C) risk score and survival time with survival status profile and expression levels of the seven gene signatures;
(D) Kaplan—Meier curves for patients in the high- and low-risk groups; and (E) ROC curve validation (LASSO model for 1-, 3-, and 5-year prediction accuracies).

5
False positive fiaction

0.75 1.00

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 726794


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Gao et al.

A Hypoxia-Associated Prognostic Gene

A B
Univariate analysis Hazard Ratio(95%CI) p-value Multivariate analysis Hazard Ratio(95%CI) p.value
PSMBI10 " 2.231(1.819,2.736) <0.0001 PSMBI10 b 1.325(1.029,1.706) 0.029
PSMD12 ——  6.720(4.723,9.561) <0.0001 PSMD12 —_— 2.794(1.758,4.439) 0.000
UBB " 2.227(1.814,2.733) <0.0001 UBB ko 1.512(1.236,1.849) 0.000
PSMD9 —— 5.272(3.792,7.330) <0.0001 PSMD9 — 1.435(0.857,2.403) 0.169
PSMD14 e 4.378(3.332,5.751) <0.0001 PSMD14 H—t 1.176(0.726,1.906) 0.509
PSMAS [ 4.396(3.468,5.573) <0.0001 PSMAS —— 2.114(1.420,3.147) 0.000
PSMB6 = 2.430(1.754,3.365) <0.0001 PSMB6 b 0.461(0.290,0.732) 0.001
0 5 10 15 01 2 3 4 5
c
Points o 10 20 30 50 0 £ w0 s 100
PSMB6 3 65 7 75 8 &5 9 95
PSMAS 7 65 6 55 H 45 4 35
UBB 12 1 10 9 8 7 6 1
PSMDI12 64 62 G S8 56 54 52 5 48 46 44 42 4 38
PSMB10 7 65 6 55 45 4 35 3
Total Points 0 0 40 60 80 100 120 140 160 180 200 20 240 260 280
Linear Predictor 45 5 55 65 7 75 8 &5 9 95 10 105 1 11
1-year Survival Probability 02 0304050607 0809
3-year Survival Probability O 02 0304050607 08 09
5-year Survival Probability 0102 0304050607 08 09
D
=] I ST T T T I T
T e —1 3-Yeur _ 5-Year -
e l =
/| 1 //
H T/ / < /
E = < | / 3 /
2% / 2 / 7
E ~ / - e
< ~ | / =1 -
= - < e Vs
- e
ot R - [ S
/
f S|V

065 070 075 080 085 090 095 02 04

Nomogram Predicted Survival

survival column line graph model.

05

‘Nomogram Predicted Survival

T T T T T y y
05 04 06
‘Nomogram Predicted Survival

FIGURE 6 | Prognosis prediction by Cox analysis of seven gene signatures. (A) p-value, risk factor HR, and confidence interval for single-factor Cox analysis of
seven gene signature expressions and clinical characteristics. (B) p-value, risk factor HR, and confidence interval for multifactor Cox analysis of seven gene signature
expressions and clinical characteristics. (C) Column line graphs predicting overall survival at 1, 3, and 5 years for glioma patients. (D) Calibration curves of the overall

(Figure 7B). The results showed that PSMB6, PSMA5, UBB, and
PSMD12 were highly expressed in the glioma tissues, while
PSMB10 was lowly expressed in the glioma tissues compared
with the normal tissues.

Gene Set Enrichment Analysis

Figure 8 shows the top 3 most abundant signalling pathways or
biological processes, respectively, ranked according to
normalized enrichment score (NES) values of PSMBI10,
PSMD12, UBB, PSMA5, and PSMB6 in gliomas. As the results
showed, high PSMB6, PSMA5, UBB, and PSMB10 expressions
were all enriched in ubiquitin-mediated proteolysis and UV
response pathway. PSMD12 was enriched in cysteine and
methionine metabolism and reactive oxygen species pathway.

DISCUSSION

Hypoxia is one of the main features of a glioma (22). The presence
of hypoxia in human gliomas has been experimentally
demonstrated in previous studies (23). Furthermore, the close
correlation between hypoxia and radioresistance in gliomas has
been reported in numerous studies (24, 25). Radiation therapy
targets rapidly proliferating tumour cells mainly by increasing
reactive oxygen species (ROS)-induced oxidative stress. Reactive
oxygen molecules include superoxide radicals and hydroxyl
radicals. ROS break chemical bonds, activate cascade reactions
generated by DNA damage, and ultimately lead to cell death. In
this process, oxygen is the key to mitigating ROS-induced DNA
damage, which is the fundamental mechanism of radiation for
cancer therapy (26). Tumour hypoxic zones recruit some
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PSMB10

immunosuppressive cells, such as bone marrow-derived
suppressor cells (MDSCs), tumour-associated macrophages
(TAMs) and Tregs, and thereafter inhibit the activation of
CD8+ T and CD4+ T cells (27, 28). Under hypoxic conditions,
cancer cells upregulate the key metabolic enzymes that help them
adapt to the demand for nutrients and the changes in redox status
(29). Therefore, understanding the molecular mechanisms
underpinning the effects of hypoxia on tumour treatment is
crucial to improve the effectiveness of tumour therapy.

In the current study, we applied consistent clustering, a
method that provides quantitative evidence for determining
the number and membership of possible clusters in a dataset,
to hypoxia-related genes. We divided 663 glioma samples into
two subgroups by consistency clustering, and our analysis
showed significant correlations between the subgroup level and
the tumour histological grade, radiotherapy or lack thereof, and
chemotherapy modality. We also constructed a glioma
prognostic prediction model consisting of seven hypoxia-

related gene signatures, and the model manifested high
accuracy in predicting patients’ prognoses at 1, 3, and 5 years.
Subsequent univariate and multivariate COX regression analyses
eventually identified PSMB10, PSMD12, UBB, PSMA5, and
PSMB6 as independent prognostic markers.

PSMAS5, PSMB6, and PSMB10 are all subunits (o0 and 3
subunits) of the 20S proteasome core complex. This proteasome
is a large multisubunit complex that is involved in protein
degradation via the ubiquitin-proteasome pathway. Moreover,
it is mainly associated with various biological processes, such as
cell cycle, apoptosis, angiogenesis, cell adhesion, and
transcription. The assembly of the eukaryotic 20S proteasome
is thought to begin with the formation of the a-loop and requires
the involvement of PSMA5 (30, 31). Previous studies have
reported that PSMA5 mRNA expression levels are highly
expressed in the serum of patients with sepsis presenting with
hypoxemia but are lowly expressed in an in vitro hypoxia model
(32). PSMB6 is associated with the progression of chronic
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hypoxic pulmonary hypertension and is involved in pulmonary
vascular remodelling in hypoxia-induced rats (33). In addition,
PSMB6 is upregulated in hypoxia models, lung cancer, and
mesenchymal thyroid cancer (33-35). PSMBI10 has also been
shown to be a prognosis-related Hub gene in endometrial cancer
(36). In the present study, PSMA5 and PSMB6 were found to be
highly expressed in gliomas, while PSMB10 was found to be
lowly expressed by integrating the TCGA and GTEx databases’
glioma sample analyses. PSMD12 was found in foetuses with
neurodevelopmental disorders characteristic of autism and
craniofacial anomalies, clubfoot, and syndactyly (37, 38).
Disruption assays also support the biological importance of
PSMD12 in proteasome function, especially during
development and neurogenesis (39). In addition, PSMD12
expression is reportedly upregulated in glioma tissues
compared with normal brain tissues and positively correlated
with glioma grade. Zhang et al. (40) constructed a PSMD12-

containing prognostic model for hypoxia in colorectal cancer
and verified its high accuracy. UBB is a ubiquitin gene, a protein
found in eukaryotic cells. The ubiquitin system helps regulate
protein turnover. Ubiquitin attaches to the proteins that are to
be degraded, effectively labelling them, and then the proteins
are taken to a structure called the proteasome to form the
ubiquitin—proteasome system (UPS). The UPS system can
affect the survival of tumour cells by either promoting the
interpretation of oncogenic proteins such as P53 or by
blocking the degradation of oncogenic proteins (41). The
components of the UPS system have become feasible targets
for the development of potentially effective drugs against certain
diseases, including some of these drugs that are already in clinical
use or in the experimental phase. However, the UPS system is the
primary pathway for intracellular protein degradation, thus
hindering the development of protein degradation-based drugs,
with only about 5% of Food and Drug Administration (FDA)-
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approved drugs currently targeting UPS system components (42,
43). Similarly, the five gene signatures in the prognostic
prediction model constructed in this study are UPS
system components.

Combining the above findings, we can identify the important
roles of PSMB10, PSMD12, UBB, PSMA5, and PSMB6 in
gliomas, thus providing new targets and ideas for tumour-
targeted therapy. The present study has some limitations.
Given that there is a dearth of research analysing the genes in
tumours, the discovery of their mechanisms of action still needs
improvement. Therefore, more biological experiments are
needed to prove whether the conclusions reached can be
verified in vivo or in vitro.

In summary, we constructed a prognostic model for glioma
based on seven hypoxia-related genes and further identified five
independent predictors of prognosis in glioma patients, thereby
providing potential new targets for glioma gene-targeting therapy.

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 author.

REFERENCES

1. Davis ME. “Epidemiology and Overview of Gliomas”. In: Seminars in
Oncology Nursing. Elsevier (2018). doi: 10.1016/j.soncn.2018.10.001
2. Vachher M, Arora K, Burman A, Kumar B. NAMPT, GRN, and SERPINE1
Signature as Predictor of Disease Progression and Survival in Gliomas. ] Cell
Biochem (2020) 121(4):3010-23. doi: 10.1002/jcb.29560
3. Ajithkumar T, Taylor R, Kortmann R. Radiotherapy in the Management of
Paediatric Low-Grade Gliomas. Clin Oncol (2019) 31(3):151-61. doi: 10.1016/
j.clon.2018.11.032
4. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, et al.
CBTRUS Statistical Report: Primary Brain and Other Central Nervous System
Tumors Diagnosed in the United States in 2012-2016. Neuro-oncology (2019)
21(Supplement_5):v1-v100. doi: 10.1093/neuonc/noz150
5. Behin A, Hoang-Xuan K, Carpentier AF, Delattre J-Y. Primary Brain
Tumours in Adults. Lancet (2003) 361(9354):323-31. doi: 10.1016/S0140-
6736(03)12328-8
6. Osuka S, Van Meir EG. Overcoming Therapeutic Resistance in Glioblastoma:
The Way Forward. J Clin Invest (2017) 127(2):415-26. doi: 10.1172/JCI89587
7. Wick A, Pascher C, Wick W, Jauch T, Weller M, Bogdahn U, et al.
Rechallenge With Temozolomide in Patients With Recurrent Gliomas.
J Neurol (2009) 256(5):734-41. doi: 10.1007/s00415-009-5006-9
8. Jing X, Yang F, Shao C, Wei K, Xie M, Shen H, et al. Role of Hypoxia in
Cancer Therapy by Regulating the Tumor Microenvironment. Mol Cancer
(2019) 18(1):1-15. doi: 10.1186/512943-019-1089-9
9. Chen P-S, Chiu W-T, Hsu P-L, Lin S-C, Peng I-C, Wang C-Y, et al.
Pathophysiological Implications of Hypoxia in Human Diseases. ] Biomed
Sci (2020) 27:1-19. doi: 10.1186/$12929-020-00658-7
10. Abou Khouzam R, Goutham HV, Zaarour RF, Chamseddine AN, Francis A,
Buart S, et al. “Integrating Tumor Hypoxic Stress in Novel and More
Adaptable Strategies for Cancer Immunotherapy”. In: Seminars in Cancer
Biology. Elsevier (2020). doi: 10.1016/j.semcancer.2020.01.003
11. Petrova V, Annicchiarico-Petruzzelli M, Melino G, Amelio I. The Hypoxic
Tumour Microenvironment. Oncogenesis (2018) 7(1):1-13. doi: 10.1038/
s41389-017-0011-9
12. Oliver L, Olivier C, Marhuenda F, Campone M, Vallette F. Hypoxia and the
Malignant Glioma Microenvironment: Regulation and Implications for

AUTHOR CONTRIBUTIONS

All authors listed have made substantial, direct, and intellectual
contribution to the work and approved it for publication.

FUNDING

This study was supported by Ningbo public welfare science and
technology program (No. 20181JCGY020333).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
726794/full#supplementary-material

Supplementary Figure 1 | Association of hypoxia-associated genes with
characteristics and survival in different subgroups of patients.

Therapy. Curr Mol Pharmacol (2009) 2(3):263-84. doi: 10.2174/
1874467210902030263

13. Wang H, Jiang H, Van De Gucht M, De Ridder M. Hypoxic Radioresistance:
Can ROS be the Key to Overcome it? Cancers (2019) 11(1):112. doi: 10.3390/
cancers11010112

14. Wilson WR, Hay MP. Targeting Hypoxia in Cancer Therapy. Nat Rev Cancer
(2011) 11(6):393-410. doi: 10.1038/nrc3064

15. Chambers AM, Matosevic S. Immunometabolic Dysfunction of Natural Killer
Cells Mediated by the Hypoxia-CD73 Axis in Solid Tumors. Front Mol Biosci
(2019) 6:60. doi: 10.3389/fmolb.2019.00060

16. Maimela NR, Liu S, Zhang Y. Fates of CD8+ T Cells in Tumor
Microenvironment. Comput Struct Biotechnol ] (2019) 17:1-13.
doi: 10.1016/j.csbj.2018.11.004

17. Duffy MJ, Crown J. Biomarkers for Predicting Response to Immunotherapy
With Immune Checkpoint Inhibitors in Cancer Patients. Clin Chem (2019) 65
(10):1228-38. doi: 10.1373/clinchem.2019.303644

18. Lin W, Wu S, Chen X, Ye Y, Weng Y, Pan Y, et al. Characterization of
Hypoxia Signature to Evaluate the Tumor Immune Microenvironment and
Predict Prognosis in Glioma Groups. Front Oncol (2020) 10:796. doi: 10.3389/
fonc.2020.00796

19. Fox NS, Starmans MH, Haider S, Lambin P, Boutros PC. Ensemble Analyses
Improve Signatures of Tumour Hypoxia and Reveal Inter-Platform
Differences. BMC Bioinf (2014) 15(1):1-14. doi: 10.1186/1471-2105-15-170

20. Thienpont B, Steinbacher ], Zhao H, D’Anna F, Kuchnio A, Ploumakis A,
et al. Tumour Hypoxia Causes DNA Hypermethylation by Reducing TET
Activity. Nature (2016) 537(7618):63-8. doi: 10.1038/nature19081

21. Wei J, Huang K, Chen Z, Hu M, Bai Y, Lin S, et al. Characterization of
Glycolysis-Associated Molecules in the Tumor Microenvironment Revealed
by Pan-Cancer Tissues and Lung Cancer Single Cell Data. Cancers (2020) 12
(7):1788. doi: 10.3390/cancers12071788

22. Wang Y, Liu Y, Malek SN, Zheng P, Liu Y. Targeting Hif1o. Eliminates Cancer
Stem Cells in Hematological Malignancies. Cell Stem Cell (2011) 8(4):399—
411. doi: 10.1016/j.stem.2011.02.006

23. Collingridge DR, Piepmeier JM, Rockwell S, Knisely JP. Polarographic
Measurements of Oxygen Tension in Human Glioma and Surrounding
Peritumoural Brain Tissue. Radiother Oncol (1999) 53(2):127-31.
doi: 10.1016/50167-8140(99)00121-8

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 726794


https://www.frontiersin.org/articles/10.3389/fonc.2021.726794/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.726794/full#supplementary-material
https://doi.org/10.1016/j.soncn.2018.10.001
https://doi.org/10.1002/jcb.29560
https://doi.org/10.1016/j.clon.2018.11.032
https://doi.org/10.1016/j.clon.2018.11.032
https://doi.org/10.1093/neuonc/noz150
https://doi.org/10.1016/S0140-6736(03)12328-8
https://doi.org/10.1016/S0140-6736(03)12328-8
https://doi.org/10.1172/JCI89587
https://doi.org/10.1007/s00415-009-5006-9
https://doi.org/10.1186/s12943-019-1089-9
https://doi.org/10.1186/s12929-020-00658-7
https://doi.org/10.1016/j.semcancer.2020.01.003
https://doi.org/10.1038/s41389-017-0011-9
https://doi.org/10.1038/s41389-017-0011-9
https://doi.org/10.2174/1874467210902030263
https://doi.org/10.2174/1874467210902030263
https://doi.org/10.3390/cancers11010112
https://doi.org/10.3390/cancers11010112
https://doi.org/10.1038/nrc3064
https://doi.org/10.3389/fmolb.2019.00060
https://doi.org/10.1016/j.csbj.2018.11.004
https://doi.org/10.1373/clinchem.2019.303644
https://doi.org/10.3389/fonc.2020.00796
https://doi.org/10.3389/fonc.2020.00796
https://doi.org/10.1186/1471-2105-15-170
https://doi.org/10.1038/nature19081
https://doi.org/10.3390/cancers12071788
https://doi.org/10.1016/j.stem.2011.02.006
https://doi.org/10.1016/S0167-8140(99)00121-8
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Gao et al.

A Hypoxia-Associated Prognostic Gene

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Marampon F, Gravina GL, Zani BM, Popov VM, Fratticci A, Cerasani M, et al.
Hypoxia Sustains Glioblastoma Radioresistance Through ERKs/DNA-PKcs/
HIF-10o Functional Interplay. Int ] Oncol (2014) 44(6):2121-31. doi: 10.3892/
ijo.2014.2358

Kessler J, Hahnel A, Wichmann H, Rot S, Kappler M, Bache M, et al. HIF-1a
Inhibition by siRNA or Chetomin in Human Malignant Glioma Cells: Effects
on Hypoxic Radioresistance and Monitoring via CA9 Expression. BMC
Cancer (2010) 10(1):1-11. doi: 10.1186/1471-2407-10-605

Nilsson R, Liu N-A. Nuclear DNA Damages Generated by Reactive Oxygen
Molecules (ROS) Under Oxidative Stress and Their Relevance to Human
Cancers, Including Ionizing Radiation-Induced Neoplasia Part I: Physical,
Chemical and Molecular Biology Aspects. Radiat Med Prot (2020) 1.
doi: 10.1016/j.radmp.2020.09.002

Damgaci S, Ibrahim-Hashim A, Enriquez-Navas PM, Pilon-Thomas S, Guvenis
A, Gillies RJ. Hypoxia and Acidosis: Immune Suppressors and Therapeutic
Targets. Immunology (2018) 154(3):354-62. doi: 10.1111/imm.12917
Multhoff G, Vaupel P. Hypoxia Compromises Anti-Cancer Immune
Responses. Oxygen Transport to Tissue XLI (2020) 1232:131-43.
doi: 10.1007/978-3-030-34461-0_18

Maremonti E, Eide DM, Rossbach LM, Lind OC, Salbu B, Brede DA. In Vivo
Assessment of Reactive Oxygen Species Production and Oxidative Stress
Effects Induced by Chronic Exposure to Gamma Radiation in Caenorhabditis
Elegans. Free Radical Biol Med (2020) 152:583-96. doi: 10.1016/
j.freeradbiomed.2019.11.037

Le Tallec B, Barrault M-B, Courbeyrette R, Guérois R, Marsolier-Kergoat M-
C, Peyroche A. 20S Proteasome Assembly is Orchestrated by Two Distinct
Pairs of Chaperones in Yeast and in Mammals. Mol Cell (2007) 27(4):660-74.
doi: 10.1016/j.molcel.2007.06.025

Murata S, Yashiroda H, Tanaka K. Molecular Mechanisms of Proteasome
Assembly. Nat Rev Mol Cell Biol (2009) 10(2):104-15. doi: 10.1038/nrm2630
Xue M, Zhang S, Xie ], Zhang X, Liu F, Huang Y, et al. Differential Expression
of Genes Associated With T Lymphocytes Function in Septic Patients With
Hypoxemia Challenge. Ann Trans Med (2019) 7(24):810. doi: 10.21037/
atm.2019.12.63

Wang J, Xu L, Yun X, Yang K, Liao D, Tian L, et al. Proteomic Analysis
Reveals That Proteasome Subunit Beta 6 is Involved in Hypoxia-Induced
Pulmonary Vascular Remodeling in Rats. PLoS One (2013) 8(7):e67942.
doi: 10.1371/journal.pone.0067942

Lu Z, Song Q, Yang J, Zhao X, Zhang X, Yang P, et al. Comparative Proteomic
Analysis of Anti-Cancer Mechanism by Periplocin Treatment in Lung Cancer
Cells. Cell Physiol Biochem (2014) 33(3):859-68. doi: 10.1159/000358658
Onda M, Emi M, Yoshida A, Miyamoto S, Akaishi J, Asaka S, et al
Comprehensive Gene Expression Profiling of Anaplastic Thyroid Cancers
With cDNA Microarray of 25 344 Genes. Endocrine-related Cancer (2004) 11
(4):843-54. doi: 10.1677/erc.1.00818

Huo X, Sun H, Liu Q, Ma X, Peng P, Yu M, et al. Clinical and Expression
Significance of AKT1 by Co-Expression Network Analysis in Endometrial
Cancer. Front Oncol (2019) 9:1147. doi: 10.3389/fonc.2019.01147

37. Naud M-E, Tosca L, Martinovic J, Saada J, Métay C, Drevillon L, et al. Prenatal
Diagnosis of a 2.5 Mb De Novo 17q24. 1q24. 2 Deletion Encompassing
KPNA2 and PSMDI12 Genes in a Fetus With Craniofacial Dysmorphism,
Equinovarus Feet, and Syndactyly. Case Rep Genet (2017) 2017:7803136.
doi: 10.1155/2017/7803136

Khalil R, Kenny C, Hill RS, Mochida GH, Nasir R, Partlow ]N, et al. PSMD12
Haploinsufficiency in a Neurodevelopmental Disorder With Autistic Features.
Am ] Med Genet Part B: Neuropsychiatr Genet (2018) 177(8):736-45.
doi: 10.1002/ajmg.b.32688

Kiry S, Besnard T, Ebstein F, Khan TN, Gambin T, Douglas J, et al. De Novo
Disruption of the Proteasome Regulatory Subunit PSMD12 Causes a
Syndromic Neurodevelopmental Disorder. Am ] Hum Genet (2017) 100
(2):352-63. doi: 10.1016/j.ajhg.2017.01.003

Zhang Y, Yang F, Peng X, Li X, Luo N, Zhu W, et al. Hypoxia Constructing the
Prognostic Model of Colorectal Adenocarcinoma and Related to the Immune
Microenvironment. Front Cell Dev Biol (2021) 9. doi: 10.3389/
fcell.2021.665364

Tokheim C, Wang X, Timms RT, Zhang B, Mena EL, Wang B, et al.
Systematic Characterization of Mutations Altering Protein Degradation in
Human Cancers. Mol Cell (2021) 81(6):1292-308.e11. doi: 10.1016/
j.molcel.2021.01.020

Kumar SK, Jacobus SJ, Cohen AD, Weiss M, Callander N, Singh AK, et al.
Carfilzomib or Bortezomib in Combination With Lenalidomide and
Dexamethasone for Patients With Newly Diagnosed Multiple Myeloma
Without Intention for Immediate Autologous Stem-Cell Transplantation
(ENDURANCE): A Multicentre, Open-Label, Phase 3, Randomised,
Controlled Trial. Lancet Oncol (2020) 21(10):1317-30. doi: 10.1016/S1470-
2045(20)30452-6

Chakravarty D, Gao J, Phillips S, Kundra R, Zhang H, Wang J, et al. OncoKB:
A Precision Oncology Knowledge Base. JCO Precis Oncol (2017) 1:1-16.
doi: 10.1200/P0O.17.00011

38.

39.

40.

41.

42.

43.

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, 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.

Copyright © 2021 Gao, Wang, Gu, Zhang and Wang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

November 2021 | Volume 11 | Article 726794


https://doi.org/10.3892/ijo.2014.2358
https://doi.org/10.3892/ijo.2014.2358
https://doi.org/10.1186/1471-2407-10-605
https://doi.org/10.1016/j.radmp.2020.09.002
https://doi.org/10.1111/imm.12917
https://doi.org/10.1007/978-3-030-34461-0_18
https://doi.org/10.1016/j.freeradbiomed.2019.11.037
https://doi.org/10.1016/j.freeradbiomed.2019.11.037
https://doi.org/10.1016/j.molcel.2007.06.025
https://doi.org/10.1038/nrm2630
https://doi.org/10.21037/atm.2019.12.63
https://doi.org/10.21037/atm.2019.12.63
https://doi.org/10.1371/journal.pone.0067942
https://doi.org/10.1159/000358658
https://doi.org/10.1677/erc.1.00818
https://doi.org/10.3389/fonc.2019.01147
https://doi.org/10.1155/2017/7803136
https://doi.org/10.1002/ajmg.b.32688
https://doi.org/10.1016/j.ajhg.2017.01.003
https://doi.org/10.3389/fcell.2021.665364
https://doi.org/10.3389/fcell.2021.665364
https://doi.org/10.1016/j.molcel.2021.01.020
https://doi.org/10.1016/j.molcel.2021.01.020
https://doi.org/10.1016/S1470-2045(20)30452-6
https://doi.org/10.1016/S1470-2045(20)30452-6
https://doi.org/10.1200/PO.17.00011
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A Hypoxia-Associated Prognostic Gene Signature Risk Model and Prognosis Predictors in Gliomas
	Introduction
	Method
	Data Sources
	Selection and Processing of Hypoxia-Associated Genes
	Seventy-Five Hypoxia-Associated Gene Subgroup Types
	Protein–Protein Interaction Network Construction and Hub Gene Screening
	Kaplan–Meier Survival Analysis
	LASSO Model Construction
	Univariate and Multivariate Cox Regression Analysis
	Protein Expression Validation
	Gene Set Enrichment Analysis

	Results
	Expression and Correlation of Hypoxia-Associated Genes in Gliomas
	Consensus Clustering of Hypoxia-Associated Genes
	Expression of Hypoxia-Associated Genes in Different Subgroups and Clinical Characteristics of Glioma Patients
	PPI Network Construction and Hub Gene Identification
	LASSO Prognostic Model Construction
	Univariate and Multivariate Cox Regression Analysis
	Expressions and Protein Assays of PSMB10, PSMD12, UBB, PSMA5, and PSMB6 in Gliomas
	Gene Set Enrichment Analysis

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	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 /LeaveColorUnchanged
  /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


