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Objective: Increasing studies have indicated that senescence was associated

with tumorigenesis and progression. Lower-grade glioma (LGG) presented a

less invasive nature, however, its treatment efficacy and prognosis prediction

remained challenging due to the intrinsic heterogeneity. Therefore, we

established a senescence-related signature and investigated its prognostic

role in LGGs.

Methods: The gene expression data and clinicopathologic features were from

The Cancer Genome Atlas (TCGA) database. The experimentally validated

senescence genes (SnGs) from the CellAge database were obtained. Then

LASSO regression has been performed to build a prognostic model. Cox

regression and Kaplan-Meier survival curves were performed to investigate

the prognostic value of the SnG-risk score. A nomogram model has been

constructed for outcome prediction. Immunological analyses were further

performed. Data from the Chinese Glioma Genome Atlas (CGGA), Repository

of Molecular Brain Neoplasia Data (REMBRANDT), and GSE16011 were used

for validation.

Results: The 6-SnG signature has been established. The results showed SnG-

risk score could be considered as an independent predictor for LGG patients

(HR=2.763, 95%CI=1.660-4.599, P<0.001). The high SnG-risk score indicated a

worse outcome in LGG (P<0.001). Immune analysis showed a positive

correlation between the SnG-risk score and immune infiltration level, and the

expression of immune checkpoints. The CGGA datasets confirmed the

prognostic role of the SnG-risk score. And Kaplan-Meier analyses in

the additional datasets (CGGA, REMBRANDT, and GSE16011) validated the

prognostic role of the SnG-signature (P<0.001 for all).
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Conclusion: The SnG-related prognostic model could predict the survival of

LGG accurately. This study proposed a novel indicator for predicting the

prognosis of LGG and provided potential therapeutic targets.
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Introduction

Glioma was a common type of central nervous system

malignant tumor (1). Based on World Health Organization

(WHO) classification, the lower-grade gliomas (LGGs) referred

to grade II and III gliomas, which accounted for approximately

43.2% (2, 3). Compared to glioblastomas (GBMs), LGGs were

more indolent precursors with a longer median overall survival

(OS) (4). However, despite the application of surgical resection,

chemotherapy, and radiotherapy, as well as emerging therapies

such as immunotherapy and gene therapy, the local recurrence,

progression into GBM, and therapeutic quality decrease seemed

to be inevitable (5, 6). And due to the different genetic

backgrounds, the OS of LGG patients varied widely from 1 to

15 years (7). Although molecular markers have been applied in

clinical decision-making, it was still difficult to predict the

outcome of LGG precisely. Therefore, it has been necessary to

investigate novel biomarkers for prognostic prediction and

individualized therapeutic targets for LGG patients.

Increasing evidence indicated that cellular senescence was a

key step in aging process and played an important role in

tumorigenesis (8, 9). Cellular senescence was a complex stress

response considered as the state of cell-cycle arrest (10–12).

Cellular senescence was considered to be a protective

mechanism when organisms were exposed to adverse factors,

including oxidative stress, DNA damage, and oncogenic

activation (13). Cellular senescence had a dual function in

inhibiting and promoting tumors. On one side, cell-cycle

arrest ensured tissue homeostasis and prevented tumor

development with immune clearance in early tumorigenesis

(14–16). Conversely, the accumulation of senescent cells

promoted the senescence-associated secretory phenotype

(SASP), releasing cytokines, chemokines, and growth factors

and constructing a chronic inflammatory microenvironment

that led to tumor progression (17–19). Furthermore, recent

studies have found that cellular senescence also promoted the

accumulation of various immunosuppressive cells (20).

However, the predictive value and potential mechanisms of

senescence-related genes (SnGs) in LGGs required further study.

We identified the dysregulated senescence-related genes in

LGG and established a senescence-related predictive model with
02
the data from TCGA database, which was further validated by

CGGA databases, REMBRANDT cohort, and GSE16011 dataset.

The results showed the SnG-signature was an independent risk

factor for LGG survival and predicted the outcome accurately.
Methods

The senescence-related genes
acquisition

The SnG list was obtained from the CellAge database

(https://genomics.senescence.info/cells/), which contained 279

SnGs validated based on experiments (21).
RNA-sequencing data collation and
differential expression gene identification

We collected RNA-seq data from TCGA database (https://

portal.gdc.cancer.gov). The 5 normal and 529 LGG samples were

involved for DEG analysis. Then we used DESeq2 package to

determine LGG-related DEGs (22). The inclusion criteria for

DEGs has been set as |logFC|>1 and Padj<0.05. Venn analysis

was performed to select overlapping genes between LGG-DEG

set and SnG set. Due to the limited normal samples in TCGA, we

further selected 1152 normal samples from GTEx database in

UCSC XENA website (https://xenabrowser.net/datapages/) for

heat mapping. Our study fully followed the publication

guidelines of corresponding public databases. Then Gene

Ontology (GO) and Kyoto Encyclopedia of Genes and

Genomes (KEGG) analyses were performed by ClusteProfiler

package to identify the main biological functions involved by

DEGs (23, 24).
Construction of SnG-related prognostic
model

Univariate Cox analyses were used to find the genes with

prognostic significance determined by Venn analysis. Then these
frontiersin.org
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genes were incorporated into LASSO regression analysis

performed by glmnet package (25). The cv.glmnet function

was used to select the lambda that minimized the deviations.

The screened genes were eventually incorporated into the

prognostic model, and the risk-score system was established.

Individual LGG patients were assessed with a risk score,

respectively. And the formula has been shown below (n, gene

quantity; expri, gene expression value; coefficienti, gene

regression coefficient).

Risk score =o
n

i=1
 expri � coefficienti
Prognostic model development

The mid-value of SnG-risk score divided the patients into

two different risk groups. Survival package was performed to

estimate the survival distributions. We included various clinical

features in Cox regression and analyzed the risk score level in the

subgroups. Nomogram constructed by the RMS package was

used for survival prediction (26, 27).
Gene set enrichment analysis

We used ClusteProfiler package to identify the hallmark

differences based on the DEGs between the two risk groups (28).

The results meeting the threshold of adjusted P-value<0.05 and

FDR q-value<0.25 were considered statistically significant.
Immunological analyses

The correlation between immune infiltration and risk score

has been estimated by the single-sample Gene Set Enrichment

Analysis (ssGSEA) function in GSVA package (29). A total of 24

immune cell types were included for analyses indicated

previously (30). Then we evaluated the correlation between

immune checkpoint expression and risk score (31).
Validation for survival analyses

We obtained 175 LGG samples from CGGA microarray

dataset, 443 LGG samples from CGGA sequencing dataset

(http : //www.cgga.org .cn/) , 162 LGG samples from

REMBRANDT cohort (http://www.betastasis.com/glioma/

rembrandt/), and 107 LGG samples from GSE16011 dataset

(https://www.ncbi.nlm.nih.gov/). Then the samples were divided

into two different risk groups according to the criteria above,
Frontiers in Immunology 03
respectively. Cox regression and Kaplan-Meier analyses were

used to verify the predictive value of the model.
Statistical analyses

R project (3.6.3) was used for all our statistical analyses and

graphs. Mann-Whitney U-test has been used for the risk score

comparison in unpaired samples. Cox regression analyses were

used for evaluate the hazard ratios (HRs) and 95% confidence

intervals (CIs) evaluation. Log-rank test was used for Kaplan-

Meier analyses. We defined a two-sided P value<0.05 as

statistically significant.
Results

Identification of senescence-related
genes in LGG patients and functional
enrichment analyses

Based on the threshold of |logFC|>1 and Padj<0.05, a total of

6176 DEGs, including 2708 upregulated genes and 3468

downregulated genes, have been identified (Figure 1A). We

obtained 279 SnGs from the CellAge database. By overlapping

the results of LGG-DEGs and SnGs, we identified a total of 65

differential expressed SnGs in LGGs for further analysis

(Figures 1B, C).

The results of GO analyses showed that biological process

(BP) included cell aging, cell cycle arrest, negative regulation of

cell cycle process, response to oxidative stress, covalent

chromatin modification, and regulation of cell cycle phase

transition. Cellular component (CC) included nuclear

chromatin, PcG protein complex, transcription factor complex,

chromosomal region, focal adhesion, and cell−substrate

junction. Molecular function (MF) included protein serine/

threonine kinase activity, DNA-binding transcription activator

activity RNA polymerase II−specific, protein kinase regulator

activity, kinase regulator activity, transcription corepressor

activity, and enzyme inhibitor activity (Figure 1D). The results

of KEGG analysis included cellular senescence, cell cycle, p53

signaling pathway, microRNAs in cancer, transcriptional

misregulation in cancer, and glioma (Figure 1E).
Establishment of the SnG-related
signature and evaluation of its
prognostic role

Univariate Cox analyses were used to identify the prognostic

significance of the 65-differential expressed SnGs in LGGs. A
frontiersin.org
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total of 38 genes have been identified to be correlated to the OS.

The expression level of these genes has been confirmed by

immunohistochemical analyses in Human Protein Atlas

(http://www.proteinatlas.org/). Then the genes which were
Frontiers in Immunology 04
untested or had poor consistency with RNA expression data

were excluded. There were 18 genes were subsequently included

in LASSO regression analysis, and 6 SnGs were eventually

selected to establish the SnG signature, including AURKA,
A B

D E

C

FIGURE 1

Identification and functional enrichment analyses of senescence-related DEGs. (A) Identification of DEGs between normal and LGG samples. (B)
Intersections of DEGs and SnGs by Venn diagram. (C) Heatmap of the expression levels of the 65 senescence-related DEGs. (D) GO enrichment
analyses. (E) KEGG analysis annotation.
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CENPA, LIMK1, PATZ1, TGFB1I1, TLR3 (Figures 2A, B). The

regression coefficients for each gene have been shown (Table 1).

Then we assessed the possible correlations between these 6 SnGs.

The results showed a high correlation between AURKA and

CENPA (r=0.854, P<0.001), and the other ratios were weakly to

moderately correlated (Figure 2C). With the increase of grade,

the expressions of AURKA, CENPA, LIMK1, TGFB1I1, and
Frontiers in Immunology 05
TLR3 were significantly up-regulated, while the expression of

PATZ1 was down-regulated (Figures 2D, E). Kaplan-Meier

analyses showed that AURKA, CENPA, LIMK1, TGFB1I1,

and TLR3 were negatively associated with the outcome,

whereas PATZ1 was positively associated with the outcome

(Figure 2F). The immunohistochemical results of these 6 genes

have been shown (Figure 3). The expressions levels of AURKA,
A

B

D

E

FC

FIGURE 2

Identification of SnG-prognostic signature. (A) Cross-validation of the LASSO model’s parameters. (B) Coefficient profiles in LASSO regression
model. (C) Correlation between the expression of the 6 SnGs. (D) Expression levels of the 6 SnGs in LGGs and GBMs. (E) Expression levels of the
6 SnGs in Grade II, III, and IV. (F) Survival analyses of the 6 SnGs by Kaplan-Meier curves and log-rank tests. **P<0.01; ***P<0.001; ns, not
significant.
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CENPA, LIMK1, TGFB1I1, and TLR3 were lower in LGG than

HGG samples, whereas the expression level of PATZ1 was

higher in LGG. We obtained the corresponding risk scores of

each patient according to the formula mentioned and separated

the patients into two different risk groups.

We analyzed the survival distribution and expression

profiles of the 6 SnGs between the two risk groups

(Figure 4A). The result of Kaplan-Meier analysis showed that

the high-risk score indicated a worse prognosis in LGGs
Frontiers in Immunology 06
(P<0.001, Figure 4B). The result of Cox regression showed that

the SnG-risk score was an independent indicator for LGG

survival (HR=2.763, 95%CI=1.660-4.599, P<0.001, Table 2).
Risk score in different subgroups

We evaluated the SnG-risk score with different clinical

characteristics (Figures 5A–E). The results showed that it
FIGURE 3

Immunohistochemical analyses from HPA database of the 6 SnGs in LGG and HGG, including AURKA, CENPA, LIMK1, PATZ1, TGFB1I1, and TLR3.
TABLE 1 Senescence-related genes, the relationship with OS, and the coefficients in LASSO regression model.

Gene Description Hazard ratio (95% CI) P value Coefficients

AURKA Aurora Kinase A 1.748 (1.521-2.010) <0.001* 0.129695

CENPA Centromere Protein A 1.582 (1.412-1.772) <0.001* 0.301414

LIMK1 LIM Domain Kinase 1 1.907 (1.481-2.456) <0.001* 0.057793

PATZ1 POZ/BTB And AT Hook Containing Zinc Finger 1 0.538 (0.405-0.716) <0.001* -0.753527

TGFB1I1 Transforming Growth Factor Beta 1 Induced Transcript 1 1.796 (1.469-2.195) <0.001* 0.154034

TLR3 Toll Like Receptor 3 1.906 (1.554-2.336) <0.001* 0.362497
*P<0.05, significant difference.
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significantly enhanced in groups of elder (P<0.05), WHO grade

III (P<0.001), IDH wild-type (P<0.001), and 1p/19q non-

codeletion (P<0.001).
Nomogram development and validation

We involved the same clinical characteristics of the Cox

regression into the nomogram (Figure 6A). The concordance

index of nomogram was 0.827 (95%CI=0.806-0.848). The AUCs

of time-dependent ROC curves were 0.853, 0.865, and 0.773 for

1-, 3-, and 5-year OS rates, respectively (Figure 6B). And the

predicted probability of calibration plots agreed with the

observed results (Figure 6C).
Frontiers in Immunology 07
GSEA analyses

We performed GSEA analyses to further identify the

biological function involved in LGGs with different SnG-related

risk score levels. The results revealed that G2M checkpoint, IL6/

JAK/STAT3 signaling, inflammatory response, TNFa signaling

via NFkB, and epithelial mesenchymal transition (EMT), were

enriched in the high-risk group (Figure 7).
Immunological analyses

We compared the infiltration level of immune cells between

the two risk groups (Figure 8A). It showed that the levels of
A

B

FIGURE 4

The survival distribution, risk score, and heat-map of gene-expression levels of the SnG-signature. (A) The survival distribution, risk score, and
expression levels of the SnG-signature. (B) Kaplan-Meier analysis for estimation of the OS with different risk levels in LGGs.
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TABLE 2 Univariate and multivariate Cox regression analyses in LGGs.

Characteristics Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

<40 Reference Reference

≥40 2.906 (2.008-4.205) <0.001* 3.599 (2.306-5.619) <0.001*

Gender

Female Reference

Male 1.124 (0.800-1.580) 0.499

WHO grade

II Reference Reference

III 3.059 (2.046-4.573) <0.001* 1.737 (1.114-2.708) 0.015*

IDH status

WT Reference Reference

Mutant 0.186 (0.130-0.265) <0.001* 0.434 (0.271-0.693) <0.001*

1p/19q codeletion

Non-codel Reference Reference

Codel 0.401 (0.256-0.629) <0.001* 0.623 (0.367-1.057) 0.079

Risk score

Low Reference Reference

High 4.473 (2.978-6.718) <0.001* 2.763 (1.660-4.599) <0.001*
Frontiers in Immunology
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 front
WT wild type; Mut mutant; Codel codeletion; Non-codel non-codeletion.
*P<0.05, significant difference.
A B

D E

C

FIGURE 5

SnG-risk score distributions in LGGs stratified by different clinicopathologic features, including age, gender, WHO grade, IDH status, and 1p/19q
co-deletion status. *P<0.05; ***P<0.001. (A) Age, (B) Gender, (C) WHO grade, (D) IDH status, (E) 1p/19q co-deletion status. ns, not significant.
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aDCs (activated dendritic cells), B cells, cytotoxic cells,

eosinophils, iDCs (immature DCs), macrophages, neutrophils,

NK CD56dim cells, NK cells, T cells, T helper cells, Th1, Th17

cells, and Th2 cells were significantly higher in the high-risk

group, while pDCs (plasmacytoid DCs) were significantly

decreased. And there were positive correlations between risk

score and infiltration levels of eosinophils, macrophages, Th2

cells, T cells, neutrophils, aDCs, cytotoxic cells, iDCs, NK cells,

Th17 cells, NK CD56dim cells, B cells, T helper cells, mast cells,

Th1 cells. The negative correlations were found in NK

CD56bright cells, TReg, and pDCs (Figure 8B).

We analyzed the expression of immune checkpoints between

the two groups, and evaluated the association between SnG-risk
Frontiers in Immunology 09
score and immune checkpoints (Figures 9A–H). The result

showed that the expression levels of immune checkpoints were

significantly higher in high-risk group. And there were

significantly positive correlations between the expression of

PD1, PD-L1, CTLA4, LAG-3, TIM3, CD48 and risk score.
Validation on the prognostic value of the
SnG-signature

We validated the prognostic role of the SnG-risk system in

three databases. The Cox regression analyses by CGGA

microarray dataset (Table 3) and CGGA sequencing dataset
A

B C

FIGURE 6

Prognosis prediction model for LGG patients. (A) Nomogram for 1-, 3-, and 5-year OS rates. (B) Time-dependent ROC curves of the
nomogram. (C) Calibration plots of the nomogram.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1018942
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.1018942
(Table 4) have verified that the SnG-risk score played an

independent role in LGG survival prognosis. And the Kaplan-

Meier analyses in CGGA microarray dataset (Figure 10A),

CGGA sequencing dataset (Figure 10B), REMBRANDT cohort

(Figure 10C), and GSE16011 dataset (Figure 10D) suggested that

the high-risk score indicated a poor outcome (P<0.001 for all).
Discussion

Gliomas were common intracranial malignant neoplasms

(32). Due to the heterogeneity in natural processes and
Frontiers in Immunology 10
molecular characteristics, the clinical outcome of LGGs varied

widely (33, 34). Even with the current treatment strategy, the

malignant progression and local recurrence of LGGs seemed to

be inevitable. Developing a new prognostic model and exploring

promising therapeutic biomarkers for LGG patients have been

necessary. Cellular senescence has been considered a failsafe

program for the organism triggered by severe interior or exterior

damage (35). SASP-related immune response eliminated the

further expansion of deleterious cells and suppressed the

tumorigenesis, imposing an antitumor effect (36, 37).

Conversely, the release of SASP factors led to the

establishment of an immunosuppressive and chronic
FIGURE 7

GSEA of the SnG-signature. G2M checkpoint, IL6/JAK/STAT3 signaling, Inflammatory response, TNFa signaling via NFkB, Epithelial
mesenchymal transition.
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inflammatory microenvironment, which promoted tumor

growth and chemotherapy resistance (38, 39). A recent study

identified three senescence-related subtypes (C1, C2, and C3) in

LGGs with the TCGA database. Then the researchers

constructed the risk model with the 6 differentially expressed

genes between the different subgroups, including TMSB4X,

CDK6, FOXM1, IGFBP5, ITGB4, and IGFBP3. The results

indicated the prognostic role of the risk model in LGGs (40).

However, the role of cellular senescence needed to be further

investigated, and its predictive value in clinical prognosis of LGG

needed to be verified by large samples from multiple databases.

Thus, we selected 6 differentially expressed SnGs (AURKA,

CENPA, LIMK1, PATZ1, TGFB1I1, TLR3) to establish the

signature. The expression of the 6 SnGs included in our study

has been confirmed by IHC results. The predictive role of the

SnG-signature has been validated with a total of 1416 samples
Frontiers in Immunology 11
from five different datasets (TCGA, CGGA microarray, CGGA

sequencing, REMBRANDT, and GSE16011).

We first selected 279 experimentally validated SnGs from the

CellAge database, of which 65 were considered to be

differentially expressed. We explored the gene function with

enrichment analyses. The GO analyses suggested that the genes

mainly participated in cell cycle and transcription regulation.

And the KEGG analysis showed the genes were correlated with

cellular senescence and glioma.

By further univariate Cox analysis and LASSO regression, 6

SnGs were identified as potential prognostic markers and

enrolled in the risk system. And we found that the expression

levels of five genes (AURKA, CENPA, LIMK1, TGFB1I1, TLR3)

had a negative correlation with the prognosis, whereas PATZ1

had a positive correlation. AURKA was a serine/threonine

kinase driving cell-cycle progression by promoting cyclin B1,
A

B

FIGURE 8

Association between SnG-risk score and immune infiltration in LGGs. (A) Infiltrating levels of different types of immune cells in low and high risk
groups. (B) Correlation between SnG-risk score and immune cells. *P<0.05; ***P<0.001; ns, not significant.
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Wnt, myc, and other pro-proliferative pathways (40, 41). The

amplification and overexpression of AURKA were commonly

observed in human malignancies, which led to mitotic assembly

checkpoint override and induced resistance in chemotherapy

(42, 43). CENPA was a centromere-specific histone-H3-like

variant gene. It played an important role in chromosome

segregation regulation during cell division (44, 45). CENPA
Frontiers in Immunology 12
was thought to be involved in the nucleosomal packaging of

centromeric DNA (46). Experiments have verified that CENPA

overexpression contributed to the proliferation and metastasis of

clear cell renal cell carcinoma by accelerating the cell cycle and

activating the Wnt/b-catenin signaling pathway (47). LIMK1

was a member of serine/threonine kinase family and was highly

expressed in various tumors. The enhancement of LIMK1
A

B D

E F G

H

C

FIGURE 9

Association between SnG-risk score and immune checkpoint expression. (A) The expression levels of immune checkpoints in low and high risk
levels. (B–H) Correlation between SnG-risk score and expression levels of immune checkpoints. *P<0.05; ***P<0.001; ns, not significant.
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TABLE 3 Univariate and multivariate Cox regression analyses in CGGA microarray dataset.

Characteristics Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

<40 Reference

≥40 1.452 (0.920-2.292) 0.109

Gender

Female Reference

Male 1.113 (0.702-1.764) 0.649

WHO grade

II Reference

III 3.091 (1.952-4.896) <0.001* 0.961 (0.338-2.731) 0.941

IDH status

WT Reference

Mutant 0.615 (0.383-0.989) 0.045* 1.228 (0.480-3.144) 0.668

1p/19q codeletion

Non-codel Reference

Codel 0.243 (0.083-0.715) 0.010* 0.230 (0.074-0.714) 0.011*

Risk score

Low Reference

High 2.445 (1.515-3.947) <0.001* 5.289 (1.781-15.708) 0.003*
Frontiers in Immunology
 13
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WT wild type; Mut mutant; Codel codeletion; Non-codel non-codeletion.
*P<0.05, significant difference.
TABLE 4 Univariate and multivariate Cox regression analyses in CGGA sequencing dataset.

Characteristics Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

<40 Reference

≥40 1.258 (0.915-1.728) 0.157

Gender

Female Reference

Male 1.007 (0.734-1.381) 0.965

WHO grade

II Reference

III 2.544 (1.780-3.635) <0.001* 2.819 (1.896-4.193) <0.001*

IDH status

WT Reference

Mutant 0.459 (0.325-0.647) <0.001* 0.741 (0.495-1.109) 0.145

1p/19q codeletion

Non-codel Reference

Codel 0.353 (0.231-0.541) <0.001* 0.543 (0.339-0.870) 0.011*

Risk score

Low Reference

High 2.456 (1.773-3.403) <0.001* 2.078 (1.401-3.082) <0.001*
WT wild type; Mut mutant; Codel codeletion; Non-codel non-codeletion.
*P<0.05, significant difference.
iersin.org

https://doi.org/10.3389/fimmu.2022.1018942
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.1018942
expression promoted cervical cancer progression (48). The

down-regulation of LIMK1 could inhibit the growth of lung

cancer and GBM (49, 50). PATZ1 encoded a transcription factor

that belonged to the BTB/POZ group of transcriptional

regulators (51). PATZ1 could bind p53-dependent gene

promoters, enhancing p53-dependent transcription and

apoptosis (52). PATZ1 colocalized intracellularly with PUMA,

inhibiting cell proliferation and inducing apoptosis through

PUMA in GBM (53). TGFB1I1 was a TGFb-responsive gene

which was also known as Hic-5, and it was involved in the

cellular response to vascular injury (54). TGFB1I1 was found to

be associated with TGFb stimulated EMT process in the

malignant progression of astrocytomas (55). Moreover, the

high expression of TGFB1I1 suggested the sensitivity of

advanced colorectal cancer to chemotherapy (56). TLR3 was

abundantly expressed by the central nervous system cells, and it

played a crucial role in innate immune and inflammation (57,

58). TLR3 might contribute to the protection of cisplatin-
Frontiers in Immunology 14
induced DNA damage response leading to head and neck

cancer development and cisplatin resistance (59).

Based on the expression of 6 SnGs, the risk scores of each

LGG sample were calculated. The Cox regression indicated the

prognostic role of SnG-risk score for LGG patients. The Kaplan-

Meier analysis revealed that the high SnG-risk score level

correlated to a worse outcome in LGGs. And we found the

risk score enhanced in elder, WHO grade III, IDH wild-type,

and 1p/19q non-codeletion groups (P<0.05 for all), which was

consistent with the prognostic significance of these clinical

factors. Then we integrated the same items of Cox regression

into the prognostic nomogram model for predicting the OS

rates. Furthermore, we performed GSEA analyses, and the

results showed enriched phenotypes of G2M checkpoint,

immune responses, and EMT in high-risk groups. A previous

study has found that the induction of arrest in G2M cell cycle

phase could lead to significant attenuation in cell migratory and

invasion indices of LGGs (60). The activation of IL6/JAK/STAT3
A B

DC

FIGURE 10

Kaplan-Meier curves and log-rank tests used for survival analyses between low and high risk groups in different validation datasets. (A) CGGA
microarray dataset, (B) CGGA sequencing dataset, (C) REMBRANDT cohort, (D) GSE16011 dataset.
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pathway between tumor-initiating cells and macrophages has

been shown to lead to poor outcomes in glioma patients (61).

Another study has found that KDM6B could affect the EMT

process in glioma cells by regulating a senescence-related gene

SNAI1 (62).

Immune infiltration in tumor microenvironment was

considered to be associated with tumorigenesis and

progression. So we analyzed the correlation between SnG-

signature and immune cells in LGG samples. And we observed

that eosinophils (r=0.593, P<0.001), macrophages (r=0.570,

P<0.001) had the highest correlation with SnG-risk score.

Eos inophi l s produced matr ix meta l lopro te inases ,

amphiregulin, TGF-a, or other growth factors in response to

tumor-derived GM-CSF. The increase in epidermal growth

factor ligands expression induced the GM-CSF production of

glioma cells, developing a paracrine loop, which promoted the

process of glioma (63). The increased infiltration of

macrophages might ind ica te that the phenotyp ic

transformation of tumor-associated macrophages drove the

immune microenvironment to an immunosuppressive state,

which reduced the inflammatory immune response (64). In

addition, the high infiltration of Th2 cells (r=0.490, P<0.001),

T cells (r=0.464, P<0.001), and innate immune cells, neutrophils

(r=0.451, P<0.001), also contributed to the excessive immune

responses and dysregulated immune microenvironment, which

might lead to the shorter OS in the high-risk group. Moreover,

we observed significantly positive correlations between immune

checkpoint expression and the SnG-risk score. The above results

suggested that SnGs might have the potential to predict the

efficacy of immunotherapy in LGG patients individually. The

predictive value of our model has been verified in several

datasets, including CGGA microarray dataset, CGGA

sequencing dataset, REMBRANDT dataset, and GSE16011

dataset. However, our study still had some limitations. The

potential signaling pathway of these genes should be explored

by experiments in the following studies. And the predictive value

of the signature needs further validation in large-scale studies.
Conclusion

We established a prognostic model for LGG patients based

on senescence-related genes and validated its predictive value in

three external databases. The high SnG-risk score indicated a

poor prognosis in LGGs. Our study has suggested that the

selected genes were promising to become potential therapeutic

targets for LGG treatment. And we will further study the

regulatory mechanism and signaling pathway in the future.
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J, et al. Targeting PML in triple negative breast cancer elicits growth suppression
and senescence. Cell Death differ (2020) 27(4):1186–99. doi: 10.1038/s41418-019-
0407-5

36. Acosta J, Banito A, Wuestefeld T, Georgilis A, Janich P, Morton J, et al. A
complex secretory program orchestrated by the inflammasome controls paracrine
senescence. Nat Cell Biol (2013) 15(8):978–90. doi: 10.1038/ncb2784

37. Kuilman T, Michaloglou C, Vredeveld L, Douma S, van Doorn R, Desmet
C, et al. Oncogene-induced senescence relayed by an interleukin-dependent
inflammatory network. Cel l (2008) 133(6) :1019–31. doi : 10.1016/
j.cell.2008.03.039

38. Putavet D, de Keizer P. Residual disease in glioma recurrence: A dangerous
liaison with senescence. Cancers (2021) 13(7):1560. doi: 10.3390/cancers13071560

39. Jackson J, Pant V, Li Q, Chang L, Quintás-Cardama A, Garza D, et al. p53-
mediated senescence impairs the apoptotic response to chemotherapy and clinical
outcome in breast cancer. Cancer Cell (2012) 21(6):793–806. doi: 10.1016/
j.ccr.2012.04.027

40. Chen J, Wu L, Yang H, Zhang X, Xv S, Qian Q. Establishment of three
heterogeneous subtypes and a risk model of low-grade gliomas based on cell
senescence-related genes. Front Immunol (2022) 13:982033. doi: 10.3389/
fimmu.2022.982033

41. Aras S, Zaidi MR. TAMeless traitors: macrophages in cancer progression
and metastasis. Br J Cancer (2017) 117(11):1583–91. doi: 10.1038/bjc.2017.356

42. Xia Z, Wei P, Zhang H, Ding Z, Yang L, Huang Z, et al. AURKA governs
self-renewal capacity in glioma-initiating cells via stabilization/activation of b-
catenin/Wnt signaling. Mol Cancer Res MCR (2013) 11(9):1101–11. doi: 10.1158/
1541-7786.mcr-13-0044

43. Anand S, Penrhyn-Lowe S, Venkitaraman A. AURORA-a amplification
overrides the mitotic spindle assembly checkpoint, inducing resistance to taxol.
Cancer Cell (2003) 3(1):51–62. doi: 10.1016/s1535-6108(02)00235-0

44. Jiang Y, Zhang Y, Lees E, Seghezzi W. AuroraA overexpression overrides the
mitotic spindle checkpoint triggered by nocodazole, a microtubule destabilizer.
Oncogene (2003) 22(51):8293–301. doi: 10.1038/sj.onc.1206873

45. Rajput A, Hu N, Varma S, Chen C, Ding K, Park P, et al.
Immunohistochemical assessment of expression of centromere protein-a
(CENPA) in human invasive breast cancer. Cancers (2011) 3(4):4212–27.
doi: 10.3390/cancers3044212
frontiersin.org

https://doi.org/10.1186/s12943-022-01513-z
https://doi.org/10.1016/j.nicl.2018.10.014
https://doi.org/10.1016/j.canlet.2016.01.024
https://doi.org/10.3389/fonc.2021.629521
https://doi.org/10.1172/jci142158
https://doi.org/10.1172/jci142158
https://doi.org/10.1016/j.ccell.2020.08.008
https://doi.org/10.1056/NEJMoa1402121
https://doi.org/10.1016/j.tcb.2018.02.001
https://doi.org/10.1158/2159-8290.cd-16-0241
https://doi.org/10.1016/j.cell.2019.10.005
https://doi.org/10.3390/cancers13061400
https://doi.org/10.3390/cancers13061400
https://doi.org/10.1172/jci95148
https://doi.org/10.1016/j.mad.2017.07.001
https://doi.org/10.1038/nrc3773
https://doi.org/10.1038/nature05529
https://doi.org/10.3389/fcell.2021.780461
https://doi.org/10.1016/j.cell.2017.05.015
https://doi.org/10.1371/journal.pbio.0060301
https://doi.org/10.1371/journal.pbio.0060301
https://doi.org/10.1038/s41418-019-0483-6
https://doi.org/10.1038/s41418-019-0483-6
https://doi.org/10.1016/j.it.2015.02.009
https://doi.org/10.1186/s13059-020-01990-9
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1093/nar/28.1.27
https://doi.org/10.1016/j.cell.2015.12.028
https://doi.org/10.1016/j.cell.2015.12.028
https://doi.org/10.1016/j.cell.2018.02.052
https://doi.org/10.1016/j.cell.2018.02.052
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.3389/fonc.2021.729103
https://doi.org/10.1073/pnas.1805751115
https://doi.org/10.1093/neuonc/nox132
https://doi.org/10.20892/j.issn.2095-3941.2021.0173
https://doi.org/10.1038/s41418-019-0407-5
https://doi.org/10.1038/s41418-019-0407-5
https://doi.org/10.1038/ncb2784
https://doi.org/10.1016/j.cell.2008.03.039
https://doi.org/10.1016/j.cell.2008.03.039
https://doi.org/10.3390/cancers13071560
https://doi.org/10.1016/j.ccr.2012.04.027
https://doi.org/10.1016/j.ccr.2012.04.027
https://doi.org/10.3389/fimmu.2022.982033
https://doi.org/10.3389/fimmu.2022.982033
https://doi.org/10.1038/bjc.2017.356
https://doi.org/10.1158/1541-7786.mcr-13-0044
https://doi.org/10.1158/1541-7786.mcr-13-0044
https://doi.org/10.1016/s1535-6108(02)00235-0
https://doi.org/10.1038/sj.onc.1206873
https://doi.org/10.3390/cancers3044212
https://doi.org/10.3389/fimmu.2022.1018942
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.1018942
46. Valdivia M, Hamdouch K, Ortiz M, Astola A. CENPA a genomic marker for
centromere activity and human diseases. Curr Genomics (2009) 10(5):326–35.
doi: 10.2174/138920209788920985

47. Howman E, Fowler K, Newson A, Redward S, MacDonald A, Kalitsis P, et al.
Early disruption of centromeric chromatin organization in centromere protein a
(Cenpa) null mice. Proc Natl Acad Sci United States America (2000) 97(3):1148–53.
doi: 10.1073/pnas.97.3.1148

48. Wang Q, Xu J, Xiong Z, Xu T, Liu J, Liu Y, et al. CENPA promotes clear cell
renal cell carcinoma progression and metastasis via wnt/b-catenin signaling
pathway. J Trans Med (2021) 19(1):417. doi: 10.1186/s12967-021-03087-8

49. Yang X, Du H, Bian W, Li Q, Sun H. FOXD3−AS1/miR−128−3p/LIMK1
axis regulates cervical cancer progression. Oncol Rep (2021) 45(5):62. doi: 10.3892/
or.2021.8013

50. Zhang M, Wang R, Tian J, Song M, Zhao R, Liu K, et al. Targeting LIMK1
with luteolin inhibits the growth of lung cancer. Vitro vivo. J Cell Mol Med (2021)
25(12):5560–71. doi: 10.1111/jcmm.16568

51. Peng T, Wang T, Liu G, Zhou L. In VitroEffects of miR-373 inhibition on
glioblastoma growth by reducing Limk1. J Immunol Res (2020) 2020:7671502.
doi: 10.1155/2020/7671502

52. Tritz R, Mueller B, Hickey M, Lin A, Gomez G, Hadwiger P, et al. siRNA
down-regulation of the PATZ1 gene in human glioma cells increases their
sensitivity to apoptotic stimuli. Cancer Ther (2008) 6:865–76.

53. Valentino T, Palmieri D, Vitiello M, Pierantoni G, Fusco A, Fedele M.
PATZ1 interacts with p53 and regulates expression of p53-target genes enhancing
apoptosis or cell survival based on the cellular context. Cell Death Dis (2013) 4:
e963. doi: 10.1038/cddis.2013.500

54. Tao X, Zhang G, Liu J, Ji B, Xu H, Chen Z. PATZ1 induces apoptosis
through PUMA in glioblastoma. J Oncol (2022) 2022:4953107. doi: 10.1155/2022/
4953107

55. Wang X, Hu G, Betts C, Harmon E, Keller R, Van De Water L, et al.
Transforming growth factor-b1-induced transcript 1 protein, a novel marker for
Frontiers in Immunology 17
smooth muscle contractile phenotype, is regulated by serum response factor/
myocardin protein. J Biol Chem (2011) 286(48):41589–99. doi: 10.1074/jbc.M111.250878

56. Liu Y, HuH,Wang K, Zhang C,Wang Y, YaoK, et al. Multidimensional analysis
of gene expression reveals TGFB1I1-induced EMT contributes to malignant progression
of astrocytomas. Oncotarget (2014) 5(24):12593–606. doi: 10.18632/oncotarget.2518

57. Li S, Lu X, Chi P, Pan J. Identification of Nkx2-3 and TGFB1I1 expression
levels as potential biomarkers to predict the effects of FOLFOX4 chemotherapy.
Cancer Biol Ther (2012) 13(6):443–9. doi: 10.4161/cbt.19298

58. Su R, Cai L, Xiong P, Liu Z, Chen S, Liu X, et al. TLR3 expression is a
potential prognosis biomarker and shapes the immune-active tumor
microenvironment in esophageal squamous cell carcinoma. J Inflammation Res
(2022) 15:1437–56. doi: 10.2147/jir.s348786

59. Zhu X, Nishimura F, Sasaki K, Fujita M, Dusak J, Eguchi J, et al. Toll like
receptor-3 ligand poly-ICLC promotes the efficacy of peripheral vaccinations with
tumor antigen-derived peptide epitopes in murine CNS tumor models. J Trans Med
(2007) 5:10. doi: 10.1186/1479-5876-5-10

60. Chuang H, Chou M, Chien C, Chuang J, Liu Y. Triggering TLR3 pathway
promotes tumor growth and cisplatin resistance in head and neck cancer cells. Oral
Oncol (2018) 86:141–9. doi: 10.1016/j.oraloncology.2018.09.015

61. Ajeawung N, Joshi H, Kamnasaran D. The microtubule binding drug
EM011 inhibits the growth of paediatric low grade gliomas. Cancer Lett (2013)
335(1):109–18. doi: 10.1016/j.canlet.2013.02.004

62. Yao Y, Ye H, Qi Z, Mo L, Yue Q, Baral A, et al. B7-H4(B7x)-Mediated cross-
talk between glioma-initiating cells and macrophages via the IL6/JAK/STAT3
pathway lead to poor prognosis in glioma patients. Clin Cancer Res an Off J Am
Assoc Cancer Res (2016) 22(11):2778–90. doi: 10.1158/1078-0432.ccr-15-0858

63. Sui A, Xu Y, Yang J, Pan B,Wu J, Guo T, et al. The histone H3 lys 27 demethylase
KDM6B promotes migration and invasion of glioma cells partly by regulating the
expression of SNAI1. Neurochem Int (2019) 124:123–9. doi: 10.1016/j.neuint.2019.01.006

64. Curran C, Bertics P. Eosinophils in glioblastoma biology. J Neuroinflamm
(2012) 9:11. doi: 10.1186/1742-2094-9-11
frontiersin.org

https://doi.org/10.2174/138920209788920985
https://doi.org/10.1073/pnas.97.3.1148
https://doi.org/10.1186/s12967-021-03087-8
https://doi.org/10.3892/or.2021.8013
https://doi.org/10.3892/or.2021.8013
https://doi.org/10.1111/jcmm.16568
https://doi.org/10.1155/2020/7671502
https://doi.org/10.1038/cddis.2013.500
https://doi.org/10.1155/2022/4953107
https://doi.org/10.1155/2022/4953107
https://doi.org/10.1074/jbc.M111.250878
https://doi.org/10.18632/oncotarget.2518
https://doi.org/10.4161/cbt.19298
https://doi.org/10.2147/jir.s348786
https://doi.org/10.1186/1479-5876-5-10
https://doi.org/10.1016/j.oraloncology.2018.09.015
https://doi.org/10.1016/j.canlet.2013.02.004
https://doi.org/10.1158/1078-0432.ccr-15-0858
https://doi.org/10.1016/j.neuint.2019.01.006
https://doi.org/10.1186/1742-2094-9-11
https://doi.org/10.3389/fimmu.2022.1018942
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Establishment and validation of a novel prognostic model for lower-grade glioma based on senescence-related genes
	Introduction
	Methods
	The senescence-related genes acquisition
	RNA-sequencing data collation and differential expression gene identification
	Construction of SnG-related prognostic model
	Prognostic model development
	Gene set enrichment analysis
	Immunological analyses
	Validation for survival analyses
	Statistical analyses

	Results
	Identification of senescence-related genes in LGG patients and functional enrichment analyses
	Establishment of the SnG-related signature and evaluation of its prognostic role
	Risk score in different subgroups
	Nomogram development and validation
	GSEA analyses
	Immunological analyses
	Validation on the prognostic value of the SnG-signature

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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


