& frontiers | Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Jian Song,
University Hospital MUnster, Germany

REVIEWED BY
Shizhi Wang,

Southeast University, China

Liang Chen,

Fuyang Hospital Affiliated to Anhui
Medical University, China

*CORRESPONDENCE
Fei Wei
weifei@njucm.edu.cn
Zhiguang Sun
zhiguangsun@njucm.edu.cn

These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Molecular and Cellular Oncology,
a section of the journal

Frontiers in Oncology

RECEIVED 31 July 2022
ACCEPTED 23 August 2022
PUBLISHED 23 September 2022

CITATION

Cui G, Liu J, Wang C, Gu R, Wang M,
Sun Z and Wei F (2022)
Comprehensive analysis of the
prognostic signature and tumor
microenvironment infiltration
characteristics of cuproptosis-related
IncRNAs for patients with colon
adenocarcinoma.

Front. Oncol. 12:1007918.

doi: 10.3389/fonc.2022.1007918

COPYRIGHT

© 2022 Cui, Liu, Wang, Gu, Wang, Sun
and Wei. 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

TyPE Original Research
PUBLISHED 23 September 2022
D01 10.3389/fonc.2022.1007918

Comprehensive analysis of the
prognostic signature and tumor
microenvironment infiltration
characteristics of cuproptosis-
related IncRNAs for patients
with colon adenocarcinoma

Guoliang Cui", Jinhui Liu®, Can Wang?*', Renjun Gu™,
Manli Wang®, Zhiguang Sun™ and Fei Wei®

Department of Gastroenterology, The Second Affiliated Hospital of Nanjing University of Chinese
Medicine, Nanjing, China, 2Department of Gynecology, The First Affiliated Hospital of Nanjing
Medical University, Nanjing, China, *Department of Colorectal Surgery, Jiangsu Province Hospital of
Chinese Medicine, Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing, China,
4School of Traditional Chinese Medicine and School of Integrated Chinese and Western Medicine,
Nanjing University of Chinese Medicine, Nanjing, China, °The First Clinical Medical College, Nanjing
University of Chinese Medicine, Nanjing, China, ®Department of Physiology, School of Medicine &
Holistic Integrative Medicine, Nanjing University of Chinese Medicine, Nanjing, China

Background: Cuproptosis, a newly described method of regulatory cell death
(RCD), may be a viable new therapy option for cancers. Long noncoding RNAs
(IncRNAs) have been confirmed to be correlated with epigenetic controllers
and regulate histone protein modification or DNA methylation during gene
transcription. The roles of cuproptosis-related IncRNAs (CRLs) in Colon
adenocarcinoma (COAD), however, remain unknown.

Methods: COAD transcriptome data was obtained from the TCGA database.
Thirteen genes associated to cuproptosis were identified in published papers.
Following that, correlation analysis was used to identify CRLs. The cuproptosis
associated prognostic signature was built and evaluated using Lasso regression
and COX regression analysis. A prognostic signature comprising six CRLs was
established and the expression patterns of these CRLs were analyzed by gRT-
PCR. To assess the clinical utility of prognostic signature, we performed tumor
microenvironment (TME) analysis, mutation analysis, nomogram generation,
and medication sensitivity analysis.

Results: We identified 49 prognosis-related CRLs in COAD and constructed a
prognostic signature consisting of six CRLs. Each patient can be calculated for a
risk score and the calculation formula is: Risk score =TNFRSF10A-AS1 *
(-0.2449) + AC006449.3 * 1.407 + AC093382.1 *1.812 + AC099850.3 *
(-0.0899) + ZEB1-AS1 * 0.4332 + NIFK-AS1 * 0.3956. Six CRLs expressions
were investigated by qRT-PCR in three colorectal cancer cell lines. In three
cohorts, COAD patients were identified with different risk groups, with the
high-risk group having a worse prognosis than the low-risk group.
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Furthermore, there were differences in immune cell infiltration and tumor
mutation burden (TMB) between the two risk groups. We also identified certain
drugs that were more sensitive to the high-risk group: Paclitaxel, Vinblastine,

Conclusions: Our findings may be used to further investigate RCD,
comprehension of the prognosis and tumor microenvironment infiltration

colon adenocarcinoma, cuproptosis, prognosis, tumor immune

Cui et al.
Sunitinib and Elescloml.
characteristics in COAD.
KEYWORDS
microenvironment, bioinformatics
Introduction

Colorectal cancer (CRC) is the third most frequent cancer
and the second major cause of cancer-related death worldwide
(1,2).In 2018, 1.8 million new instances of CRC were diagnosed,
with over 800,000 deaths (3). The pathogenesis involves a
chronic process, including precancerous lesions, activation of
tumor stem cells, accumulation of genetic and epigenetic
changes (4). CRC is a heterogeneous disease with widespread
chromosomal instability and microsatellite instability (5). CRC
morbidity and mortality are declining in most developed
countries due to early screening and prevention of early risk
factors (6). However, the situation of CRC in developing
countries is still very serious (7). The pathogenesis of CRC
involves a series of multi-step changes, including histological,
morphological, and genetic changes (8, 9). Unhealthy diet,
obesity, smoking and alcohol consumption are considered risk
factors for CRC (10, 11). The 5-year overall survival (OS) rate of
localized and regionalized CRC patients is impressively high, but
decreases to 14% once metastasis occurs (12). In the past decade,
immunotherapy has become a hot topic in refractory solid
tumors due to its long-term response. Immunotherapy
significantly inhibit the progression of advanced malignant
tumors and prolong the survival of patients, which brings
hope to CRC patients (13). Colon adenocarcinoma (COAD) is
the ordinary histological subtype of CRC, therefore, it is of great
value to explore a new prognosis assessment protocol and to
establish a predictive signature for immunotherapy and immune
microenvironment of COAD.

In recent years, regulatory cell death (RCD) plays an
important role in maintaining normal homeostasis of body
development and inhibiting rapid proliferation of tumor cells,
which is considered as a new direction of tumor therapy (14, 15).
In recent years, the most widely studied types of RCD are
apoptosis, pyroptosis, necroptosis and ferroptosis (16, 17).
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Different from the known mechanism of cell death, Tsvetkov
et al. found that cuproptosis is a new form of cell death, namely
the existence of a copper-dependent, regulated cell death in
human cells (18). Cuproptosis relies on the effect of copper ions
on mitochondrial tricarboxylic acid metabolism, resulting in
abnormal aggregation of lipoacylated proteins and loss of iron-
sulfur (Fe-S) cluster proteins, which leads to the proteotoxic
stress response of tumor cells and cell death (18, 19). However,
the mechanism of RCD and its role in tumor microenvironment
have not been thoroughly studied, which may play a double-
edged sword role in tumors (17, 20). On the one hand, inducing
tumor cell death can cure tumors; On the other hand, when the
inflammatory response caused by cell death reaches a certain
level, many signaling pathways can be activated, leading to
tumor progression (21). Therefore, it is of great significance to
explore the role of RCD in tumors, and many studies have
established RCD-associated prognostic models to assess
prognosis and immune microenvironment (22-24). However,
the clinical significance of cuproptosis and cuproptosis-
associated prognostic model have not been reported, especially
in COAD.

Long noncoding RNAs (IncRNAs) can regulate gene
expression through epigenetic regulation, transcriptional
regulation and post transcriptional regulation, so as to
participate in a variety of biological processes such as tumor
cell proliferation, differentiation and apoptosis (25). Therefore,
IncRNAs are considered as promising biomarkers and potential
therapeutic targets for the diagnosis and treatment of various
diseases, including COAD (26). More and more attention has
been paid to the role and molecular mechanism of regulating
RCD-related IncRNAs in tumor pathology (27). Therefore, as a
new type of RCD, the identification of IncRNAs related to
cuproptosis is of great significance for understanding the
pathogenesis of tumor and providing new targets for

prevention and treatment.
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Through bioinformatics research, we investigated the
importance of cuproptosis-related IncRNAs (CRLs) and a
prognostic signature based on CRLs was constructed in
COAD. A risk score for each COAD patient might be
determined based on cuproptosis-associated model, which can
be used for prognosis assessment, immunological prediction,
and mutation analysis. Our findings may be useful in
determining the prognosis and therapy of patients with COAD.

Methods and materials
Download of data

The TCGA database was used to obtain the data of COAD RNA
sequencing and clinical information. We collected data from 473
tumor samples and 41 healthy controls. From the previously
published publications (18, 28), thirteen cuproptosis-related genes
were obtained, including FDX1, LIPT1, LIAS, DLD, DBT, GCSH,
DLST, DLAT, PDHAI, PDHB, SLC31A1, ATP7A, and ATP7B.

Screening IncRNAs associated
with cuproptosis

From the TCGA database, 1053 CRLs were identified using
Pearson correlation analysis and a co-expression network was
created based on the cutoff (Pearson R > 0.4 and P < 0.001) (29).
Then, using univariate Cox regression analysis and forest maps, 49
CRLs with potential prognostic significance for COAD were
identified. The “limma”, “pheatmap”, “reshape2”, and “ggpubr”
programs were used to create heat maps and boxplots to show the
differential expression of CRLs in COAD and normal tissues, with
following criteria: |log, fold change (FC)| >1 and false discovery rate
(FDR) < 0.05.

Consensus clustering analysis

To preliminarily understand the underlying the mechanism
of the biological function of cuproptosis-related IncRNAs, The
“ConsensusClusterPlus” package was used to construct a
consensus cluster with 49 CRLs (K represents cluster count)
(30). The cluster exhibited the best stability when K = 3 based on
the similarity of expression levels of CRLs and the proportion of
fuzzy clustering measures. As a result, 417 CRC patients were
divided into three clusters: cluster 1 (n = 139), cluster 2 (n =
202), and cluster 3 (n = 76). The variations in survival, CRLs
expression, and clinical characteristics were then compared
among the three clusters. Immune checkpoint inhibitors co-
expression (PD-L1, CTLA-4), immune cell content differences,
and immunological score (including ESTMATE score, immune
score and stromal score) were also investigated.
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Construction and evaluation of the
prognostic model

All COAD patients were randomly assigned to one of two
groups: training cohort or validation cohort (testing cohort and
entire cohort). No significant difference was observed in three
cohort for the clinical-pathological factors (Supplementary
Table 1). In the training cohort, LASSO and multivariate Cox
regression analysis were used to identify prognostic model based on
CRLs. The risk score was calculated using the following formula:
coef (IncRNA1) x expr (IncRNA1) + coef (IncRNA2) x EXPR
(IncRNA2) +... + coef (IncRNAn) x expr (IncRNAn), coef stands
for coefficient, coef (IncRNAn) stands for coefficient of survival
linked IncRNA, and expr (IncRNAn) stands for IncRNA
expression. Patients in the training set were separated into two
groups based on their median risk score: high-risk and low-risk. For
survival analysis, the R packages “survival” and “survminer” were
used by Kaplan-Meier curve, and a ROC curve was plotted (31).
Finally, we run the above analyses in a validation cohort to verify the
predictive power of the results.

Independent prognostic value
assessment of the prognostic model

When paired with other clinical factors, univariate and
multivariate Cox regression analysis were performed to
determine whether risk score was an independent predictive
factor in COAD patients (32).

Cell culture

Three human colorectal cancer cell lines (Caco-2, HT-29,
HCT116) were all purchased from the China Center for Type
Culture Collection (CCTCC, Wuhan, China). The normal colon
epithelial cell line (FHC) was obtained from the Cell Bank of Type
Culture Collection of the Chinese Academy of Sciences (Shanghai,
China). Caco-2, HT-29 cells, HCT116 and FHC were cultured in
McCoy’s 5A, RPMI-1640, high-glucose DMEM medium (Gibco,
Shanghai, China) respectively, which were supplemented with 10%
fetal bovine serum (FBS, Gibco, Shanghai, China) and 1%
antibiotics. All cells were incubated at 37°C with 5% CO..

Quantitative RT-PCR

Total RNA from the cell lines was isolated with TRIZOL
reagent (Thermo Fisher Scientific, USA). Complementary DNA
(cDNA) was synthesized and quantitative RT-PCR was performed
using SYBR qPCR Master Mix (Vazyme, China). The relative
expression of the target gene was analyzed using the 274"
method and B-actin was chosen as the internal reference. The

primer sequences are listed in Supplementary Table 2.
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Construction and evaluation of the
nomogram

Based on risk scores and patient clinical information, a
nomogram was created to predict 1-year, 3-year, and 5-year
OS (33). The Hosmer-Lemeshow test was used to construct
modified curves to show the agreement between the actual and
anticipated outcomes. The accuracy of the nomogram was
assessed using ROC curves (34).

Gene set enrichment analysis

The Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways were identified using gene set enrichment analysis
(GSEA) (35). The GSEA website (http://software.broadinstitute.
org/gsea/index.jsp) was utilized to identify gene-level enrichment.
Based on the risk score model, COAD samples from the entire set
were separated into high-risk and low-risk groups. The underlying
biological functions of the two groups were compared. The
molecular signature database (MSigDB, http://software.
broadinstitute.org/gsea/msigdb/index.jsp) collection of annotated
gene sets was chosen as a reference gene set in the GSEA software.
The cut-off criterion was set at a notional P < 0.05. As a reference
document, we use “c2.cp.kegg.v7.4.symbols.gmt.”

Evaluation of the immune
microenvironment

For immune score, stromal score, estimated score, each
sample was evaluated using a “estimated” R-package. The
proportion of immune to stromal components in the tumor
microenvironment is represented by these scores. Pearson
correlation coefficient approach was used to assess the
correlations between immune score, stromal score, estimated
score, and risk score. Based on TCGA RNA sequencing data, the
CIBERSORT tool was utilized to quantify 22 types of immune
cell components (36). TIMER, CIBERSORT, Cibersort-ABS,
QUANTISEQ, MCPCOUNTER, XCELL, and EPIC databases
were all used to calculate immune cell infiltration. The Pearson
correlation coefficient approach was used to assess the link
between immune cell infiltration and CRLs expression level,
risk score. One-class logistic regression (OCLR) machine-
learning algorithm was used to quantify the stemness of tumor
samples by calculating cancer stem cell indices (37).

Mutation analysis
TCGA provided mutation data (data category = copy

number variation; “Maf” file). The top 20 mutant genes were
visualized using waterfall diagrams created by the R software
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package “MAftools” (38). The tumor mutation burden (TMB),
which is the number of somatic mutations per Megabyte genome
sequence, can be used to identify patients who will respond
better to immune checkpoint inhibitors (ICIs) (39). The
differences of TMB between the two risk groups were
investigated, as well as their correlation with risk score. The
m®A-related genes and human leukocyte antigen (HLA) genes
were compared between the two risk groups using the “limma”
package (40).

Drug sensitivity analysis

We compared the IC50 differences of the four
chemotherapeutic drugs between the two risk groups using the
R software package “PRROPHIC” (41). Using the R package
“ggplot2,” researchers discovered a link between six CRLs and
chemotherapeutic sensitivity (42). The relationship between
CRLs expression and drug susceptibility was investigated using
Pearson correlation analysis.

Statistical analysis

The continuous variables in normal distribution are
analyzed by Student’s t-test, which is presented as mean +
standard deviation, and the continuous variables in abnormal
distribution are presented as median (range). A p-value less than
0.05 was considered as statistical significance.

Results

Screening of cuproptosis-related
IncRNAs with prognostic value

To identify IncRNAs associated with cuproptosis-related
genes (CRGs), we performed co-expression analysis to reveal
the correlation. Firstly, the co-expression network demonstrated
the interaction between CRGs and CRLs (Figure 1A). Following
that, using univariate COX regression analysis, 49 CRLs with
prognostic value were identified (Figure 1B). The heat map and
box plots indicated the expression difference of 49 CRLs between
COAD and normal tissues (Figures 1C, D).

Consensus clustering analysis

The 49 CRLs were then put through a consensus clustering
analysis to determine whether they might be used to stratify
COAD patients. Based on the “ConsensusClusterPlus” program,
a consensus cluster consisting of 49 CRLs was built (K represents
cluster count, Supplementary Figure 1). The clustering exhibited
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FIGURE 1

Cuproptosis-related IncRNAs (CRLs) with prognostic value were screened. (A) Co-expression network of cuproptosis-related genes and CRLs by
Pearson correlation analysis. (B) There were 49 CRLs found to have prognostic value by COX regression analysis with one variable. (C) Heat map

of prognosis-related CRLs expression in COAD and normal tissues. (D) The
was shown in box plots. (* P < 0.05, ** P < 0.01, *** P < 0.001).

the best stability when K = 3 based on the similarity of CRL
expression levels and the proportion of fuzzy clustering measures
(Figure 2A). As a result, 417 COAD patients were split into three
clusters: cluster 1 (n = 139), cluster 2 (n = 202), and cluster 3 (n =
76). The prognosis of the three clusters was significantly different in
survival analysis (P=0.020), with Cluster 1 having the worst
prognosis (Figure 2B). In the form of a heatmap, Figure 2C
depicted the differences in CRLs expression and clinical features
between the three groups. The immune checkpoint genes PD-L1
and CTLA-4, as well as these IncRNAs, were found to have a co-
expression relationship (Figures 2C, D). Following that, the analysis
revealed the difference of Stromal score, Immunological score,
ESTIMATE score, as well as the abundance of T cells CD4
memory activated, T cells regulatory, T cells gamma delta and
NK cell resting in three clusters (Figures 2E-L).

Construction and evaluation of the
prognostic model

The 49 CRLs described above were then further examined in
order to reduce the scope and build a predictive model. COAD
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patients were separated into two cohort: training and validation
(testing and entire). Univariate Cox regression analysis was
performed on the training cohort, 12 CRLs (NSMCE1-DT,
AL161729.4, LINC01138, SEPTIN7-DT, TNFRSF10A-AS1,
AC006449.3, AC093382.1, PHC2-AS1, AC099850.3,
AC069281.2, ZEB1-AS1, NIFK-AS1) with prognosis value
were identified in COAD (Table 1). The LASSO Cox
regression model was used to narrow the most robust
IncRNAs for prognosis and build prognostic models in the
training cohort. Ten-fold cross-validation was applied to
overcome the over-fitting. To generate a prognostic CRLs
signature model, multivariate Cox regression analysis was applied to
evaluate the connection between CRLs and OS in the training set. The
model is more stable when LAMDA = 6. (Supplementary Figure 2).
TNFRSF10A-AS1, AC006449.3, AC093382.1, AC099850.3, ZEB1-
AS1, and NIFK-AS1 were included in this model. The calculation
formula is: Risk score =TNFRSF10A-AS1 * (-0.2449) + AC006449.3 *
1407 + AC093382.1 *1.812 + AC099850.3 * (-0.0899) + ZEB1-AS1 *
04332 + NIFK-AS1 * 0.3956. The model was also tested in two
validation cohort: testing, and the entire cohort. To begin, Figure 3A
depicted the patient’s risk score, survival status, and six CRLs expression
level in the training cohort. Patients were split into high-risk and low-
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FIGURE 2

Clustert Cluster2 Cluster3 Cluster! Cluster2 Cluster3

Clustering analysis via consensus. (A) When K = 3, the clustering was the most stable. (B) Survival analysis of the three clusters. The prognosis of
Cluster 1 is the poorest. (C) A heat map depicting the differences in CRL expression and clinical features between the three clusters. (D, E) The
immune checkpoints genes PD-L1 and CTLA-4, as well as prognosis-related CRLs, have a co-expression relationship. Stromal score (F), Immune
score (G), ESTIMATE score (H), the abundance of T cells CD4 memory activated (I), T cells regulatory (3), T cells gamma delta (K) and NK cell

resting (L) in three clusters were shown.

risk groups based on median risk score, and survival analysis revealed
that the high-risk group’s prognosis was significantly worse (Figure 3B,
P<0.001). We further validated the expression of six CRLs in colorectal
cancer cell lines. As shown in Supplementary Figure 3, the expressions
of TNFRSF10A-AS1, AC099850.3, ZEB1-AS1 and NIFK-AS1 were
significantly higher in tumor cells compared to those in FHC cells.
Meanwhile, AC006449.3 expression was upregulated in HT-29 cells,
but downregulated in HCT-116 cells. Analogously, AC093382.1
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expression was significantly higher in Caco-2 and HT-29 cells but
lower in HCT-116 cells (Supplementary Figures 3A-F). The AUC
values for 1, 3, and 5 years in the training cohort were 0.700, 0.691, and
0.807 respectively, according to the results of ROC curve (Figure 3C).
According to the same risk score calculation formula, different risk
scores and survival status of patients in the testing and entire cohort
were identified, and the difference of six CRLs expression level between
the two risk groups was also analyzed (testing cohort, Figure 3D; entire
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TABLE 1 Univariate Cox analysis generated 12 CRLs that are significantly related to the overall survival (OS).

IncRNA HR Lower 95% CI Higher 95% CI P value
NSMCEI-DT 18.1956 1.6439 201.3981 0.0180
AL161729.4 14211 1.0226 1.9749 0.0363
LINCO01138 1.7057 1.0521 2.7654 0.0303
SEPTIN7-DT 13.2654 1.4138 124.4671 0.0236
TNFRSF10A-AS1 0.8024 0.6682 0.9635 0.0184
AC006449.3 7.1223 1.6987 29.8617 0.0073
AC093382.1 9.8668 2.0216 48.1573 0.0047
PHC2-AS1 2.5447 1.0419 6.2149 0.0404
AC099850.3 0.9164 0.8494 0.9886 0.0241
AC069281.2 1.5789 1.0899 2.2873 0.01573
ZEB1-AS1 2.3421 1.4098 3.8907 0.0010
NIFK-AS1 1.7646 1.0950 2.8437 0.0197

cohort Figure 3G). In addition, the outcomes of patients with higher
risk score in the validation cohort were significantly worse (Figure 3E,
H). The 5-year AUC value of testing and entire cohort were 0.683 and
0.748 respectively, according to the ROC curve (Figures 3F, I).
Moreover, risk score was found to be an independent prognostic
factor for COAD patients in the above three cohorts using both
univariate and multivariate COX regression (Supplementary
Figures 4A-F). Survival analysis revealed the prognostic value of risk
score in COAD patients with different ages, different stages, different
genders and different histological types (Supplementary Figures 5A-H).

Construction and evaluation of
the nomogram

Following that, nomogram was utilized to combine risk score
and other clinical parameters to better evaluate the prognosis of
COAD patients. We established a nomogram to assess COAD
patients” 1-, 3-, and 5-year survival rates (Figure 4A). The
calibration curves revealed that the nomogram was accurate in
predicting 1-, 3-, and 5-years survival rates (Figure 4B). Compared
with the AUC value of the clinical features, risk score could be
used to predict the OS of COAD patients (Figure 4C).

Gene set enrichment analysis

GSEA was used to investigate the variations in pathway
enrichment between high-risk and low-risk groups. Allograft
rejection, asthma, autoimmune thyroid disease, cell adhesion
molecules CAMs, and systemic lupus erythematosus were
among the enriched KEGG pathways in the high-risk group
(Figure 5A). However, aminoacyl tRNA biosynthesis, dna
replication, nucleotide excision repair, O-glycan biosynthesis,
and oocyte meiosis were among the enriched KEGG pathways in
the low-risk group (Figure 5B). GSEA results revealed that
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patients with higher risk score were related to immune-related
pathways while lower risk score patients were associated with
tumor-related pathway, which maybe explained the survival
different in two risk groups.

Analysis of immune microenvironment

The occurrence and development of tumor are affected by
immune microenvironment and the study of immune
microenvironment can provide reference for immunotherapy of
tumor. Stromal, Immune and ESTIMATE scores were significantly
different between high-risk and low-risk groups, and may be higher
in high-risk groups (Figures 5C-E). Pearson correlation analysis
revealed a strong positive correlation between Stromal score,
ESTIMATE score, and Immune score and risk score (Figures 5F-
H). Figure 6A depicted the immunological landscape of high-risk and
low-risk groups as heatmap, using CIBERSORT, QUANTISEQ,
MCPCOUNTER, XCELL, and EPIC algorithms. Between the two
groups, different amounts of immune cell infiltration were detected
and subsequent correlation analysis revealed the relation between six
CRLs expression and immune cells. Except ZEB1-AS1 expression has
no correlation with immune cells, the other five CRLs have different
degrees of correlation with immune cells, among which AC099850.3
had the highest positive correlation with resting NK cells and highest
negative connection between TNFRSF10A-AS1 and Treg cells and
macrophage MO (Figure 6B). In the shape of a box diagram,
Figure 6C depicted the differences in immune cell infiltration levels
and the levels of infiltration of T cells regulatory and dendritic cells
were found to be substantially different between the high-risk and
low-risk groups (Figure 6C). A Pearson correlation analysis revealed
the correlation between different immune cells and risk scores
(Figures 6D-K). Finally, DNA stem cell score (DNAss) was shown
to be unrelated to risk score (Figure 6L), however, RNA stem cell
score (RNAss) was found to be significantly inversely associated to
risk score (R=-0.38, P = 2.5E-10, Figure 6M).

frontiersin.org


https://doi.org/10.3389/fonc.2022.1007918
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cui et al. 10.3389/fonc.2022.1007918
®7 High risk High risk N *T. High risk
@ o LowRisk Low Risk . 4% lowrisk .
g o ‘ H :
§ § § .
3 < 3 "—/‘ z )//
] 3 z
o 150 H 150 0 00 200 w0 ps
sssssss (rersasing ik soe) Pt (ncreasing sk soore) Patents (creasing sk socre)
2] _ S r™ . L
z 2 ? 2 ,.‘I_ i
2 e 2 g :
E o £ t .
3] : s m ’%f*'w
Patens (reroasing sk socre)
1I I HIIH IIINI Il H II‘ IHIM . IPI Imlll\‘ll‘\ W ’\‘\IHM || . IHHH‘I}\IHIH‘” I ‘ ‘\HI‘ MW TE
B H o B8 b o B Lowrok
100
Z o7 z z
] ] 3
£ o0 g2 oo g os
2 3 2
S o S o S o
@ p<0.001 @ p=0.003 @ p<0.001
000 000
L T R B T T R T B T T 3 7 E R ST 3 5§ 5 5 7 5 5 honw®
Time(years) T\melyeam) Time(years)
qunsx1 104 83 53 % 14 10 5 4 2 2 1 1 0  High ki 100 84 56 29 12 4 2 2 2 2 0 gmgh\kizwa 167 108 59 26 10 4 4 3 3 0
© lowrisk{105 91 45 19 14 10 6 3 3 3 1 0 0 @ lowrisk{ 99 85 51 28 16 11 9 9 5 3 2 2 1 @ Low 96 47 30 21 15 12 8 6 3 2 1
L R T R S T N B B R 5T 3 3 4 5 8 7 8 5 N R R
Time(years) Time(years) Time(years)
o o o
@ o o
3 3 3
2 81 2 3 £ 84
2 H z
5 < 5 < 5 <
8 I A 8 T4 8 3
o o o
° —— AUC at 1 years: 0.700 < —— AUC at 1 years: 0.606 < —— AUC at 1 years: 0.649
—— AUC at 3 years: 0.691 —— AUC at 3 years: 0.651 = AUC at 3 years: 0.674
o | —— AUC at 5 years: 0.807 o | —— AUC at 5 years: 0.683 o | [ —— AUC at 5 years: 0.748
° T T T T T T e T T T T T T e T T T T T T
0.0 0.2 0.4 06 08 1.0 0.0 0.2 0.4 06 0.8 1.0 0.0 0.2 04 06 08 1.0
1-Specificity 1-Specificity 1-Specificity
FIGURE 3
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expression were shown. (B) Survival analysis of training cohort and the prognosis of high-risk group was significantly worse. (C) ROC curve
revealed that in the training cohort, the AUC values for 1, 3, and 5-years OS were 0.700, 0.691, and 0.807, respectively. (D, G) In the testing and
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Expression analysis of m®A-related genes
and human leukocyte antigen genes

N°-methyladenosine (m®A) is a type of tumor epigenetics that
plays an important function in tumor progression and human
leukocyte antigen (HLA) has been related to tumor
immunotherapy (43). Therefore, it is necessary to investigate the
differences in expression of m°A-related genes and HLA-related
genes between high-risk and low-risk groups. First, the expression
of methylation-related genes HNRNPC, RBM15, YTHDCI,
YTHDEF3, YTHDF2, METTL14, WTAP, HNRNPA2B1, FMR1
was shown to differ between the high-risk and low-risk groups
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(Figure 7A). HLA-related genes including HLA-DQA1, HLA-
DRB6, HLA-DQB1, HLA-DRBI1, HLA-DPB1, HLA-L, HLA-
DOA, HLA-DPA1, HLA-J, HLA-DQB2, HLA-DMA, HLA-E,
HLA-DQA2, and HLA-G were shown to have varied levels of
expression in high-risk and low-risk groups (Figure 7B).

Mutation analysis

Mutations in numerous genes are associated with tumor

formation, and the tumor mutation burden (TMB) is thought to

be a helpful signal for evaluating immune checkpoint-related

08
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therapy. The mutation landscape of the high-risk group was
depicted in Figure 7C. APC has the highest mutation rate, as can
be observed. Figure 7D depicted the mutation landscape of the
low-risk group, with APC having the highest mutation rate.
TMB was also different across the two groups, with TMB being
higher in the low-risk group (Figure 7E). A Pearson correlation
study revealed that TMB and risk score had a substantial
negative correlation (Figure 7F). Next, we focus on the
expression of mismatch repair (MMR) protein, as it plays a
key role in the process of COAD and is a major cause of gene
mutations and microsatellite instability (MSI) (44). The
expressions of MMR-related proteins MLH1, MSH2, MSH6,
and EPCAM were substantially up-regulated in the low-risk
group (P<0.05), while PMS2 expression did not differ statistically
between the two risk groups (Figures 7G-K).

Drug sensitivity analysis
Following the risk classification of COAD patients,

medication sensitivity analysis can be used to identify effective
treatments for different risk groups patients in order to
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individualized treatment. To begin with, paclitaxel,
Vinblastine, Sunitinib, and Elescloml had lower IC50 values in
the high-risk group, indicating that the patients with higher risk
score were more responsive to these medications (Figure 8A).
Following that, correlation analysis was used to identify
medicines that were significantly correlated with the
expression of CRLs. For instance, the analysis demonstrated
that up-regulated ZEB1-AS1 expression was associated with
increased drug sensitivity of tumor cells to nelarabine,
palbociclib, fluphenazine, asparaginase, LEE-011, ifosfamide,
hydroxyurea and dexrazoxane, while increased ZEB1-AS1
expression was related to the increased resistance to
vemurafenib in COAD patients (Figure 8B).

Discussion

COAD is still one of the most common cancer-related deaths
in the world (45). Screening strategies, such as fecal occult blood
test, screening colonoscopies and fecal immunochemical tests,
can greatly reduce the incidence and mortality of COAD, but
there are still many limitations of screening tests, and a large
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FIGURE 5

Immune microenvironment analysis and gene set enrichment analysis (GSEA). (A) Allograft rejection, asthma, autoimmune thyroid disease, cell
adhesion molecules CAMs, and systemic lupus erythematosus are among the enriched KEGG pathways in the high-risk group. (B) Aminoacyl
tRNA biosynthesis, dna replication, nucleotide excision repair, O-glycan biosynthesis, and oocyte meiosis are among the enriched KEGG
pathways in the low-risk group. (C—E) The high-risk and low-risk groups had considerably different Stromal, ESTIMATE, and Immune scores,
with the high-risk group having higher scores. (F-H) A Pearson correlation analysis revealed a strong positive relation between Stromal score,

ESTIMATE score, Immune score and risk score.

number of people eligible for screening miss the opportunity of
screening (46, 47). With the innovations of risk stratification and
development of personalized screening, the burden of COAD
might be further reduced. At present, the treatment of advanced
COAD remains a challenge due to stubborn drug resistance,
metastasis and recurrence (48). Therefore, there is an urgent
need to explore novel signatures for patients with COAD to
assess prognosis, identify high-risk populations and guide
personalized treatment. In recent years, regulatory cell death
(RCD) has also been recognized as a promising target for cancers
(49). Among them, cuproptosis is a copper-dependent and
regulated new cell death mode, which is different from other
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known cell death regulation mechanisms (18). Further research on
copper dependent cell death can provide a basis for the intervention
of copper metabolism dysfunction related diseases and the potential
application of anti-tumor. Therefore, cuproptosis may have
complex crosstalk with metabolic reprogramming in cancers.
While a number of RCD-related prognostic models have been
developed to assess prognosis and immune microenvironment, this
study is mainly report prognostic signature associated with
cuproposis-related IncRNA (CRLs), which helps us understand
the roles of cuproposis and CRLs in COAD.

Here, we performed a comprehensive bioinformatics
analysis to explore the significance of CRLs in COAD, co-
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FIGURE 6

The immune landscape analysis. (A) The immune landscapes of high-risk and low-risk groups. (B) The correlation between CRLs and different
immune cells, AC099850.3 had the highest positive correlation with resting NK cells, and TNFRSF10A-AS1 had the highest negative relation with
T cells regulatory and macrophages MO. (C) The variations of immune cell infiltration levels between the high-risk and low-risk groups. (D—K)
Analysis of the Pearson correlation between distinct immune cells and risk scores. (L, M) The correlation between DNA stem cell score (DNAss),
RNA stem cell score (RNAss), and risk score. *P < 0.05, **P < 0.01, ***P < 0.001.

expression analysis and COX regression analysis were used to
identify CRLs with prognostic significance. Subsequently,
consensus cluster analysis showed that prognosis-related CRLs
could divide patients with COAD into 3 clusters, which showed
significant differences in prognosis and immune
microenvironment. Following that, Lasso regression analysis
was used to establish a prognostic signature with six CRLs.
COAD patients could be separated into high-risk and low-risk
groups according to median risk score, with the high-risk group
having a much worse prognosis. This CRLs related signature
gave a strategy of prognostic stratification for COAD patients.
Finally, immune microenvironment, mutation and
chemotherapeutic sensitivity analyses showed that this
predictive signature could be used to provide evidence for
immunotherapy and chemotherapy option.

Although screening and diagnosis of COAD have become
more and more advanced, prognostic typing methods and
sensitive genetic markers are still lacking (46, 50). Our study
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can provide CRLs-based prognostic model for patients with
COAD, with an AUC value greater than 0.7 at 5 years OS,
which can well classify patients into different prognostic groups,
facilitate identification and early intervention of high-risk
groups. There were also disparities in immune cell infiltration
and TMB between high-risk and low-risk groups, providing
some guidance for immunotherapy (51).

Our study identified six COAD prognostic markers
correlated with cuproposis: TNFRSF10A-AS1, AC006449.3,
AC093382.1, AC099850.3, ZEB1-AS1, and NIFK-AS1, which
have been demonstrated to be associated with cancers in
preliminary studies. First, Wei et al. discovered that
TNFRSF10A-AS1 is a novel prognostic marker for colorectal
cancer and may be related to autophagy (52). A regulatory
network of IncRNA-miRNA-mRNA ceRNA was constructed for
squamous cell carcinoma of tongue, and AC099850.3 was found
to be strongly associated with the overall survival rate of patients
(53). AC099850.3 has been confirmed to promote hepatocellular
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Expression analysis of m®A-related genes and human leukocyte antigen (HLA) related genes, mutation analysis. (A) Differential expression of
m®A-related genes HNRNPC, RBM15, YTHDC1, YTHDF3, YTHDF2, YTHDC2, METTL14, WTAP, HNRNPA2B1, FMR1 were observed between the
high-risk group and the low-risk groups. (B) The human leukocyte antigen gene analysis. HLA-DQA1, HLA-DRB6, HLA-DQB1, HLA-DRB1, HLA-
DPB1, HLA-L, HLA-DOA, HLA-DPA1, HLA-J, HLA-DQB2, HLA-DMA, HLA-E, HLA-DQAZ2, and HLA-G were observed to be differentially expressed
between high-risk and low-risk groups. (C) The mutation landscape of the high-risk group and draw the results into a waterfall diagram. (D)The
waterfall diagram shows the mutation of patients in the low-risk group, and the mutation rate of APC was also highest. (E) Tumor mutation
burden (TMB) analysis between the two risk groups. (F) Pearson-correlation analysis showed that there was a significant negative correlation
between TMB and risk score. (G—=K) Expression analysis of mismatch repair (MMR) protein. The expressions of MLH1, MSH2, MSH6 and EPCAM
were significantly up-regulated in the low-risk group, while the expression of PMS2 showed no statistical difference between the two risk

groups. ns, not significant,*P < 0.05, **P < 0.01, ***P < 0.001

carcinoma (HCC) proliferation and invasion via the PRR11/
PI3K/AKT axis and is a prognostic marker for HCC (54, 55). In
addition, AC099850.3 was discovered as a predictive marker for
non-small cell lung cancer (NSCLC) (56). Zinc finger E-box-
binding homeobox 1 antisense 1 (ZEB1-AS1) facilitates the
growth and metastasis of COAD cells, providing a new target
for the diagnosis and treatment of COAD patients (57).
Furthermore, ZEB1-AS1 can be used as one of the key
IncRNAs in the construction of RCD-related prognostic
signature (58). Consistent with previous studies, our study also
included ZEB1-AS1 as the key IncRNA in RCD-related
prognostic signature, which may reveal the important function
of ZEB1-AS1 in RCD. Upregulation of NIFK-AS1 promote
progression of HCC and Increased resistance to chemotherapy
drugs through m6A methylation (59). Furthermore, NIFK-AS1
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was discovered to suppress M2-like polarization of macrophages
in endometrial cancer (60). However, there are currently few
cancer research on AC006449.3 and AC093382.1, especially in
COAD. In this study, we discovered a possible association
between the six IncRNAs and cuproptosis, and offered
evidences for their importance in the prognosis of COAD.
Among six CRLs, TNFRSF10A-AS1 and AC099850.3 were
protective factors while AC006449.3, AC093382.1, ZEB1-AS1
and NIFK-AS1 were adverse prognostic factors for COAD in
this signature.

Immunotherapy, particularly immune checkpoint
inhibitors, has been utilized to treat colorectal cancer in the
past (61). However, “cold” tumors with low mutation rates and
low microsatellite instability are not sensitive to immune
checkpoint inhibitors (62, 63). As a result, it is critical to
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FIGURE 8

Drug sensitivity analysis. (A) Paclitaxel, Vinblastine, Sunitinib and Elescloml were observed to have lower IC50 values in the high-risk group, that
is, the high-risk group was more sensitive to these drugs. (B) Scatter plot of correlation between CRLs expression and drug sensitivity.

investigate the function of the predictive signature we developed
in assessing mutation and expression of immune checkpoint-
related genes in COAD. We discovered considerable disparities
in tumor mutation burden (TMB), immune cell infiltration,
HLA-related genes and mismatch repair proteins expression
between the two risk groups based on signature constructed by
cuproptosis-related IncRNAs, which might guide the
immunotherapy for COAD patients. It also provided reference
for understanding the potential association between tumor
immunity and cuproptosis in colorectal cancer. Not only that,
we identified more certain sensitive drugs for the COAD patients
with higher risk score: Paclitaxel, Vinblastine, Sunitinib and
Elescloml, which was conducive to the early intervention and
precision treatment for COAD.

Previous bioinformatics studies have revealed the role of
other types of CRD in COAD (64, 65). Cuproptosis, novel types
of cell death, has not been explored in COAD and our study is
the first to highlight the function of cuproptosis-related
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IncRNAs. These findings help us understand the interaction of
many regulatory cell death patterns, and provide a reference for
precise treatment of COAD. However, there are some
limitations in our study. Although the mechanism of copper
inducing cell death has similar markers and characteristics of
different forms of RCD, cuproptosis has not been confirmed in
cell death nomenclature (66-68). The AUC value of our
signature is not very high, which is not greater than 0.8, and it
may be limited by the sample size. And we lack relevant
functional experiments to verify the function of cuproptosis-
related genes and CRLs in the model, which will be improved in
the future.

Conclusions

Overall, our study is the first to develop a predictive
signature based on the cuproptosis-associated IncRNA,
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providing a novel approach to risk stratification and potential
biomarkers for COAD patients. This signature is valuable for
assessing prognosis, immune infiltration and chemotherapy
sensitivity, which may help provide guidance for detections
and treatments in patients with COAD.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repositories and accession
numbers can be found in the article / Supplementary Material.

Author contributions

ZS and FW conceived the study and participated in the study
design and performance. GC, and JL conducted the
bioinformatics analysis and manuscript writing. CW, RG and
MW revised the manuscript. All authors contributed to the
article and approved the submitted version.

Acknowledgments

We would like to extend our gratitude to the researchers and
study patients for their contributions.

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.

References

1. Thanikachalam K, Khan G. Colorectal cancer and nutrition. Nutrients (2019)
11(1):164. doi: 10.3390/nul1010164

2. Brody H. Colorectal cancer. Nature (2015) 521(7551):S1. doi: 10.1038/521S1a

3. Baidoun F, Elshiwy K, Elkeraie Y, Merjaneh Z, Khoudari G, Sarmini MT,
et al. Colorectal cancer epidemiology: Recent trends and impact on outcomes.
Curr Drug Targets (2021) 22(9):998-1009. doi: 10.2174/13894501219992
01117115717

4. Du W, Frankel TL, Green M, Zou W. IFNY signaling integrity in colorectal
cancer immunity and immunotherapy. Cell Mol Immunol (2022) 19(1):23-32. doi:
10.1038/s41423-021-00735-3

5. Guinney J, Dienstmann R, Wang X, de Reynies A, Schlicker A, Soneson C,
et al. The consensus molecular subtypes of colorectal cancer. Nat Med (2015) 21
(11):1350-6. doi: 10.1038/nm.3967

6. Keum N, Giovannucci E. Global burden of colorectal cancer: emerging
trends, risk factors and prevention strategies. Nat Rev Gastroenterol Hepatol
(2019) 16(12):713-32. doi: 10.1038/s41575-019-0189-8

Frontiers in Oncology

14

10.3389/fonc.2022.1007918

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.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.1007918/full#supplementary-material

SUPPLEMENTARY FIGURE 1

Consensus cluster analysis. (A) The cumulative distribution function (CDF)
from k =2 to 9. (B) Relative change in area under CDF curve for k =2 to 9.
(C) Tracking plot from k =2 to 9.

SUPPLEMENTARY FIGURE 2

The results of LASSO analysis. (A) The coefficient profile of 6 Cuproptosis-
related IncRNAs. (B) 10-fold cross-validation of variable selection in
LASSO models.

SUPPLEMENTARY FIGURE 3

The expression level of 6 Cuproptosis-related IncRNAs. (A—F) The
expression level of TNFRSF10A-AS1, AC006449.3, AC093382.1,
AC099850.3, ZEB1-AS1 and NIFK-ASLin colorectal cancer cell lines.

SUPPLEMENTARY FIGURE 4

Independent predictive factor analysis. Univariate and multivariate Cox
regression analyses were used to evaluate whether risk score and clinical
characteristics were independent predictors of COAD patients in
three cohorts.

SUPPLEMENTARY FIGURE 5

Subgroup analysis of prognostic value of risk score. Survival analysis
revealed the prognostic value of risk score in COAD patients with
different ages (A, B), different stages (C, D), different genders (E, F) and
different histological types (G, H).

7. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: Cancer ] Clin (2018) 68(6):394-
424. doi: 10.3322/caac.21492

8. De Rosa M, Pace U, Rega D, Costabile V, Duraturo F, Izzo P, et al. Genetics,
diagnosis and management of colorectal cancer (Review). Oncol Rep (2015) 34
(3):1087-96. doi: 10.3892/0r.2015.4108

9. Huang Z, Yang M. Molecular network of colorectal cancer and current
therapeutic options. Front Oncol (2022) 12:852927. doi: 10.3389/fonc.2022.852927

10. He X, Wu K, Ogino S, Giovannucci EL, Chan AT, Song M. Association
between risk factors for colorectal cancer and risk of serrated polyps and
conventional adenomas. Gastroenterology (2018) 155(2):355-373.e318. doi:
10.1053/j.gastro.2018.04.019

11. Sninsky JA, Shore BM, Lupu GV, Crockett SD. Risk factors for colorectal
polyps and cancer. Gastrointestinal endoscopy Clinics North America (2022) 32
(2):195-213. doi: 10.1016/j.giec.2021.12.008

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.1007918/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1007918/full#supplementary-material
https://doi.org/10.3390/nu11010164
https://doi.org/10.1038/521S1a
https://doi.org/10.2174/1389450121999201117115717
https://doi.org/10.2174/1389450121999201117115717
https://doi.org/10.1038/s41423-021-00735-3
https://doi.org/10.1038/nm.3967
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.3322/caac.21492
https://doi.org/10.3892/or.2015.4108
https://doi.org/10.3389/fonc.2022.852927
https://doi.org/10.1053/j.gastro.2018.04.019
https://doi.org/10.1016/j.giec.2021.12.008
https://doi.org/10.3389/fonc.2022.1007918
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cui et al.

12. Lichtenstern CR, Ngu RK, Shalapour S, Karin M. Immunotherapy,
inflammation and colorectal cancer. Cells (2020) 9(3):618. doi: 10.3390/
cells9030618

13. Giannone G, Ghisoni E, Genta S, Scotto G, Tuninetti V, Turinetto M, et al.
Immuno-metabolism and microenvironment in cancer: Key players for
immunotherapy. Int ] Mol Sci (2020) 21(12):4414. doi: 10.3390/ijms21124414

14. Fuchs Y, Steller H. Programmed cell death in animal development and
disease. Cell (2011) 147(4):742-58. doi: 10.1016/j.cell.2011.10.033

15. Carneiro BA, El-Deiry WS. Targeting apoptosis in cancer therapy. Nat Rev
Clin Oncol (2020) 17(7):395-417. doi: 10.1038/s41571-020-0341-y

16. Tang D, Kang R, Berghe TV, Vandenabeele P, Kroemer G. The molecular
machinery of regulated cell death. Cell Res (2019) 29(5):347-64. doi: 10.1038/
$41422-019-0164-5

17. Bedoui S, Herold MJ, Strasser A. Emerging connectivity of programmed cell
death pathways and its physiological implications. Nat Rev Mol Cell Biol (2020) 21
(11):678-95. doi: 10.1038/s41580-020-0270-8

18. Tsvetkov P, Coy S, Petrova B, Dreishpoon M, Verma A, Abdusamad M,
et al. Copper induces cell death by targeting lipoylated TCA cycle proteins. Sci (New
York NY) (2022) 375(6586):1254—61. doi: 10.1126/science.abf0529

19. Tang D, Chen X, Kroemer G. Cuproptosis: A copper-triggered modality of
mitochondrial cell death. Cell Res (2022) 32(5):417-8. doi: 10.1038/s41422-022-
00653-7

20. Mou Y, Wang J, Wu ], He D, Zhang C, Duan C, et al. Ferroptosis, a new
form of cell death: Opportunities and challenges in cancer. ] Hematol Oncol (2019)
12(1):34. doi: 10.1186/s13045-019-0720-y

21. Mishra AP, Salehi B, Sharifi-Rad M, Pezzani R, Kobarfard F, Sharifi-Rad J,
et al. Programmed cell death, from a cancer perspective: An overview. Mol
diagnosis Ther (2018) 22(3):281-95. doi: 10.1007/540291-018-0329-9

22. LiuJ, Geng R, Ni§, Cai L, Yang S, Shao F, et al. Pyroptosis-related IncRNAs
are potential biomarkers for predicting prognoses and immune responses in
patients with UCEC. Mol Ther Nucleic Acids (2022) 27:1036-55. doi: 10.1016/
j.omtn.2022.01.018

23. LiuJ, Wang Y, Meng H, Yin Y, Zhu H, Ni T. Identification of the prognostic
signature associated with tumor immune microenvironment of uterine corpus
endometrial carcinoma based on ferroptosis-related genes. Front Cell Dev Biol
(2021) 9:735013. doi: 10.3389/fcell.2021.735013

24. Zhao Z, Liu H, Zhou X, Fang D, Ou X, Ye J, et al. Necroptosis-related
IncRNAs: Predicting prognosis and the distinction between the cold and hot
tumors in gastric cancer. J Oncol (2021) 2021:6718443. doi: 10.1155/2021/6718443

25. Moran VA, Perera R], Khalil AM. Emerging functional and mechanistic
paradigms of mammalian long non-coding RNAs. Nucleic Acids Res (2012) 40
(14):6391-400. doi: 10.1093/nar/gks296

26. Qian Y, Shi L, Luo Z. Long non-coding RNAs in cancer: Implications for
diagnosis, prognosis, and therapy. Front Med (2020) 7:612393. doi: 10.3389/
fmed.2020.612393

27. Gao J, Chen X, Wei P, Wang Y, Li P, Shao K. Regulation of pyroptosis in
cardiovascular pathologies: Role of noncoding RNAs. Mol Ther Nucleic Acids
(2021) 25:220-36. doi: 10.1016/j.0mtn.2021.05.016

28. Tsvetkov P, Detappe A, Cai K, Keys HR, Brune Z, Ying W, et al. et al:
Mitochondrial metabolism promotes adaptation to proteotoxic stress. Nat Chem
Biol (2019) 15(7):681-9. doi: 10.1038/s41589-019-0291-9

29. LiuJ, Mei J, Wang Y, Chen X, Pan ], Tong L, et al. Development of a novel
immune-related IncRNA signature as a prognostic classifier for endometrial
carcinoma. Int ] Biol Sci (2021) 17(2):448-59. doi: 10.7150/ijbs.51207

30. Tao C, Huang K, Shi J, Hu Q, Li K, Zhu X. Genomics and prognosis analysis
of epithelial-mesenchymal transition in glioma. Front Oncol (2020) 10:183. doi:
10.3389/fonc.2020.00183

31. Ranstam J, Cook JA. Kaplan-Meier Curve. Br ] Surg (2017) 104(4):442. doi:
10.1002/bjs.10238

32. SunZ,LiT,Xiao C, ZouS, Zhang M, Zhang Q, etal. Prediction of overall survival
based upon a new ferroptosis-related gene signature in patients with clear cell renal cell
carcinoma. World J Surg Oncol (2022) 20(1):120. doi: 10.1186/s12957-022-02555-9

33. Hoshino N, Hida K, Sakai Y, Osada S, Idani H, Sato T, et al. Nomogram for
predicting anastomotic leakage after low anterior resection for rectal cancer. Int J
colorectal Dis (2018) 33(4):411-8. doi: 10.1007/s00384-018-2970-5

34. Hoo ZH, Candlish J, Teare D. What is an ROC curve? Emergency Med ] EM]
(2017) 34(6):357-9. doi: 10.1136/emermed-2017-206735

35. Subramanian A, Kuehn H, Gould J, Tamayo P, Mesirov JP. GSEA-p: a
desktop application for gene set enrichment analysis. Bioinf (Oxford England)
(2007) 23(23):3251-3. doi: 10.1093/bioinformatics/btm369

36. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
enumeration of cell subsets from tissue expression profiles. Nat Methods (2015) 12
(5):453-7. doi: 10.1038/nmeth.3337

Frontiers in Oncology

15

10.3389/fonc.2022.1007918

37. Malta TM, Sokolov A, Gentles AJ, Burzykowski T, Poisson L, Weinstein JN,
et al. et al: Machine learning identifies stemness features associated with oncogenic
dedifferentiation. Cell (2018) 173(2):338-354.e315. doi: 10.1016/j.cell.2018.03.034

38. Mayakonda A, Lin DC, Assenov Y, Plass C, Koeffler HP. Maftools: efficient
and comprehensive analysis of somatic variants in cancer. Genome Res (2018) 28
(11):1747-56. doi: 10.1101/gr.239244.118

39. Merino DM, McShane LM, Fabrizio D, Funari V, Chen SJ, White JR, et al.
et al: Establishing guidelines to harmonize tumor mutational burden (TMB): in
silico assessment of variation in TMB quantification across diagnostic platforms:
phase I of the friends of cancer research TMB harmonization project. J
immunotherapy Cancer (2020) 8(1):¢000147. doi: 10.1136/jitc-2019-000147

40. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. Limma powers
differential expression analyses for RNA-sequencing and microarray studies.
Nucleic Acids Res (2015) 43(7):e47. doi: 10.1093/nar/gkv007

41. Sebaugh JL. Guidelines for accurate EC50/IC50 estimation. Pharm Stat
(2011) 10(2):128-34. doi: 10.1002/pst.426

42. Hurwitz SN, Rider MA, Bundy JL, Liu X, Singh RK, Meckes DGJr.
Proteomic profiling of NCI-60 extracellular vesicles uncovers common protein
cargo and cancer type-specific biomarkers. Oncotarget (2016) 7(52):86999-7015.
doi: 10.18632/oncotarget.13569

43. Hogg SJ, Beavis PA, Dawson MA, Johnstone RW. Targeting the epigenetic
regulation of antitumour immunity. Nat Rev Drug Discovery (2020) 19(11):776—
800. doi: 10.1038/s41573-020-0077-5

44. Kim J, Lee J, Oh JH, Sohn DK, Shin A, Kim J, et al. Dietary methyl donor
nutrients, DNA mismatch repair polymorphisms, and risk of colorectal cancer
based on microsatellite instability status. Eur J Nutr (2022) 61(6):3051-66. doi:
10.1007/500394-022-02833-y

45. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer.
Lancet (London England) (2019) 394(10207):1467-80. doi: 10.1016/S0140-6736
(19)32319-0

46. Ladabaum U, Dominitz JA, Kahi C, Schoen RE. Strategies for colorectal
cancer screening. Gastroenterology (2020) 158(2):418-32. doi: 10.1053/
j.gastro.2019.06.043

47. Meester RG, Doubeni CA, Lansdorp-Vogelaar I, Goede SL, Levin TR, Quinn VP,
et al. Colorectal cancer deaths attributable to nonuse of screening in the united states. Ann
Epidemiol (2015) 25(3):208-213.¢201. doi: 10.1016/j.annepidem.2014.11.011

48. Biller LH, Schrag D. Diagnosis and treatment of metastatic colorectal
cancer: A review. Jama (2021) 325(7):669-85. doi: 10.1001/jama.2021.0106

49. Obeng E. Apoptosis (programmed cell death) and its signals - a review. Braz
] Biol (2021) 81(4):1133-43. doi: 10.1590/1519-6984.228437

50. Issa IA, Noureddine M. Colorectal cancer screening: An updated review of
the available options. World J Gastroenterol (2017) 23(28):5086-96. doi: 10.3748/
Wjg v23.i28.5086

51. Fancello L, Gandini S, Pelicci PG, Mazzarella L. Tumor mutational burden
quantification from targeted gene panels: Major advancements and challenges. ]
immunotherapy Cancer (2019) 7(1):183. doi: 10.1186/s40425-019-0647-4

52. Wei J, Ge X, Tang Y, Qian Y, Lu W, Jiang K, et al. et al: An autophagy-
related long noncoding RNA signature contributes to poor prognosis in colorectal
cancer. J Oncol (2020) 2020:4728947. doi: 10.1155/2020/4728947

53. Zhou RS, Zhang EX, Sun QF, Ye Z], Liu JW, Zhou DH, et al. Integrated
analysis of IncRNA-miRNA-mRNA ceRNA network in squamous cell carcinoma
of tongue. BMC Cancer (2019) 19(1):779. doi: 10.1186/s12885-019-5983-8

54. ZhongF, Liu S, Hu D, Chen L. LncRNA AC099850.3 promotes hepatocellular
carcinoma proliferation and invasion through PRR11/PI3K/AKT axis and is associated
with patients prognosis. ] Cancer (2022) 13(3):1048-60. doi: 10.7150/jca.66092

55. Wang Y, Ge F, Sharma A, Rudan O, Setiawan MF, Gonzalez-Carmona MA,
et al. Immunoautophagy-related long noncoding RNA (IAR-IncRNA) signature
predicts survival in hepatocellular carcinoma. Biology (2021) 10(12):1301. doi:
10.3390/biology10121301

56. Zhou J, Zhang M, Dong H, Wang M, Cheng Y, Wang S, et al.
Comprehensive analysis of acetylation-related IncRNAs and identified
AC099850.3 as prognostic biomarker in non-small cell lung cancer. J Oncol
(2021) 2021:4405697. doi: 10.1155/2021/4405697

57. Ni X, Ding Y, Yuan H, Shao J, Yan Y, Guo R, et al. Long non-coding RNA
ZEB1-AS1 promotes colon adenocarcinoma malignant progression via miR-455-
3p/PAK2 axis. Cell proliferation (2020) 53(1):e12723. doi: 10.1111/cpr.12723

58. Chen W, Chen Y, Liu L, Wu Y, Fu P, Cao Y, et al. Comprehensive analysis of
immune infiltrates of ferroptosis-related long noncoding RNA and prediction of
colon cancer patient prognoses. ] Immunol Res (2022) 2022:9480628. doi: 10.1155/
2022/9480628

59. Chen YT, Xiang D, Zhao XY, Chu XY. Upregulation of IncRNA NIFK-AS1
in hepatocellular carcinoma by m(6)A methylation promotes disease progression
and sorafenib resistance. Hum Cell (2021) 34(6):1800-11. doi: 10.1007/s13577-021-
00587-z

frontiersin.org


https://doi.org/10.3390/cells9030618
https://doi.org/10.3390/cells9030618
https://doi.org/10.3390/ijms21124414
https://doi.org/10.1016/j.cell.2011.10.033
https://doi.org/10.1038/s41571-020-0341-y
https://doi.org/10.1038/s41422-019-0164-5
https://doi.org/10.1038/s41422-019-0164-5
https://doi.org/10.1038/s41580-020-0270-8
https://doi.org/10.1126/science.abf0529
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1038/s41422-022-00653-7
https://doi.org/10.1186/s13045-019-0720-y
https://doi.org/10.1007/s40291-018-0329-9
https://doi.org/10.1016/j.omtn.2022.01.018
https://doi.org/10.1016/j.omtn.2022.01.018
https://doi.org/10.3389/fcell.2021.735013
https://doi.org/10.1155/2021/6718443
https://doi.org/10.1093/nar/gks296
https://doi.org/10.3389/fmed.2020.612393
https://doi.org/10.3389/fmed.2020.612393
https://doi.org/10.1016/j.omtn.2021.05.016
https://doi.org/10.1038/s41589-019-0291-9
https://doi.org/10.7150/ijbs.51207
https://doi.org/10.3389/fonc.2020.00183
https://doi.org/10.1002/bjs.10238
https://doi.org/10.1186/s12957-022-02555-9
https://doi.org/10.1007/s00384-018-2970-5
https://doi.org/10.1136/emermed-2017-206735
https://doi.org/10.1093/bioinformatics/btm369
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1016/j.cell.2018.03.034
https://doi.org/10.1101/gr.239244.118
https://doi.org/10.1136/jitc-2019-000147
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1002/pst.426
https://doi.org/10.18632/oncotarget.13569
https://doi.org/10.1038/s41573-020-0077-5
https://doi.org/10.1007/s00394-022-02833-y
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.1053/j.gastro.2019.06.043
https://doi.org/10.1053/j.gastro.2019.06.043
https://doi.org/10.1016/j.annepidem.2014.11.011
https://doi.org/10.1001/jama.2021.0106
https://doi.org/10.1590/1519-6984.228437
https://doi.org/10.3748/wjg.v23.i28.5086
https://doi.org/10.3748/wjg.v23.i28.5086
https://doi.org/10.1186/s40425-019-0647-4
https://doi.org/10.1155/2020/4728947
https://doi.org/10.1186/s12885-019-5983-8
https://doi.org/10.7150/jca.66092
https://doi.org/10.3390/biology10121301
https://doi.org/10.1155/2021/4405697
https://doi.org/10.1111/cpr.12723
https://doi.org/10.1155/2022/9480628
https://doi.org/10.1155/2022/9480628
https://doi.org/10.1007/s13577-021-00587-z
https://doi.org/10.1007/s13577-021-00587-z
https://doi.org/10.3389/fonc.2022.1007918
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cui et al.

60. Zhou YX, Zhao W, Mao LW, Wang YL, Xia LQ, Cao M, et al. Long non-
coding RNA NIFK-AS1 inhibits M2 polarization of macrophages in endometrial
cancer through targeting miR-146a. Int ] Biochem Cell Biol (2018) 104:25-33. doi:
10.1016/j.biocel.2018.08.017

61. Ganesh K, Stadler ZK, Cercek A, Mendelsohn RB, Shia J, Segal NH, et al.
Immunotherapy in colorectal cancer: rationale, challenges and potential. Nat Rev
Gastroenterol Hepatol (2019) 16(6):361-75. doi: 10.1038/s41575-019-0126-x

62. Galon J, Bruni D. Approaches to treat immune hot, altered and cold
tumours with combination immunotherapies. Nat Rev Drug Discovery (2019) 18
(3):197-218. doi: 10.1038/s41573-018-0007-y

63. Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK, et al. et al:
Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade. Sci
(New York NY) (2017) 357(6349):409-13. doi: 10.1126/science.aan6733

64. Song W, Ren J, Xiang R, Kong C, Fu T. Identification of pyroptosis-related
subtypes, the development of a prognosis model, and characterization of tumor

Frontiers in Oncology

16

10.3389/fonc.2022.1007918

microenvironment infiltration in colorectal cancer. Oncoimmunology (2021) 10
(1):1987636. doi: 10.1080/2162402X.2021.1987636

65. Shao Y, Jia H, Huang L, Li S, Wang C, Aikemu B, et al. et al: An original
ferroptosis-related gene signature effectively predicts the prognosis and clinical
status for colorectal cancer patients. Front Oncol (2021) 11:711776. doi: 10.3389/
fonc.2021.711776

66. Li Y. Copper homeostasis: Emerging target for cancer treatment. I[UBMB
Life (2020) 72(9):1900-8. doi: 10.1002/iub.2341

67. Shanbhag VC, Gudekar N, Jasmer K, Papageorgiou C, Singh K, Petris MJ.
Copper metabolism as a unique vulnerability in cancer. Biochim Biophys Acta Mol
Cell Res (2021) 1868(2):118893. doi: 10.1016/j.bbamcr.2020.118893

68. Galluzzi L, Vitale I, Aaronson SA, Abrams JM, Adam D, Agostinis P, et al.
Molecular mechanisms of cell death: Recommendations of the nomenclature
committee on cell death 2018. Cell Death differentiation (2018) 25(3):486-541.
doi: 10.1038/s41418-017-0012-4

frontiersin.org


https://doi.org/10.1016/j.biocel.2018.08.017
https://doi.org/10.1038/s41575-019-0126-x
https://doi.org/10.1038/s41573-018-0007-y
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1080/2162402X.2021.1987636
https://doi.org/10.3389/fonc.2021.711776
https://doi.org/10.3389/fonc.2021.711776
https://doi.org/10.1002/iub.2341
https://doi.org/10.1016/j.bbamcr.2020.118893
https://doi.org/10.1038/s41418-017-0012-4
https://doi.org/10.3389/fonc.2022.1007918
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Comprehensive analysis of the prognostic signature and tumor microenvironment infiltration characteristics of cuproptosis-related lncRNAs for patients with colon adenocarcinoma
	Introduction
	Methods and materials
	Download of data
	Screening lncRNAs associated with&#146;cuproptosis
	Consensus clustering analysis
	Construction and evaluation of the prognostic model
	Independent prognostic value assessment of the prognostic model
	Cell culture
	Quantitative RT-PCR
	Construction and evaluation of the nomogram
	Gene set enrichment analysis
	Evaluation of the immune microenvironment
	Mutation analysis
	Drug sensitivity analysis
	Statistical analysis

	Results
	Screening of cuproptosis-related lncRNAs with prognostic value
	Consensus clustering analysis
	Construction and evaluation of the prognostic model
	Construction and evaluation of the&#146;nomogram
	Gene set enrichment analysis
	Analysis of immune microenvironment
	Expression analysis of m6A-related genes and human leukocyte antigen genes
	Mutation analysis
	Drug sensitivity analysis

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /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


