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Colorectal cancer (CRC) is a common digestive tract tumor worldwide. In recent years,
neoadjuvant chemoradiotherapy (CRT) has been the most comprehensive treatment for
locally advanced rectal cancer (LARC). In this study, we explored immune infiltration in
rectal cancer (RC) and identified immune-related differentially expressed genes (IRDEGS).
Then, we identified response markers in datasets in GEO databases by principal
component analysis (PCA). We also utilized three GEO datasets to identify the up- and
downregulated response-related genes simultaneously and then identified genes shared
between the PCA markers and three GEO datasets. Based on the hub IRDEGs, we
identified target MRNAs and constructed a ceRNA network. Based on the ceRNA
network, we explored prognostic biomarkers to develop a prognostic model for RC
through Cox regression. We utilized the specimen to validate the expression of the two
biomarkers. We also utilized LASSO regression to screen hub IRDEGs and built a
nomogram to predict the response of LARC patients to CRT. All of the results show
that the nomogram and prognostic model offer good prognostic value and that the ceRNA
network can effectively highlight the regulatory relationship. hsa-mir-107 and WDFY3-AS2
may be prognostic biomarkers for RC.

Keywords: locally advanced rectal cancer (LARC), neoadjuvant therapy, nomogram, competitive endogenous RNA
(ceRNA) network, prognostic model
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INTRODUCTION

Colorectal cancer (CRC) is the most commonly diagnosed
digestive tract cancer in the world. Rectal cancer (RC) accounts
for one-third of newly diagnosed CRC and is associated with
poor prognosis (1). Many studies have recommended
neoadjuvant chemoradiotherapy (CRT) as the standard
treatment for locally advanced rectal cancer (LARC) because of
its low toxicity and low metastasis rate (1). However, only
approximately 15-27% of patients achieve a pathological
complete response (pCR) (2), and most stage II/III RC patients
receive surgery or adjuvant therapy. Due to the different
responses to CRT, management of the response to CRT is
significant for LARC patients (3). Therefore, it is necessary to
construct a prediction model or study the mechanism of the
response of LARC to CRT.

According to some studies, the TME is related to the amounts
of Fusobacterium nucleatum (4) and interleukin (IL)-17A (5).
Many studies have indicated that the TME plays an important
role in the development and clinical outcomes of CRC (6-8). The
TME also plays an important role in the clinical outcomes of
LARC. There is some evidence showing that the presence of
PD-1 and tumor-infiltrating lymphocytes before therapy can
result in a better prognosis (9), and the high phospho-Drpl level
in the TME of RAGE-G82S polymorphism patients is linked to
the treatment effect (10). The components of the tumor
microenvironment (TME) include stromal cells, immune cells,
cytokines and other kinds of cells. Numerous studies have shown
that TME cells play important roles in tumor progression,
therapeutic effects and clinical outcomes and interact with each
other (11-13). Therefore, it is important to explore the
differentially expressed genes that link with the TME and
respond to CRT in LARC patients. In our study, we explored
the TME score and tumor-infiltrating immune cells (TICs) in RC
and identified the differentially expressed genes (DEGs) between
normal and tumor tissues (14). Based on the DEGs, we explored
immune-related genes (IRGs) in RC. We utilized principal
component analysis (PCA) to identify the key markers of IRGs
in the GSE68204 dataset (15). Moreover, we utilized robust rank
aggregation (RRA) to identify genes related to the response to
CRT that were up- and downregulated simultaneously in three
datasets from the Gene Expression Omnibus (GEO) database
(16, 17). Then, we explored the hub genes that were shared with
the key markers by PCA and RRA.

There is much evidence showing that competing endogenous
RNAs (ceRNAs) play important roles in human cancers (18).
The ceRNA network can clearly express the intricate interplay
among mRNA, miRNA and IncRNA, which provides a
perspective to explore the mechanisms of genes (19, 20).

Abbreviations: RC, rectal cancer; LARC, locally advanced rectal cancer; TCGA,
The Cancer Genome Atlas; GEO, Gene Expression Omnibus; DEGs, differentially
expressed genes; IRGs, immune-related genes; IRDEGs, immune-related
differentially expressed genes; GO, gene ontology; KEGG, Kyoto Encyclopedia
of Genes and Genomes; PCA, principal component analysis; RRA, robust rank
aggregation; TNM, tumor node metastasis; LASSO, least absolute shrinkage and
selection operator; DCA, decision curve analysis; ROC, receiver
operating characteristic.

In our study, we identified target mRNAs based on the hub
IRDEGsS and built a ceRNA network to explore the regulation of
IncRNA-miRNA-mRNA interactions in LARC after CRT.
Based on the ceRNA network, we found two prognostic
biomarkers for RC and utilized Cox regression to build a
prediction model. Based on the hub IRDEGs, we also utilized
least absolute shrinkage and selection operator (LASSO)
regression to further screen the genes (21, 22) related to the
response to CRT and constructed a predictive nomogram (23).

MATERIALS AND METHODS

Gene Expression Datasets

The microarray datasets used in our study were downloaded
from the TCGA and GEO databases. The RNA data of TCGA-
READ (Supplementary Files 1-3), which contained two control
tissues and 84 RC tissues with clinical data, were downloaded
from the TCGA database (http://cancergenome/.nih.gov/). Three
GEO datasets of LARC patients who received CRT, GSE93375
(24), GSE119409, and GSE139255 (Supplementary Files 4-6)
were downloaded from the GEO database (http://www.ncbi.nlm.
nih.gov/geo/).

TME Score and Immune Infiltration

We utilized the R packages “estimate” and “limma” to estimate the
proportions of stromal and immune cells in RC and calculated the
ImmuneScore, StromalScore, and ESTIMATEScore of tumor
tissues (25). Then, we divided the three datasets into high- and
low-score groups and utilized Kaplan-Meier analysis to plot the
survival curves through the R packages “survminer” and “survival”.
We also utilized CIBERSORT to explore the relative percentages
of immune cell types in RC (26). We utilized gene microarray
immunofluorescence double staining, which was performed on
rectal cancer diagnosed in Cancer Hospital in China, to validate
immune infiltration. The CD4 rabbit mAb (48274S, CST, Danvers,
MA, United States) was used as the antibody for CD4" T cells, and
the CD68 XP rabbit mAb (76437S, CST) was used as the
antibody for MO macrophages. The process of immunofluorescence
double staining is shown in the Supplemental Materials
and Methods.

Hub IRDEGs

We utilized the R packages “edgeR” (27) and “limma” to separate
mRNAs and IncRNAs and then explored the DEGs between normal
and tumor tissues of RC in TCGA database according to the criteria
[log(fold change)|>2 and P-value <0.01. We downloaded IRGs from
the IMMPORT database (https://www.immport.org/) and
identified IRDEGs using the R package “limma” (28). We
downloaded the GSE68204 matrix files from the GEO database
(Supplementary File 7) and divided the samples into three groups:
normal, tumor-responsive, and tumor-non-responsive tissues.
Based on the IRDEGs, we utilized PCA to explore the principal
IRDEGs in GEO68204 for LARC patients who received CRT.
Samples from the GSE119409 and GSE139255 datasets were
classified according to clinical information; GSE93375, TRG1, and
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TRG2 were considered responders, and TRG3, TRG4, and TRG5
were considered non-responders (Mandard’s classification). Then,
we identified differentially expressed genes between responder and
non-responder groups of three matrix files in the GEO datasets
utilizing the R package “limma”. We explored the genes that were
upregulated and downregulated simultaneously (P < 0.05 and |log
(fold change)|>0) using the RRA method with the R package
“RobustRankAggreg”. We explored the hub IRDEGs of LARC
using a Venn diagram through the online tool “VENN” (http://
bioinformatics.psb.ugent.be/webtools/Venn/). The hub IRDEGs
were the intersecting genes screened by PCA and RRA (29). We
also utilized the online tool SangerBox and the R package “psych” to
explore the relationships between the hub IRDEGs.

GO and KEGG Enrichment Analyses

We utilized the R packages “org.Hs.eg.db”, “enrichplot”,
“ggplot2”, “enrichplot”, and “GOplot” to conduct GO and
KEGG pathway enrichment analyses, which satisfied the
criterion of an adjusted P-value <0.05 to explore the biological

values of principal IRDEGs screened by PCA and hub IRDEGs.

Construction of the ceRNA Network and
Prognostic Model

The miRNA and IncRNA matrix files of RC were downloaded
from the TCGA database, and we identified the differentially
expressed miRNAs (DEmiRNAs) and differentially expressed
IncRNAs (DEIncRNAs) with the R package “edgeR”. Based on
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the hub IRDEGs, we identified candidate mRNAs as targets of
DEmiRNAs that were recognized by TargetScan, miRTarBase, and
miRDB simultaneously (29). Then, we explored the interactions
between DEIncRNAs and DEmiRNAs. Based on the
interactive relationships of DEmiRNAs-DEIncRNAs and
DEmiRNAs-DEmRNAs (30), we constructed a IncRNA-
miRNA-mRNA ceRNA network and utilized Cytoscape software
3.6.1 to visualize the network. Based on the DEIncRNAs and
DEmiRNAs, we explored survival-related biomarkers with the R
packages “survival” and “q value” in the TCGA-READ database.
We utilized Cox regression analysis to build the prognostic model
through the R package “survival” based on the survival-related
biomarkers and utilized ROC curves and K-M plots to verify the
prediction model. In addition, we utilized immune cells in the
tumor infiltration database downloaded from TIMER (https://

cistrome.shinyapps.io/timer/) to explore the correlations between
the expression of immune cells and the risk score of the model.

Validation of Differential Expression of
Prognostic Biomarkers

We utilized qPCR to validate the differential expression between
tumor and control tissues performed on eight pairs of RC and
matched normal tissues. Total RNA was extracted from tissue
samples. The RNA levels were calculated using the AACT
method. The specimens were collected in Cancer Hospital in
China, and this study was approved by the ethics committee at
Cancer Hospital. All individuals in this study provided informed
consent. The details of the process are provided in the
Supplemental Materials and Methods.

FIGURE 3 | Gene microarray immunofluorescence double staining. Double immunofluorescence staining for CD14 (red) and CD68 (green) antigens of tumor cell.

Scale bars = 50 pm.
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FIGURE 4 | Identification of principal CRT-related genes through PCA. (A) PCA could separate immune-related genes in GSE68204. Orange dots represent the
normal (NNT) group; green dots represent the tumor-non-responsive (TNTN) group; blue dots represent the tumor-reponsive (TNTR) group. (B) 3D distribution plot
of PCA. Orange lines represent the normal (NNT) group; green dots represent the tumor-responsive (TNTR) group; blue dots represent the tumor-non-responsive

(TNTN) group.
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Development and Validation of the
Prediction Nomogram

Based on the hub immune response-related DEGs, we utilized
LASSO regression to screen the response-related factors in
GSE68204 with the R packages “survival” and “glmnet”. Based
on the factors identified, we built a nomogram through the R
package “rms” to build a response-related prediction nomogram
and used decision curve analysis (DCA), calibration curves,
receiver operating characteristic (ROC) curves, and concordance
index (C-index) to validate the nomogram (31, 32) through the R
packages “Hmisc”, “ROCR”, “rms”, and “rmda”. To further
validate the nomogram, we utilized bootstrapping validation
(1,000 bootstraps) to calculate the verification C-index (23).

RESULTS

TME of RC

The workflow of our study is shown in Figure 1. We analyzed three
TME scores, the ESTIMATEScore, ImmuneScore, and
StromalScore, and explored their relationships with clinical
characteristics. There were no significant differences across
different stages and TNM grades. We divided the three scores into
two groups, and the K-M plot showed no significant survival benefit
(Supplementary Figures S1-S4). As shown in Figure 2, CD4" T
cells and macrophages accounted for the highest relative percentages
in RC tissues. The expression of CD4" T cells and also macrophages
also enriched on gene microarray of RC is shown in Figure 3.

PCA_Marker

(9]
s
o

GOTerms o

B posiee chemotars

HSPA2
| « U,
IL1R2
ANGPT1

PIK3CG

PRKCB

TNF

=
‘ FLT3

FGF2

£

HSPA2
GHR
IL1R2
ANGPT1
PIK3CG
PRKCB
FGF2.

~log10(p value)  correlation

-
0 07515 22 046 028 052 076 1

]
P Akt sgnalng pathway

FIGURE 5 | Identification and correlation of hub immune-related DEGs. GO and KEGG analyses of the markers and hub immune-related DEGs. (A) Venn diagram of
hub immune-related DEGs. Blue indicates RRA of the three datasets obtained from the GEO database. Red indicates markers identified by PCA. (B) Correlations of
hub immune-related DEGs. (C) Circ plot indicating the top five GO enrichment terms of markers. (D) Circ plot indicating the top five KEGG pathway terms of
markers. (E) Cluster plot showing the top five GO enrichment terms of hub immune-related DEGs. (F) Cluster plot showing the top five KEGG pathway terms of hub
immune-related DEGs.
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TABLE 1 | Baseline information of datasets from the GEO database.

Dataset No. of No. of Non- No. of Platform No. of
Responders responders Normal ID Row Perl
to CRT to CRT tissues Platforms
GSE68204 27 32 21 GPL6480 19,682
GSE93375 8 14 GPL15207 20,072
GSE119409 15 41 GPL570 21641
GSE139255 89 67 GPL22330 784

GSE, Gene Expression Omnibus Series; GPL, Gene Expression Omnibus Platform.

TABLE 2 | Basic information on the ceRNA network.

Dataset  No. of Normal No. of Tumor Platform No. of Row Perl
tissues tissues ID Platforms
mRNA 2 84 RNAseq 19,600
INncRNA 2 84 RNAseq 14,083
miRNA 1 78 RNAseq 1,881

miRNA, microRNA; IncRNA, long non-coding RNA.

Identification of the Hub Immune-Related
DEGs in LARC

Based on the RC mRNA matrix files downloaded from the TCGA-
READ dataset, we first identified DEGs between control tissues and

tumor tissues. A total of 107 IRDEGs were explored based on the
DEGs. Then, we divided GSE68204 into three groups: normal,
tumor-responsive, and tumor-non-responsive tissues. Sixty-five
principal IRDEGs were identified based on the IRDEGs through
PCA (Figures 4A, B). As shown in Figure 5A, there were 10 hub
IRDEGs (TNF, HSPA2, PRKCB, PIK3CG, GHR, IL1R2, FLT3,
FGF2, IL6R, and ANGPT1) that were shared between PCA and
RRA. The correlation heatmap showed that the hub IRDEGs had
strong relationships with each other (Figure 5B). The characteristics
of the datasets are shown in Table 1.

GO and KEGG Enrichment Analyses

of DEGs

For the markers recognized by PCA, the top five GO enrichment
terms were muscle cell proliferation (P = 6.54E-10), regulation of
smooth muscle cell proliferation (P = 7.66E-09), smooth muscle
cell proliferation (P = 8.47E-09), regulation of chemotaxis (P =
8.66E-08), and positive chemotaxis (P = 1.12E-07) (Figure 5C).
The top five KEGG enrichment terms were neuroactive ligand-
receptor interaction (P = 8.92E-08), cytokine-cytokine receptor
interaction (P = 9.88E-06), MAPK signaling pathway (P = 6.50E-
05), calcium signaling pathway (P = 9.63E-05) and PI3K-Akt
signaling pathway (0.000267) (Figure 5D).

For the hub immune response-related genes, the top five GO
enrichment terms were positive regulation of peptidyl-tyrosine
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phosphorylation (P = 2.71E-08), positive regulation of tyrosine
phosphorylation of STAT protein (P = 3.80E-08), regulation of
tyrosine phosphorylation of STAT protein (P = 8.28E-08),
positive regulation of phosphatidylinositol 3-kinase signaling
(P = 9.08E-08), and tyrosine phosphorylation of STAT protein
(P = 9.51E-08) as shown in Figure 5E. The top five KEGG
enrichment terms were MAPK signaling pathway (P = 4.01E-07),
PI3K-Akt signaling pathway (P = 1.20E-06), hematopoietic cell
lineage (P = 4.15E-06), EGFR tyrosine kinase inhibitor resistance
(P = 0.00010), and Ras signaling pathway (P = 0.00012)
(Figure 5F).

The ceRNA Network of LARC

The mRNA, miRNA, and IncRNA characteristics are shown in
Table 2. There were 24 downregulated DEIncRNAs, 1 upregulated
DEIncRNA, 3 downregulated DEmiRNAs, 16 upregulated
DEmiRNAs, and 1 candidate target mRNA (FGF2) in the

network (Figure 6A). Based on the interactions between
DEmiRNAs-DEIncRNAs and DEmiRNAs-DEmRNAs, we built a
DEmiRNA-DEIncRNA-DEmRNA network (Figure 6B).
Two biomarkers were associated with survival times: the miRNA
hsa-mir-107 (P = 0.05, HR = 0.29, 95% CI: 0.07-1.08) and the
IncRNA WDFY3-AS2 (P = 0.023, HR = 0.24, 95% CI: 0.06-0.91)
(Figures 6C, D). The biomarkers hsa-mir-107 and WDFY3-AS2
were not closely related to clinical information (Supplementary
Figures S5, S6). There was no significant difference in the
expression of has-miR-107 and WDFY3-AS2 in RC tumor and
control tissues (Supplementary Figure S7).

Development and Validation of the
Prognostic Model

We utilized Cox proportional hazards regression analysis to
develop the prognostic risk score model (Figure 7). Based on
the risk score, we divided RC patients into low-risk and high-risk
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groups. The risk score distribution was analyzed and is shown in
Figure 7A. The AUC:s of 1-year survival, 3-year survival and 5-
year survival were 0.71, 0.79, and 0.97, respectively (Figure 7B).
We utilized K-M curves to show the relationship of the risk score
with overall survival (OS). As shown in Figure 7C, the risk
score had a strong relationship with OS, and the high-risk group
had a poor prognostic value (P = 0.048). The risk score of
the prognostic model had minimal relationship with B cells
(cor = 0.137, P = 0.265) or CD4 T cells (cor = 0.039, P = 0.75).
The prognostic model was significantly related to CD8-T
cells (cor = 0.405, P = 6.037E-04), dendritic cells (cor = 0.313,
P = 0.009), macrophages (cor = 0.533, P = 2.831E-06), and
neutrophils (cor = 0.461, P = 7.514E-05) (Figure 8).

Development and Validation of the
Response-Related Prediction Nomogram
The response-related prediction nomogram (Figure 9C), which
was built based on the response of LARC patients to CRT and

LASSO regression analysis of the 10 hub immune response-
related DEGs is shown in Figures 9A, B. Four genes were
screened: ANGPT1, GHR, HSPA2, and FLT3. The C-index of
the nomogram was 0.822 (SD = 0.107), the AUC of the ROC
curve was 0.822 (Figure 9D), and the calibration and DCA plots
(Figures 9E, F) showed good predictive value for the response of
LARC patients to CRT. The verification C-index was 0.747,
which suggested that the nomogram offers good discrimination.

DISCUSSION

CRC is a commonly diagnosed cancer and has high mortality
(30). RC accounts for one-third of CRC cases worldwide (33). In
recent years, CRT and surgery have been the standard treatments
for LARC patients (34). Different responses to CRT are very
important for LARC patients because of the close relationship
between treatment and the survival rate (35). Therefore, it is
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necessary to develop an effective model to predict the therapeutic
effect of CRT. Previously, Nie Ke et al. built a high predictive
model based on multiparametric MRI (36), and some prognostic
biomarkers were found to be linked with the response to CRT
(37). IRGs as factors linked with tumor regression and clinical
outcome (38), also play important roles in the response to CRT
(39). In our study, we first explore the TME of RC. In our results,
we found that CD4" T cells and macrophages were enriched in
RC tissue, and our gene microarray confirmed this result, which
provided our perspective that immune infiltration may play an
important role in RC. We continued to explore the IRDEGs
based on the DEGs between normal and tumor tissue.

We identified 65 principal IRDEGs related to the response to
CRT for LARC by PCA, such as IL6R (40) and CCL23 (41).

Functional enrichment showed that IRDEGs were related to
tumor regression. To further explore the biomarkers of CRT
response, we identified the intersection between the biomarkers
screened by PCA and RRA. Ten hub IRDEGs were identified and
had close relationships with classic signaling pathways, such as
the Ras signaling pathway, MAPK signaling pathway, and PI3K-
Akt signaling pathway. To explore the potential biological value
of these genes in LARC patients, we performed GO enrichment
analyses to explore the functions, and most of the GO and KEGG
terms were associated with the immune response and
development of RC.

To explore the mechanisms of hub IRDEGs in response to
CRT for LARC, we constructed a ceRNA network (42). miRNAs
and IncRNAs are molecules that play important roles in
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regulating gene expression during normal or pathological
cellular processes at the posttranscriptional level (43-45). In
our study, we identified the DEmiRNAs and DEIncRNAs
between normal and tumor tissues and explored the candidate
DEmRNAs based on the IRDEGs. In the ceRNA network, we
found that miRNA hsa-mir-107 and IncRNA WDFY3-AS2 are
associated with survival time and have a close relationship with
the development and clinical outcome of cancer: hsa-mir-107 is a
biomarker that is linked with the development of human cancer
(46), and WDFY3-AS2 is linked with the tumor regression of
ovarian cancer (47). There was no statistically significant
difference in the expression of the two biomarkers in tumor
and control tissues, which may indicate that the biological values
of the two biomarkers are more inclined to prognosis.
Meanwhile, the small numbers of specimens may also be the
reason that affects the experimental results. Based on the two
prognostic genes, we utilized Cox proportional hazards
regression analysis to develop a prognostic model, and the
model could predict the survival time very effectively. To
analyze the relationship between tumor immune filtration and
the prognostic model, we utilized six IRGs with reported links
with tumors. To improve the nomogram prediction accuracy for
LARC, we further screened 10 hub IRDEGs through LASSO
regression, built a response-related prediction nomogram in the
GSE68204 dataset, and validated the nomogram. All of the
results showed that the nomogram offers good prediction value.

Our study also faces some limitations. First, a prognostic
model nomogram was built based on the immune-related genes
associated with the response of LARC patients to CRT, and the
clinical information of LARC patients was not explored. In the
future, we will add valuable clinical information to make
the prognostic model and nomogram more comprehensive.
Second, in the study, we explored the differential expression of
the two prognostic biomarkers because the patients had
experienced surgery and did not have enough time for follow-
up studies. In the future, we will accumulate more clinical
specimens and perform follow-up studies. We will further
explore the mechanism of the response of LARC patients to
CRT in vivo and validate the prognostic model in a
large population.

In summary, by exploring the GEO and TCGA databases, which
are publicly available, we identified immune-related genes, and
based on the genes, we constructed a response-related prediction
model and ceRNA network. We also found that the miRNA hsa-
mir-107 and the IncRNA WDFY3-AS2 are associated with survival
time and can be used as prognostic markers or treatment targets for
LARC patients in the future. Based on these two genes, we built a
prognostic risk score model. Our results PROVIDED new insights
to predict the response to CRT for LARC.

REFERENCES

1. Dayde D, Tanaka I, Jain R, Tai MC, Taguchi A. Predictive and Prognostic
Molecular Biomarkers for Response to Neoadjuvant Chemoradiation in
Rectal Cancer. Int ] Mol Sci (2017) 18:573. doi: 10.3390/ijms18030573

DATA AVAILABILITY STATEMENT

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

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by National Cancer Center/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College
National GCP Center for Anticancer Drugs, The Independent
Ethics Committee. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

F-ZW designed the research. Z-JW, S-WM, and T-XX organized
the data. J-NC, H-YS, J-L, and F-QZ analyzed and visualized the
data. F-ZW drafted the article. QL revised the paper. All authors
contributed to the article and approved the submitted version.

FUNDING

Key Project of National Key R & D Plan “Research on Prevention
and Control of Major Chronic Non-Communicable Diseases”
(No. 2019YFC1315705), China Cancer Foundation Beijing Hope
Marathon Special Fund (No. LC2017L07), Medical and Health
Science and Technology Innovation Project of the Chinese
Academy of Medical Sciences (No. 2017-12M-1-006).

ACKNOWLEDGMENTS

The study was supported and funded by the Key Project of
National Key R & D Plan “Research on Prevention and Control
of Major Chronic Non-Communicable Diseases” (No.
2019YFC1315705), the China Cancer Foundation Beijing Hope
Marathon Special Fund (No. LC2017L07), and the Medical and
Health Science and Technology Innovation Project of the
Chinese Academy of Medical Sciences (No. 2017-12M-1-006)
of China. In addition, the authors wish to thank all teachers in
the Department of Colorectal Surgery, National Cancer Center/
Cancer Hospital.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
697948 /full#supplementary-material

2. Maas M, Nelemans PJ, Valentini V, Das P, Rédel C, Kuo LJ, et al. Long-
Term Outcome in Patients With a Pathological Complete Response After
Chemoradiation for Rectal Cancer: A Pooled Analysis of Individual
Patient Data. Lancet Oncol (2010) 11:835-44. doi: 10.1016/s1470-2045
(10)70172-8

Frontiers in Oncology | www.frontiersin.org

July 2021 | Volume 11 | Article 697948


https://www.frontiersin.org/articles/10.3389/fonc.2021.697948/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.697948/full#supplementary-material
https://doi.org/10.3390/ijms18030573
https://doi.org/10.1016/s1470-2045(10)70172-8
https://doi.org/10.1016/s1470-2045(10)70172-8
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Wei et al.

Analysis Response CRT for LARC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Kane C, Glynne-Jones R. Should We Favour the Use of 5 x 5 Preoperative
Radiation in Rectal Cancer. Cancer Treat Rev (2019) 81:101908. doi: 10.1016/
j.ctrv.2019.101908

. Mima K, Sukawa Y, Nishihara R, Qian ZR, Yamauchi M, Inamura K, et al.
Fusobacterium Nucleatum and T Cells in Colorectal Carcinoma. JAMA Oncol
(2015) 1:653-61. doi: 10.1001/jamaoncol.2015.1377

. Dmitrieva-Posocco O, Dzutsev A, Posocco DF, Hou V, Yuan W, Thovarai V,
et al. Cell-Type-Specific Responses to Interleukin-1 Control Microbial
Invasion and Tumor-Elicited Inflammation in Colorectal Cancer. Immunity
(2019) 50:166-80.¢7. doi: 10.1016/j.immuni.2018.11.015

. Mlecnik B, Bindea G, Angell HK, Sasso MS, Obenauf AC, Fredriksen T, et al.
Functional Network Pipeline Reveals Genetic Determinants Associated With
in Situ Lymphocyte Proliferation and Survival of Cancer Patients. Sci Transl
Med (2014) 6:228ra37. doi: 10.1126/scitranslmed.3007240

. Di Caro G, Bergomas F, Grizzi F, Doni A, Bianchi P, Malesci A, et al.
Occurrence of Tertiary Lymphoid Tissue Is Associated With T-Cell
Infiltration and Predicts Better Prognosis in Early-Stage Colorectal Cancers.
Clin Cancer Res (2014) 20:2147-58. doi: 10.1158/1078-0432.CCR-13-2590

. Nosho K, Baba Y, Tanaka N, Shima K, Hayashi M, Meyerhardt JA, et al.
Tumour-Infiltrating T-Cell Subsets, Molecular Changes in Colorectal Cancer,
and Prognosis: Cohort Study and Literature Review. J Pathol (2010) 222:350—
66. doi: 10.1002/path.2774

. Huang CY, Chiang SF, Ke TW, Chen TW, Lan YC, You YS, et al. Cytosolic

High-Mobility Group Box Protein 1 (HMGBI1) and/or PD-1+ TILs in the

Tumor Microenvironment may be Contributing Prognostic Biomarkers for

Patients With Locally Advanced Rectal Cancer Who Have Undergone

Neoadjuvant Chemoradiotherapy. Cancer Immunol Immunother (2018)

67:551-62. doi: 10.1007/s00262-017-2109-5

Huang CY, Chiang SF, Chen WT, Ke TW, Chen TW, You YS, et al. HMGB1

Promotes ERK-Mediated Mitochondrial Drpl Phosphorylation for

Chemoresistance Through RAGE in Colorectal Cancer. Cell Death Dis

(2018) 9:1004. doi: 10.1038/s41419-018-1019-6

Gii¢ E, Pollard JW. Redefining Macrophage and Neutrophil Biology in the

Metastatic Cascade. Immunity (2021) 54:885-902. doi: 10.1016/

j-immuni.2021.03.022

Nabet BY, Qiu Y, Shabason JE, Wu TJ, Yoon T, Kim BC, et al. Exosome RNA

Unshielding Couples Stromal Activation to Pattern Recognition Receptor

Signaling in Cancer. Cell (2017) 170:352-66.e13. doi: 10.1016/

j.cell.2017.06.031

Joyce JA, Fearon DT. T Cell Exclusion, Immune Privilege, and the Tumor

Microenvironment. Science (2015) 348:74-80. doi: 10.1126/science.aaa6204

Zhang C, Zheng JH, Lin ZH, Lv HY, Ye ZM, Chen YP, et al. Profiles of Immune

Cell Infiltration and Immune-Related Genes in the Tumor Microenvironment

of Osteosarcoma. Aging (2020) 12:3486-501. doi: 10.18632/aging.102824

Wang HC, Chou CL, Yang CC, Huang WL, Hsu YC, Luo CW, et al. Over-

Expression of CHD4 Is an Independent Biomarker of Poor Prognosis in

Patients With Rectal Cancers Receiving Concurrent Chemoradiotherapy. Int |

Mol Sci (2019) 20:4087. doi: 10.3390/ijms20174087

Liu L, He C, Zhou Q, Wang G, Lv Z, Liu J. Identification of Key Genes and

Pathways of Thyroid Cancer by Integrated Bioinformatics Analysis. J Cell

Physiol (2019) 234:23647-57. doi: 10.1002/jcp.28932

Zhou H, Tang K, Xiao H, Zeng J, Guan W, Guo X, et al. A Panel of eight-

miRNA Signature as a Potential Biomarker for Predicting Survival in Bladder

Cancer. ] Exp Clin Cancer Res (2015) 34:53. doi: 10.1186/s13046-015-0167-0

Shi Y, Zhang DD, Liu JB, Yang XL, Xin R, Jia CY, et al. Comprehensive

Analysis to Identify DLEU2L/TAOK1 Axis as a Prognostic Biomarker in

Hepatocellular Carcinoma. Mol Ther Nucleic Acids (2021) 23:702-18.

doi: 10.1016/j.0mtn.2020.12.016

Tay Y, Rinn J, Pandolfi PP. The Multilayered Complexity of ceRNA Crosstalk

and Competition. Nature (2014) 505:344-52. doi: 10.1038/nature12986

Karreth FA, Pandolfi PP. ceRNA Cross-Talk in Cancer: When Ce-Bling

Rivalries Go Awry. Cancer Discov (2013) 3:1113-21. doi: 10.1158/2159-

8290.CD-13-0202

Davies H, Glodzik D, Morganella S, Yates LR, Staaf ], Zou X, et al. HRDetect Is

a Predictor of BRCA1 and BRCA2 Deficiency Based on Mutational Signatures.

Nat Med (2017) 23:517-25. doi: 10.1038/nm.4292

Huang YQ, Liang CH, He L, Tian J, Liang CS, Chen X, et al. Development and

Validation of a Radiomics Nomogram for Preoperative Prediction of Lymph

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Node Metastasis in Colorectal Cancer. J Clin Oncol (2016) 34:2157-64.
doi: 10.1200/JC0O.2015.65.9128

Wang H, Zhang L, Liu Z, Wang X, Geng S, Li ], et al. Predicting Medication
Nonadherence Risk in a Chinese Inflammatory Rheumatic Disease
Population: Development and Assessment of a New Predictive Nomogram.
Patient Prefer Adherence (2018) 12:1757-65. doi: 10.2147/PPA.S159293

Sun Y, Zhang Y, Wu X, Chi P. A Four Gene-Based Risk Score System
Associated With Chemoradiotherapy Response and Tumor Recurrence in
Rectal Cancer by Co-Expression Network Analysis. Onco Targets Ther (2020)
13:6721-33. doi: 10.2147/0tt.s256696

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:e47. doi: 10.1093/nar/gkv007

Merdan S, Subramanian K, Ayer T, Van Weyenbergh ], Chang A, Koff JL,
et al. Gene Expression Profiling-Based Risk Prediction and Profiles of Immune
Infiltration in Diffuse Large B-Cell Lymphoma. Blood Cancer J (2021) 11:2.
doi: 10.1038/541408-020-00404-0

Robinson MD, McCarthy DJ, Smyth GK. edgeR: A Bioconductor Package for
Differential Expression Analysis of Digital Gene Expression Data.
Bioinformatics (2010) 26:139-40. doi: 10.1093/bioinformatics/btp616

Wang L, Ren Z, Yu B, Tang J. Development of Nomogram Based on Immune-
Related Gene FGFR4 for Advanced Non-Small Cell Lung Cancer Patients
With Sensitivity to Immune Checkpoint Inhibitors. ] Transl Med (2021) 19:22.
doi: 10.1186/512967-020-02679-0

Nagpal S, Kuntal BK, Mande SS. NetSets.js: A JavaScript Framework for
Compositional Assessment and Comparison of Biological Networks Through
Venn Integrated Network Diagrams. Bioinformatics (2021) 37:580-2.
doi: 10.1093/bioinformatics/btaa723

Zhao M, Feng ], Tang L. Competing Endogenous RNAs in Lung Cancer.
Cancer Biol Med (2021) 18:1-20. doi: 10.20892/j.issn.2095-3941.2020.0203
Tendulkar RD, Agrawal S, Gao TM, Efstathiou JA, Pisansky TM, Michalski
JM, et al. Contemporary Update of a Multi-Institutional Predictive
Nomogram for Salvage Radiotherapy After Radical Prostatectomy. J Clin
Oncol (2016) 34:3648-54. doi: 10.1200/JC0O.2016.67.9647

Callegaro D, Miceli R, Bonvalot S, Ferguson P, Strauss Dirk C, Levy A, et al.
Development and External Validation of Two Nomograms to Predict Overall
Survival and Occurrence of Distant Metastases in Adults After Surgical
Resection of Localised Soft-Tissue Sarcomas of the Extremities: A
Retrospective Analysis. Lancet Oncol (2016) 17:671-80. doi: 10.1016/S1470-
2045(16)00010-3

Mondaca S, Yaeger R. Genetics of Rectal Cancer and Novel Therapies: Primer
for Radiologists. Abdom Radiol (NY) (2019) 44:3743-50. doi: 10.1007/s00261-
019-02051-x

Schou JV, Larsen FO, Serensen BS, Abrantes R, Boysen AK, Johansen JS, et al.
Circulating Cell-Free DNA as Predictor of Treatment Failure After
Neoadjuvant Chemo-Radiotherapy Before Surgery in Patients With Locally
Advanced Rectal Cancer. Ann Oncol (2018) 29:610-5. doi: 10.1093/annonc/
mdx778

Ha YJ, Tak KH, Kim CW, Roh SA, Choi EK, Cho DH, et al. PSMB8 as a
Candidate Marker of Responsiveness to Preoperative Radiation Therapy in
Rectal Cancer Patients. Int | Radiat Oncol Biol Phys (2017) 98:1164-73.
doi: 10.1016/j.ijrobp.2017.03.023

Nie K, Shi L, Chen Q, Hu X, Jabbour SK, Yue N, et al. Rectal Cancer:
Assessment of Neoadjuvant Chemoradiation Outcome Based on Radiomics of
Multiparametric MRI. Clin Cancer Res (2016) 22:5256-64. doi: 10.1158/1078-
0432.CCR-15-2997

Rubio J, Cristobal I, Santos A, Caramés C, Luque M, Sanz-Alvarez M, et al.
Low MicroRNA-19b Expression Shows a Promising Clinical Impact in Locally
Advanced Rectal Cancer. Cancers (Basel) (2021) 13. doi: 10.3390/
cancers13061456

Koshiol J, Lam TK, Gridley G, Check D, Brown LM, Landgren O. Racial
Differences in Chronic Immune Stimulatory Conditions and Risk of Non-
Hodgkin’s Lymphoma in Veterans From the United States. J Clin Oncol
(2011) 29:378-85. doi: 10.1200/JC0O.2010.30.1515

Gianni L, Zambetti M, Clark K, Baker J, Cronin M, Wu J, et al. Gene
Expression Profiles in Paraffin-Embedded Core Biopsy Tissue Predict
Response to Chemotherapy in Women With Locally Advanced Breast
Cancer. ] Clin Oncol (2005) 23:7265-77. doi: 10.1200/JC0O.2005.02.0818

Frontiers in Oncology | www.frontiersin.org

July 2021 | Volume 11 | Article 697948


https://doi.org/10.1016/j.ctrv.2019.101908
https://doi.org/10.1016/j.ctrv.2019.101908
https://doi.org/10.1001/jamaoncol.2015.1377
https://doi.org/10.1016/j.immuni.2018.11.015
https://doi.org/10.1126/scitranslmed.3007240
https://doi.org/10.1158/1078-0432.CCR-13-2590
https://doi.org/10.1002/path.2774
https://doi.org/10.1007/s00262-017-2109-5
https://doi.org/10.1038/s41419-018-1019-6
https://doi.org/10.1016/j.immuni.2021.03.022
https://doi.org/10.1016/j.immuni.2021.03.022
https://doi.org/10.1016/j.cell.2017.06.031
https://doi.org/10.1016/j.cell.2017.06.031
https://doi.org/10.1126/science.aaa6204
https://doi.org/10.18632/aging.102824
https://doi.org/10.3390/ijms20174087
https://doi.org/10.1002/jcp.28932
https://doi.org/10.1186/s13046-015-0167-0
https://doi.org/10.1016/j.omtn.2020.12.016
https://doi.org/10.1038/nature12986
https://doi.org/10.1158/2159-8290.CD-13-0202
https://doi.org/10.1158/2159-8290.CD-13-0202
https://doi.org/10.1038/nm.4292
https://doi.org/10.1200/JCO.2015.65.9128
https://doi.org/10.2147/PPA.S159293
https://doi.org/10.2147/ott.s256696
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1038/s41408-020-00404-0
https://doi.org/10.1093/bioinformatics/btp616
https://doi.org/10.1186/s12967-020-02679-0
https://doi.org/10.1093/bioinformatics/btaa723
https://doi.org/10.20892/j.issn.2095-3941.2020.0203
https://doi.org/10.1200/JCO.2016.67.9647
https://doi.org/10.1016/S1470-2045(16)00010-3
https://doi.org/10.1016/S1470-2045(16)00010-3
https://doi.org/10.1007/s00261-019-02051-x
https://doi.org/10.1007/s00261-019-02051-x
https://doi.org/10.1093/annonc/mdx778
https://doi.org/10.1093/annonc/mdx778
https://doi.org/10.1016/j.ijrobp.2017.03.023
https://doi.org/10.1158/1078-0432.CCR-15-2997
https://doi.org/10.1158/1078-0432.CCR-15-2997
https://doi.org/10.3390/cancers13061456
https://doi.org/10.3390/cancers13061456
https://doi.org/10.1200/JCO.2010.30.1515
https://doi.org/10.1200/JCO.2005.02.0818
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Wei et al.

Analysis Response CRT for LARC

40.

41.

42,

43.

44.

45.

Konishi T, Matsukuma S, Fuji H, Nakamura D, Satou N, Okano K. Principal
Component Analysis Applied Directly to Sequence Matrix. Sci Rep (2019)
9:19297. doi: 10.1038/s41598-019-55253-0

Miyoshi H, Morishita A, Tani ], Sakamoto T, Fujita K, Katsura A, et al.
Expression Profiles of 507 Proteins From a Biotin Label-Based Antibody Array
in Human Colorectal Cancer. Oncol Rep (2014) 31:1277-81. doi: 10.3892/
0r.2013.2935

Bossi L, Figueroa-Bossi N. Competing Endogenous RNAs: A Target-Centric
View of Small RNA Regulation in Bacteria. Nat Rev Microbiol (2016) 14:775-
84. doi: 10.1038/nrmicro.2016.129

Our6 S, Mourato C, Velho S, Cardador A, Ferreira MP, Albergaria D, et al.
Potential of miR-21 to Predict Incomplete Response to Chemoradiotherapy in
Rectal Adenocarcinoma. Front Oncol (2020) 10:577653. doi: 10.3389/
fonc.2020.577653

Millino C, Maretto I, Pacchioni B, Digito M, De Paoli A, Canzonieri V, et al.
Gene and MicroRNA Expression are Predictive of Tumor Response in Rectal
Adenocarcinoma Patients Treated With Preoperative Chemoradiotherapy.
J Cell Physiol (2017) 232:426-35. doi: 10.1002/jcp.25441

Li N, Yu J, Luo A, Tang Y, Liu W, Wang S, et al. LncRNA and mRNA
Signatures Associated With Neoadjuvant Chemoradiotherapy Downstaging

46.

47.

Effects in Rectal Cancer. J Cell Biochem (2019) 120:5207-17. doi: 10.1002/
icb.27796

Chen PS, Su JL, Cha ST, Tarn WY, Wang MY, et al. miR-107 Promotes
Tumor Progression by Targeting the Let-7 microRNA in Mice and Humans.
J Clin Invest (2011) 121:3442-55. doi: 10.1172/JCI45390

Li W, Ma S, Bai X, Pan W, Ai L, Tan W. Long Noncoding RNA WDFY3-AS2
Suppresses Tumor Progression by Acting as a Competing Endogenous RNA
of microRNA-18a in Ovarian Cancer. ] Cell Physiol (2020) 235:1141-54.
doi: 10.1002/jcp.29028

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.

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

Frontiers in Oncology | www.frontiersin.org

July 2021 | Volume 11 | Article 697948


https://doi.org/10.1038/s41598-019-55253-0
https://doi.org/10.3892/or.2013.2935
https://doi.org/10.3892/or.2013.2935
https://doi.org/10.1038/nrmicro.2016.129
https://doi.org/10.3389/fonc.2020.577653
https://doi.org/10.3389/fonc.2020.577653
https://doi.org/10.1002/jcp.25441
https://doi.org/10.1002/jcb.27796
https://doi.org/10.1002/jcb.27796
https://doi.org/10.1172/JCI45390
https://doi.org/10.1002/jcp.29028
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Development and Validation of a Nomogram and a Comprehensive Prognostic Analysis of an LncRNA-Associated Competitive Endogenous RNA Network Based on Immune-Related Genes for Locally Advanced Rectal Cancer With Neoadjuvant Therapy
	Introduction
	Materials and Methods
	Gene Expression Datasets
	TME Score and Immune Infiltration
	Hub IRDEGs
	GO and KEGG Enrichment Analyses
	Construction of the ceRNA Network and Prognostic Model
	Validation of Differential Expression of Prognostic Biomarkers
	Development and Validation of the Prediction Nomogram

	Results
	TME of RC
	Identification of the Hub Immune-Related DEGs in LARC
	GO and KEGG Enrichment Analyses of DEGs
	The ceRNA Network of LARC
	Development and Validation of the Prognostic Model
	Development and Validation of the Response-Related Prediction Nomogram

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


