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Interleukins (ILs) and interleukin receptors (ILRs) play important role in the antitumor
immune response. However, the expression signature and clinical characteristics of the IL
(R) family in lung adenocarcinoma (LUAD) remains unclear. The main purpose of this study
was to explore the expression profile of IL(R) family genes and construct an IL(R)-based
prognostic signature in LUAD. Five public datasets of 1,312 patients with LUAD were
enrolled in this study. Samples from The Cancer Genome Atlas (TCGA) were used as the
training set, and samples from the other four cohorts extracted from Gene Expression
Omnibus (GEO) database were used as the validation set. Additionally, the profile of IL(R)
family signature was explored, and the association between this signature and
immunotherapy response was also analyzed. Meanwhile, the prognostic value was
compared between this IL(R)-based signature and different immunotherapy markers. A
signature based on five identified IL(R)s (IL7R, IL5RA, IL20RB, IL11, IL22RA1) was
constructed using the TCGA dataset through univariate/multivariable Cox proportional
hazards regression and least absolute shrinkage and selection operator (LASSO) Cox
analysis. These cases with LUAD were stratified into high- and low-risk group according to
the risk score. This signature showed a strong prognostic ability, which was verified by the
five independent cohorts and clinical subtypes. The IL(R)-based models presented unique
characteristics in terms of immune cell infiltration and immune inflammation profile in tumor
microenvironment (TME). Biological pathway analysis confirmed that high-risk patients
showed significant T- and B-cell immunosuppression and rapid tumor cell proliferation.
More importantly, we researched the relationship between this IL(R)-based signature and
immune checkpoints, tumor mutation burden (TMB), tumor purity and ploidy, and tumor
immune dysfunction and exclusion (TIDE) score, which confirmed that this signature gave
the best prognostic value. We first provided a robust prognostic IL(R)-based signature,
which had the potential as a predictor for immunotherapy response to realize
individualized treatment of LUAD.
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INTRODUCTION

Lung cancer is a major type of cancer and an important cause of
cancer-related death in China and worldwide (1). Lung
adenocarcinoma (LUAD) accounts for more than 40% of lung
cancers and is also a major pathological subtype of lung cancer
(2). Despite great advances in treatment strategies for lung
cancer, including molecular targeted drugs and immune
checkpoint inhibitors, the 5-year survival rate for lung cancer
is only 17% (3). Therefore, it is necessary to find a method that
can specifically predict patient survival so that the most
appropriate personalized treatment can be tailored to different
subgroups of patients with lung cancer. With the development of
multi-omics, many studies using different expression profiles and
bioinformatics have provided a variety of prognostic assessment
methods for patients with LUAD. However, the parameters used
in these studies were derived from genome-wide and
transcriptome data and did not take into account the biological
processes of the patients, which might lead to natural errors. In
addition, these methods were simply mathematical models that
might not reflect the intrinsic characteristics of the tumor itself.

With the successful application of immune checkpoint
inhibitors (ICIs), the treatment effect of lung cancer has been
significantly improved over the decades (4). Many studies have
investigated the role of programmed cell death 1 (PD1)/
programmed death-ligand 1 (PD-L1) in immunosuppression
and verified their ability to act as a prognostic biomarker for
tumor progression or as a biomarker for predicting immune
response. However, these ICIs targeting PD-L1 and PD1 have a
significant disadvantage that more than half of patients do not
respond to PD-1/PD-L1 immunotherapy (5), suggesting the
presence of other costimulatory signaling pathways in the
tumor microenvironment of LUAD.

The IL(R) families refer to the lymphatic factors that interact
between white blood cells or immune cells. They play an
important role in transmitting information; activating and
regulating immune cells; mediating the activation,
proliferation, and differentiation of T or B cells; and regulating
inflammatory response (6, 7). In the TME, tumor cells can
produce a series of immunosuppressive factors, such as
interleukin (IL)-10 or IL-4, which inhibit the activity of T cells
and the killing ability of natural killer (NK) cells, and mediate the
polarization of macrophages to the immunosuppressive
direction (8, 9). Recently, some studies have shown that ILs
could exert antitumor effects by enhancing the tumor therapeutic
sensitivity of immune checkpoint inhibitors (10). Wen et al.
showed that the IL20RA-mediated pathway formed a tumor-
friendly immune microenvironment by increasing the
expression of PD-L1 and reducing the recruitment of
anticancer lymphocytes (11). IL-1P is secreted mainly by
macrophages in immune response to pathogens. Inhibition or
depletion of IL-1P in the TME has been verified to inhibit tumor
vascular survival and various metastatic cell-induced lung
metastases. Therefore, antibody strategy targeting the IL-1P
signaling pathway showed great promise in curing lung cancer
(12-14). Similarly, a variety of different ILs, such as IL-2, IL-15,
IL-27, and IL-6, play an important role in tumor microenvironment

and immunotherapy (13-17). In fact, many tumor therapies
targeting IL-15 and IL-2 have shown positive therapeutic effects
(15, 16). However, the expression profile and clinical features of
IL(R) family in LUAD are still unclear.

We conducted a comprehensive analysis of the expression
details and clinical features of IL(R) family in LUAD. In addition,
1,312 LUAD samples were selected from five public data sets to
create and validate a prognostic model of five-IL(R)-based
signature for LUAD. We first deeply analyzed the expression
features and landscape of IL(R) family members in LUAD and
validated an accurate IL(R)-based signature to serve as a reliable
biomarker to predict the prognosis of LUAD. More importantly,
based on comparison with other indicators for immunotherapy
response, this five-IL(R)-based prognostic model showed a more
powerful and reliable ability to predict the effect of
immunotherapy and the prognosis of patients. Our findings
will help clinicians implement individualized treatment for
LUAD patients.

MATERIALS AND METHODS
Publicly Data Collection

Cases with LUAD from five public databases were enrolled in
this study. Among them, 464 LUAD samples with clinical
characteristics were collected from The Cancer Genome Atlas
(TCGA) (https://portal.gdc.cancer.gov/), which served as the
training set. The other four independent validation sets
containing 848 cases were downloaded from Gene Expression
Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo), including
117 samples from GSE13213, 85 samples from GSE30219, 226
samples from GSE31210, and 420 samples from GSE72094. Log2
conversion was performed for messenger RNA (mRNA)
expression data, and the average expression amount was taken
as the gene expression quantity. The basic clinical characteristics
of these five cohorts are shown in Table 1.

The Five IL(R)s Identification and
Signature Generation

Based on TCGA transcriptome data, 87 IL(R)s were included in
this study. Using R package “edge R”, 24 differently expressed
genes (DEGs) were identified between normal and tumor tissues
according to the standard of adjusted p < 0.001 and [log2 (fold
change)| > 1. Univariate Cox regression analysis was used to
analyze the relationship between the expression of IL(R)s and
overall survival (OS) in LUAD, and seven IL(R)s were found to
be associated with the prognosis of LUAD. Next, we performed a
least absolute shrinkage and selection operator (LASSO) Cox
regression model using R3.6.1 statistical software to figure out
five IL(R)s (IL7R, IL5RA, IL20RB, IL11, and IL22RA1) that were
thought to play the most important role in LUAD. A rigorous
model-development process defined this five-IL(R)-based risk
model, which was constructed by considering the expression of
priority genes and the related risk coefficient as defined in the
equation: risk score = —0.09948*IL7R + —0.51191*IL5RA +
0.09591*IL20RB + 0.28446*IL11 + 0.2596*IL22RAl.
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TABLE 1 | Clinical characteristics of lung adenocarcinoma from multiple cohorts.

Characteristics TCGA cohort GSE13213 GSE30219 GSE31210 GSE72094
N = 464 N =117 N=85 N = 226 N =420

Age 64.93 + 0.4732 60.68 + 0.94 61.49 + 1.007 59.58 + 0.4924 69.25 + 0.4537
Gender

Male 210 (45.3%) 60 (51.3%) 66 (77.6%) 105 (46.5%) 188 (44.8%)

Female 254 (54.7%) 57 (48.7%) 19 (22.4%) 121 (563.5%) 232 (55.2%)
Smoking

Yes 386 (83.2%) 61 (62.1%) / 111 (49.1%) 320 (76.2%)

No 66 (14.2%) 56 (47.9%) / 115 (50.9%) 31 (7.4%)

NA 12 (2.6%) 0 / 0 69 (16.4%)
Stage

|and Il 358 (77.2%) 92 (78.6%) 84 (94.4%) 226 (100%) 334 (79.5%)

lland IV 98 (21.1%) 25 (21.4%) 1(5.6%) 0 80 (19.1%)

NA 8 (1.7%) 0 0 0 6 (1.4%)
Status

Alive 288 (62.1%) 68 (568.1%) 40 (47.1%) 191 (84.5%) 298 (71%)

Death 176 (37.9%) 49 (41.9%) 45 (52.9%) 35 (15.5%) 122 (29%)

Patients with LUAD were divided into high- and low-risk groups
based on the median value of risk score.

Pathway and Function Enrichment
Analysis

Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene
Ontology (GO) pathway and functional enrichment analysis
were performed using R statistical software and R packages.

Analysis of Immune Cell Infiltration
CIBERSORT was used to estimate the abundance of immune cell
infiltration in different risk groups in this study (17).
CIBERSORT is a tool for deconvolution of the expression
matrix of immune cell subtypes based on the principle of
linear support vector regression, using RNA-seq data to
estimate immune cell infiltration. In different tumors, this
method of detecting the composition of immune cells is highly
consistent with the real results (18). LM22 contains 547 genes
that distinguish 22 human hematopoietic cell phenotypes,
including seven T cell types, naive and memory B cells, plasma
cells, NK cells, and myeloid subsets downloaded from the
CIBERSORT web portal (https://cibersort.stanford.edu/) (17).
CIBERSORT calculated the proportion of different immune
cell types based on LM22 signature algorithm.

GSVA and GSEA Analysis

The results of the seven metagenes clusters were emulated by
Gene Sets Variation Analysis (GSVA), which evaluates whether a
gene is highly or lowly expressed in sample in the context of the
sample population distribution (19). Signaling pathways related
to the IL(R)-based signature were analyzed through Gene Set
Enrichment Analysis (GSEA). GSEA is commonly used to
evaluate the distribution trend of genes in a predefined gene
set, which has been widely reported to investigate the biological
process difference between subtypes (20, 21).

TMB and Neoantigen Analysis
Gene mutation data of patients with LUAD was generated from
TCGA dataset (https://portal.gdc.cancer.gov/). The definition of

tumor mutational burden (TMB) is mutations per million bases.
The protein with specific amino acid sequence variation
produced by cancer cells based on genetic variation is called
“neoantigen”. We obtained neoantigen data of LUAD patients
from The Cancer Immunome Atlas (TCIA) (https://tcia.
at/home).

TIDE and Immune Checkpoint Analysis
Tumor immune dysfunction and exclusion (TIDE) score was
first defined by Jiang and his colleagues (22), which has been
proven to have robust power for predicting the prognosis of
cancer patients. We obtained TIDE score, IFN-y (IENG),
merckl8 (T-cell-inflamed signature) score, CD8 score,
dysfunction score, and exclusion score from the TIDE web
(http://tide.dfci.harvard.edu). The expression of immune
checkpoints (PD-1, PD-L1, CTLA4, TIM-3, and LAG3) was
extracted from TCGA database.

Estimation of IDI and NRI

Net reclassification improvement (NRI) is often used to compare
the accuracy of prediction ability of two models. To verify the
improvement of the prognostic ability of the five-IL(R)-based
signature, we estimated the integrated discrimination
improvement (IDI) and NRI using R package of “PredictABEL”.

Statistical Analysis

The patients with LUAD were divided into high- and low-risk
groups according to median or optimal cutoff value. The Kaplan-
Meier method was used to evaluate the OS between the high- and
the low-risk group, and the log-rank was used to verify the
significant difference. The unpaired u-test was used to analyze
the distribution of immune cells, TMB, number of neoantigens,
number of clonal neoantigens, number of subclonal neoantigens,
PD-L1 protein expression, and TIDE in the different risk groups.
Independent prognostic factors were calculated by Cox
proportional hazard regression model. Among all the analysis
methods, p < 0.05 was considered statistically different. R 3.6.1
(https://www.r-project.org) and GraphPad Prism 8.0.1. were used
to analyze data and create tables and figures.
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RESULTS

Identification of Prognostic IL(R)s in LUAD
Based on the standard of adjusted p < 0.001 and |log2 (fold
change)| > 1), a total of 27 IL(R) family members with significant

differences in LUAD were enrolled in this study (Supplementary
Table S1). Volcano map (Figure 1A) and heatmap (Figure 1B)
showed the expression characteristics of 27 DEGs. Univariate
cox regression analysis for the 27 DEGs identified seven genes,
which were significantly associated with OS (Supplementary
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Table S2). Five most important genes were further screen out
using LASSO analysis (Figures 1C, D). Multivariable Cox
analysis was performed to prove that IL5RA, IL11, and
IL22RA1 were independent prognostic risk factors (p <
0.05) (Figure 1E).

The Landscape and Prognostic
Significance of the Five-IL(R)-Based
Signature in LUAD

A stepwise Cox proportional hazards regression model was
constructed using the expression of the identified five IL(R)s
and their corresponding regression coefficients: risk score=
—0.09948*IL7R + —-0.51191*IL5RA + 0.09591*IL20RB +
0.28446*IL11 + 0.2596*IL22RA1. All these patients were
divided into high- and low-risk groups based on the median

risk score. Figure 2A shows the distribution of survival status
and risk score, which indicated that more deaths occurred in
the high-risk group. Figure 2B exhibits the expression
characteristics of these identified five IL(R)s. Patients with low
risk score had high levels of IL7R and IL5RA. High expression of
IL20RB, IL11, and IL22RA1 often occurred in patients with high
risk score.

In order to verify the rationality of this five-IL(R)-based
signature, we performed survival analysis on all cases and
found that the OS of patients in the high-risk group was
significantly lower than that in the low-risk group (Figure 2C,
p <0.0001). As known, lung cancer stage is an important factor
in patient survival. There were significant differences between the
treatment regimens in the early stage (stages I and II) and the
advanced stage (stages III and IV) (23). Therefore, we analyzed
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the OS of patients in different stages and found that the OS of the
high-risk group was significantly lower than that of the low-risk
group, both in the early stage (Figure 2D, p < 0.0001) and the
advanced stage (Figure 2E, p = 0.014).

The Prognostic Power of the Five-IL(R)-
Based in Clinical Subgroups

In order to further prove the powerful ability of this IL(R)-based
signature to predict the prognosis of patients, we compared the
OS of different risk groups in patients with different clinical
subtypes (gender, age, and smoking history). The result
confirmed that, in all clinical subgroups, patients with low risk
score showed an obvious survival advantages (Supplementary
Figure S1, p < 0.05).

Many factors can affect the OS of patients with lung
cancer. Patients with different EGFR, KRAS, TP53, and STK11
mutation status were closely related to their prognosis and
immunotherapy response (24, 25). In order to prove the
powerful prognostic ability of this model, we compared the
effects of high- and low-risk groups on OS in these gene
mutation subgroups. Consistent with the expected result, the

OS of high-risk group was significantly lower than that of low-
risk group, no matter whether it was gene mutant or wild type
(Supplementary Figure S2, p < 0.05).

Validation of the Five-IL(R)-Based
Signature in Four Other Independent
Cohorts

To verify the reproducibility of this five-IL(R)-based signature in
LUAD patients, we first calculated risk values for each patient in
four independent GEO datasets using the same formula. Table 1
lists all demographic data for these public GEO datasets. Patients
in different cohorts were divided into high- and low-risk groups
based on optimal cutoff points. Not surprisingly, Kaplan-Meier
analysis showed that patients in the high-risk group had a higher
risk of death than those in the low-risk group, as shown in
Figure 3A [hazard ratio (HR), 3.314; 95%CI, 1.346-8.158; p <
0.0001], Figure 3B (HR, 3.15; 95%CI, 1.69-5.873, p <0.0001],
Figure 3C (HR, 2.12; 95%CI, 1.08-4.16; p = 0.029), Figure 3D
(HR, 2.03; 95%CI, 1.4-2.942, p = 0.0002). In addition, we
determined the prognostic significance of IL(R) family-based
signatures in these public cohorts through a prognostic meta-
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analysis based on these five groups (n = 1,312). Our results
confirmed that IL(R)-based signature was a risk factors for LUAD
patients (HR, 2.028; 95%CI, 1.671-2.461, p < 0.0001) (Figure 3E).

The Five-IL(R)-Based Signature Was an
Independent Risk Factor for LUAD

In order to prove whether the predictive value of this five-IL(R)-
based signature was affected by other clinical features, univariate
and multivariate regression analysis was used, and the data
showed that high risk score was an independent prognostic
factor (HR, 1.724; 95%CI, 1.407-2.114, p < 0.0001). In
addition, T and N stages were also independent prognostic
factor (Table 2).

Biological Pathways Related to the
Five-IL(R)-Based Signature

This powerful predictive ability of the five-IL(R)-based signature
aroused our interest in exploring its potential mechanism. First
of all, in order to be able to analyze the molecular biological
characteristics of this model comprehensively, we screened out
these genes strongly related to five-IL(R)-based signature score
(Pearson [R| > 0.3, p < 0.05). The result indicated that 262 genes
were negatively correlated with the risk score, and 474 genes were
positively correlated with this IL(R)-based signature (Figure 4A).
GO and KEGG function enrichment analysis was performed on
the screened genes. As shown in Figure 4B, these genes were
mainly involved in cell mitosis, proliferation, antigen processing
and presentation, and immune regulation pathway (T-cell
receptor signaling pathway, MHC-II protein signaling pathway,
etc.). In addition, KEGG analysis showed that these genes were
closely related to immune response, cell cycle, T-cell
differentiation, p53 pathway, etc. (Figure 4C).

The Immune Cell Infiltration Profile of the
Five-IL(R)-Based Signature

Considering that the identified signature was closely related to
immune-related pathways, we further analyzed the infiltration of
immune cells in the high- and low-risk samples. The LM22
method in CIBERSORT was used to calculate the infiltration of
immune cells in each TCGA sample. As shown in
Supplementary Figure S3A, compared with LUAD patients in
high-risk group, patients with low-risk score had higher
proportion of B cells memory, T cells CD4 memory resting,
monocytes, dendritic cells resting, and mast cells resting.
However, macrophages M0, NK cells activated, and mast cells
activated had a high proportion in the high-risk group.
Specifically, memory B cells, resting memory CD4+ T cells,
resting dendritic cells, resting mast cells, and monocytes were
negatively correlated with risk score, whereas MO macrophages,
activated NK cells, activated mast cells, and follicular helper T
cells were positively correlated with risk score (Supplementary
Figure S3B). Supplementary Figure S3C exhibits the
distribution of the main immune cell populations in the two
risk groups. MO macrophages and resting memory CD4+ T cells
were the main components of the tumor immune infiltrate in
patients at both high and low risk.

Inflammatory and Immunologic Profile of
the Five-IL(R)-Based Signature

To further understand the inflammatory profile associated with
this IL(R)-based signature, we investigated the relationship
between risk score and seven metagenes (Figure 5A). We used
GSVA to simulate the corresponding results of seven metagenes
(22) and found that the risk score was negatively correlated with
MHC-II, HCK, and LCK (Figure 5B).

TABLE 2 | Univariable and multivariable Cox regression analysis of the IL(R)-based signature in TCGA dataset.

Characteristics

HR 95%ClI

Age

<65 or >65 1.273 0.931-1.741
Gender

Female or male 0.837 0.613-1.143
Smoking history

Yes or No 0.964 0.619-1.502
TNM stage

Early stage or advanced stage 2.226 1.593-3.111
T stage

1,2,30r4 1.565 1.287-1.902
N stage

0,1,2,0r3 1.61 1.347-1.924
EGFR mutation

Yes or no 1.311 0.86-1.997
KRAS mutation

Yes or no 1.068 0.736-1.55
TP53 mutation

Yes or no 1.175 0.86-1.606
STK11 mutation

Yes or No 0.926 0.585-1.468
Risk score

High or low 1.872 1.527-2.296

Univariable analysis

Multivariable analysis

p value HR 95%ClI p value

0.13
0.262
0.872
0 1.116

0.644-1.935 0.696

0 1.356 1.095-1.679 0.005

0 1.406 1.062-1.857 0.017
0.208
0.728
0.31
0.745
<0.0001 1.724

1.407-2.114 <0.0001
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Although previous studies have shown that this signature was
related to immunity, the enrichment of antitumor and tumor-
promoting pathways in the TME of different risk groups was not
clear. Then, we performed GSEA enrichment analysis. As shown
in Figure 5C, hallmark analysis showed that the tumor-
promoting pathways—DNA_REPAIR, G2M_CHECKPOINT,
MTORC1_SIGNALING, and MYC_TARGETS_V1—were
enriched in high-risk group, while the antitumor pathways—
ALLOGRAFT_REJECTION and IL2_STAT5_SIGNALING—
were mainly enriched in low-risk group. The KEGG
analysis indicated that CELL_CYCLE, DNA_REPLICATION,
and P53_SIGNALING_PATHWAY that promoted cell

proliferation were mainly enriched in the high-risk group,
while multiple T cell-, B cell-, and NK cells-mediated immune
pathways were activated in the low-risk group (Figure 5D). The
GO analysis yielded similar results, which further verified that
cell proliferation signaling pathways in the high-risk group were
obviously activated, and tumor immune-related pathways
mediated by T and B cells were significantly enhanced in the
low-risk group (Figure 5E). Supplementary Table S3 shows the
enrichment score (NES) and nominal p value. These results fully
explained the reason that the prognosis of patients in the high-
risk group was worse than that in the low-risk group from the
perspective of molecular biology.
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Relationship Between the Five-IL(R)-Based
Signature and Immunotherapy-Related
Biomarkers

Immunotherapy targeting immune checkpoints has now become
the first-line treatment of lung cancer, especially advanced
tumors. At present, PD1, PD-L1, TMB, LAG3, CTLA4, and
TIM3 have been widely used as biomarkers of immunotherapy
response (26). Studies have shown that patients with high TMB
have better treatment outcomes with ICIs (27). We investigated
the relationship between the five-IL(R)-based signature and these
immunotherapy biomarkers and found that patients with high-
risk score tended to have higher TMB (Supplementary Figure
§4). Correlation analysis showed that risk score was positively
correlated with TMB (Figure 6A). Although lung cancer patients

with high TMB had better immunotherapy response and
prognosis, a study has confirmed that postoperative adjuvant
chemotherapy for patients with TMB <4 can significantly
improve the survival rate (28). Using the same cutoff value, we
found that the proportion of patients with TMB <4 in the low-
risk group was significantly higher than that in the high-risk
group. At the same time, the proportion of patients with TMB >8
in the low-risk group was significantly lower than that in the
high-risk group (Figure 6B). These results suggested that low-
risk patients were more likely to benefit from chemotherapy,
while high-risk patients were more likely to benefit from
immunotherapy. Of course, more clinical cohort studies are
needed to verify this conclusion.

In order to prove whether this five-IL(R)-based risk score
can be used as a basis for LUAD patients to receive ICI therapy,
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FIGURE 6 | Relationship between the five-IL(R)-based signature and immunotherapy-related biomarkers in TCGA cohort. (A) Correlation of TMB and risk score.
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Comparison of CTLA4 in high-risk group and low-risk group. (F) Comparison of TIM3 in high-risk group and low-risk group.

we have deeply explored the relationship between the risk score
and the current major immune checkpoints (PD1, PD-L1, LAG3,
CTLA-4, and TIM-3). The results confirmed that the risk score
had a strong negative correlation with CTLA-4 (Figure 6C) and
TIM-3 (Figure 6D), and the expression of CTLA-4 (Figure 6E)
and TIM-3 (Figure 6F) in the low-risk group were significantly
higher than those in the high-risk group. Interestingly, this risk
score has no relationship with the expression levels of the other
three immune checkpoints (PD1, PDL1, and LAG3)
(Supplementary Figure S5). Considering that patients with
high expression of CTLA-4 was more likely to benefit from
immunotherapy of anti-CTLA-4, and that anti-TIM-3 or anti-
CTLA-4 could enhance tumor immunity, we speculated that
patients in the low-risk group may be more sensitive to CTLA-4
and TIM-3 inhibitors.

Distribution of Number of Tumor
Neoantigens and Tumor Purity or Ploidy in
the Five-IL(R)-Based Signature

Neoantigen is a protein encoded by a mutated gene in tumor
cells. Corresponding to different mutations, these neoantigens
also exhibit intratumoral heterogeneity. Neoantigens are
potential biomarkers for predicting patient response to
immunotherapy, and the distinction between clonal and
subclonal neoantigens can also help identify which neoantigens
are most effective and can develop different targeting methods
(29). Clonal neoantigens exist in every cancer cell, while
subclonal neoantigens are expressed only in part of cancer
cells. Clonal and subclonal events in cancer evolution have a
profound impact on tumor therapy (30). We explored the
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relationship between tumor neoantigens and this five-IL(R)-
based signature. Our results showed that the number of
neoantigens (Figure 7A), the number of clonal neoantigens
(Figure 7B), and the number of subclonal neoantigens
(Figure 7C) were higher in high-risk group. Tumor purity
refers to the proportion of cancer cells in a tumor sample,
while tumor ploidy refers to the true content of cancer cells in
a tumor sample caused by abnormal chromosomal structure and
number. Studies have shown that tumor purity was a key factor
in the prognosis of patients (31). We further evaluated the
relationship between risk score and tumor purity and ploidy,
which showed that the tumor purity and ploidy in high-risk
patients were higher than that in low-risk group (Figures 7D, E).

Relationship Between the Five-IL(R)-Based
Signature and Tumor Immune Dysfunction
and Exclusion Score

TIDE, a more accurate biomarker than TMB and ICIs, is a
computational approach that simulates the two main
mechanisms of tumor immune escape: induction of T cell
dysfunction in tumors with high cytotoxic T lymphocyte (CTL)
invasion and prevention of T cell invasion in tumors with low
CTL levels (22). Although cytotoxic T cells can infiltrate some
tumors, they are still unable to inhibit tumor growth in a T-cell

dysfunctional state. T-cell exclusion was presented in tumors with
low T-cell invasion. Several molecular mechanisms may explain
the lack of T-cell infiltration in tumors, such as impaired
initiation of tumor-specific T cells or the presence of suppressor
cells that prevent T-cell infiltration into tumors (23). It was
reported that T-cell-inflamed phenotype could predict response
to pembrolizumab in multiple tumor types (32). Calculated based
on the expression level of genes in a specific gene set, T cell
dysfunction score and T cell exclusion score were reported to
have well-prediction performance for ICB response (22). Here,
TIDE score, T-cell-inflamed signature (merck18), T-cell
dysfunction score, T-cell exclusion score, IFNG score, and CD8
were generated from TIDE system. In order to further study the
value of this model in tumor immunotherapy, we explored the
relationship between this risk signature and TIDE. In our study,
the risk score was positively correlated with TIDE score
(Figure 8A) and T-cell exclusion score (Figure 8F) but
negatively correlated with IFNG (Figure 8B), merckl8 score
(Figure 8C), CD8 (Figure 8D), and T-cell dysfunction score
(Figure 8E). Compared with low-risk patients, high-risk patients
had higher TIDE score (Supplementary Figure S6A) and T-cell
exclusion score (Supplementary Figure S6F), while they had
lower level of IFNG (Supplementary Figure S6B), merck18 score
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(Supplementary Figure S6C), CD8 (Supplementary Figure
S6D), and T-cell dysfunction score (Supplementary Figure S6E).

Comparison of the Prognostic Power of
the Five-IL(R)-Based Signature With Other
Biomarkers

The five-IL(R)-based signature was closely associated with other
immunotherapy-related biomarkers, and it was also an
independent risk factor for OS in patients (Table 2). To
confirm the advantages of the model in predicting the
prognosis of lung cancer, we compared this signature with
other markers by receiver operating characteristic (ROC)
analysis (Figures 9A, C). The time-dependent AUC showed

that the prognostic power of the IL(R)-based signature was
significantly higher than that of classical immunotherapy
markers, including PD1, PD-L1, TMB, and CTLA4, even the
newly discovered biomarker, TIDE (Figures 9B, D). Similar to
ROC, net reclassification improvement (NRI) and integrated
discrimination improvement (IDI) are used to compare the
predictive power of two indicators or models (33). In this
study, the NRI, and IDI were further used to compare the
accuracy between the five-IL(R)-based signature and other
markers. As is shown in Table 3, the prediction performance
of this signature was better than TMB, TIDE score, IFNG,
merckl8, CD8, T-cells dysfunction and exclusion, PD-1, PD-
L1, CTLA-4, LAG3, and TIM-3 (NRI > 0, p <0.05).
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TABLE 3 | Compare the predictive value and predictive power of the risk score model with other indicators using NRI and IDI.

Indicators NRI (continuous) (95%CI) p value IDI (95%CI) p value
(Compared by risk score)

T™B 0.2426 (0.0591-0.426) 0.0096 0.0538 (0.0301-0.0776) <0.0001
TIDE score 0.301 (0.1183-0.4838) 0.0013 0.0534 (0.0309-0.076) <0.0001
IFNG 0.3164 (0.132-0.5009) 0.0008 0.0494 (0.0264-0.0724) <0.0001
Merck18 0.3126 (0.1297-0.4955) 0.0008 0.0488 (0.0256-0.0711) <0.0001
CD8 0.3126 (0.1297-0.4955) 0.0008 0.0507 (0.0276-0.0737) <0.0001
Dysfunction 0.319 (0.135-0.503) 0.0007 0.0457 (0.0237-0.0676) <0.0001
Exclusion 0.0749 (-0.1126-0.2624) 0.4338 0.0255 (0.0023-0.0487) 0.03129
PD1 0.2719 (0.0918-0.4519) 0.0031 0.0547 (0.0819-0.0774) <0.0001
PDLA 0.2456 (0.0638-0.4275) 0.0081 0.0556 (0.0328-0.0785) <0.0001
CTLA4 0.1932 (0.0085-0.3779) 0.0404 0.0341 (0.0102-0.0579) 0.0051
LAGS3 0.3121 (0.1302-0.4939) 0.0008 0.0522 (0.0289-0.0755) <0.0001
TIM3 0.3121 (0.1276-0.4966) 0.0009 0.0445 (0.0217-0.0672) 0.0001
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DISCUSSION

With the development of high-throughput sequencing technology
in the past few years, increasing prognostic markers and
immunotherapy targets have been discovered, which can help us
better understand tumors. However, presently, there is still no
biomarker that could accurately reflect the immunotherapy
response and prognosis of LUAD. They could not truly reflect the
characteristics of the tumor microenvironment. Therefore, we
proposed the IL(R)-based signature to predict the prognosis of
LUAD for the first time, which was the first comprehensive
understanding of the prognostic characteristics of IL(R) families
and their prognostic effect on immunotherapy. First of all, this five-
IL(R)-based signature demonstrated its powerful and reliable
prognostic ability under the verification of five independent
cohorts containing 1,312 cases. Second, through immune
microenvironment and signal pathway analysis, we found that the
strong prognostic ability of this IL(R)-based signature was attributed
to unique immune cell infiltration ratio, tumor cell proliferation
activity, immune cell activity, and antigen processing and
presentation mediated by MHC I and MHC II in different risk
groups. In addition, we deeply analyzed the potential value of this
signature as a biomarker of tumor immunotherapy response and
found that low-risk patients were more likely to benefit from
postoperative chemotherapy, and they also might be benefit from
ICI therapy based on anti-CTLA-4 or anti-TIM-3. More
importantly, after comparing with other classic predictors for
immunotherapy response, we found that this five-IL(R)-based
signature had better prediction performance than other indicators.
This study gave us a comprehensive understanding of the role of IL
(R)s in LUAD. The classification method based on this signature
will help clinicians better implement individualized treatment for
patients with LUAD.

Although the IL(R)-based signature exhibited powerful
predictive ability, these signature members themselves (IL-7R,
IL-5RA, IL-20RB, IL-11, and IL-22RA1) were rarely reported to
be used to predict tumor prognosis. It was reported that IL-11
played an important role as a prognostic factor in multiple
tumors (34-36). Interestingly, IL-5, IL-7, IL-20, and IL-22,
rather than their receptors, have been widely reported to have
the ability to predict tumor prognosis (37-39).

Tumors have the ability to form their microenvironment to
counteract the host immune system, and one of the key challenges
of tumor immunotherapy is to overcome tumor-induced
immunosuppression. Immune cells of the innate immune system
and adaptive immune system constitute the main components of
TME. IL(R)s are key mediators of cell-cell interaction in TME and
have the function of activating lymphocytes. IL-7R is a heterodimer
composed of IL-7Ra and common 7y chain, which can combine with
various ILs, including IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21 (40).
Over 70% blasts with T-cell acute lymphoblastic leukemia (T-ALL)
patients showed IL-7R-positive expression (41). IL-7R could inhibit
apoptosis in T-ALL blasts by binding with IL-7 (41). IL-7R signal
transduction has been shown to be associated with the prognosis of
malignant lymphoma. Specifically, a gain-of-function mutation in
IL-7R played an oncogene role in approximately 10% of T-cell ALLs

and 1% of B-cell ALLs (42). Therefore, anti-IL-7R targeting
antibody therapies had the potential to be beneficial for the
patients with lymphoid malignancy (43). Human IL-5R alpha-
chain (IL-5RA) was a soluble form of IL-5R that contained the
extracellular IL-5 binding domain affecting the activation of human
eosinophils and basophils (44). IL-5RA intracellular signaling
provoked eosinophils proliferation and exaggerated activation
through FIP1L1-PDGFRA/JAK2/Lyn/Akt network complex,
which manifested as chronic eosinophilic leukemia (CEL) (45).
IL-20RB forms a heterodimer structure with IL-20RA or IL-22R1,
which is highly expressed in skin cells, lung, and reproductive
organs. Targeted binding with IL-20 or IL-10 family members could
induce cell proliferation (46, 47). Anne et al. found that IL-20 and its
receptors were often maladjusted in NSCLC, and IL-20RB mRNA
was significantly increased in NSCLC. Targeting this family
members may be a viable therapeutic option in lung cancer (48).
IL-11 is a member of glycoprotein 130 (GP-130) cytokines and
participates in the GP-130 signaling pathway with other cytokines
of the same family. IL-11 was identified in a series of cells, including
T cells, B cells, and macrophages, but the main source of IL-11
secretion remains unclear (49). There were a number of reports that
documented the involvement of IL-11 in various malignancies
including gastric, colorectal, pancreatic, prostate, breast, ovarian,
endometrial, and bone cancers, and some studies have been
published on targeting IL-11 signaling in preclinical models of
cancer (50). Interleukin-20 receptor subunit alpha (IL20RA)
belongs to the type II cytokine receptor family. Upon binding to
its ligands, such as IL-19, IL-20, and IL-24, IL20RA can form a
functional heterodimeric receptor with IL20RB. IL20RA promoted
stem cell characteristics and tumor initiation ability of breast cancer
cells through JAKI-STAT3-SOX2 signaling pathway, resulting in
increased expression of PD-L1 and reduced recruitment of
lymphocytes, including CD8 T cells and NK cells, so as to form a
tumor-favorable immune microenvironment (11). Although these
reports indicated the potential application of targeting this five IL(R)
s in cancer treatment, further research will be necessary to assess
their value in LUAD.

In our study, 87 IL(R)s extracted from TCGA database were
included. After difference analysis, univariate Cox regression
analysis, LASSO regression analysis, and multivaritate Cox
regression analysis, we finally constructed a prognostic model
for LUAD based on five IL(R)s. GO and KEGG analysis of 736
genes that strongly correlated with the five-IL(R)-based signature
showed that this model is mainly related to cell mitosis, cell cycle,
proliferation, antigen processing and presentation, immune
regulation pathway, immune response-related diseases, T-cell
differentiation, or p53 pathway. GSVA and GSEA analysis
comforted that the signal pathways promoting cell proliferation
were activated in the high-risk group, while the adaptive immune
response seemed suppressed. In contrast, T (and B)-cell-mediated
tumor immunity appeared significantly enhanced in the low-risk
group. By describing the gene expression profile associated with
the five-IL(R)-based signature, these results illustrated the
biological processes predicting the prognosis of LUAD.

The role of IFNG in immunotherapy response remains
controversial (51). On the one hand, IFNG was known to play
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a key role in antitumor immunity. Interferon played an
important role in the early stage of antigen recognition and the
interaction between adaptive immune cells and innate immune
cells. Therefore, the loss of functional mutations and genomic
changes in IFN signaling pathway were associated with clinical
immune checkpoint blockade (ICB) resistance or recurrence (52,
53). On the other hand, activation of IFNG signaling pathway in
tumor cells can antagonize the function of T cells and innate
immune cells. Blocking of IFNG signaling pathway in tumor cells
can improve the body’s ability to kill tumor cells and promote the
response to ICB (51). CD8+ T cells are the main effector cells that
carry out antigen-specific killing of tumor cells. Effectively
enhancing the antitumor function of CD8+ T cells is the key
to the treatment of tumors (54, 55). CD8+ T cells could be used
as a marker of immunotherapy response. Based on the above
results, we further demonstrated the potential of the risk model
serving as indicators for immunotherapy response. Currently,
the most recognized biomarkers (PD-1, PD-L1, CTLA-4, TIM-3,
and LAG3) still cannot accurately guide the use of ICIs, resulting
in limited clinical benefit for cancer patients (26). TMB,
neoantigens, and TIDE were newly discovered immunotherapy
predictors (26). Especially TIDE has been proven to have better
prognostic performance than other biomarkers or indicators
(22). To prove that this signature can be a biomarker of
immunotherapy response, we explored the relationship
between this signature and other markers mentioned above.
The results showed that the proportion of patients with TMB
<4 in low-risk group was significantly higher than that in high-
risk group, and the expression levels of CTLA-4 and TIM-3 in
low-risk patients were significantly higher than those in high-risk
patients. Considering that patients with high expression of
CTLA-4 (56) or TIM-3 (57) had a better prognosis, inhibition
of CTLA-4 or TIM-3 expression could enhance tumor immunity
(58, 59), and postoperative adjuvant chemotherapy for patients
with TMB <4 can significantly improve the survival rate (28), we
speculated that patients in the low-risk group may be more likely
to benefit from chemotherapy and more sensitive to CTLA-4 and
TIM-3 inhibitors.

It was confirmed that higher TIDE score was less likely to
benefit from anti-PD-1/CTLA-4 (22), and merckl18 (T-cell-
inflamed signature) can contribute to T-cell dysfunction (60).
Hence, this IL(R)-based signature identified low-risk patients
who should be suitable for treatment with ICIs for their lower
TIDE score and T-cell dysfunction score. To verify the
superiority of this signature, we compared the prognostic
power of this five-IL(R)-based signature with other indicators.
The ROC and time-dependent area under the curve (AUC)
values showed that our signature got a better prediction
performance than other markers. In addition, the NRI and IDI
analysis also verified that this five-IL(R)-based signature was
superior to other markers.

Although the IL(R)-based signature can be used as an effective
independent prognostic factor and can predict the
immunotherapy response in LUAD, this study still had some
limitations. First of all, all these five cohorts were retrospective

datasets, and a prospective study of this IL(R)-based signature
will be necessary. Second, all the expression data were
sequencing data downloaded from public database, and the
findings will need to be validated by new method and fresh
specimens. Third, the ability to predict the immunotherapy
response was evaluated indirectly, and further research is
needed to verify this finding.

In summary, our study thoroughly described the overall
expression profile and clinical characteristics of the five-IL(R)-
based signature in LUAD and provided more information about
the immune microenvironment and immunotherapy response.
This was the first time to propose the prognostic model based on
IL(R) family members, which provided a marker for precisely
predicting the prognosis of LUAD. In addition, this research
indirectly proved the possibility of this IL(R)-based signature
serving as indicator for tumor immunotherapy response, which
will provide important guidance for clinicians to achieve
individualized treatment for patients with LUAD.

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.

AUTHOR CONTRIBUTIONS

TF and SY designed the experiment. HB and TF analyzed the
data. LZ and DL interpreted the data. SP and TF wrote the
manuscript. QG carefully reviewed the manuscript. All authors
contributed to the article and approved the submitted version.

FUNDING

This work was supported by the National Natural Science
Foundation of China (81700093, 81770095), and Hubei
Provincial Natural Science Foundation of China (2020CFA027).

ACKNOWLEDGMENTS

All authors would like to thank the specimen donors and
research groups for TCGA and GEO, which provided data for
this collection.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
693062/full#supplementary-material

Frontiers in Immunology | www.frontiersin.org

August 2021 | Volume 12 | Article 693062


https://www.frontiersin.org/articles/10.3389/fimmu.2021.693062/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.693062/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Fan et al. Five-IL(R)-Based Signature in LUAD
REFERENCES 21. Zhang H, Qin G, Yu H, Han X, Zhu S. Comprehensive Genomic and
Immunophenotypic Analysis of CD4 T Cell Infiltrating Human Triple-
1. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer Statistics Negative Breast Cancer. Cancer Immunol Immunother (2021) 70(6):1649—
in China, 2015. CA Cancer ] Clin (2016) 66(2):115-32. doi: 10.3322/ 65. doi: 10.1007/s00262-020-02807-1
caac.21338 22. Jiang P, Gu S, Pan D, Fu J, Sahu A, Hu X, et al. Signatures of T Cell
2. Abe Y, Tanaka N. The Hedgehog Signaling Networks in Lung Cancer: The Dysfunction and Exclusion Predict Cancer Immunotherapy Response. Nat
Mechanisms and Roles in Tumor Progression and Implications for Cancer Med (2018) 24(10):1550-8. doi: 10.1038/s41591-018-0136-1
Therapy. BioMed Res Int (2016) 2016:20167969286. doi: 10.1155/2016/ 23. Ettinger DS, Wood DE, Aggarwal C, Aisner DL, Akerley W, Bauman JR, et al.
7969286 Ncen Guidelines Insights: Non-Small Cell Lung Cancer, Version 1.2020. ] Natl
3. Zhao Y, Varn FS, Cai G, Xiao F, Amos CI, Cheng C. A P53-Deficiency Gene Compr Canc Netw (2019) 17(12):1464-72. doi: 10.6004/jnccn.2019.0059
Signature Predicts Recurrence Risk of Patients With Early-Stage Lung 24. Skoulidis F, Goldberg ME, Greenawalt DM, Hellmann MD, Awad MM,
Adenocarcinoma. Cancer Epidemiol Biomark Prev (2018) 27(1):86-95. Gainor JF, et al. STK11/LKB1 Mutations and PD-1 Inhibitor Resistance in
doi: 10.1158/1055-9965.EPI-17-0478 KRAS-Mutant Lung Adenocarcinoma. Cancer Discov (2018) 8(7):822-35.
4. Aldarouish M, Wang C. Trends and Advances in Tumor Immunology and doi: 10.1158/2159-8290.CD-18-0099
Lung Cancer Immunotherapy. J Exp Clin Cancer Res (2016) 35(1):157. 25. Aran V, Omerovic J. Current Approaches in NSCLC Targeting K-RAS and
doi: 10.1186/s13046-016-0439-3 EGEFR. Int ] Mol Sci (2019) 20(22):5701. doi: 10.3390/ijms20225701
5. Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A. Primary, Adaptive, and 26. Havel JJ, Chowell D, Chan TA. The Evolving Landscape of Biomarkers for
Acquired Resistance to Cancer Immunotherapy. Cell (2017) 168(4):707-23. Checkpoint Inhibitor Immunotherapy. Nat Rev Cancer (2019) 19(3):133-50.
doi: 10.1016/j.cell.2017.01.017 doi: 10.1038/s41568-019-0116-x
6. Jenkins RW, Barbie DA, Flaherty KT. Mechanisms of Resistance to Immune 27. Sholl LM, Hirsch FR, Hwang D, Botling J, Lopez-Rios F, Bubendorf L, et al.
Checkpoint Inhibitors. Br J Cancer (2018) 118(1):9-16. doi: 10.1038/ The Promises and Challenges of Tumor Mutation Burden as an
bjc.2017.434 Immunotherapy Biomarker: A Perspective From the International
7. Chen DS, Mellman I. Oncology Meets Immunology: The Cancer-Immunity Association for the Study of Lung Cancer Pathology Committee. ] Thorac
Cycle. Immunity (2013) 39(1):1-10. doi: 10.1016/j.immuni.2013.07.012 Oncol (2020) 15(9):1409-24. doi: 10.1016/j.jtho.2020.05.019
8. Lin X, Wang S, Sun M, Zhang C, Wei C, Yang C, et al. MiR-195-5p/ 28. Devarakonda S, Rotolo F, Tsao MS, Lanc I, Brambilla E, Masood A, et al.
NOTCH2-Mediated EMT Modulates IL-4 Secretion in Colorectal Cancer to Tumor Mutation Burden as a Biomarker in Resected Non-Small-Cell Lung
Affect M2-Like TAM Polarization. ] Hematol Oncol (2019) 12(1):20. Cancer. ] Clin Oncol (2018) 36(30):2995-3006. doi: 10.1200/JC0O.2018.78.1963
doi: 10.1186/s13045-019-0708-7 29. Schumacher TN, Schreiber RD. Neoantigens in Cancer Immunotherapy.
9. Wang J, Li D, Cang H, Guo B. Crosstalk Between Cancer and Immune Cells: Science (2015) 348(6230):69-74. doi: 10.1126/science.aaa4971
Role of Tumor-Associated Macrophages in the Tumor Microenvironment. 30. Errico A. Genetics: Clonal and Subclonal Events in Cancer Evolution-
Cancer Med (2019) 8(10):4709-21. doi: 10.1002/cam4.2327 Optimizing Cancer Therapy. Nat Rev Clin Oncol (2015) 12(7):372.
10. Nakao S, Arai Y, Tasaki M, Yamashita M, Murakami R, Kawase T, et al. doi: 10.1038/nrclinonc.2015.87
Intratumoral Expression of IL-7 and IL-12 Using an Oncolytic Virus Increases 31. Zhang C, Cheng W, Ren X, Wang Z, Liu X, Li G, et al. Tumor Purity as an
Systemic Sensitivity to Immune Checkpoint Blockade. Sci Transl Med (2020) Underlying Key Factor in Glioma. Clin Cancer Res (2017) 23(20):6279-91.
12(526):eaax7992. doi: 10.1126/scitranslmed.aax7992 doi: 10.1158/1078-0432.CCR-16-2598
11. Gao W, Wen H, Liang L, Dong X, Du R, Zhou W, et al. IL20RA Signaling 32. Ott PA, Bang Y], Piha-Paul SA, Razak A, Bennouna J, Soria JC, et al. T-Cell-
Enhances Stemness and Promotes the Formation of an Immunosuppressive Inflamed Gene-Expression Profile, Programmed Death Ligand 1 Expression,
Microenvironment in Breast Cancer. Theranostics (2021) 11(6):2564-80. and Tumor Mutational Burden Predict Efficacy in Patients Treated With
doi: 10.7150/thno.45280 Pembrolizumab Across 20 Cancers: KEYNOTE-028. J Clin Oncol (2019) 37
12. Guilbaud E, Gautier EL, Yvan-Charvet L. Macrophage Origin, Metabolic (4):318-27. doi: 10.1200/JC0O.2018.78.2276
Reprogramming and IL-1 Signaling: Promises and Pitfalls in Lung Cancer. 33. Jewell ES, Maile MD, Engoren M, Elliott M. Net Reclassification Improvement.
Cancers (Basel) (2019) 11(3)298. doi: 10.3390/cancers11030298 Anesth Analg (2016) 122(3):818-24. doi: 10.1213/ANE.0000000000001141
13. Shi H, Zhang J, Han X, Li H, Xie M, Sun Y, et al. Recruited Monocytic 34. Ren CL, Chen Y, Han CX, Fu DY, Chen H. Plasma Interleukin-11 (IL-11)
Myeloid-Derived Suppressor Cells Promote the Arrest of Tumor Cells in the Levels Have Diagnostic and Prognostic Roles in Patients With Pancreatic
Premetastatic Niche Through an IL-1beta-Mediated Increase in E-Selectin Cancer. Tumor Biol (2014) 35(11):11467-72. doi: 10.1007/s13277-014-2459-y
Expression. Int ] Cancer (2017) 140(6):1370-83. doi: 10.1002/ijc.30538 35. Necula LG, Chivu-Economescu M, Stanciulescu EL, Bleotu C, Dima SO,
14. Guo B, Fu S, Zhang J, Liu B, Li Z. Targeting Inflammasome/IL-1 Pathways for Alexiu I, et al. IL-6 and IL-11 as Markers for Tumor Aggressiveness and
Cancer Immunotherapy. Sci Rep (2016) 6:36107. doi: 10.1038/srep36107 Prognosis in Gastric Adenocarcinoma Patients Without Mutations in Gp130
15. Rosenberg SA. IL-2: The First Effective Immunotherapy for Human Cancer. Subunits. J Gastrointest Liver (2012) 21(1):23-9.
J Immunol (2014) 192(12):5451-8. doi: 10.4049/jimmunol.1490019 36. Pan D, Xu L, Liu H, Zhang W, Liu W, Liu Y, et al. High Expression of
16. Wrangle JM, Velcheti V, Patel MR, Garrett-Mayer E, Hill EG, Ravenel ]G, Interleukin-11 is an Independent Indicator of Poor Prognosis in Clear-Cell
et al. ALT-803, an IL-15 Superagonist, in Combination With Nivolumab in Renal Cell Carcinoma. Cancer Sci (2015) 106(5):592-7. doi: 10.1111/cas.12638
Patients With Metastatic Non-Small Cell Lung Cancer: A Non-Randomised, 37. Schroten C, Dits NF, Steyerberg EW, Kranse R, van Leenders AG, Bangma
Open-Label, Phase 1b Trial. Lancet Oncol (2018) 19(5):694-704. doi: 10.1016/ CH, et al. The Additional Value of Tgfbetal and IL-7 to Predict the Course of
S$1470-2045(18)30148-7 Prostate Cancer Progression. Cancer Immunol Immunother (2012) 61(6):905—
17. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust 10. doi: 10.1007/s00262-011-1159-3
Enumeration of Cell Subsets From Tissue Expression Profiles. Nat Methods 38. Inagaki A, Ishida T, Ishii T, Komatsu H, Iida S, Ding J, et al. Clinical
(2015) 12(5):453-7. doi: 10.1038/nmeth.3337 Significance of Serum Thl-, Th2- and Regulatory T Cells-Associated
18. Gentles AJ, Newman AM, Liu CL, Bratman SV, Feng W, Kim D, et al. The Cytokines in Adult T-Cell Leukemia/Lymphoma: High Interleukin-5 and
Prognostic Landscape of Genes and Infiltrating Immune Cells Across Human -10 Levels Are Significant Unfavorable Prognostic Factors. Int ] Cancer (2006)
Cancers. Nat Med (2015) 21(8):938-45. doi: 10.1038/nm.3909 118(12):3054-61. doi: 10.1002/ijc.21688
19. Hanzelmann S, Castelo R, Guinney J. GSVA: Gene Set Variation Analysis for 39. Naumnik W, Naumnik B, Niklinska W, Ossolinska M, Chyczewska E.
Microarray and RNA-Seq Data. BMC Bioinf (2013) 147:7. doi: 10.1186/1471- Clinical Implications of Hepatocyte Growth Factor, Interleukin-20, and
2105-14-7 Interleukin-22 in Serum and Bronchoalveolar Fluid of Patients With Non-
20. Hu X, Wu L, Liu B, Chen K. Immune Infiltration Subtypes Characterization Small Cell Lung Cancer. Adv Exp Med Biol (2016) 952:95241-49.
and Identification of Prognosis-Related Lncrnas in Adenocarcinoma of the doi: 10.1007/5584_2016_66
Esophagogastric Junction. Front Immunol (2021) 12:651056. doi: 10.3389/ 40. Barata JT, Durum SK, Seddon B. Flip the Coin: IL-7 and IL-7R in Health and

fimmu.2021.651056

Disease. Nat Immunol (2019) 20(12):1584-93. doi: 10.1038/s41590-019-0479-x

Frontiers in Immunology | www.frontiersin.org

August 2021 | Volume 12 | Article 693062


https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21338
https://doi.org/10.1155/2016/7969286
https://doi.org/10.1155/2016/7969286
https://doi.org/10.1158/1055-9965.EPI-17-0478
https://doi.org/10.1186/s13046-016-0439-3
https://doi.org/10.1016/j.cell.2017.01.017
https://doi.org/10.1038/bjc.2017.434
https://doi.org/10.1038/bjc.2017.434
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1186/s13045-019-0708-7
https://doi.org/10.1002/cam4.2327
https://doi.org/10.1126/scitranslmed.aax7992
https://doi.org/10.7150/thno.45280
https://doi.org/10.3390/cancers11030298
https://doi.org/10.1002/ijc.30538
https://doi.org/10.1038/srep36107
https://doi.org/10.4049/jimmunol.1490019
https://doi.org/10.1016/S1470-2045(18)30148-7
https://doi.org/10.1016/S1470-2045(18)30148-7
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1038/nm.3909
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.3389/fimmu.2021.651056
https://doi.org/10.3389/fimmu.2021.651056
https://doi.org/10.1007/s00262-020-02807-1
https://doi.org/10.1038/s41591-018-0136-1
https://doi.org/10.6004/jnccn.2019.0059
https://doi.org/10.1158/2159-8290.CD-18-0099
https://doi.org/10.3390/ijms20225701
https://doi.org/10.1038/s41568-019-0116-x
https://doi.org/10.1016/j.jtho.2020.05.019
https://doi.org/10.1200/JCO.2018.78.1963
https://doi.org/10.1126/science.aaa4971
https://doi.org/10.1038/nrclinonc.2015.87
https://doi.org/10.1158/1078-0432.CCR-16-2598
https://doi.org/10.1200/JCO.2018.78.2276
https://doi.org/10.1213/ANE.0000000000001141
https://doi.org/10.1007/s13277-014-2459-y
https://doi.org/10.1111/cas.12638
https://doi.org/10.1007/s00262-011-1159-3
https://doi.org/10.1002/ijc.21688
https://doi.org/10.1007/5584_2016_66
https://doi.org/10.1038/s41590-019-0479-x
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Fan et al.

Five-IL(R)-Based Signature in LUAD

41

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

. Karawajew L, Ruppert V, Wuchter C, Kosser A, Schrappe M, Dorken B, et al.

Inhibition of In Vitro Spontaneous Apoptosis by IL-7 Correlates With Bcl-2
Up-Regulation, Cortical/Mature Immunophenotype, and Better Early
Cytoreduction of Childhood T-Cell Acute Lymphoblastic Leukemia. Blood
(2000) 96(1):297-306. doi: 10.1182/blood.V96.1.297

Zenatti PP, Ribeiro D, Li W, Zuurbier W, Silva L, Paganin MC, et al. Oncogenic
IL7R Gain-of-Function Mutations in Childhood T-Cell Acute Lymphoblastic
Leukemia. Nat Genet (2011) 43(10):932-9. doi: 10.1038/ng.924

Yasunaga M. Antibody Therapeutics and Immunoregulation in Cancer and
Autoimmune Disease. Semin Cancer Biol (2020) 64:1-12. doi: 10.1016/
j.semcancer.2019.06.001

Monahan J, Siegel N, Keith R, Caparon M, Christine L, Compton R, et al.
Attenuation of IL-5-Mediated Signal Transduction, Eosinophil Survival, and
Inflammatory Mediator Release by a Soluble Human IL-5 Receptor.
J Immunol (1997) 159(8):4024-34.

Li B, Zhang G, Li C, Li R, Lu J, He Z, et al. Lyn Mediates FIP1L1-PDGFRA
Signal Pathway Facilitating IL-5RA Intracellular Signal Through FIP1L1-
PDGFRA/JAK2/Lyn/Akt Network Complex in CEL. Oncotarget (2017) 8
(39):64984-98. doi: 10.18632/oncotarget.11401

Wei CC, Hsu YH, Li HH, Wang YC, Hsieh MY, Chen WY, et al. IL-20:
Biological Functions and Clinical Implications. J BioMed Sci (2006) 13
(5):601-12. doi: 10.1007/s11373-006-9087-5

Dumoutier L, Leemans C, Lejeune D, Kotenko SV, Renauld JC. Cutting Edge:
STAT Activation by IL-19, IL-20 and Mda-7 Through IL-20 Receptor
Complexes of Two Types. ] Immunol (2001) 167(7):3545-9. doi: 10.4049/
jimmunol.167.7.3545

Baird AM, Gray SG, O’Byrne KJ. IL-20 Is Epigenetically Regulated in NSCLC
and Down Regulates the Expression of VEGF. Eur | Cancer (2011) 47
(12):1908-18. doi: 10.1016/j.ejca.2011.04.012

Elias JA, Tang W, Horowitz MC. Cytokine and Hormonal Stimulation of
Human Osteosarcoma Interleukin-11 Production. Endocrinology (1995) 136
(2):489-98. doi: 10.1210/endo0.136.2.7835281

Xu DH, Zhu Z, Wakefield MR, Xiao H, Bai Q, Fang Y. The Role of IL-11 in
Immunity and Cancer. Cancer Lett (2016) 373(2):156-63. doi: 10.1016/
j.canlet.2016.01.004

Benci JL, Johnson LR, Choa R, Xu Y, Qiu J, Zhou Z, et al. Opposing Functions
of Interferon Coordinate Adaptive and Innate Immune Responses to Cancer
Immune Checkpoint Blockade. Cell (2019) 178(4):933-48.e914. doi: 10.1016/
j.cell.2019.07.019

Gao J, Shi LZ, Zhao H, Chen J, Xiong L, He Q, et al. Loss of IFN-Gamma
Pathway Genes in Tumor Cells as a Mechanism of Resistance to Anti-CTLA-4
Therapy. Cell (2016) 167(2):397-404.€399. doi: 10.1016/j.cell.2016.08.069
Shin DS, Zaretsky JM, Escuin-Ordinas H, Garcia-Diaz A, Hu-Lieskovan S,
Kalbasi A, et al. Primary Resistance to PD-1 Blockade Mediated by JAK1/2

Mutations. Cancer Discov (2017) 7(2):188-201. doi: 10.1158/2159-8290.CD-
16-1223

Hu Z, Qu G, Yu X, Jiang H, Teng XL, Ding L, et al. Acylglycerol Kinase
Maintains Metabolic State and Immune Responses of CD8(+) T Cells. Cell
Metab (2019) 30(2):290-302.€295. doi: 10.1016/j.cmet.2019.05.016

Farhood B, Najafi M, Mortezace K. CD8(+) Cytotoxic T Lymphocytes in
Cancer Immunotherapy: A Review. ] Cell Physiol (2019) 234(6):8509-21.
doi: 10.1002/jcp.27782

Paulsen EE, Kilvaer TK, Rakaee M, Richardsen E, Hald SM, Andersen S, et al.
CTLA-4 Expression in the Non-Small Cell Lung Cancer Patient Tumor
Microenvironment: Diverging Prognostic Impact in Primary Tumors and
Lymph Node Metastases. Cancer Immunol Immunother (2017) 66(11):1449—
61. doi: 10.1007/500262-017-2039-2

Jia K, He Y, Dziadziuszko R, Zhao S, Zhang X, Deng J, et al. T Cell
Immunoglobulin and Mucin-Domain Containing-3 in Non-Small Cell Lung
Cancer. Transl Lung Cancer Res (2019) 8(6):895-906. doi: 10.21037/
tler.2019.11.17

Dixon KO, Tabaka M, Schramm MA, Xiao S, Tang R, Dionne D, et al. TIM-3
Restrains Anti-Tumour Immunity by Regulating Inflammasome Activation.
Nature (2021) 595(7865):101-6. doi: 10.1038/s41586-021-03626-9

Kurup SP, Obeng-Adjei N, Anthony SM, Traore B, Doumbo OK, Butler NS,
et al. Regulatory T Cells Impede Acute and Long-Term Immunity to Blood-
Stage Malaria Through CTLA-4. Nat Med (2017) 23(10):1220-5. doi: 10.1038/
nm.4395

Woo SR, Corrales L, Gajewski TF. The STING Pathway and the T Cell-
Inflamed Tumor Microenvironment. Trends Immunol (2015) 36(4):250-6.
doi: 10.1016/j.it.2015.02.003

54.

55.

56.

57.

58.

59.

60.

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

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Fan, Pan, Yang, Hao, Zhang, Li and Geng. 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 Immunology | www.frontiersin.org

August 2021 | Volume 12 | Article 693062


https://doi.org/10.1182/blood.V96.1.297
https://doi.org/10.1038/ng.924
https://doi.org/10.1016/j.semcancer.2019.06.001
https://doi.org/10.1016/j.semcancer.2019.06.001
https://doi.org/10.18632/oncotarget.11401
https://doi.org/10.1007/s11373-006-9087-5
https://doi.org/10.4049/jimmunol.167.7.3545
https://doi.org/10.4049/jimmunol.167.7.3545
https://doi.org/10.1016/j.ejca.2011.04.012
https://doi.org/10.1210/endo.136.2.7835281
https://doi.org/10.1016/j.canlet.2016.01.004
https://doi.org/10.1016/j.canlet.2016.01.004
https://doi.org/10.1016/j.cell.2019.07.019
https://doi.org/10.1016/j.cell.2019.07.019
https://doi.org/10.1016/j.cell.2016.08.069
https://doi.org/10.1158/2159-8290.CD-16-1223
https://doi.org/10.1158/2159-8290.CD-16-1223
https://doi.org/10.1016/j.cmet.2019.05.016
https://doi.org/10.1002/jcp.27782
https://doi.org/10.1007/s00262-017-2039-2
https://doi.org/10.21037/tlcr.2019.11.17
https://doi.org/10.21037/tlcr.2019.11.17
https://doi.org/10.1038/s41586-021-03626-9
https://doi.org/10.1038/nm.4395
https://doi.org/10.1038/nm.4395
https://doi.org/10.1016/j.it.2015.02.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Clinical  Significance and Immunologic Landscape of a Five-IL(R)-Based Signature in Lung Adenocarcinoma
	Introduction
	Materials and Methods
	Publicly Data Collection
	The Five IL(R)s Identification and Signature Generation
	Pathway and Function Enrichment Analysis
	Analysis of Immune Cell Infiltration
	GSVA and GSEA Analysis
	TMB and Neoantigen Analysis
	TIDE and Immune Checkpoint Analysis
	Estimation of IDI and NRI
	Statistical Analysis

	Results
	Identification of Prognostic IL(R)s in LUAD
	The Landscape and Prognostic Significance of the Five-IL(R)-Based Signature in LUAD
	The Prognostic Power of the Five-IL(R)-Based in Clinical Subgroups
	Validation of the Five-IL(R)-Based Signature in Four Other Independent Cohorts
	The Five-IL(R)-Based Signature Was an Independent Risk Factor for LUAD
	Biological Pathways Related to the Five-IL(R)-Based Signature
	The Immune Cell Infiltration Profile of the Five-IL(R)-Based Signature
	Inflammatory and Immunologic Profile of the Five-IL(R)-Based Signature
	Relationship Between the Five-IL(R)-Based Signature and Immunotherapy-Related Biomarkers
	Distribution of Number of Tumor Neoantigens and Tumor Purity or Ploidy in the Five-IL(R)-Based Signature
	Relationship Between the Five-IL(R)-Based Signature and Tumor Immune Dysfunction and Exclusion Score
	Comparison of the Prognostic Power of the Five-IL(R)-Based Signature With Other Biomarkers

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



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


