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Objectives: Immune-related genes play an important role in predicting tumor
survival, monitoring the state of tumor immune microenvironment, tumor immune
escape and immunotherapy. However, lung cancer (LC) is one of the most common
malignant tumors, and its incidence rate and mortality have increased year by year. Lung
adenocarcinoma (LUAD) is the main subtype of LC. Therefore, it is particularly important
to explore the role of immune - related genes in LUAD.

Methods: Transcriptome data from The Cancer Genome Atlas (TCGA) and
immune gene data from Immunology Database and Analysis Portal (ImmPort Portal)
and Systems Biology of the Innate Immune Response(innateDB) were collected,
anddifferentially expressed immune-related genes wereanalysed. Based on survival
related immune-related genes (IRGs) and COX regression analysis, an immunerelated
gene-based prognostic index (IRGPI) was established. Transcriptome data from GEO
database were analyzed to verify the accuracy of the model. The predictive capacity of
IRGPI was evaluated using a Kaplan-Meier Curve and Receiver Operating Characteristic
Curve (ROC). Tumor Immune Dysfunction and Exclusion (TIDE) is used to predict lung
adenocarcinoma immunization and immunotherapy mechanism.

Results: Data of 535 lung adenocarcinoma tissues and 59 normal tissues were
obtained from TCGA database, and 8108 immune-related genes and 683 immune-
related differentially expressed genes were screened from these data. IRGPI based on
32 survival-related IRGs (CD79A, IGHM, IGKC, CTLA4, CD27, S100B, TLR8, PTX3, ARG2,
FGR, LILRB3, NHA, LGR4, FCN1, DUOX1, AGER, SEMA3A, CX3CR1, FGF14, HDGF, PDGFB,
ANGPTL4, PTH1R, TEK, SHC3, DCN, HSPD1, FLI1, PLK1, C7, C6, PRKCE) was determined
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and used to predict the total survival of patients with LUAD.The IRGPI of LUAD was
correlated with clinical stage, differential immune cells and immune-related functions
affecting patient survival (p<0.05).

Conclusion: The discovery of lung adenocarcinoma characteristics and immune-
related genes is found to provide a new insight for immune mechanisms, as well as a
new prognostic biological marker for patients with LUAD.

Introduction

Although the treatment of lung adenocarcinoma (LUAD) has
improved in surgery [1], chemotherapy [2], radiotherapy [3]
and targeted therapy [4], the five-year survival rate is still lower,
at around 15% [5]. Metastasisand recurrence of LUAD are still
difficult problems in the course of treatment [6,7]. In order to
improve the survival rate of LUAD, the patient’s prognosis should
be closely monitored, and the treatment plan should be adjusted
in time, so a separate prognosis indicator is required to assess
the patient’s clinical state. Tumor microenvironment (TME) is the
internal environment for the generation and survival of Tumor cells
[8-10]. The occurrence of tumor is closely related to immune cell
infiltration in TME, and it is necessary to escape the anti-tumor
immune response in order to grow rapidly [11-13]. Analysis of the
characteristics of TME can be helpful for clinical immunotherapy.
TIDE uses a suite of gene expression markers to assess two different
tumor immune evasion mechanisms, including tumor-infiltrating
cytotoxic T lymphocyte dysfunction and rejection of cytotoxic T
lymphocyte by immunosuppressive factors [14,15]. It has been
shown that TIDE score can more accurately predict the prognosis
of melanoma patients treated with immunotherapy [16]. TIDE is a
calculation method using gene expression profile to predict tumor
immune checkpoint (ICI) response. Patients with higher TIDE
score have a higher chance of tumor immune escape and a lower
response rate to ICI treatment [14]. Although there are several
studies on LUAD based on immune-related genes [17,18], there is
an urgent need for a more comprehensive and reliable indicator
that can simultaneously predict survival and immunotherapy
efficacy in LUAD patients. Therefore, based on tumor genomics
and bioinformatics analysis, we attempted to develop an IRGPI
for LUAD to provide a basis for predicting survival, prognosis and
immunotherapy effect of LUAD.

Methods
Sample Clinical Information and Data Collection

Transcriptome data and clinical information of LUAD samples
were downloaded from TCGA and GEO as test sets and validation

sets, respectively [19,20]. Inmune-related genes were downloaded
from Immport and INnatedB databases [21].

Screening of DEGs and IRGs

DEGs were screened by comparing LUAD with normal samples
using R packet “Limma”.The genes of | log2 (Fold Change) |> 1 and
FDR (False Discovery Rate, FDR) <0.05 were screened as DEGs [22].
Then, IRGs is extracted from the identified DEGs list and heat maps
of DEGs and IRGs are generated through R package “PhatMap”.
GO and KEGG enrichment analysis was performed by R packages
“GOplot” and “GGplot2”, and bubble graphs and bar graphs were
generated [23,24].

Screening of Weighted IRGs Genes Associated with
Survival

Weighted gene co-expression analysis was performed by R
package “Limma” and “WGCNA”, and dendriticand module diagrams
were generated. Then, r-package survival was used to analyze the
survival of all differentially expressed IRGs, and univariate Cox
analysis was used to determine the IRG associated with survival
(P<0.05). According to the risk ratio, the forest map is generated
[25].

Development and Assessment of IRGPI

The survival- related IRGS is multivariable analysis to develop
IRGPLIRGPI is established by multiplying the expression value
of the IRGS of the multivariable analysis with the COX regression
coefficient [26]. After that, Patients were then divided into high-
risk and low-risk groups based on the comparison of IRGPI values
with median. Kaplan-meier (KM) survival curves were constructed
to verify the overall survival in different risk groups [27], and ROC
curves were established according to TIDE and TIS to evaluate the
sensitivity and specificity of the models [28]. GSEA enrichment
analysis of IRGPI was performed using R package “enrichplot” [29];
Single-factor and multi-factor independent prognostic analysis was
performed using R package “survival” [30]; Clinical correlation heat

maps were prepared using R package “ComplexHeatmap” [28].
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Evaluation of Tumor Immune Cell Infiltration

R pack “reshape2” and “ggpubr” were used to analyze the
difference of immune cells in IRGPI high and low risk groups.
Similarly, R pack “survival” and “survminer” were used for its
functional analysis. Next, R package “GSVA” was used to analyze
the differences of immune-related functions in IRGPI high-low risk
groups, and R package “SurvMiner” was also used to conduct its

functional analysis [31].
Calculation of TIDE and TIS

TIDE score was calculated on TIDE website(http://tide.dfci.
harvard.edu/login/, and TIS score was obtained by calculating the
average value of Log2-Scale Normalized expression of 32 genes
[32].

Statistical Analysis

Cox regression analysis was used for multivariate survival
analysis. Bilateral P values < 0.05 were considered statistically
significant. Independent T test was used to compare the differences
between different clinical parameters between the two groups
Univariate survival analysis kaplan-Meier survival analysis with

log-rank test was performed.
Result

Screening and Functional Analysis of Differentially
Expressed Immune-Related Genes

Screening and functional analysis of differentially expressed
immune-related genes A total of 8108 differentially expressed
genes were obtained in differentially expressed analysis (535
tumor samples and 59 normal samples), of which 1864 genes
were down-regulated and 6244 genes were up-regulated (Figure
1A). The intersection of these genes with immune-related genes
yielded 682 differentially expressed immune-related genes, of
which 258 genes were down-regulated and 424 genes were up-
regulated (Figure 1B). In order to explore the biological function
of differentially expressed IRGs, GO enrichment analysis and KEGG
enrichment analysis were conducted for differentially expressed
IRGs(n=682). The genes most related to BB,CC and MF are the
humoral immune response(Figure 1C), immunoglobulin complex
(Figure 1E), and activation of signal receptor factor activity (Figure
1E), respectively. Cytokine-cytokine receptor interaction is the
most important signaling pathway (Figures 1D,1G,1H).

Figure 1: Screening and functional analysis of differentially expressing immune-related genes.

A) TCGA differential gene heat map;
B) TCGA immunotrophism differential gene heat map;
C) GO enrichment analysis ring map;

(

(

(

(D) GO enrichment analysis column;

(E) GO enrichment analysis bubble map;
(F) Kegg enrichment analysis ring map;
(G) KEGG enrichment analysis histogram;

(H) KEGG enrichment analysis bubble map.
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Construction and Verification of IRGPI

Based on the cluster analysis of genes, the WGCNA analysis
identified 7 highly correlated modules between patients (Figures
2A & 2B). The module genes with P <0.05 were selected for
prognostic analysis, and 95 immune-related genes related to LUAD
patients’ OS were obtained, among which 28 genes had HR>1
and 67 genes had HR<1 (Figure 2C). IRGPI values based on TCGA
database information were used as validation sets to determine
the survival rate of LUAD patients (Figure 2D). Similarly, GEO

il A

-

database information is used as a test set to verify the rationality
of IRGPI values (Figure 2E). It was found that in both data sets, the
OS of high-risk patients was lower than that of low-risk patients
(P <0.05). In order to evaluate the prediction accuracy of IRGPI
established in this paper, ROC curve was generated and AUC was
calculated (Figures 2F & 2G). The areas under the ROC curve of
patients at one, three and five years were 0.753,0.761 and 0.778,
respectively, indicating that the proposed IRGPI has advantages in
monitoring the prognosis of patients.

D ks E

S ey
B 6 & 5
a—

a4

Figure 2: Construction and validation of prognostic indicators of immune-related genes.

A) WGCNA tree branch map;
B) WGCNA module diagram;
C) OS-related IGRs forest maps;

E) K-M survival analysis of validation set IRGPI;

F) Survival related ROC curve validation of THE prognostic value of RGPI for TIDE score;

(
(
(
(D) K-M survival analysis of test set IRGPI;
(
(
(

G) Survival related ROC curve validation of the prognostic value of RGPI for TIS score.

IRGPI Evaluation

The differentially expressed immune-related genes in the
model were involved in GSEA enrichment analysis. IRGPI high-
risk samples gene sets in cancer and tumor transfer related paths
(Figure 3A), and the gene set of IRGPI low risk samples is enriched
in DNA replication related pathways (Figure 3B). To verify the
independent prognostic value of IRGPI, univariate and multifactorial

independent prognostic analyses were performed (Figures 3C &
3D). The prognosis of LUAD was significantly correlated with tumor
stage. Further analysis of the correlation between IRGPI and clinic
showed that IRGPI was correlated with tumor stage (Figure 3E),
and IRGPI was correlated with tumor stage in high and low risk
groups (Figure 3F).
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Figure 3: IRGPI assessment.

A) GSEA enrichment analysis of IRGPI in low-risk group;
B) GSEA enrichment analysis of IRGPI in high-risk group;
C) Univariate Cox regression analysis;

D) Multivariate Cox regression analysis;

E) IRGPI and clinical correlation;
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Immune Cell Analysis of Differences Affecting Survival in
Patients With LUAD

In order to assess whether IRGPI can accurately reflect the state
of tumor immune microenvironment, we analyze the relationship
between IRGPI and immune cell infiltration Results show that
the IRGPI is associated with a significant difference was found
in 6 kinds of immune cells, including Plasma cells, Monocytes,
Macrophages MO, Dendritic cells resting, Mast cells resting,Mast
cells activited (Figure 4A). There are 9 immune cells associated
with LUAD survival, including B cells naive (Figure 4B), Plasma
cells (Figure 4C), T cells CD4 memory activated (Figure 4D), NK
cells resting (Figure 4E), Monocytes (Figure 4F), Macrophages M0
(Figure 4G), Macrophages M1 (Figure 4H), Neutrophils (Figure 41),
Dendritic cells resting (Figure 4]).

Analysis of Immune-Related Function Differences
Affecting Survival in Patients With LUAD

To determine the major immune-related functions of IRGPI in
the high and low risk groups, differences and survival analyses were
performed.High and low-risk group IRGPI and 13 immunocytocytes
cells,DCs,HLA,iDCs,Mast

related functions, including aDCs,B
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F) IRGPI and clinical correlation in the high and low risk group.

cells,Neutrophils,pDCs,T cell co-inhibition,T cell (Figure 5A) co-
stimulation,T hepler cells, TIL,Type II IFN response . There are
21 immune-related functions related to LUAD patient survival,
including pDCs (Figure 5B), Type Il IFN response (Figure 5C), Type
I IFN response (Figure 5D), TIL (Figure 5E), Th1 cells (Figure 5F),
Tfh (Figure 5G), T hepler cells (Figure 5H), T cell co-inhibition
(Figure 5I), Parainflammation (Figure 5]), NK cells (Figure 5K).

Diagram illustrates the top 10 immune related functions.
ICI Treatment for High and Low Risk Group IRGPI

To assess the potential clinical efficacy of immunotherapy in
the high-low risk group of IRGPI, we performed TIDE analysis on
the data.Results showed that the TIDE prediction score of IRGPI
in the high-risk group was lower than that in the low-risk group
(Figure 6A), suggesting that patients were more likely to benefit
from ICI treatment, less likely to escape the immune system, and
better prognosis.It has also been found that high-risk group IRGPI
has a high Exclusion (Figure 6D), while low-risk group IRGPI has
a high dysfunction (Figure 6C). However, there was no difference
in microsatellite instability (MSI) scores between the high and low
risk groups (Figure 6B).
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Figure 4: Differences and survival analysis of immunocytocytes in IRGPL

(A) IRGPI high and low risk group immunocytocytes; (B) b cells naive; (C) Plasma cells; (D) T cells cd4 memory activated;
(E) NK cells resting; (F) Monocytes; (G) Macrophages MO0; (H) Macrophages m1; (I) Neutrophils; (J) Dendritic cells resting.
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Figure 5: Differences in immune-related functions and survival analysis.

(A) Differences in immune-related functions; (B) B cells; (C) CD8+; (D) HLA; (E) iDCs; (F) inflammation; (G) Mast cellls;
(H) MHC class I; (I) T hepler cells; (J) TIL(K)Type II IEN reponse.
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Figure 6: Immune escape and immunotherapy.
(A) TIDE; (B) MSI; (C) Dysfunction; (D) Exclusion.

Discussion

The development of cancer immunotherapy and targeted drugs
has led to a more precise and personalized treatment for LUAD [33-
35]. To ensure the prognostic effect of immunotherapy in patients
with lung adenocarcinoma, we established an IRGPI that can be
used to evaluate and detect the immune response in patients with
LUAD, so that it can be used as a biomarker of LUAD immunotherapy
and benefit from ICI treatment. According to the results obtained by
us, among the differentially expressed IRGs, the most relevant BP is
that the differentially expressed IRGs of humoral immune response
is significantly correlated with the interaction between cytokine
and cytokine receptor, suggesting that LUAD patients are related
to the immune response. In recent years, cancer immunotherapy
has been gradually applied in clinical diagnosis and treatment [36].
and various types of bioinformatics analysis can identify prognostic
biomarkers and their potential mechanisms [37]. For example,
Xin Lin et al. used a combination of bioinformatics methods and
LUAD prognostic status to show that patients in a group of patients
with advanced NSCLC benefited from radiotherapy [38]. There
are also researchers to predict the prognosis of lung cancer using
bioinformatics to analyze the expression spectrum gene of IncRNA,
miRNA or mRNA [39-41].

In this study, a biomarker based on immune-related genes
was found, which is suitable for reflecting the immune status and
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tumor prognosis of LUAD patients. To establish this biomarker, Cox
regression analysis was used to integrate the expression levels of
IRGs associated with survival. Finally, 32 central genes out of 95
genes were extracted to construct predictive models, and the risk
scores of LUAD patients were calculated. Based on these scores,
patients in the analyzed samples were divided into high risk group
and low risk group. In TCGA and GEO cohort, patients with high
IRGPI had worse survival, while patients with low IRGPI had
better survival Comparing our IRGPI with other models, we found
that our model’s large area under the ROC curve proved to be an
effective prognostic immune-related biomarker and was effective
in predicting survival. Considering the cancer is closely related to
immune, clinical treatment of tumor immune microenvironment
[42-45]. IRGPI must be considered and immune cell infiltration
between the relevant assessment can be used to reflect the state of
microenvironment [46-47]. Here, we show that IRGPI and Plasma
cells, Monocytes, Macrophages The infiltration level of MO was
significantly correlated (P <0.05), and it was mainly enriched in
immune-related functions such as pDCs,Type II IFN, REponse and
TIL.

These immune cells and immune-related functions played a very
important role in the prognosis of LUAD [48-49]. Although tumor
immune dysfunction and exclusion (TIDE) analysis focuses on the
function and state of T cells and cannot fully reflect the complexity
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of TME’s involvement in immunotherapy response, TIDE can still
predict the patient’s response to immunotherapy [50]. TIDE score
has been proved to be able to accurately predict the impact of
immunotherapy on the prognosis of melanoma patients and head
and neck squamous cell carcinoma patients [16,49]. In our study,
TIDE score showed statistical difference in the high and low IRGPI
risk group, and the high IRGPI risk group was mainly manifested in
immune dysfunction.

In conclusion, the IRGPI developed in this paper can be used to
accurately evaluate the immune infiltration of patients and detect
the prognosis of LUAD. It is a very robust biomarker of immune-
related prognosis. IRGPI grouping can help distinguish the immune
and molecular characteristics and provide direction for clinical

prediction of patient prognosis and tumor immunotherapy.
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