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Background: Inducible co-stimulator (ICOS) is a cell-enhanced co-stimulatory receptor that has shown great potential in the
regulation of innate and adaptive immunity. However, the role of ICOS in lung adenocarcinoma (LUAD) remains unclear.
Methods: We used data from the Cancer Genome Atlas(TCGA) database to identify the expression and prognostic role of ICOS in
LUAD. The results were validated using Gene Expression Omnibus(GEO) and Kaplan-Meier plotter databases. A model with
predictive performance for overall survival of LUAD patients was constructed using fitted ICOS expression and other clinical
parameters. We explored the biological function of ICOS. Subsequently, we further analysed and validated the effect of ICOS
expression on tumour immune microenvironment (TIME) and survival. Finally, the CellMiner database was used to determine the
relationship between ICOS expression and drug sensitivity.
Results: ICOS expression is significantly associated with poor prognosis in multiple cancers, especially LUAD, and is a good
predictor of overall survival in LUAD patients. The biological function is to promote autoimmunity and inhibit cell proliferation.
ICOS-related survival prediction model developed to more accurately predict 1-, 3- and 5-year survival probabilities for LUAD
patients. In addition, we can use the expression of ICOS to effectively assess patient malignancy, prognosis, TIME status and clinical
combination of drugs.
Conclusion: Our results suggest that ICOS is correlated with prognosis and immune infiltrating levels in LUAD. Higher ICOS
expression predicts better TIME. This study provides a novel strategy for the development of immunotherapeutic and prognostic
markers in LUAD.
Keywords: ICOS, lung adenocarcinoma, prognosis, immune infiltration, drug sensitivity

Introduction
Lung cancer is one of the most common malignancies, of which more than 80% is non-small cell lung cancer (NSCLC).
Lung adenocarcinoma (LUAD), the most recurrent of these NSCLC subtypes, accounts for more than 40% of all lung
cancer cases.1,2 Over the past few years, although targeted therapies and immunotherapy have improved the prognosis of
LUAD patients have improved clinical outcomes, the 5-year survival rate is still below 20%.3–5 Therefore, finding more
accurate markers and therapeutic targets for LUAD is urgently needed, which is the key to improving the survival rate of
LUAD patients.

Inducible T cell costimulator (ICOS) is a CD28 superfamily receptor induced in activated T lymphocytes that
regulates T cell activation and participates in adaptive immune responses.6 It has been demonstrated that they are
aberrantly expressed in a variety of tumors and are associated with cancer development, metastasis and disease.7–10 It has
been reported that modulation of ICOS expression may improve anti-tumor immunity, and ICOS co-stimulation at tumor
sites combined with anti-CTLA-4 and Treg depletion may also exhibit higher anti-tumor effects.11,12 Although
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immunotherapy with ICOS is promising, there are still too few studies to date and the mechanism of action is still not
well understood. Therefore, the assessment of ICOS as an immune-related biomarker in LUAD and its potential use
remains to be further explored.

In this study, we analysed the expression and prognosis of ICOS in pan-cancer and found that ICOS was significantly
associated with poor prognosis and poorer clinical factors in several cancers, particularly LUAD. The mechanism of
ICOS in the development of LUAD was revealed and analysed in relation to the level of immune cell infiltration and the
tumour immune microenvironment. The findings in this study elucidate the critical role of ICOS as a prognostic
biomarker in the diagnosis and development of LUAD and reveal potential mechanisms between ICOS and tumour
immunity, which provide a basis for clinical research and immune-targeted therapy.

Materials and Methods
Data Collection
The expression profiles and clinical information of TCGAwere downloaded from the TCGA database (https://portal.gdc.
cancer.gov/).

The expression profiles and clinical information of GSE72094 were downloaded from the GEO database
(https://www.ncbi.nlm.nih.gov/gds).

Oncomine Database
Oncomine is a database that aggregates multiple cancer types and multiple datasets (https://oncomine.org/resource/login.
html).13 Using data from this database, we validated the mRNA expression of ICOS in LUAD.

Kaplan-Meier Plotter Database Analysis
The Kaplan-Meier Plotter can evaluate the impact of 54,675 genes on survival using 10,461 cancer samples. We
validated the correlation between ICOS expression and survival in LUAD using data from the Kaplan-Meier Plotter.

Linkedomics Database
LinkedOmics is a database for GO, KEGG and Reactome functional analysis online based on a large number of tumour
samples (http://www.linkedomics.org/login.php).

TISIDB Database
TISIDB (http://cis.hku.hk/TISIDB) is a strong website that provides a huge number of tumor immune-related data and
allows for a more in-depth analysis of tumor-immune interactions. The site has 988 genes associated to anti-tumor
immunity after grouping 4176 entries from 2530 publications. For each of the 30 TCGA cancer types, associations
between genes and immunological activities (eg, lymphocytes, immunomodulators, and chemokines) were pre-
calculated. We investigate the immune system connection between ICOS and various tumors in this study.

Statistical Analysis
The statistical significance of differential ICOS expression was determined using the Wilcoxon test. Survival curves with
HR and P or Cox P values were plotted, and the correlation and statistical significance of ICOS expression with the
degree of immune infiltration of the associated cancer was assessed using the Spearman correlation method. The median
was taken as the cutoff point. p ≤ 0.05 was considered statistically significant.

Results
The mRNA Expression Levels of ICOS in Different Types of Human Cancers
To assess the relevance of ICOS in tumour development, we analyzed the differences of ICOS expression levels
between tumor and adjacent normal tissues in pan-cancer (Figure 1A). We found that ICOS mRNA expression was
significantly higher in Breast invasive carcinoma (BRCA), Cervical squamous cell carcinoma and endocervical
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adenocarcinoma (CESC), Esophageal carcinoma (ESCA), Head and Neck squamous cell carcinoma (HNSC), Kidney
renal clear cell carcinoma (KIRC), Kidney renal papillary cell carcinoma (KIRP), Liver hepatocellular carcinoma
(LIHC), Stomach adenocarcinoma (STAD) and Uterine Corpus Endometrial Carcinoma (UCEC). However, ICOS
expression was significantly lower in Lung adenocarcinoma (LUAD), Lung squamous cell carcinoma (LUSC) and
Thyroid carcinoma (THCA) compared to adjacent normal tissues. Analysis based on 103 tumour samples and 113
paraneoplastic samples from the Oncomine database in Figure 1B and C and 535 tumour samples and 59 paraneoplastic
samples from the TCGA database in Figure 1D, E showed that ICOS expression was lower in LUAD than in non-
cancerous tissues. In addition, immunohistochemical results provided by the HPA database confirmed similar results
(Figure 1F and G). Given its prognostic value in LUAD, we used TCGA normal and LUAD data to generate ROC
curves to further analyze the diagnostic value of ICOS in LUAD. Figure 1H shows that the area under the curve (AUC)
area was 0.726, indicating that ICOS has the diagnostic ability to distinguish LUAD from normal controls. The results
of our analysis suggest that ICOS expression in LUAD is significantly weaker than in normal tissue and may play an
important regulatory role in the progression of LUAD, promising to be a diagnostic biomarker for LUAD.

Figure 1 The expression level of ICOS in different types of tumor tissues and normal tissues (A) the expression level of ICOS in different types of tumor tissues and normal
tissues in TIMER database. (B and C) Box plot showing ICOS mRNA expression in the Oncomine datasets. (D and E) Results of comparison of normal and LUAD tissues in
the TCGA. (F and G) Comparison of ICOS expression between immunohistochemical images of normal and tumor tissues in HPA. (H) A ROC curve to test the value of
ICOS to identify LUAD tissues was created. (*P < 0.05, **P < 0.01, ***P < 0.001).
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Prognostic Value of ICOS in Cancers Prognosis
Our analysis of clinical data showed that high ICOS expression was associated with better survival in several cancer
types (Figure 2A), including LUAD, HNSC, Ovarian serous cystadenocarcinoma (OV), Rectum adenocarcinoma
(READ), Sarcoma (SARC), Skin Cutaneous Melanoma (SKCM), and UCEC. In contrast, high ICOS expression resulted
in poor prognosis in some cancers such as Lower Grade Glioma (LGG) and Uveal Melanoma (UVM). To avoid
noncancer events leading to bias, we also performed an analysis of disease-specific survival (DSS) and progression-
free interval (PFI), as shown in Figure 2B and C, respectively. The results showed, as did the OS analysis, that higher
ICOS expression was significantly associated with better DSS in LUAD, HNSC, OV, SKCM, UCEC, and UCS. In
LUAD, Bladder Urothelial Carcinoma (BLCA), CESC, HNSC, and UCEC, higher ICOS expression was significantly
associated with better PFI. To further confirm the importance of ICOS in the survival of patients with LUAD, we
analyzed the LUAD data using the Kaplan-Meier Plotter database. Figure 2D shows the OS, FPS (first progression
survival), and PPS (post progression survival) of patients with LUAD. This analysis is consistent with the TCGA analysis
and confirms that ICOS expression affects the prognosis of patients with LUAD.

Correlations Between ICOS Expression and Clinicopathological Parameters in LUAD
Patients
We then analyzed the correlation between expression levels and clinical features of ICOS. Our data were derived from
gene expression and clinical data of 535 LUAD patients from TCGA (Table 1). We divided LUAD patients into two
groups of high and low expression based on median values and then performed the Wilcoxon test to assess the
significance of ICOS expression in different clinical features (Figure 3A–J). ICOS overexpression correlated significantly
with T-phase, TNM-phase, response to immunotherapy, gender, and age. Following univariate and multivariate analyses
of clinical features, we found that ICOS expression (HR=0.657, P=0.016), T stage (HR=1.764, P=0.017) and N stage

Figure 2 Relation between ICOS expression and patient prognosis of different cancers in TCGA database and Kaplan-Meier plotter database (A) survival curves of OS with
significance in TCGA cancer types. (B) Survival curves of DSS with significance in TCGA cancer types. (C) Survival curves of PFI with significance in TCGA cancer types. (D)
Relationship between ICOS and survival of LUAD patients in Kaplan-Meier plotter database. (*P < 0.05, **P < 0.01, ***P < 0.001).
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(HR=2.138, P<0.001) were independently associated with overall survival in patients with LUAD (Figure 3K and L).
These results suggest that ICOS expression, T stage and N stage may play a role in determining clinical treatment.

Development of a Prognostic Model Based on ICOS and Clinical Factors
An overall survival prediction model was constructed using ICOS and independent clinical risk factors to predict the
prognosis of ICOS patients (Figure 4A). In this prediction model, we evaluated these variables and used the summed
score of the values of these variables to predict the 1-, 3-, and 5-year survival probabilities of LUAD patients
(Figure 4B). The analysis of 1000 bootstrap samples showed that the C-index of ICOS was 0.660 (0.638–0.683).
This indicates that the model is highly accurate in terms of predictive performance. Poorer T-stage, N-stage and
ICOS expression predicted higher risk scores and poorer prognosis for patients. Thus, the results of our analysis
found that the nomogram was a model that was better than individual prognostic factors in predicting short- or long-
term survival in LUAD patients.

Table 1 Grouping of Clinicopathological Features According to ICOS Expression Levels

Characteristic Levels Low Expression of ICOS High Expression of ICOS

n 267 268
Gender Female 126 (23.6%) 160 (29.9%)

Male 141 (26.4%) 108 (20.2%)

Race Asian 5 (1.1%) 2 (0.4%)
Black or African American 28 (6%) 27 (5.8%)

White 202 (43.2%) 204 (43.6%)

Age ≤65 140 (27.1%) 115 (22.3%)
>65 118 (22.9%) 143 (27.7%)

T T1 68 (12.8%) 107 (20.1%)
T2 155 (29.1%) 134 (25.2%)

T3 31 (5.8%) 18 (3.4%)

T4 12 (2.3%) 7 (1.3%)
N N0 166 (32%) 182 (35.1%)

N1 50 (9.6%) 45 (8.7%)

N2 45 (8.7%) 29 (5.6%)
N3 1 (0.2%) 1 (0.2%)

M M0 180 (46.6%) 181 (46.9%)

M1 13 (3.4%) 12 (3.1%)
Stage Stage I 132 (25%) 162 (30.7%)

Stage II 65 (12.3%) 58 (11%)

Stage III 52 (9.9%) 32 (6.1%)
Stage IV 13 (2.5%) 13 (2.5%)

Primary therapy outcome PD 46 (10.3%) 25 (5.6%)

SD 19 (4.3%) 18 (4%)
PR 4 (0.9%) 2 (0.4%)

CR 151 (33.9%) 181 (40.6%)

Residual tumor R0 181 (48.7%) 174 (46.8%)
R1 8 (2.2%) 5 (1.3%)

R2 1 (0.3%) 3 (0.8%)

Years of smoking <40 93 (25.2%) 95 (25.7%)
≥40 90 (24.4%) 91 (24.7%)

Smoker No 35 (6.7%) 40 (7.7%)

Yes 226 (43.4%) 220 (42.2%)
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Figure 3 Association of ICOS expression with clinical parameters. (A) Gender; (B) age; (C) race; (D) smoking years. (E) History of smoking (F) T stage; (G) N stage; (H)
M stage; (I) TNM stage; (J) immunotherapy response; (K) the Univariate Cox analysis regarding prognosis. (L) The Multivariate Cox analysis regarding prognosis.

Figure 4 A model regarding ICOS for predicting the probability of OS in patients at 1, 3, and 5 years. (A) Nomogram regarding ICOS to predict prognosis in patients with
LUAD. (B) Calibration plots of a nomogram regarding ICOS to predict prognosis in LUAD patients.
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ICOS Co-expression Network in LUAD
To understand the biological function of ICOS in LUAD, we used LinkedOmics database analysis to find 10,765 genes
(dark red dots) positively linked to ICOS and 9222 genes (dark green dots) negatively linked in TCGA-LUAD
(Figure 5A, Supplementary Table 1). Figure 5B and C shows heat maps for the top 50 genes positively and negatively
linked to ICOS.GO term annotation showed that co-expressed genes of ICOS co-expressed genes mainly promote
immune processes such as interleukin production, adaptive immune response, interferon-gamma production, T cell
activation, leukocyte proliferation, lymphocyte activation involved in immune response, and inhibit cell proliferation
processes such as mitochondrial respiratory chain complex assembly and NADH dehydrogenase complex assembly
(Figure 5D). Analysis of the KEGG pathway has shown that it promotes autoimmune and inflammatory responses and
inhibits oncogenic-related pathways (Figure 5E). Reactome analysis similarly confirmed that ICOS expression promotes
autoimmune responses and suppresses tumor cell proliferation during cancer development, we also found that ICOS
expression was positively correlated with some immunity-related signalling, such as PD-1 signalling and TCR signalling
(Figure 5F). These results suggest that the expression network of ICOS could influence prognosis in LUAD by regulating
tumor cell proliferation and autoimmunity.

Immune Infiltration Analysis of ICOS in LUAD
Tumor infiltrating lymphocytes (TILs) have been shown to be an independent predictor of sentinel lymph node (SLN)
status and survival.14 To investigate the role of ICOS in the tumor immune microenvironment, we performed correlation
analysis using the ESTIMATE R package. We found that ICOS correlated positively with stromal score, ESTIMATE
score, and immune score and correlated negatively with tumor clearance in LUAD, and not only that, increased ICOS
expression enhances immune cell infiltration and immune function (Figure 6A and B). We next analyzed the relationship
between ICOS and 24 types of immune cell infiltration in LUAD (Figure 6C). The results revealed that there was

Figure 5 Functional analysis of genes co-expressed with ICOS in LUAD. (A) Volcano map of genes significantly associated with ICOS in LUAD. (B and C) Top 50 genes
positively and negatively associated with ICOS in LUAD (D–F) GO, KEGG and Reactome enrichment analysis of ICOS in LUAD.
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a significant positive correlation between ICOS and almost all immune cell infiltrates, including T cell expression
(R=0.810, P<0.001) (Figure 6D). With these results we found that differences in ICOS expression affect the degree of
infiltration of different immune cells in LUAD. Finally, to determine the correlation between ICOS expression, TIME
and survival of LUAD patients, we performed analysis and validation using data from TCGA and GSE72094, as shown
in Figure 6E, in the TCGA (R=0.82, P<2.2e-16) and GSE72094 (R=0.8, P<2.2e-16) datasets. There was a significant
positive correlation between ICOS expression and immune score, and patients with high immune score had better overall
survival than those with low immune score (Figure 6F). These results suggest that high ICOS expression may contribute
to immune cell infiltration and improve the TIME in patients with lung adenocarcinoma, resulting in a better prognosis
for patients with LUAD.

Relation Between ICOS with Immune Molecules
We expanded our understanding of the relationship between ICOS and the immune microenvironment by analyzing
data from the TISIDB database. We found a particularly strong correlation between ICOS expression and several
immunological traits. In most cancers, high ICOS expression can lead to a significant increase in tumor-infiltrating

Figure 6 Relationship between ICOS and tumor microenvironment in LUAD. (A and B) Analysis of the relationship between ICOS and tumor microenvironment in LUAD.
(C) Correlation analysis of ICOS with related 24 immune cells in LUAD. (D) Correlation between ICOS and T cells in LUAD. (E) Correlation analysis of ICOS expression
with immune scores in LUAD samples in TCGA-LUAD and GSE72094 datasets.(F) Correlation of ICOS0 expression levels with overall patient survival time in TCGA-
LUAD and GSE72094 datasets.
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lymphocytes (TILs), and Figure 7A shows the six TILs with the highest correlation, including Tem_CD8 (R=0.788,
P<2.2e-16). Figure 7B shows a strong positive correlation between ICOS and immunoinhibitors. Figure 7C shows
a correlation between ICOS expression and immunostimulants, with higher ICOS expression stimulating a stronger
immune response. Figure 7D shows the correlation between ICOS expression and MHC molecules and demonstrates
that high ICOS expression induced a strong immune response to MHC in various tumors. Figure 7E shows the
correlation between ICOS expression and chemokines, with the highest correlation between ICOS and CCL5
(R=0.731). Figure 7F shows the correlation between ICOS expression and receptors, with ICOS not only correlating
with CXCR6 and CCR5 above 0.80, but also showing strong facilitation with other receptors.

Thus, our study suggests that ICOS as a novel prognostic marker is actively involved in the regulation of various
immune molecules in LUAD and influences immune infiltration in the tumor microenvironment.

Gene Mutation Between High and Low-ICOS Groups in LUAD
Gene mutations can promote cancer development and drive malignant cancer proliferation. Investigating mutations at the
genomic level is important for the development of tumour-targeted drugs and novel oncology therapies. We divided
LUAD patients into two groups according to their median expression of ICOS and compared the differences of gene
mutations between the two groups. The results indicated that patients with low ICOS expression possess higher gene
mutation frequency than those with high ICOS expression in LUAD (Figure 8). This suggested that low ICOS expression
could result in a worse tumour microenvironment and progression in LUAD patients.

Correlation Between ICOS and Drug Sensitivity
Finally, we investigated the antitumor drugs sensitive to ICOS expression using the CellMiner database. Of these,
the sensitivity of 32 drugs was significantly correlated with ICOS expression and the results are shown in Figure 9

Figure 7 The relationship between ICOS and different immune characteristics. (A) Relationship analysis of ICOS expression with TILs (B–D) relationship analysis of ICOS
expression with immunomodulators, (E and F) relationship analysis of ICOS expression with chemokines (or receptors).
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and Table 2. ICOS expression was significantly positively correlated with the sensitivity of Pipobroman,
Bendamustine, Sapacitabine, Nelarabine and Dabrafenib, and negatively correlated with the sensitivity of
Cordycepin and Saracatinib.

Figure 8 Gene mutation between high and low-ICOS groups in LUAD. Top 20 genes with the highest mutation differences between the high-low ICOS groups in LUAD.

Figure 9 Correlation of ICOS expression with the sensitivity of anticancer drugs.
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Discussion
LUAD is one of the most common types of cancer and a worldwide killer of health.15 In the absence of early symptoms,
patients often miss the opportunity to receive the most appropriate treatment.16 Due to the poor prognosis of advanced
LUAD, there is an urgent need to find more accurate potential biomarkers to predict the prognosis of patients with LUAD
and to personalize their treatment.

ICOS belongs to a family of co-stimulatory factors that are closely associated with tumor development and play an
important role in the activation and proliferation of T cells.17,18 Elevated ICOS has been shown to induce its own anti-
tumor response not only by regulating immune cell homeostasis but also by regulating the production of inflammatory
cytokines,19–21 such as TNF-α and IFN-γ, which contribute to T cell immune function.22–24 In primary breast cancer,
ICOS mediates the interaction between tumor-infiltrating CD4+ T cells and plasmacytoid dendritic cells (pDCs), leading
to the proliferation of regulatory T cells (Tregs) and the secretion of interleukin 10, which alters the immune
microenvironment of the tumor and thus affects patient survival.25,26 In addition, ICOS expression in cholangiocarci-
noma and metastatic melanoma has been shown to significantly improve survival by modulating autoimmunity.17,27 Not
only can ICOS inhibit tumor progression and enhance immune cell activity, but the combination of anti-PD-L1 and anti-
CTLA-4 therapy can further improve the immune environment of tumors and significantly enhance the anti-tumor

Table 2 Correlation of ICOS Expression with the Sensitivity of Anticancer Drugs

Gene Drug cor pvalue

ICOS Pipobroman 0.372544979 0.003663909

ICOS Bendamustine 0.323509267 0.012441672

ICOS Cordycepin -0.313281453 0.015690545
ICOS Sapacitabine 0.309591334 0.01702897

ICOS SHP-099 -0.306141711 0.018367165

ICOS P-529 -0.304499527 0.01903505
ICOS SB-590885 0.298346244 0.021724476

ICOS XAV-939 -0.296601339 0.022543297

ICOS OTS-964 -0.294253954 0.023685906
ICOS TAK-632 0.291108405 0.025293382

ICOS Nelarabine 0.284892642 0.028740915

ICOS Dabrafenib 0.284156666 0.029174036
ICOS XK-469 0.281656463 0.030686443

ICOS Saracatinib -0.281410218 0.030838882

ICOS CNDAC 0.278304877 0.03281617
ICOS Poziotinib -0.275655749 0.034585445

ICOS BMS-690514 -0.274576508 0.035328627

ICOS Quisinostat 0.273913699 0.035791587
ICOS Temsirolimus -0.271980274 0.037170905

ICOS AT-13148 -0.270206147 0.038475051

ICOS Momelotinib -0.270052186 0.03858999
ICOS PKM2 (9) -0.270025498 0.038609943

ICOS IDH-C227 -0.267095389 0.040853047

ICOS LY-2228820 -0.266573555 0.04126359
ICOS entosplenitib -0.263627441 0.043645675

ICOS Vemurafenib 0.26055171 0.046252013

ICOS Thiotepa 0.259296982 0.047351255
ICOS PLX-8394 0.258690809 0.047889921

ICOS Panobinostat 0.258204654 0.048325547

ICOS XL-147 -0.257346028 0.049102843
ICOS Deforolimius -0.257157203 0.049275146

ICOS TAS-6417 -0.256512157 0.049867475
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immune response.28–30 Therefore, ICOS can be used as a potential prognostic biomarker and target for immunotherapy in
the diagnosis and treatment of patients with LUAD.

In this study, in order to investigate the role of ICOS in the prognosis and immunological aspects of LUAD, we collected
data from a large number of LUAD patients. Our analysis showed that ICOS expression is not only involved in the
pathological tissue progression of LUAD but is also an independent prognostic factor for patients with LUAD. The ICOS
prognostic model showed good agreement between actual and predicted survival at 1, 3, and 5 years in LUAD patients and
may be a valuable new prognostic approach for future clinicians. ICOS improves the prognosis of LUAD primarily by
inhibiting tumor progression and modulating autoimmune-related signaling pathways. To investigate the Immunological
mechanisms, we found that high expression of ICOS induces increased infiltration of most immune cells, especially T cells.
In addition, ICOS is also actively involved in the regulation of various immune molecules. Our results suggest that ICOS can
be involved in regulating the immune microenvironment and improving the prognosis of LUAD. Finally, we obtained
antitumor agents sensitive to ICOS expression.

In conclusion, our research shows that ICOS is a potential biomarker and therapeutic target associated with immunity
and prognosis in patients with LUAD. Low expression of ICOS predicts worse clinical characteristics, TIME and
prognosis in patients with LUAD. This study provides new insights into the clinical management of patients with LUAD.
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